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FOREWORD 

Potential problems from changes in patterns of materials 
supply or use are causing concern: the current emphasis is 
on mineral or nonrenewable resources. The Science and 
Technology Policy Office (STPO), in support of Dr. H. 
Guyford Stever, the Science Advisor to the President, 
requested the �lational Academy of Sciences (NAS) to 
reexamine the role of renewable resources, as the other 
major component of natural resources, in helping to better 
meet needs for materials in the future. Important factors 
to be taken into account in assessing the desirable balance 
between these different classes of resources for materials 
are 1) the increasing variety of technological options 
available for choice of material for a required performance 
in a given application, and 2) the increasing concern to 
minimize both consumption ot energy and environmental 
impact. In addition, the usual economic factors apply in 
the use of materials. 

While the concept of renewable resources is useful, it 
lacks the coherence ot statistical information on resources 
and use, and the scientific perspective that has developed 
for •Materials from minerals• (including metals, ceramics, 
electronic solids, and synthetic organic polymers derived 
from fossil fuels). Strong specialization exists in forest 
sciences and wood products on the one hand, and agricultural 
sciences and associated natural materials (such as fibers 
and leathers) on the other. We require both a broader view 
of the science and technology ot natural products and, 
correspondingly, more integrated statistical information on 
resources, and on materials flows and use (including aspects 
associated with energy and the environment). 

The above considerations led to this analysis of 
renewable materials in the United States economy as a basis 
for identifying both the optimum use of such resources and 
the role ot science and technology in helping overcome 
barriers to their use. The following are the principal 
items addressed in the study at the request of STPO: 

1. Quantitative analysis ot current materials flows 
for renewable resources as the basis for assessing 
the impact of potential future changes (compared 
with nonrenewable flows). Definition of the 
limitations (cost and technical) of renewable 
resources for meeting expanded demands for 
materials based on them. Delineation of the 
energy, environmental, and social consequences of 
such increases. International aspects. 

v 

Copyright © National Academy of Sciences. All rights reserved.

Extractives as a Renewable Resource for Industrial Materials: 
http://www.nap.edu/catalog.php?record_id=19952

http://www.nap.edu/catalog.php?record_id=19952


CHAPTER 1 

INTRODUC'fiON 

Extractives from plants and animals are used to varying 
degrees in manufacturing processes of industrial goods. 
While th ey were major raw materials of chemical industries 
in centuries past, more recently their market shares have 
been declining. Their disappearance was gra dual and 
coincided with the transition from wooden to metal ships, 
and from natural to synthetic pharmaceuticals, a dhesives, 
dyes, fragrances, and flavors. The downward trend has 
continued steadily throughout this industry for the past 100 
years, and experts of the field are disputing whether the 
extractiv es-depression will ever "bottom out," whether we 
are in the bottom, or whether we are already on the incline 
again. 

There are several indications that extractives are on 
the upswing, indeed. However, it is unclear whether this 
represents a reversion of the general trend, or whether this 
is a short-lived phenomenon with the valley still to come. 

Reference to a recent article in the Wall street Journal 
(Friday, February 7 ,  1 975, p. 28) ma y ill ustrat e the 
situation: 

A new word, silvichemicals, has been coined as a 
name for pulp chemicals. There are many of them. Wood 
wastes yield ammonia, a lcohol, formaldehyde and even 
crude oil, though its synthesis is prohibitively costly 
now. Silvichemicals and their derivatives have hundreds 
of applications. They are us ed in solvents, deodorants, 
detergents, pa int removers, adhesives, metal cleaners, 
drilling fluids a nd printing inks. some Champion Inter­
national by-products go into soil conditioners; some of 
westvaco•s into football helmets. 

Union camp Corp. turns mill wastes worth about 
e ight cents a pound into flavors and fragrances worth 
more tha n $ 1  a pound. St. Regis Paper co. sells a 
black, oily waste from its pulp-making operation for as 
much as $300 a ton, more than many grades of paper. 
Georgia Pacific corp. recovers some of the costs of 
pollution control by using its wastes t o  produce energy 

-1-

Copyright © National Academy of Sciences. All rights reserved.

Extractives as a Renewable Resource for Industrial Materials: 
http://www.nap.edu/catalog.php?record_id=19952

http://www.nap.edu/catalog.php?record_id=19952


and chemical by-products: "We make money on materials we 
used to dump, " a spokesman says. "The return from 
chemicals is higher than from the paper industry as a 
whole,"" says David L. Luke, III, president of westvaco, 
a pioneer in cy-product recovery. 

westvaco•s chemical sales, which have doubled in 
the past five years, to $45 million, have helped boost 
i ts earnings fivefold over the same per iod. Since 1967, 
when union Camp began producing the rose-smelling chemi­
cal geraniol from pine-wood turpentine its chemical 
sales have grown to more than SlOO million a year. 
Analysts estimate that chemical sales gave Union camp 
about $25 million of its pretax pro fit in 1974. 

Apparently, wood extractives have undergone a change 
from main-products of an industry collecting oleoresin from 
slashed pines to waste-products of the processing of wood 
and they are presently recovering to become "co-products" or 
"by-products." That this recovery might continue until 
today•s "main-products" become "by-products" in favor of 
extractives is conceived by a number of individuals in this 
field. Thus, paper may some day be merely a by-product of a 
tree-based chemical industry. 

The task of the extractives panel of CORRIM borders upon 
other panels - fibers and lignocellulosic materials. This 
study also borders upon a recent National Academy of 
sciences study "Enhancement of Food Production for the 
united States" (NRC , 1975). such chemical plant­
constituents as starch, rubber, chit in, gums, protein, 
casein and gelatine were found to share more common grounds 
with the panel report on lignocellulosic materials than 
with this study, and were therefore excluded from the 
present report; so were extr active materials used ex­
clusively for human or animal nutrition. In contrast, bark, 
oleoresin, waxes, oils and fats, and tallow are covered in 
this report. These products are derived from forest, 
agricultural and marine sources. 

The oleoresin field illustrates the variety of products 
and properties obtainable from renewable resources. A l ist 
o f  terms used in the oleoresin field and their definition is 
given in Table 1. These are representatives of the 
compounds obtainable from renewable resources. 

-2-
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TABLE 1 

Exp�anation of Terms Used in the Oleoresin Field 

canada Ba lsam: The (cortex) pocket oleoresin of balsam 
fir; canada balsam is not a true balsam. 
True balsams are characterized by 
fragrant aroma and pungent taste due to 
cinnaminc and benzoic acids and their 
esters (e.g., storax). 

Essential Oil: A liquid mixture of volatile organic 
compounds which are derived from plants, 
and which are largely insoluble in water. 
The essential oils are u sually 
responsible for the characteristic odors 
of plants. 

Gum: A viscid, water-soluble mixture of 
polymeric carbohydrates. Although it is 
technically incorrect to designate the 
oleoresinous exudate from pine as a gum, 
such definition is in wide usage. 

Induced Lightwood: Lightwood formed as a result of treating 
certain oleoresin-containing trees with 
tipyridinium aqueous herbicides such as 
paraquat and diquat. 

Lightwood: Oleoresin-soaked pine wood used at one 
time for torches (light) and kindling. 

Naval St ores: Resins, pitch es, tars, oils, and other 
products derived fro m the oleoresin 
exuded by or extracted from trees chiefly 
of the p ine species. 

Oleoresin: Any natural mixture of essential oil and 
resin from pine which is: 

Res in: 

Resin Acids: 

l. Contained in or exuded from 
resin ducts. 

2. Accumulated in dead wood such as 
knots and stumps. 

A mixture of nonv olatile, hydrophobic, 
solid organic compounds. Natural resins 
are usu ally terpenoid in character. 

The resin acids of pine are monocarboxy­
lic diterpenes. They consist mainly of 
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Rosin: 

Tall Oil: 

Turpentine: 

the tricyclic abietic and pimaric 
(including isopimaric) types and often 

contain small amounts of bicyclic labdane 
acids. Mixtures of resin acids are the 
primary constituent of rosin. 

A specific kind of natural resin obtained 
from pine oleoresin by removal of the 
volatile e ssential oil, or from tall oil 
by the removal of the fatty acid 
components. It consists primarily of 
tricyclic, monocarboxylic diterpene acids 
known as resin acids having the general 
empirical formula C2oH3o02, with small 
quantities of nonacidic (neutral or 
nonsaponifiable) materials. 

A generic name of swedish origin for by­
products obtained by acidifying the soap 
skimmings of the concentrated black 
liquor resulting from the manufacture of. 
wood pulp by the kraft (sulfate) process. 
To provide some distinction between the 
various products, designations are often 
applied in accordance with the process or 
composition, some of which are: crude 
tall oil, distilled tall oil, tall oil 
fatty acids, and tall oil rosin. 

The essential oil of pine oleoresin. For 
most pine species, it consis ts primarily 
of monoter penes. 

REFERENCE 

Nat ional Research council (1975) Enhancement of Food 
Production for the United States. Board on Agricultural 
and Renewable Resources, commission on Natural 
Resources, National Academy of Sciences, washington, 
o.c. 
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CHAPTER 2 

USE OF EXTRACTIVES 

CURREN'!' USE AND FLOW OF MATERIALS 

The extractives that this report is concerned with can 
be divided into five distin ctly different groups; they are 
bark. naval stores. vegetable oils. tallow and fats. and 
oils from aquatic sources. 1972 figures concerning the 
product ion and consumption for industrial materials of these 
extractives are compiled in Table 2. 

Among the five e xtractive classes. bark is by far the 
pred ominati ng one with respect to production or growth. Its 
cons umption for industrial purposes. however. is small , and 
cannot even be determined with accuracy. 

While approximately 50 percent of bark residues is used 
as fue l. it is expected that more unused bark residues will 
be allocated f or p roduction of process steam and electricity 
at forest products plants (Grantham and Ellis 1974). 

Even with greatly an ti cipated expanded use of bark as 
fue l  and in agr ic ulture. this need not dis co ura ge the use of 
tark as a po tential source of extract ive chemica ls. since a 
bark chemical proc ess ing plant would leave a residue 
amounting to about 75 percent of original weight. which 
could be used as fuel and/or in agr icul ture. The obj ective 
of any system using residue s is to develop these materials 
to their highest product value. 

Bark is converted into soil amendments. used as fuel. or 
used in struct ural materials--mainly particleboard --as 
admixture with wood. One plant in Eugene. Oregon (BOHEMIA. 
Inc.). has recently started to solvent extract D ouglas fir 
bark. and manufactures a number of wax, cork. a nd phenolic 
extender products. ITT Rayoniers • s operations in washington 
marke t a sulfonat ed extract of western hemlock bark. Some 
pulpmill s tolerate bark in their digester furnish in the 
form of whole tree chips; in thi s case. most of the bark is 
d issolved and appears in the clack liquor recovery cycle. 
Prec ise figures on the current use of bark for othe r 
purpo ses are not available. but it can be assumed that they 
represent minor quanti ties . 

-s-
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Table 2 

U. S. Production from Domestic and Imported Materials, and Disappearances 
f�r Nonfood Uses of Extractives in 197 2  (In 1,000 lbs. ) 

Material 

I. Bark 

II. Turpentine, total 
Gum 
Wood 
Sulfate 

Rosin, total 
Gum 
Wood 
Sulfate 

Tall Oil Fa tty Acids 
Citrus Peel-Limonene 

III. Vegetable Oils 
Soybean Oil 
Cottonseed Oil 
Coconut Oil

2 

Corn Oil 
Linseed Oil 
Peanut Oil 
Castor Oil 
Others 

IV. Inedible Animal Fats 

v. Fish Oils 
Seaweeds 

Production 

45 , 000,000 

203,900 

9 , 500 

2 7 , 400 

167 ,000 

846 , 200 

46 , 200 

364 , 000 

436 , 000 

4 28 , 874 

10 , 4 571 

8 , 084 , 0 00 

1 , 355 , 000 

215 , 000 

507 , 0 00 

440 , 000 

2 58 , 000 

5 , 187 , 000 3 

5 , 07 6 , 00 0  

188 , 000 

2 , 205 

Disappearance for Tot 
Nonfood Products Nonfoc 

446 , 000 

110 , 000 

434 , 000 

38,000 
2 2 3 , 000 

12 , 000 

140 , 000 

17 4 , 000 

1 , 650 , 700 4 

100 , 000 

1,489 , 

1 , 577,< 

1 , 6 5 0,j 

10 2,0 

1 Includes approximately 1 million lbs. estimated for California, rest Florida; 19 
72 growing season. 

2 Oil produced from imported copra. 
3 Includes oil equivalent of exported domestic oil seeds. 
4 Fran "CUrrent Industrial Reports, Fats and Oils" Series M2 0K (7 2)-13 u. s. Bureau 

the Census, 1973, excludes animal feed. 

Sources: Navel Stores Annual Report, USDA, April 1973 - March 1974; Statistical � 
porting Service, USDA (1974); Florida Canners Association Statistical Summary 19' 
Kromer, G. w. 1974 "Economic Aspects of the Vegetable Oils and Fats Industry in 1 
U.S.," paper presented at the International Trade and Development Conference, U.� 
Economic Commission for Asia and the Far East, Seattle, Washington, June 10, 1974 
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The rest of the extractive categories are used to the 
extent of about 5. 0 billion pounds for industrial materials. 
Assuming an av erage value of about 8 cents per pound. this 
amounts to a total of S400 million of extractive raw ma­
terials consumed for industrial purposes annually. 
annually. Roughly 34 percent of these materials stem from 
tallow, and about 3 1 -33 percent each from naval stores and 
vegetable oils. 

In terms of annual production. vegetable oils far out­
weigh naval stores. Soybean oil, cottonseed oil, coconut 
oil (imported) and lard are the major contributors to this 
category. However, only small fractions of these oils are 
used industrially; most are converted into margarine. salad 
dressing and other food products, or are exported. The 
prominent vegetable oils used for industrial products are 
coconut oil, soybea n oil and linseed oil. Tall·oil fatty 
acids almost match the use of coconut as an industrial raw 
materia l. Resources from marine origin amount to only a 
minor portion of the entire extractives raw material base of 
industry. 

Extractives are used for many end products. some of 
which are manufactured in very small quantities. The 
materials flow of renewable extractives into major end 
products is shown in the trajectory, Figure 1 .  

The turpentine part of the trajectory i s  shown with 
three mai n sources. The first is from the fractional 
distillation of crude sulfate turpentine obtained as a by­
product of the pulping of softwoods, mostly southern pine. 
The second is from the fractional distillation of turpentine 
obtained from oleoresin by distillation. Oleoresin can be 
obtained directly by wounding a pine tree ("gum") , or by 
extraction of natural lightwood from stumps (technically a 
nonrenewable resource) or o f  induced lightwood (1985 and 
2000 only). The third source is limonene extracted from 
citrus peel. The turpentine fractions can be divided into 
three major groups: alpha-pinene. beta- pinene. and other 
terpenes which includes the limonene and other monoterpene 
fractions. The major significant use for alpha-pinene that 
competes with nonrenewable resource (NRR)-derived products 
is conversion with mineral acids to terpineol ( synthetic 
pine oil). The competitive NRR-based materials are phenols. 
Pine oil is also widely used for ore flotation and textile 
processinq. The major significant use for beta-pinene that 
competes with NRR-derived products is polymerization to 
polyterpene resin s which find uses in pressure sensitive 
adhesive. The competitive NRR-based materials are derived 
from paraffins and isoprene. The major single use of all 
the other monoterpenes that compete with NRR-derived pro­
ducts is as a solvent (addit ional fabrication not required). 
The competitive NRR-based material is mineral spirits. 

- 7 -
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I 
I 
I 

I 

The terpene insecticides (161) are based on camphene, 
which is obtained either from wood turpentine or by iso­
merizatio� of alpha-pinene. The toxaphene-type insecticides 
are prepared by chlorinating camphene and camphene-alpha­
pinene. The future of these chlorinated insecticides, 
however, is uncertain. 

Perhaps the most interesting area of turpentine 
utilization is in the small, but growing, production of 
flavor and fragrance chemicals (91) . Synthesized products 
such as lemon, lime, peppermint, spearmint, and nutmeg 
essential oils are being marketed along with a wide range of 
fine chemicals for the flavor and fragrance industry. 

Rosin fractions may be obtained from two sources, by 
d istillation of oleoresin (however derived) followed by 
refining, or by fractionation of tall o il obtained on 
pulping conifer pulpwood, and collecting (including 
acidification) the tall oil soap skimmings . Th e products of 
this refining or fractionation are a refined rosin fraction, 
and a crude rosin fraction which includes tall oil heads and 
bottoms, distilled tall oil, and the residue from refining 
of wood rosin. Crude rosin's major single use that competes 
with NRR-derived products is as a fuel where it competes 
with No. 6 bunker fuel oil. Refined ro sin's major uses that 
compete with NRR-derived pro ducts are in printing i nks and 
rubber additives and as paper size where it competes with 
petrochemical waxes, acrylics, and other synthetic sizes. 

Rosin uses in the u.s. are summarized in Table 3. They 
are mostly in some modified form: hydrogenated, 
dehydrogenated, disproportionated, esterified, polymerized, 
as salts, or reacted with formaldehyde or maleic anhydride, 
for example. The largest use is in the sizing of paper to 
control water absorptivity. A rosin soap or emulsion is 
added to the pulp and is precipitated onto the paper fibers 
with aluminum sulfa te. 

Although rosin found considerable use at one time in the 
old yellow bar laundry soaps (381 of rosin was used for this 
purpose in 1938), this use is almost negligible now. Rosin 
soaps, however, find important use as emulsifying and 
tackifying agents in synthetic rubber manufacture. Other 
uses for ros in are in adhesives, surface coatings, printing 
inks, and chewing gum. 

Tall oil fatty acids are in the other major fraction 
collected from the distillation of tall oil and these will 
be discussed later. 

Of the over 1 billion lb. of fatty acids produced in 
this country, about 30 percent comes from tall oil. Major 
uses for tall oil fatty acids include protective coatings 
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Table 3 

Uti l ization o f  Rosin in the U.S. by cate gorie s , in Pe rcent o f  To tal 

1971 1972 1973 1974 

P ape r S i ze 38.5 36 33 27 

Che mical Int er-
medi ates and Rubber 43 40 42 44 

Rosins and 
Es ter Gums 15 15 17.7 21 

Co atings 3. 9 5.0 3.9 4.0 

Oth ers 3.0 3.5 3.1 4.1 
(1) 

To tal Reported 760 743 706 661 

(1) 

In million lbs . 

Sourc e :  Nav al Annu al Report ,  US DA (1974). 
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(311), intermediate chemicals (35,)--(a catch-all category, 
of which the major uses are for epoxy tallates, and for 
dimer acids, that in turn, are used in polyamide resins for 
inks, adhesives, and coatings), soaps and detergents (1 1 �). 
and as flotation agents (6�). 

Natural fats and oils from agricultural sources -­
vegetable oils, lard, and tallow -- and from aquatic origin 
are being used for a variety of industrial products (Table 
4). 

Total consumption for industrial uses (including animal 
feeds) in terms of pounds per capi ta remains at a high 
level, even though consumption in food products has in­
creased by 19 percent over the past 25 years: 

All Industrial Products All Food Products 

(lbs/capita) (lbs/capita) 
I 

1935-39 aver. 22.2 45. 4 

1950-59 aver. 24.0 44.9 

1960-69 aver. 25.8 48.0 

1970-74 25.6 53.3 

Major industrial markets for fats and oils include 
drying oils (529 million pounds in 1972, or 40 percent of 
the total paint binder market) , surface active agents ( 1 ,547 
million pounds of fatty acid-based products, or 38 percent 
of the total marke t), and plasticizers (258 million pounds 
of fatty acid-based products, or 15 percent of the total 
market). The fats and oils share of these m arkets is being 
maintained because of their unique and desirable properties, 
in spite of the inroads made by low er cost petrochemical s. 

Protective coatings is one of the largest industrial 
outlets for vegetable oi ls. Alkyd paints consumed a high of 
155 million pounds of soybean oil in 1955, and 80-90 mi llion 
pounds in 1972. Linseed oi l is used to the extent of 83 
percent for paints and varni shes, and its consumpti on has 
declined from 483 million pounds in 195 1 to the present low 
of about 200 milli on pounds. Linoleum and o il cloth are 
other outlets for linseed oi l of declining i mportance. A 
growing market for linseed oil appears to be concrete treat­
ment, which consumed an estimated 1 0-12 mi llion pounds in 
1973. A rapidly growi ng mar ket for soybean oil is epox­
idized soybean oil as a plasticizer/stabilizer for plastics. 
This use, a development of the Agri cultural Research 
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Table 4 
Fats and Oils Use in Industrial Products for Civilian Consumption, Total and Per Capita, United States, 
1935-39 Aver�ge, Annu�l 1950�74 

DRY OIL FATTY ANIMAL OTHER INDUSTRIAL ALL INDUSTRIAL 

s 0 A P p RODUCT s A C I D S FEEDS P R 0 D UCTS P R ODUCTS 

PER PER PER PER PER PER 
TOTAL CAPITA TOTAL CAPITA TOTAL CAPITA TOTAL CAPITA TOTAL CAPITA TOTAL CAPITA 

MTL LB. LB. MTL LB. LB. MTL LB. LB. MTL LB. LB. MTL LB. LB. MTL LB. LB. 

AVERAGE 
1935-39 1,638 12. 8 774 6.0 440 3.4 2,852 22.2 

1950 1,804 12.0 1, 182 7.9 501 3.4 653 4.3 4, 140 27.6 
1951 1,505 10.0 1, 129 7.5 453 ' 3.0 763 5.0 3, 850 25.5 
1952 1,352 8.8 1,010 6.6 412 2.7 819 5.3 3,593 23.4 
1953 1,291 8.3 1,064 6.8 577 3.7 --- 699 4.5 3,631 23.3 
1S54 1,177 7.4 1,001 6.3 521 3.3 111 • 7 717 . 4.5 3,527 22.2 
1955 1,115 6.9 1,104 6.8 606 3.8 181 1.1 834 5.1 3,840 23.7 
1956 1,038 6.3 1,089 6.6 645 3.9 296 1.8 894 5.4 3,962 24.0 
1957 994 5.9 1,015 6.0 737 4.4 425 2.5 783 4.7 3 ,959 23. 5 
1958 914 5.3 920 5.4 722 4.2 550 3.2 883 5.2 3,989 23.3 
1959 862 4.9 910 5.2 1,150 6.6 505 2.9 808 4.7 4,235 24.3 

1960 860 4.8 821 4.6 1,245 7.0 504 2.8 841 4.7 4, 271 24.0 
1961 830 4.6 846 4.7 1,226 6.8 502 2.8 819 4.5 4,223 21.3 
1962 774 4.2 879 4.8 1,319 7.2 876 4.8 878 4.8 4,726 25.7 
1963 775 4.2 866 4.6 1,408 7.6 827 4.5 920 4.9 4,796 25.7 
1964 713 4. 1 889 4.7 1, 598 8.5 838 4.5 885 4.7 4,983 26.4 
1965 706 3.7 895 4.7 1,735 9.1 717 3.8 763 4.0 4,816 25.1 
1966 719 3.7 908 4.7 1,957 10.1 893 4.6 852 4.4 5,329 27.6 
1967 706 3.6 844 4.3 1,893 9.7 972 5.0 819 4.2 5,234 26.8 
1968 659 3.5 850 4.3 . 1, 907 9.7 1, 011 5.1 788 4.0 5,245 26.6• 
1969 673 3.4 728 3.7 1,943 9.8 1, 078 5.4 988 5.0 5,410 27.2 

1970 679 3.4 620 3.1 2,004 9.9 1,098 5.4 872 4.3 5, 272 26. 2 
1971 677 3.3 619 3.0 1,779 8.8 1,143 5.7 1, 062 5.2 5,240 25.7 
1972 802 3.9 529 2 . 6 1,992 8.6 1,100 5.3 1, 108 4.9 5,430 26.3 
1973 722 3.5 679 3.3 1,958 9.4 945 4.5 844 4.1 5,149 24.7 
19 7 4 719 3.7 558 2.7 2,051 9.8 1,137 5.4 692 3.3 5,216 24.9 

. ' 

Source: u.s. Fats and Oils Statistics, 1950-1974, Economic Research Service, USDA. 
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Service, u.s. Department of Agriculture, has grown from a 16 
million pound market in 1961 to 85 million pounds in 1 972 
and 117 million pounds in 1973. 

Tallow is deri ved from the rendering of beef fat, 
whereas lard is obtained from the fat of hogs. Edible 
tallow originates from fat of certain parts of the animal 
body, and from federally inspected process ing plants, 
exclusively; all other tallow is classified as inedible. 
About half of the tallow production of this country is 
exported, mostly to Japan and western Europe, for use in 
food products. The domestically consumed, inedible tallow 
finds its major uses in animal feeds (38 percent), in fatty 
acids (30 percent) and in soaps (22 percent). Fatty acids 
and their chemical derivatives are used in almost every 
seqment of today•s industry in a wide array of products. 
Patty acids are usually intermediates used in the further 
manufacture of everyday products in which they los e their 
identity, and they are generally unknown to the ultimate 
consumer. Patty acids and derivatives are used in s oap and 
detergents, protective coatings, textile processing, rubber 
manufacture, lubricants, pharmaceuticals, cosmetics and 
toiletries, plastics, metallic driers, cutting oils, lubri­
cants, napalm (jellied gasoline) and many chemical inter­
mediates. Table 5 shows the production of fatty acids by 
source in the u.s. for the years 19 50 to 1 97 1 . Tallow and 
grease supply about 60 percent, and tall oil about 30 
percent of the total market; and the rest ( 1 0 percent) comes 
from vegetable oil foots and soap stocks. 

\ 
coconut oil, an imported oil, is an other important in­

dustrial oil. Of the 825 million pounds consumed in 1972, 
434 milli on pounds or about one-half was used industrially, 
mainly in the manufacture of surface active agents. Coconut 
oil, with its high proportion of C12 and lower fatt y acids, 
has n o  counterpart in u. s.-grown crops and so must be 
imported. 

Glycerol is a co-product of many of the schemes used for 
the production of surface active agents and other compounds, 
mainly from tallow and coconut oil. Glycerol from agricul­
tural sources constitutes about 32 percent of total u.s. 
capacity, the maj or portion being produced from 
petrochemical sources. Glycerol consumption is distributed 
as follows: Drugs and cosmetics ( 1 91), exports (181), 
alkyds (171), tobacco ( 1 21), foods and beverages ( 1 01), 
cellophane (10 1), others (1 41). 

Very considerable quantities of oils and fats of aquatic 
origin go into the manufacture of food (especially in 
Japan); this us e is outside pres ent consideratio n, but it is 
not poss ible at the moment to separate the food and non-food 
components. But substantial quantities of marine fats and 
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Table 5 

Fatty Acid Production and Fate and Oils Used in Manufacture, 
195o-71 

Fat and oils used in producing fatty acids Fatty acid 
Fatty acid Inedible Tall Coconut Vegetable production 
production tallow and oil oil foote other Total as \ of total 

Year �all 51radea) 9rease 1{. fats and oil used 

---Million pounds--- Percent 

1950 
I, 

651 229 52 147 73 SOl 130 
1951 595 243 55 101 54 453 131 
1952 548 187 ' 48 143 34 412 133 
1953 512 252 y 45 130 150 577 89 
1954 500 242 y '54. 116 109 521 96 
1955 517 278 y 40 116 172 606 as 
1956 545 286 161 45 99 54 645 84 
1957 505 284 264 45 89 55 737 69 
1958 462 256 293 39 83 51 722 64 
1959 681 373 557 98 94 28 "1,150 59 

1960 708 386 674 83 77 24 1,245 57 
1961 706 356 676 74 82 37 1,226 58 
1962 785 411 720 56 92 41 1,319 59 
1963 836 449 779 51 89 39 1,406 59 
1964 936 489 925 54 79 55 1,598 59 
1965 1,041 540 1,023 54 72 46 1,735 60 

1966 1,134 583 1,171 60 79 64 1,957 58 
1967 1,089 545 1,167 . 56 81 43 1,892 58 

1968 1,108 573 1,144 64 82 44 1,907 58 

1969 1,138 608 1,154 56 79 46 1,943 59 

1970 1,123 585 1,230 60 81 49 2,004 56 

1971 y 1,096 585 1,017 60 80 37 1,779 62 

y 
The use of whole or .crude tall oil in the distillation dr fractionation p:rocess is reported by Cenau. as consml84 
in fatty acids. This overstates the ..aunt of tall oil going into fatty acids as the fractionation process also 
yields rodn acids, and secondary producte. y Included in "other Hcon4ary products" not shown separately to avoid 
disclosure of figures for individual companies. y Pre1iainary. 

' 
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oils go i nto commerce, for a variety of uses: paints, 
varnishes, linoleum, insecticide, compounding, lipstick, 
soap, ink, leather treatment, core oils (iron and steel 
casting), lubricants and greases, ore flotation, fungicides. 
Algin, alginic acid, and soluble metallic alginates serve in 
many roles as food additives. Industrially they have a 
small market in the disappearing fiber technique of weaving. 
Seaweeds are used as fertilizers in coastal areas in light, 
sandy soils. The most significant advance in the use of 
seaweeds in recent years is the development of l iquid 
seaweed fertilizers. Their chi ef virtues are in the 
efficient use of nutrients and the ease of storage and 
transport. 

In Figures 2 and 3 are given simplified schematic flow 
diagrams of various industrial processes operating on bark 
and tall oil. These schemes contain information pertaining 
to materials flows, and requirements for capital investments 
(at 1972 erection costs), manpower, and energy of mills 

typical for their respective processes and products. 

Linseed oil is one of the most important vegetable oils 
used in this country for industrial materials. consumption 
of linseed oil in paints has steadily declined from a high 
of 483 million pounds in 1951 to 162 million pounds in 1 972 
and 126 million pounds in 19 73, lar gely as the result of 
introduction and consumer acceptance of latex paints. Use 
of linseed oil continues, even though at a low rate, because 
of better adhesion resulting from its use in latex paints. 
Production of linseed oil at one time (195 1 )  was 760 million 
pounds, from about 4 million acres, so there appears to be 
no problem in availability of linseed oil should linseed oil 
once again bec ome the main source for paint binders. 
However, there are at least four maj or pro blems that need to 
be overcome before linseed oil could resume its dominant 
position for solvent based paints. These are: 

- price of linseed oil, 

- pollution from solvents, 

- yellowing of interior coatings, and 

- consumer acceptance of the convenience of latex 
paints. 

The price of crude linseed oil stayed for many years in 
the range of 1 2  to 15 cents per pound, and then dropped to 
8. 9 cents per pound in 1 9 7 1 .  In 1 973 and 1 974, the price 
rose rapidly to a high of 4 9  cents per pound, and in June 
19 75, the price fell to 39 cents per pound. If production 
increases to alleviate the shortage, the price may drop to 
the 20 to 30 cent per pound range but probably will never 
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Figure 2 

Simplified Schematic Flow Diagram of Douglas Fir-Bark Extraction Plant 
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F igure 3 

S impli fie d  S c hematic Flow Diagram of Tall Oil Distillation Plant 
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again reach the 15 cent per pound level. A major problem 
here is the development of higher yielding, rust-resistant 
varieties .to permit lower prices for the oil with no loss in 
income to the farmer, and this problem is being worked on by 
the Agricultural Research Service. In the past, many 
farmers have planted flax as a second choice crop, if 
weather or other factors precluded planting of a first 
choice crop. As a result, yield has fluctuated between 7 
and 13 bushels of flaxseed per acre. Yields would 
undoubtedly imp�ve if flax became a first choice crop at 
all times. 

Cobia (1974) has estimated costs for producing flax 
expected f or the crop year 1975 as follows: 

Projected yield, bu/acre 

Production costs, $/acre 

Marketing costs, $/acre 

Elevator margin a 15�/bu $1.68 

Transportation i 31 �/bu $3.47 

11.2 

54.69 

5.13 

Total cost, $/acre 59.82 

Break-even price (zero profit), S/bu 5.34 

-1 8-
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The following statistics pertain to the production of 
f1ax and linsee d oil for the base year 1972. 

Resource: Flaxseed - 1972 

Total supply (July 1, 1972) 

Total domestic disappearanc e 

Exports 

Land use: 
Acreage planted 
Acreage harvested 
Yield/acre harvested 

Price: season averag e, per bushel 

Flaxsee d crushed 

Linseed Oil: 
Production, pounds 
Consumption, pounds 
Stocks at end of period, pounds 
Exports, pounds 

Consumption in paint or 
varnish, pounds 

Pr ice, cents/pound, Minneapolis 
Price, cents/pound, New York 

34, 041,000 bushels 
864, 687 metri c tons 

1, 906, 000, 000 pounds 

22, 941, 000 bushels 
5 82, 732 metric tons 

1,285 ,000,000 pounds 

8, 775, 000 bushels 
222, 897 metric tons 

4 91, 400, 000 pounds 

1,191,000 acres 
1,15 1,000 acres 

12.1 bushels 

$3.10 

19,944,000 bushels 
506,60 4 metri c tons 

1,117,000, 000 pounds 

439 ,700, 000 
243, 700, 000 
253 , 700, 000 
185, 200,000 

162, 200, 000 
10.1 
11. 5 

Sources: u.s. Department of Agriculture (1974), Agricultural 
Statistics 1974, u.s. Gov ernment Printing Office, 
Stock No. 0100-03335. 

u.s. Bureau of the Census (1973) , Current 
Industrial Reports , Fats and Oils, Production, 
Consumption, and Factory and warehouse Stocks, 
Series M20K (72)-13, washington, D.C. 

-19-
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HISTORICAL PERSPECTIVE AND CHANGING PATTERNS 

Bark 

The annual volume of bark products manufactured in the 
United States in 1963 was e stimated at 50.000 tons. having a 
wholesale value of about $4 to $5 million. The principal 
uses developed for bark. other than fuel and soil amendment. 
mulch. or ground cover were (1) filler or extender for 
plastics and adhesives. (2) insulation. (3) oil well 
drilling mud additives. and (4) dispersants. resin 
ingredients. and complexing agents. Three companies were 
involved in the manufacture of chemicals from bark. Two 
companies have now discontinued the bark chemical plants. 
One pioneer company has been expanding its western hemlock 
bark chemical production and a new Douglas fir bark plant 
has been installed to recover wax and other products. 

In 1968. one company sold 56.7 million lbs of bark 
chemicals valued at about $6 million. And a new plant was 
installed to produce 40.000 tons of bark chemicals per year. 

In some localities. as much as 10 percent of the bark is 
used in agriculture. About 100.000 tons per year was used 
in agriculture in the Pacific Northwest. Transportation 
costs appear to limit the use of bark as soil amendment and 
is most successful within a reasonable distance of the bark 
source (Bratt 1965; Bollen 1969). 

Naval stores 

In the early 1930s. tall oil (a pulping by-product 
consisting primarily of resin and fatty acids) was first 
introduced as a commodity in this country. However. it made 
little impact on the American naval stores market until 
world war II when substitutes were needed for inedible fats 
and oils. Today. naval stores production is from three 
principal sources: gum naval stores. steam distilled naval 
stores. and sulfate naval stores. The production statistics 
for naval stores are given in Table 2. 

Rosin is a commodity product produc ed over the whole 
world. world production of rosin has been increasing slowly 
over the p ast 15 to 20 years. At the same time there has 
been very little change in rosin production in the u.s •• at 
least as far back as 1900. The reported production in the 
u.s. was 859 million pounds of rosin in 1900 and in 1971 was 
848 million pounds. Production has fluctuated during the 
period as high as a reported production of 1.111 million 
pound s in 1950 and as low as 518 million pounds in 1918. 
Thus. there has been very little increase through the years. 

- 2 0 -
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The c hang e s  in u. s. prod ucti on have been in the sou rce o f  
ros in , generally shifting from gum to steam-distilled wood , 
an d then to the pre sen t with tal l oi l as the ma jor source of 
rosin in the u. s .  It should also be emphasi z ed that con­
sumption of ro sin in the u. s. has not exceed ed production , 
an d  in f a ct ,  the u.s. has always been a net ma j or exporter 
of ro sin . 

In the world , qum rosin continue s to be the ma j o r  source 
and probably in those countri es where l abor is r eadily 
avail able and not drained of f by other industries or pro­
grams , wi l l  continue and could increase . Wood ros i n , which 
is obtained froa atu.ps of f irst-growth pine ha s be en 
decreas ing s lowly . 

The important point, however , i s  that the production of 
rosin ,  worldwide, has reJRained in balance wi th con sumption . 
Furthermore , since the developaent o f  the use of ro sin in 
production of SBR rubber during worl d  war II, no signif i cant 
new use of ros in ha s appeared despite considerable work in 
both government and industr ial laboratories . Rosin 
currently ha s three main uses : ( 1 ) rubber , (2) paper s i z e ,  
an d  ( 3) resi ns for adhesive s , coatings , and pr inti ng ink s .  
Much effort has been expended in attempting to use rosin as 
a raw material for higher molecular weight pl astic resi ns 
such as polystyrene where usage runs in the bil lions of 
pounds . Suf f ice it to say such efforts have been s ingu larly 
un suc ces sful , and , in our best technical judgment , cannot be 
expected to be more success ful regardle s s  of the ef fort 
expended . one can , of course , pro j ect routes which woul d 
crack roa in  back to more elementary building blocks such a s  
benz ene or ethylen e but n ot  in competition with petroleum 
ba s ed  products at any time in the f oreseeable f uture . 

For the past decade worl d  product ion of turpentine has 
rang e d  between 70 and 8 0  ail lion gallons ye arly , with u. s .  
production bei ng nearly hal f of thi s  amount . 

Recovery of k raft pulping by-products has increased 
drama tica lly unti l 1 9 6 9  when it level1 ed o f f . The s e  
increases have not been a bl e  t o  _compensate completely for 
the loss in produc tion from the other s ources . Output of 
these by- products is correlated , obviously , w ith production 
of kraft pulp from pine and is further inf luenced by wood 
sourc es , wood sto rage , pulping , recovery e f f i ci e ncy , an d by­
product proces s ing . Drasti c changes in the output of pine 
chemi cal s from pu lping by- products appe ar feas ib l e  in the 
immediat e  ye ars ahea d .  The se chang e s  may re sult f rom a 
gene ral techni cal a cceptanc e of the treatment of pin e trees 
with a herbicide such as paraquat, which wa s re cently 
deve loped by USDA scientist s .  However , at this po int it 
doe s not appe ar po s si b l e  to make preci se es tima t es as to the 
1ike ly i mpact o f  this treatment on exis ting markets as there 

- 2 1 -

Copyright © National Academy of Sciences. All rights reserved.

Extractives as a Renewable Resource for Industrial Materials: 
http://www.nap.edu/catalog.php?record_id=19952

http://www.nap.edu/catalog.php?record_id=19952


exi st too many di verging opinion s on it among representa­
tives of the scientifi c  and industri a l  communi t i e s . 

Agricultural and Marine Fats and Oi l s  

Sources o f  fa tty materi a l s  for industrial, nonf ood 
purpo ses are many and varie d and include 

1 .  oil s grown sp ecifica l ly f or such uses (e . g .  
lin s eed oi l ) . 

2. oils that are grown mainly for edible purposes 
but that have industrial uses as well ( e . g .  
s oybean oil ) . · 

3. fat s  that are by-products of food processing 
( e . g .  tal l ow) . 

4 .  fatty aci d so ap s  that are by-products of food 
ref ining ( e . g . soybean so apsto ck) .  

s .  f atty acids that are i sol ated by industrial 
product refining (e . g . ta l l  oi l f atty aci ds) . 

Tabl e 6 shows the percentages of vegetable oils used for 
industrial purpose s re la ti ve to total consumption . The 
percentages ref er only to the amount of o i l  � � used 
directly in non-food uses. For exampl e ,  cottonseed oil had 
( in 1 97 2) 24 million pound s o f  oil going into n on- food use 

out of a tot al su pply of 1 7 3 9  mi l l ion pound s . However, 
there we re 1 0 4 million pounds of foots and loss in the same 
year , most of which was avail abl e for conversion to f atty 
ac ids . The decline in percentage for some o f  the o i l s  is 
better a s cribed to the r i s ing per capita con sumpti on of 
edib l e  oi ls than to any decl ine in indu stria l  use. Indeed, 
the per capita con sumption of f ats and oils in i ndustri al 
products ha s remained fairly con stant for the past 1 5  years , 
as di scus s ed earl i er . Accordingly, industrial u s e  of fats 
and oils can be expected to increas e  gr adua l ly in direct 
proporti on to inc rease s in population. Dev i at i ons from thi s  
expectation may r esult i f  petrochemi cal prices con tinue to 
ri se at a ra te g rea ter than for fats an d oils price s ,  or i f  
more emphas i s  is given to th e concept o f  renewable vs . 
nonren ewable re source s . 

Tabl e 7 reviews the industrial consumpti on f or 
individual f at s  and o i l s . The most str i kinq inc rea se i s  in 
tallow, and the most drasti c re duct ion is in marine oi l s and 
f a ts , which are down to 1/3 of the 1 9 6 0  con sumpt ion . This 
reduction probably ref l ects redu ced ava il abili ty of source 
material rather than los s of applications. 
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Cottonseed oil 
Soybean oil 
Coconut 
Corn oil 
Linseed oil 
Peanut 
Castor 
v . o .  Foots 

Others (V . 0 . )  
Edible tallow 
Inedible tallow 
Ma rine oilsl 

lAc:cordinq to National 

into inedible uses. 

Table 6 

Percentaqe of Selected Oils 
for Inedible Uses ,  1964-6a 

1964 1965 1966 

. 9  1 . 1  . a  
5 . 4  5 . a  5 . 3  

67 . 0  64 . 2 57 . 5  
.3 

100 100 100 
5 . 5  5.6 3.0 

100 100 100 
100 100 100 

21.2 21 . 7  20 . 0 
2 . 1  2.1 2 . 2 

100 100 100 
100 100 100 

1967 196a 

. 9  . a  
4 . a 4.6 

54 . 0  56 . 3  
.1 

100 100 
2 . 5  2 . 3 

100 100 

100 100 

14 . a  12 . 1  
1 . 3  1 . 5  

100 100 
100 100 

Cotton Council stati stics , al l marine oils qo 

SOurce a National Cotton Council 
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Extr activ e! 

Cottons eed o il 
Soyb ean O il 
Coconut oil 

Corn o il 
L ins eed oi l 
P eanut o il 

C as tor oil 

Oth ers 

Tallow2 

Mar in e  oils and 
f ats 

!Inc lud es foots 

2 Tot al domes tic 

Table 7 

F ats and Oils Used for Industrial Purposes , 
1960 - 1974 

Used for Industrial Purpos es 
(mi l lion pounds ) 

1960 1965 1970 1972 

122 121 77 110.0 
360 421 299 446 . 0  
460 493 441 434.0 

30 33 38 38 . 0  
364 340 246 223 . 0  

9 7 10 12.0 
131 150 139 140.0 

174.0 

1,832 2,�10 2,622 2 ,762.0 

153 125 84 100.0 

and los s es .  

di sapp ear anc e, inc l ud inq use in an imal fe eds . 

1973 

120 
457 
469 

49 
225 

12 
119 

2 , 540 

37 

Sourc e: u. s .  D epartment of Aqricul ture (1975) , Commod ity Economics 

D ivis ion , Economic R es earch S ervic e. 
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103 
506 
450 

41 

203 
10 

118 

3 , 029 

58 
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PROJECTION OF USE 

Most renewabl e resource s consi dered by thi s panel are 
by-products or products whi ch are recovered from disposed 
wastes in the course of a general cl ean-up required by 
environmental laws.  Many of  these products are used because 
of their low price , often in products that can tol erate the 
infer ior quantity of low- cost extenders . An exception to 
this rul e  is turpentine which finds more and more uses in 
high price, though low quantity, products such as flavors 
and fragrances .  

The potential use of natural extractives for industrial 
materials is often turdened by heterogeneity (many similar 
but different chemical s intimately mixed with each other) 
where separation of individual compon en ts is difficult and 
costly, and where use in combinations impairs product 
qual ity or proces s performance . 

I n  projecting future use of renewable extractives one 
recognizes seve ral requirements for intens ive utilization . 
Good prospects require : 

1 • an extractive which is not in competition with 
higher val ued food or f eed application s, since cost 
of food will most likely increase more ra pidly 
at least on a worldwide scal e -- than that of 
material s ;  this penalizes those materials that are 
rai sed on potentially food-productive lands with 
intensive . agri cul tural cultivation methods (e . g .  
linseed and castor oi l) ; 

2. extractives that have constant supply bas es , free 
of detrimental fluctuations in price , quantity or 
quality ; bark, inedibl e  tal low , and ,  citrus peel­
limonene belong to this category ; 

3 .  extractives which can replace nonrenewabl e and non­
biodegradable raw materials or those products 
foreign to the envi ronment to a particularly high 
degree (halogenated and some N-containing 
materi al s) , for example certain re sins , 
plasticizers . surf actants , and ins ecticide s ;  

4 .  extractives which a re either relatively homogeneous 
or pure upon recovery , or that are easily purified 
on a technical scal e ;  westvaco (Regi stered) DiAcid 
belongs to the latter group ; 

s·. extractives with proper ti es th at can be matched 
only by high-price nonrenewable materi als requiring 
diff icul t ,  multipl e-st ep proce sses ; alginic aci dS 
are exampl es for thi s category ; 
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6 .  extractives that are assigned funct ions that are 
simi l ar to thos e  a s s i gned to them in their natural 
�nvi ronmen t ;  exampl e s  a re turpentine in f ragrances 
and f l avor s .  

With the se con s ide ration s  in min d  t h e  us e of r enewable 
extra ctives for industri al material s wa s pro jected by the 
commi ttee , and the results are shown in Table e. overal l ,  
it must b e  stated that extr active utiliz ation cannot be 
pro j e cted with any degree of accuracy. Total amounts may 
remain constant to the year 2000 , or they may i ncr ease by as 
much a s  f ive time s their pr esent leve ls . Ma jor incr eas es 
coul d occur in the naval stores an d  tal low markets if 
demands and economi c i ncenti ve s ar e  adequate . 

Tallow production is di rectly related to the total 
numbe r  of cattle raised, their average weight per bead , and 
their feedin g  hab it s .  corn pri ces determine wheth er cattle 
will be f eedlot- f ed or graz ed , and thi s  impacts the average 
ta l low yi e ld pe r h ead . - Tabl e 9 summari z es the d ata which 
have been us ed to arrive at the pro j ect ion s for tal l ow  
li sted in Tabl e  e .  Howeve r ,  it must be ment ioned that 
pro j e cti ons of bee f  consumption are highly speculative and 
that many experts predict a decl ine of pre s ent per c api t a  
l evel s . 

Major increas e s  are also proj ect ed for turpentine , ta ll 
oil f atty acids , s eaweeds and citrus peel . Lo s ses should 
not occur wi th annual crop industrial oils and f or oils and 
fats from aquatic orig in . By 19 e5, increa s ed import s of 
coconut and palm o i l ,  can be expected as we l l  as increased 
produ ction of ine dibl e tall ow ,  of tal l oi l f atty acids , and 
of vegetable oi l foots and soapstocks ,  by-products o f  th e 
r e f in ing of oi ls for food con sumption . Nav a l  store gai n s  - ­

lower one s  due to improved recovery techniqu es and more 
extractive- con s ci ous storag e practi ces , and higher on es due 
ma inly to success ful paraquat treatment s -- wi l l  be readi ly 
absor bed by industrie s  with the exc eption of ros in for which 
new outl ets wi l l  have to be developed . Limonene extraction 
f rom citrus pe el wi ll follow closely the trend o f  
turpentine . 

B ark wil l see some incr e ases for sp ecialty products such 
as extractives tw ax es , adhes ive s , e tc . ) ,  but mo st of the se 
ga ins wi l l  be due to increa s ed use of undebarked woo d and 
who l e  tr ee conv ersion ( foremost in the Eastern u . s . ) . The 
commi ttee ' s  pro jection of bark use for the years 1 9 e 5  and 
2 0 0 0 , in per c ent , is giv en in Table 1 0 . According to these 
pro jections , mo st o f  the bar k wi l l  be u s ed in s ome way by 
2 0 0 0 , with the bu lk going i nto fuel . 
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T able 8 

P roj ected Use of Extractives fo r I ndustrial 

Mate ri al s  i n  the u. s. fo r the Years 198 5 a nd 2000 

( I n mil lio n pou nds )  

U sed for P ro j ec tio n P ro j ectio n 
Indu strial for 198 5 for 2000 

Purpose s 
1972 4 hiih low hiih low 

Turpentine 203. 9 1070 . 0 1 2 5 5 . 0  so9o . o 1 30 . 0  

Rosin 846 . 2 3210 . 0  5 5 5 . 0  1 5 2 7 0 . 0 1 4 4 . 0 

T . O.  F atty Ac id s  4 28 . 9  5 15 . 0  450 . 0  5 50 . 0  480 . 0  

Cotton seed Oil 110 . 0  150 . 0  135 . 0  200 . 0 150 . 0  

Soybean Oil 446 . 0  600 . 0  500 . 0  700 . 0  560 . 0  

COconut 434 . 0  600 . 0  510 . 0 700 . 0  575 . 0  

Corn Oil 38 . 0  4 5 . 0  43 . 0  50 . 0  48 . 0  

Linseed Oil 2 23 . 0  260 . 0  2 50 . 0  300 . 0  280 . 0  

Peanut Oil 12 . 0  15 . 0  13 . 0  17 . 0  15 . 0  

C as to r  Oi l 140 . 0  175 . 0  157 . 0  200 . 0  176 . 0  

Others 174 . 0  200 . 0  19 5 . 0  2 2 5 . 0  2 19 . 0  

Citrus Peel Limonene 10 . 5  2 5 . 0  15 . 0  60 . 0  30 . 0  

T al low 16 50 . 7 2 3500 . 0 3 190 0 . 0 2 4300 . 0  2 100 . 0 2 

Ma rine Oi l s  and Fats 42 . 0  so . o  35 . 0  35 . 0  7 . 0  

S e aweed 1 . 0  4 . 0  2 . 0 . 8 . 0  4 . 0  

Tot al 4767 . 1 10000 . 0  5000 . 0  2 7 000 . 0  5000 . 0  

1 In cas e  paraquat treatment i s  approved and widely appli ed .  

2 Does not i nc lude animal feed . P roj ectio n bas ed on po pul atio n i nc reas es . 
3 Inclu de s  animal fee d. P roj ec tio n based o n  artic l e  in Fats an d  O ils Situ atio n, 

FOS-260 , November 19 7 1 , p. 17 , E co nomics Re s e arc h Services , u . s. De partme nt of 
Agriculture and o n  the assumptio n t h at SO\ o f  tallow produced qoes i nto i ndus­
tria l uses. 

4 From Table 2 .  
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Yea r 

197 2 

1974 

1980 

1985 

2000 

Table 9 

P roj ecte d P roductio n of Tallow 
in 198 5  an d  2000 

(millio n  l.bs . )  

Numbe r Avg . Dresse d Avg . Yiel d 
of wt/hea d  o f  T allow 

Cattle l.bs/he ad Per He ad 

36 , 500 , 000 625 132 . 7 

37 , 600 , 000 6501 148 . 81 

45 , 800 , 000 635 140 

49 , 800 , 000 635 140 

60 , 700 , 000 635 140 

Tot al Expected 

Yield of 
Tallow 

4 , 844 

5 , 350 

6 , 4 12
2 

6 , 97 2 

8 , 498 

1
Exce ptio nal ly high dresse d weights . 

2
G .  w .  Krome r' s estimate of 7 . 0 b il l io n lbs .  of tallow i n  1980 w as based 
o n  a maximum of 49 mi l lio n  c attle an d  an ave rage yiel d of t allow of 
142 . 8  lbs/he a d. 

Source : Hoffm an, Geo rge ( 1 97 5 )  Sl aughter C attle OUtloo k, June 30 , 1 975 
u . s .  De partment of Ag ricul ture ,  Economic Rese arch Se rvice , 

Washi ngto n, D . C .  

Krome r, Geo rge w .  (197 5 ) Eco nomic As pects o f  the Vegetable Oil s  

an d  Fats In dus try i n  the Unite d States , Ju ne 1 0 , 1975 . u . s .  
De partme nt of Agricultu re ,  Eco nomic Rese arch Se rvi ce , W ashi ngto n, 
D . C .  
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Table 10 

P ro j ec te d Use P atter n o f  B ar k  in 1985 a nd 200 0 , 

in Percent of Tota l Ba rk 

Averagel 
1985 Uses 1970/74 

Unused so 30-35 

Us ed ,  total 50 6 5-70 

fue l 852 8o2 

boards o2 3 2 

pulp 32 s2 

s i lvich•icals o2 2 2 

mulch and 12 2 102 

agricultural uaes 

1estimated 

2o f  used total 
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2000 

5- 10 

90-95 

752 

s2 

82 

42 

82 
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ADDIT IONAL CONSIDERATt ONS 

I n stitutional considerations 

Most extractives ar e qenerated a s  by- products o f  the 
manuf acture of some other materials . As suc h, the i r  supply 
and consumption depend enti rely on deve lopment s in other 
areas . The plantinq , q rowi nq and harvestinq o f  tree s i s  
requl ated to suit the needs for fiber and structural 
mate ria l s ; extracti ve s are spin-of f s  of certain process e s ,  
wh ich wi l l  most l ikely not af fect institutiona l requlati on s . 
A few examples , where insti tutional requlations impact the 
suppl y and u s e  of extr active material s ,  can be cite d .  

Most o f  the oi l s  and fats produced from marine sources 
are u s ed f or nutritive purposes . Those fatty m�terial s that 
do not meet dome s tic FDA standards will be exported unle ss 
their food or f ee d  consumption i s  qenerally prohibited by 
s imi lar standards thro uqhout the world .  It is only then 
that they are u se d  for indu s tri al mater ial s .  Thus , the 
e stab li shment of a federal standard on foods or feeds may 
have a dr astic impact on the use of aqricultural and marine 
by-products for industri a l  qoods . 

In qener a l , f orest , aqr i cultural and marine re sourc e s  
ar e looked upon a s  source s to sati s f y  n eeds for food , f eed , 
f i ber , and structural materials . Institutional requlation s  
conce rninq their production wi l l  b e  concerned wi th these 
prima ry needs , and their imp act on by-products can hardl y be 
a s se s sed to any deq ree of accuracy .  

Environment al consideration s 

The wa ste treatmen ts wh i ch have been forced upon 
indus tries in rec ent year s h ave ha d a def in i te a nd 
benef icial e ff ect on the suppl y  of by- products , as was 
expre s sed in an a rticle in !h! H!!! S treet Journal (Chapter 
I ,  th i s  r eport ) . In many cases wa ste water trea tment s have 
initiated or enabled the recovery of by-products which 
formerly were r eq ar ded as waste products .  Obvi ous examples 
are l iqni n sulfonate s ,  and a l so ta l l  oi l and sulfate 
turpentine . 

Environmental cons iderations ar e al so i mport ant when it 
comes to the market inq o f  new types of f raqrances and 
f lavors which nee d to demon strat e environmental 
compatibi l ity . Natural extr actives s hould be in a b ette r 
and more compet it ive pos i ti on to meet this r equ i rement than 
synthetic mater i a l s . 
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Envi ronmental restri ctions might have an adverse e f f ect 
on the l ightwood i nduction of pine trees with a highly toxi c 
herbi ci de (paraquat) • 
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CHAPTER 3 

MATERIALS SUPPLY DEVELOPMENT 

DEVELOPMENT UNDER UNCHANGED CONDITIONS 

The future supply of renewable extractives for use in 
the manufacture of industri al goods is clos ely related to 
their current and future use ( Chapter 2 ) , and to the 
avail abil ity and coat of competing nonrenewabl e materia ls . 
The supply of by- product extractives wi ll largely be 
determined by the supply situation of the re spective mai n  
products . 

Bark 

The amount of unused bark residues at primary manu­
facturing plants in 1 97 0 . was estimat ed by Grantham and 
Ell i s  ( 1 974) to be almost 1 0  mi l lion tons . The regional 
di stribution o f  thi s materi al was as follows : 

Paci fic coast 
Northern Rocky Mountains 
southern Rocky Mountains 
south 
North 

Total 

Mil l ions of CUbic Ft . 

2 1 3  
6 6  
23 

1 6 5  
1 8 0 

6i7 

Source : Grantham ,  J . B . and T . B .  Ell i s  ( 1 9 7 4 ) . 

Ton s ,  Million 

3 . 1 9 5 
0 . 9 90 
0 . 3 45 
2 . 47 5  
2 . 700 

9 . 7 0 5  

It i s  a l so estimated that a total o f  approximately 2 0  
m i l lion tons of bark are mad e available annual ly in the u . s .  
Most of the used bark i s  con sumed as fuel, while l e s ser 
quantiti es a re used in agri culture as soil amendments . 
Perhaps about 1 percent of bark i s  used as source of 
silvichemical s  (i . e  • •  extractives ) .  

I n  1 9 6 8 .  7 4  percent of a l l  bark res idue s in the Paci fic 
Coast reg ion were generated at lumber manuf acturing plants . 
a s ca n be seen from the fol lowing compi lati on : 

- 3 3 -

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E x t r a c t i v e s  a s  a  R e n e w a b l e  R e s o u r c e  f o r  I n d u s t r i a l  M a t e r i a l s :  
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 9 5 2

http://www.nap.edu/catalog.php?record_id=19952


Location and Industry sourc e 

cali f ornia 
Veneer and Plywood 
Lumber 
Other 

oregon 
Veneer and P lywood 
Lumber 
Shake and Shingles 

washinqton 
Veneer and Lumber 
Lumber 
Shake and Shingles 

Sourc e :  Grantham ( 1 9 7 4 ) . 

Unused Bark Residue 
Paci f ic coast 1 9 6 8  

Tons ,  Thousands 

1 13 
1 , 0 5 3  

1 

Q 3 4  
9 0 8 

4 0  

1 0 4 
2 3 2  

9 Q  
2 , 9 7 9  

The avai lability o f  bark i s  related t o  wood production 
and harvesting technique s .  It woul d be easy to predict the 
amount of bark produced (grown) each year in the United 
State s .  Howeve r , thi s may be a meaning les s number , as it i s  
unreasonable to expect that all thi s mater ial will a t  some 
point be used for industrial material s .  In contrast , the 
amount of bark separated from wood (mostly logs) at plant 
sites , where it is readily, continuously and inexpensively 
availabl e ,  wi ll s ay more about the future s upply of bark for 
industrial products . Two recent technologi cal developments 
seem to i ndicate that thi s  quantity might not increase in 
the future .  One i s  the increas ing tr end i n  the ea stern u . s .  
o f  carrying out initia l  log breakdown on mobile chip ' n- saw 
units in the forest ; t he bark i s  thereby sca ttered around, 
and its r ecovery would require costly handling and 
transporting equipment . Th e  second trend that runs 
countercurrent to an increa s ed supply of bark for industrial 
purposes is that of whol e  tr ee conversion with i ts 
as sociated e limination of the traditional debarking 
operations .  Howeve r, the latter could also be considered 
commercial use as bark now serves as a low-grade extender of 
wood in particleboard or pul p .  Th i s  may even open up new 
chal l enge s  for th e  recovery of n ew ,  so far unknown , bark­
derived by-products f rom spent pulping liquors . In any 
event , the supply o f  bark wi ll most likely exce ed ev en the 
high proj ected use- increas es for the year 2 0 0 0 . 

- 3 4 -

Copyright © National Academy of Sciences. All rights reserved.

Extractives as a Renewable Resource for Industrial Materials: 
http://www.nap.edu/catalog.php?record_id=19952

http://www.nap.edu/catalog.php?record_id=19952


Naval Stores 

Domestic production of the thre e  types of rosin and 
turpentine , totaling some 1 . 1  bi llion pound s , continued its 
decad e- long decline in 1 972 . The downward t rend in produc­
tion occurri ng de spite pri c e  advanc es in ro s in a nd near­
recor d pr ice s  for turpentine wa s attributed to the high cost 
of producing qua. a level ing off of sul fate pul p output , a 
drop in oleoresin content o f  pulp chips , and the increased 
cost of harvesting the dwindling and increa singly scattered 
o l d-growth pine stumps . High prices brought increasing 
imports of both rosin and turpentine in 1 9 7 2 . R educed 
suppl ies he re and abroad , and rising prices , have spurred 
ef forts to repl ace ros in an d  have reduced rosin consumptiQn 
about 1 0  percent below the average for the past 1 0  year s .  
substitutes ,  including petroleum resins , are gradual ly 
gaining a la rqer share of paper si ze and synthe tic rubber 
markets . To make seriou s i n road s  in hydrocarbon r e s in use .  
more rosin woul d have to be available or hydrocarbon s would 
have to become con siderably more scare . 

In 1 9 7 2  turpentine consumption remained wel l  below mid-
6 0 s  leve l s . Industrial markets have weakened from lower 
uti li zation of synthetic pine oi l in cl eane r s  and displace­
ment of a lpha- and beta-pin ene resins by hyd rocarbon re sins . 

overall u . s .  production of ros in in the 1 9 7 2  crop ye ar 
was 1 . 6 3 million d rums or about 2 1  percent below 1 9 6 5 . Thi s  
downward trend ha s varied with source of production with qum 
an d  steam-distill ed ro sin pr oduction of f 7 5  and 3 5  perc ent , 
re spectively. a lthough tall oi l ro sin output increa s ed by 3 4 
percent. TUrpentine production total ed 56 6 , 00 0  barrels in 
1 9 7 2 ,  some 1 9  percent below 1 9 6 5 .  Sinc e 1 9 6 5 gum and steam­
distilled turpentine production decr eas ed 7 6  and 5 6  percent. 
respectively , with sul fate turpentine output higher by 1 0 
percent .  

The future •production" o f  naval stores by fore sts wil l  
para l l el that o f  wood , mainly o f  pin e s .  The commercial 
avai l ability for industrial raw materia l s ,  however , wil l 
increa singly depend on the e f ficient re cove ry o f sulf ate 
turpentin e and ta l l  oi l f rom the kraft pulping proc e s s ,  as 
gum and wood naval store supplies wi ll continue to dwindle . 
several f actors can be identi fied that are like ly to impact 
n aval stores by -product supplies from kraft pulping . 
Developments tha t wil l  enhance sul fate nava l store s supp lie s 
in th e futur e are : 

( 1 ) pine tre e s  wi ll continu e to grow a s  the mo st 
important spe ci e s  f or pulp papermaking in the u . s . ; 

(2) yea r- round chipping of who l e  tr ees in the fore st 
wil l enabl e pulpmi l ls to l imit the si z e  o f  thei r 

- 3 5 -

Copyright © National Academy of Sciences. All rights reserved.

Extractives as a Renewable Resource for Industrial Materials: 
http://www.nap.edu/catalog.php?record_id=19952

http://www.nap.edu/catalog.php?record_id=19952


outside chip storage pi le s , and enable them to cut 
storag e  time s to a minimum ; 

( 3 ) improved r ecovery systems and wa ste treatment 
faci li ti e s  may result in higher yi e lds of recovered 
oleoresinous by-products ; and 

(4) higher market value s f or oleoresins will add 
incentives to a more efficient by- product recovery . 

Deve l opments that might reduce the supply of naval 
stores from pulping in the future are :  

( 1 ) continue d practice of month- long storage o f  chips 
in open piles ; 

( 2) continued gains of high-yield . semi-chemical 
pul ping proce sses for pulp may l imit the g rowth of 
kraft pulp ing industry ; and 

(3) the repl acement of sulphur a s  active pulping agent 
by oxygen .  

As a result o f  these development s i t  is expected that 
the overal l  supply of naval stores wil l  show moderate gains 
in the future .  However . the increas e s  may reach s everal 
times the pre sent l evel s if the treatment of pines wi th 
herbi cides would become a wi despread practic e .  

In t h e  case o f  rosin . the re seems t o  be litt le chance of 
incre as ed domesti c production . Therefore the increas e must 
come from othe r sources. For a var i ety of reasons 
production of tal l oil rosi n per � has not increa s ed in 
recent years . Better technology in the recovery of tal l  oil 
soap , the precursor of tall oil rosin , from kra ft pulping is 
pos s ible and is being studied in both industrywide s pon sored 
work under the au spice s  of the Pulp Chemicals Assocation and 
by producing companies .  some modest in cre a s e , pos s ibly 
1 0 0 , 0 0 0  tons could resul t .  The important question i s  
whether this modest increas e could supplant most , i f  not 
all . the hydrocarbon re sins obtained from nonrenewable 
resources . Whether this wi l l  happen wi ll de pend l argel y on 
price s .  

As far a s  turpentine and tal l oil fatty acids are 
concerned , i ncrea se s a re expe cted to find r eady acceptance 
by the market . 

L imonene f rom citrus pe e l  i s  not recovered to the full 
ext ent po ssibl e at present because a firm market doe s  not 
exist . Potentia l produc ti on could be 4 to 5 ti mes a s  high 
as today , but it would r equ i re increased pl ant facil ities 
thereby making i t  pos sible to recover limonene f rom all 
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ava il able peel . Li monene i s  used in the naval store s 
industry in place of dipentene by Hercul es I nc .  - Arizona 
Ch emical s Divis ion . 

Oils and Fats 

Per capita con suaption o f  f ats and oils for industrial 
uses has remained at a steady state for several years and 
probably will continue to do so . At the same time , there 
bas been a steady increase in per capita consumption of 
edible oi ls , mainly soybean oil . Accor dingly , the supply of 
by-products fro• edible oil refining wi ll continue to be 
suffi cient to serve many industrial use s .  

Direct u se of an edible oil in a non-food application 
will depend mainly upon pri ce rel ative to other re sourc e s , 
and the price o f  soybean oi l may be depres sed by s evera l 
f actors . First , as increas ed demand for soybean protein 
results in increa sed crop production , a corresponding 
increas e in demand for the oil will not be l ikely . 
Secondly, there wil l  be increasing pr es sure from foreign­
grown soybeans and from low- cost , imported palm oi l . 

Linseed oil i s the only significant ,  exc lusively­
industria l oil grown in the u.s. at present , and its 
production has been decreas ing . However ,  production at the 
present leve l i s  likely to continue , as it i s  g rown when 
weather condition s ,  type of land , or other f actors precl ude 
growing other crops . Other major oi ls for industrial use 
include soybean , coconut , and castor oi l s .  The last two are 
available only as imported oils . 

Tallow production may in creas e ,  but whether at a nominal 
rate or at a more rapid rate is a question that cannot be 
resol ved at this time . 

Marine oi l production can increa s e  only through improved 
management of ocean resources . 

Factors limiting expans i on of fats and oils as inter­
mediates for industrial use include cost and availability of 
land . Farm land acreage has decrea sed s l ightly in the past, 
and total acreage o f  plants harvested may not change a great 
deal from the pre sent 300 mi l lion acres . However , it has 
been suggest ed th at ther e may be available an a ddi t iona l 1 00 
milli on acre s .  Even i f  acr eage harvest ed does not ch ang e , 
there could be a change in di str ibution of crop ac reage . 
For e xample , the proj ected l evel for soybean demand by 1 9 8 5  
i s  2 . 2 bi llion bushel s ,  6 6  percent over the 1 9 7 2  l evel , 
requiring 2 0 perc en t of tot al harves ted acre s as c ompared to 
the pres ent 1 4 pe rc ent .  Thi s  increas e wi l l  occur at the 
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expen se of corn pl antings , but only i f  the soybean/com 
price ratio i s  favorab le . 

Most of the f at s  and oi l s  of mar ine origin come from 
f ish (about 8 5  pe rcent) , the remainder from wha l es (see 
Tabl e 1 1 ) . The pre sent sources of f i sh which produce oi l 
are mostly fully exploited (menhaden) or over- exploited 
(whal es , cal i fornia s ardine s , Peruvian anchovi e s ) . The 

princ ipa l ways of increa s ing production are through improved 
manag ement of ocean re sources and through aquaculture . For 
exampl e ,  the ca li f ornia sardine re source on ce produced 
6 2 0 , 0 0 0 metri c tons of f ish , and now yi el ds nothing . The 
Peruv ian anchovy stock at its maximum produced 1 2 3 mi l l i on 
metr ic tons ; in 1 9 7 4  it pro duced only 1 . 8 million ton s .  
Thi s decl ine wa s due to overfi shing and " El Nino , " a wind 
shif t ,  whi ch  caus ed the water t emperature off the Peruvi an 
coa st to drop. Peru now intends to ho ld down comme rcial 
anchovy f ishing until the anchovy population can build up 
enough to sus ta in a catch of at least 8 mi l lion metric ton s 
per y ear by 1 9 8 0 .  Other oil f i sh stocks (e . g . , scando­
At lantic sardines , Japanese sardines )  now produce f ar l ess 
than they once did .  It is unreali stic to expect to get the 
maximum from ea ch of the se ,  since at th eir h eight s  they were 
proba bly being cons iderably over-exploited , and in addition 
the record catche s probably repres ent untypi cal hiq h  
population years . Nonethel es s ,  managed t o  produce near the 
maximum s ustainab l e  yi e ld , th e aggregate of now damaged 
f i sheries could produc e far more oil and fat than in the 
pa st .  The wha l e  stock s have been notoriou s l y  over f ishe d ,  
and only very recently have proper management measure s  been 
agree d upon . It will requi re many years of good managemen t 
for them to recov er , but eventually the whal es could supply 
incre ased amounts of industrial fats and oi l s .  

I f  appropriat e re s earch an d  development activi tie s are 
conducted to improve aquacu lture techniques , s ki l l s  can be 
gain e d  to rai s e  k inds o f  f i s hes with high quantiti es of oil , 
and thi s cou l d  even tua lly be an important source o f  oil . 

There are l arge under- exploited stocks of herr i ng- like 
f i she s in the Gul f of Me xico an d the South Atl anti c reg ions 
of th e United States , and very large un der- exploited popu­
lations of anchovi e s  o f f  Ca l i fornia . These could yi eld 
l arge amount s of oi l s  i f  f i s heri es were established for 
them . The constraints agai n st expansion of the s e  f i sherie s 
are differ ent in the two ar eas . In the Gul f an d South 
Atlantic the f i sh s chool s are d i s tributed and behave 
di ff erent ly from the menhad en an d th e o ther oi l- bea ring 
fi shes f amil i ar to the Amer ican industry . I t  wi l l  require 
deve l opment of modi fi ed gear and fishing me thod s ,  and 
res earch on the d i s tr ibution of the stocks , to promote thi s 
f ishe ry .  O f f  Ca l i f ornia the con straint s ar e largely soc i a l  
a n d  polit ical . A f t er  the c o l l apse of the C al i f ornia sardine 
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Year Alewives 
Atlantic 

Herring 

1966 . 5  2 . a  
1967 . a  2 . 6  

1968 . o 4 . 3 
1969 1 . 6 

I 
19 70 . 4  2 . 5  w 

1.0 1971 2 . 7 I 
19 7 2  2 . 3 

19 7 3  . a  

Table 1 1  

Fish Bod y  Oi ls , B y  Spec ies 

u . s .  Production 

1000 Metric 

Tons 

Pacific 
Menhaden salmon 

Herring 

. a  65 . 4  . o  
46 . 0  . 1  

69 . 0  
67 . 7  

a4 . 5 
1 10 . 7  

7 5 . 7 

91 . 0  

Mackerel 
other and Tuna 

1 . 9  2 . 4  
2 . 3 2 . 6  
2 . 1 2 . 5  
1 . 9  5 . 0 

1 . 6  4 . 2  
2 . 2  4 . 6  
2 . 3  5 . 2  
3.3 6 . 2 

Source s :  FAD ( 1973 ) Yearbook of Fi shery Stati stics , Vol . 35 , and 

u . s .  Department of Comme rce ( 1973) Fisheries of the United State s , CUrrent Fishery 
S tati stics No .  6400 . 

Total 

73 . a  

54 . a  
77.9 

76 . 2 

93. 2 

120 . 2  

a5 . 5  
101 . 9  
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f ishery in the 1 9 5 0 s ,  a s  a consequence o f  a cool ing of the 
ocean wat ers o f f  th e coast and of overf i shing , concern has 
been expr�s s ed that the same may happen to the anchovy 
stocks if f i shing is allowed on them . In particul a r , sport 
f i shermen ob j ect to thi s development , s eein g  the anchovies 
a s  forage for many of the f i shes caught for sport . There is 
a sma l l  quota of anchovi es a l lowed to be caught , but it is 
not l arge enough to encourage an industry to develop . 
Meanwhil e ,  the Mexicans are carrying out a f ishery on the 
same stoc k ,  whi ch occupi es water on both s i des of the 
borde r .  

It seems l i kely that th ere wil l be very litt le di ffer­
ence between the a mount of f i sh oil s  produced in the u . s .  by 
1 9 8 5  compared to the 1 97 2  harve st, since the con stra ints are 
not l ike ly to be removed by then . By 2 0 0 0 , the re may we ll 
be an increa se , s ince economi c pres sures and the re sults of 
biologica l and technoloq ica l re search may have overcome some 
of the constraints . · But it is also l ikely by that time that 
the f ish oi l s  wil l be used for food rather than for paints 
or other industri al purpose s .  Indeed , the pre s ent quanti ty 
of marine oi l s  used in paints i s  l ikely to fal l ,  perhaps to 
zero , sin ce their use as food wil l  probably take pr ecedence . 

A pos sible substitute for sperm oi l a s  an industri al raw 
mater ial may be j o j oba s eed oi l (S immonds i a  chinens i s) . A 
recently compl eted report by an NAS committee (NRC , 1 97 5) 
" found joj oba of interest on several counts . "  Joj oba , i n  
the committee ' s view , "has exten si ve , us efu l  commercial 
possibilities , especial ly a s  a substitute for materials more 
costly and di f f icult to match or to obtain ,  and • • • • " the 
committee bel i eve s , " jo j oba can be exploite d to economi c 
benef it in • • •  hot ,  arid l and s . " 

"Jo joba oil -- in chemical structur e  a l i quid wax 
-- i s  ha lf the jo jota seed by weight . Evidence • • • has 
shown conclu sively that joj oba oil can dupl icate s pe rm  oil 
performance a s  a high- pre s sure l ubri cant , the princi pal use 
for sperm oil in this country prior to a 1 9 7 0  ban on united 
State s import of whale products . In compa ri son wi th • • •  

formulated substi tute s , jojoba oil i s  a virtua l spe rm-oi l 
dupl i cate -- a materia l that i s  so clos e in chemical 
struc ture that it can probably be used as a spe rm-o i l  
sub stitute for th e compl ete range of us e s , wi thout requi ring 
ma jor reformulati on s . " 

"Jo j oba oi l ' s deve l opment can r e l i ably rest on it s  
ability t o  substitute for ex i sting oi ls and waxe s such a s  
sperm oi l ,  carnauba wax ,  be eswax , and s permaceti , "  according 
to the committee . Stu di e s  are curr ently underway to 
inves tigate the fea sibi lity of cultivat ing this wi ld pl ant 
on Indian res ervations in the Southwest . 
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With these trends and developments in mind , ma j or 
incre ases are pro j ected only for import ed oi ls (coconut, 
palm) • an d for by-products of the refining of oils and fats 
( vegetable oi l foots) . 

Tallow 

Tallow is a product of the rendering and meat packing 
industries , and, thus, the growth in produc tion of inedible 
tallow is largely associated with livestock slaughter and 
meat consumption. FOrecasts of tallow producti on are highly 
specu lative. On the one hand , i t  has been estimat ed that 
the Unit ed States rendering industry wi ll · be producing 
approximately 7 billion pounds of inedible tallow by 1 9 8 0 . 
On the other hand, production has actually declined in th e 
last few years. Inedible tallow wi l l  continue to be a ma jor 
suppl ier of fatty materials for industrial goods and wil l  
conti nue to be one of the cheap est fatty materi al in th e 
world. However , it cannot substitute for polyunsaturate d 
vegetabl e oil s in many of the industria l appl ications served 
by such oil s .  

S eaweeds 

The total quantities of seaw eeds available for harve st 
over the world are unknown , since few area surveys ha ve been 
made. Except for a few spec ies , pri nci pall y s argassum , they 
li ve attached to the bottom , so on ly sh�llow ,  near-shor e 
areas wil l  produc e them .  Thus they flour ish only i n  water 
shallow enough for li ght to penetrate - - per haps 1 6 0 feet or 
les s in most areas, and to 5 0 0  or 6 0 0 feet in th e cl earest 
water . 

It has been e stimated that aroun d s co t l and there are 
about 1 8 0 , 0 0 0  tons of brown seaweeds (princi pal ly 
As cophyllum nodosum and FUcus vesiculosu s) available in 
den sities sufficient to support economic exploitation . The 
high-density areas are mostly in the outer Hebrides and the 
Orkney I s land s ,  where annual yi elds have ranged from 7 . 8 to 
1 8 . 1 tons per acre , sugge sting that greater exploitation i s  
possibl e  her e , a s  well as expansion to other areas not 
cropp ed at pre s ent . Standing crops of Laminaria in scotland 
have been estimated to total 3 , 8 6 8 , 0 0 0  ton s . Red seaweeds 
(G iqartina and to a l es s er extent Chond rus) occur i n  much 

smal l er amounts : 3 6 0 . 2 ton s of marketable standing c rop i n  
Scotl and and 1 1 . 5 tons i n  England . 

Very con si derable increases can take place in the 
exploitation of the Cal i for n i a  kel p beds . one expert h a s  
estimated that th e se bed s could sustain a n  annual harvest of 
3 mil lion ton s . Stat ements o f  total quantity in a n  area may 
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be mi s leading , since the alg ae are often sparsely s cattered , 
makin g the cost of col l ecti on high .  In the sarga s so Sea i t  
h a s  been �stimated that q to 1 0  mi l l i on ton s o f  sa rgassum 
exi st , but the dens ity is only two to f ive tons per acr e - ­

too thin f or prof itable e xp l oitation . 

I t  may be economically feasibl e  to raise some kinds of 
se awe eds under culture . Attempts are being mad e  i n  cali­
forni a and el sewhere to " farm" the giant ke lp, Macrocystis , 
the principal source of alg in . 

POTENTIAL IMPACT OF PARAQUAT TREATMENT ON THE 
FUTURE SUPPLY OF NAVAL STORES 

( Prepare d  by or . Robert N. Stone , Research Pro j ect Leader , 
Forest Products Laboratory , Madi son , Wiscons in . ) 

one o f  the most promising development s results from 
re search at the Uni ted States Forest service Naval Stores 
and Timber Produc tion Laboratory , Olustee , Florida . SCi ­
enti s ts at that l aboratory recentl y di s cover ed that 
treatment of pines with the herbicide paraquat stimulates 
exten sive oleoresin soaking of the wood . The basi c process 
has been patented by the Uni ted States Forest S ervice . 
App l i cation o f  the herbi cide to pulpwood tre es appears to be 
a simpl e , low- cost operation that wi l l  either result in 
incre ased yi e ld s  of sul fate nava l store s and/or provi de a 
new type of raw materi al to repl ace stumps in steam 
disti l lation . 

Some 30 inter e sted companie s f rom the kraft pu l ping 
indu stry , the naval stores extraction industry , and several 
h erbi cide compani e s , un iver s ities , and government agenci es 
have joined in a cooperativ e  re s ea rch program wi th the 
Fore st se rvice to accel erate th e commercial deve lopment o f  
the paraquat-induc ed l ightwood t echnoloqy . Res earch i s  
advan cing rapid ly i n  chemic al appl ication , harvesting 
techniques ,  and proces sing methodology . 

O n  March 2 8 , 1 9 7 5 ,  the United State s Environmen tal 
Protection Agency i ssued a permit for conducting an 
exper i mental proq ra m te s ting paraquat .  The permit cove rs 1 9  
states . Thi s progr am  should develop th e  necessary evidenc e  
to de mons trate the eff i ci en cy o f  th i s s yste m  f or producing 
ros in and turpentine and th e environmental r i s k s  the re i n  by 
mid- 1 9 7 7  when E PA regi strati on f or comm er c i a l  appl icati on 
shoul d be approve d for p ine in the south . 

Pulpwood tree s containing induced l ightwood wi l l  begin 
moving to proc e ss o r s  wi thin 6 month s of registration and 
vo lume s houl d incr eas e ·unti l virtual ly all s tan d s  of pine 
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pu lpwood tree s are treated for 1 to 2 years pri or to 
harvest. 

PROJECTED YI ELDS FOR 1 9 8 5 AND 2 0 0 0  

The 1 9 7 2  u . s .  dome stic production o f  roundwood pulpwood 
from softwood s wa s  3 ' . 2 mi l l ion cords. The southern pine 
speci es compris ed 24 million cords of this .  Medium 
pro jecti ons for 1 9 8 5  of roundwood softwood pulpwood demand 
in the Forest service ' s  report OUtlook for Timber in �  
Unite d States (U. s.  Department of Agricul ture , 1 9 7 ' )  amount 
to 53 . 5  million cords . If the South maintains current 
trend s ,  its share wil l  be 3 7 . S ' mil lion cords of pine 
roundwood pulpwood in 1985 and 5 3 milli on cords in the year 
2 0 0 0 .  

Although proj ection s of oleores in  production to result 
from a developing technology as yet untested in commercial­
scal e operations i s  risky, a scenario can be con structed to 
il lustrate the probabl e dimensions of its impact . 

I f  after EPA regi stration of paraquat for commercial use 
in the production of oleore sin from southern pine the tech­
nology proves prof itable for some producers in southern 
pulpwood stands ,  its use wi l l  spread swiftly s i mpl y  because 
price shi fts will result quickly to make producers non­
competitive i f they do not al so use it. 

Yields of induced lightwood oleoresin per cord are not 
f irm, but experimen tal results on slash pine ,  longl eaf pine, 
and loblolly pine after 1 year of tr eatment of 5 to 20 
pounds per tree a re commonly obtained from di ff erent do sage s 
of chemi c al and numerous type s of singl e and multi ple appl i ­

cations . These anticipated yields could double by repeat 
treatment and extension of the period between paraquat 
application and harve st to 2 or 3 years . 

Estimated yiel ds per cord in commercial application of 
addi t iona l oleore sin o f  the induced lightwood technique 
range from 5 0  to 3 7 5  pounds per cord . Estimate s for 1 9 8 5 
and 2 0 0 0  were made using two level s o f  yi eld es timates 
(Tabl e 1 2 ) . For 1 9 8 5 level A a s sume s  1 0 0 addi tional pounds 

per cord and l evel B, 20 0 additional pounds . For 2 0 0 0  l evel 
A as sumes 2 0 0  additiona l pounds and level B ,  4 0 0  additional 
pounds per cord . 

· 

Treatment of one-hal f o f  the southern pine roundwood cut 
pro j ected for 1 9 8 5  using 1 0 0  pounds o f  additiona l ol e ore sin 
per cord (level A) would contain 2 . 1 4 0 mil lion pou nds more 
of ol eore s in or about twice curr ent Uni ted state s production 
(Tabl e 1 2 ) . The l evel B a s s umption indicate s an i ncrea se of 

4 . 2 8 0  mi l lion pounds . 
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Southe rn 

Pine Pulp-

wood 
Year Production 

( roundwood) 
Mill ion 

Cords 

1972 25 . 8  

1985 4 2 . 8  

2 000 63 . 6  

!Mi llion pounds 

Table 1 2  

Estimated Yield of Oleoresin from 
Paraquat- Induced Liqhtwood in 
Southern Pine , 1985 and 2000 

Treated with 
Additional 

Oleoresin 
Paraquat 

Per Cord 

Mill ion Per- Level Level 
Cords cent A B 

0 0 

21.4 50 100 200 

5 0 . 9  80 200 400 

Addi tional 
1 

Oleore sin 

Level Level 
A B 

2 , 1402 4 , 280 

10 , 180
2 

20 , 360 

2For compari son , production of u . s. rosin and turpentines fo r 1972 totaled 

1.1 billion pounds . 
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I f  8 0  percent of the pi ne pulpwood harvest pro j ected for 
20 0 0  in the South were treated with add itional oleoresin per 
cord of 2 0 0  pound s (level A) , the addit iona l ol eore sin woul d 
amount to 1 0 , 1 8 0  million pounds -- 1 0  t imes current rosin 
and turpentine produc tion . The highest as sumption (l evel B) 
for the year 2 0 0 0  of 4 0 0  pounds of additional oleoresin per 
cord would total 2 0 , 36 0  mil lion pounds . 

A more con servative estimate predicts that the paraquat 
induced i ncreas e over pr esent production wil l  be closer to 
sevenfold for turpentine and fourfold for rosin in the 
treated tree s .  Th i s  would amount to an increase o f  1 , 0 0 0  
mi l l ion pounds of turpentine in 1 9 8 5 an d  2 3 7 9  mi ll ion in 
2 0 0 0 . Rosin increases woul d be 2 4 5 8  . million pounds in 1 9 8 5  
and 5 8 4 5  mi l lion pounds in 2 0 0 0 .  The 1 9 8 5  proj ecti on has 
the assumption that 5 0 perc ent of the pine roundwood timber 
cut for pulpwood would be treated for at least 1 year prior 
to ha rve st. Thi s  was increased to 80 percent for the year 
2 0 0 0 pro j ection . 

The additiona l 1 0 0  pounds per cord yi el d of ol eores in 
amounts to an increase of extractives of just over 2 percent 
of gr een weight ; the 2 00-pound- per- cord assumption amounts 
to • . 4 percent of green weight ; and the 4 0 0-pound estimate 
i s  8 . 8 percent . These estimates imply a continual 
improvement in the induced- lightwood technology for both 
tree treatment and proces sing .  

The impl ication s of the new technology could change 
every aspect of southern pin e management , harvesting , and 
proce s sing .  It may well add an enlarged dimens ion to the 
productivity and value of the South ' s third forest a s  a 
major suppli er of industrial raw materi al . only rarely in 
fore st re sea rch doe s a strik ing new discovery offer promise 
o f reshaping an entire industry .  The patented process of 
induc ing resin soaking in coni fers by appl icat ion o f  pa ra­
quat is just such a f inding . Land owners will be abl e to 
crea te more val uable pine stumpage by treating tre es before 
harvest . The product recovery can be a ccomplished by kraf t 
processing or solvent extraction . 

CONCLUSIONS 

The mate ri a l s  supply situati on for indu str i a l  products 
on renewable extracti ve bas i s  wi l l  not change dra s tical l y  
over the next 2 5 years . Avai labi l i ty o f  oi l s  and fats 
presentl y derived from annu a l  crops and marine sources may 
dimin ish somewhat b ecaus e o f  a greater demand for food 
production . Increa se s will be s een in the supply of sea ­
weeds an d  bark , but the i r  ove ral l quant iti es wi l l  not c reate 
a ma j or distort ion of pr esent use patte rns . Th e s e  �ill come 
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from · tallow and such kraft pulping by-products as su lfate 
turpentin e and tal l  oil . Ol eoresins from pine s may wel l 
increas e 2 0 -fold over 1 9 7 2  suppl ies by the year 20 0 0  if the 
tr eatment of pine s with paraquat i s  practiced on 8 0  percent 
of the stands . Thi s  supply would amount to 4- 5 times the 
combined suppl i e s  of renewabl e extractives in 1 9 7 2  and to 
nearly 6 0 percent of the pro j ected market for extractive s in 
20 0 0  (2 1 of 3 5  bi llion lbs . ) . However , a more con s ervat ive 
est imate i s  that increased rosin f rom pulpwood ( some of 
which might be recovered in wood rosin extraction plants) 
could equa l tha t of dome sti c tal l oil production or about 
40 0 to 50 0 mill ion pounds .  
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CHAP'l'ER q 

EXTENS ION OF MATERIALS USE 

CURRENT TECHNOLOGY AND ULTIMATE POTENTIAL 

Bark 

Bark probably exceeds all other by- products in quantity 
and availabi lity . However , it probably also exc eeds the 
other mat erials in terms of it being con s idered a waste 
rath er than a by- product . only a minor fraction o f  the 
entire supply fin d s  use as mulch ,  fuel, etc . The recently 
increased trend to use the entire chipped tree for pulping 
rather than only the bole may be some sort o f  bark utili­
z ation shoul d this tr end continue . Others are the extrac­
tion of waxe s (BOHEMIA , Inc . ) ,  and the conversi on of bark 
extracts into wood adhesives . 

Bark constituents are generall y examined by extracting 
comminuted bark sample s with variou s  solvents (Barkin and 
Howe 1 97 1 ) .  Generally , the bark i s  extracted in sequence by 
these sol vents and the nature of the material extracted are 
indicated below : 

Solvent 

Petro leum ether , benzene 

water 

Acetone , a lcohol 

Aqueous alkal i 

SUbstance Removed 

Terpenes , waxes ,  sterols 

Polyphenol s , tannins , 
qums , sugars 

Phlobaphenes , tannins 

Phlobaphenes , phenolic 
acids 

Chemical proc es sing of bark is l imited and the principal 
chemi ca l produc ts produced commercial ly from barks are based 
on th e bark ' s pheno li c content (Anderson 1 9 6 7 ;  Chang and 
Mitche ll 1 9 5 5 ;  He rgert 1 96 2 ) . Barks gen era l ly are much 
richer than wood in quantity and complexity of extractive 
components ,  the most import ant being (a ) th e monomer ic 
polyphenol s or fl avono id compounds , and ( b) the po lymeri c 
ph eno ls such a s  tannin s ,  phlotaphenes and phenol ic acid s . 

B ark tann ins , such a s tho se from we stern hemlock f i nd a 
l arge mark et in oi l-we ll dr i lling , larg e  quanti ti e s  are used 
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to thin the muds (Hergert et al . 1 9 6 5 ) . They act as clay 
defloccul ants , and control the viscosity and gel strength of 
drilling muds . some 5 0 , 00 0  tons of mud thinners i s  used 
yearly. A major recent development is a commercial 
preparation of a chemical grout for stabilizing soils from 
the phenolics of western hemlock bark (Barkin and Rowe 
1 97 1 ) . 

Other us es for the se polyphenolic extracts are as 
dispersants , binder s ,  deflocculants in ceramic clays , 
antioxidants , sequestering agents in boiler feed water, 
flotation agents in ore benefici ation . and stabili zers in 
aspha lt emul sions , as  well a s  in vat dyeing of nylon and 
desul furization of gasoline . 

use of the phenolic components of bark extracts in 
preparing adhesive components used in plywood and particle­
board manufacture has been proposed from time to t ime (Hal l 
1 9 7 1 ;  Herrick and Conca 1 96 0 ;  Hillis 1 9 6 2) . such 
preparations are based on the reaction of bark phenolic 
components with an aldehyde , usually formaldehyde . 

The chemical reaction of western hemlock bark extract 
with formaldehyde has been proposed as a bonding agent for 
plywood (Herri ck and Bock 1 9 5 8 ;  Maclean and Gardner 1 9 5 2 ) . 
Mangrove tannin-formaldehyde resin has been investigated as 
a strong water-resistant adhesive for plywood (Brandt 1 9 5 3 ) . 
wattl e t annin is �eing used in Australia as a waterproof 
adhes ive in the manufacture of plywood and particleboard 
( Plomely 1 96 6 ; Plomely and Slashevski · 1 9 6 9 )  • Pinus radiata 
and ponderosa pine bark extracts have also been investigated 
as possib le bonding agents for particleboard (Anderson et 
al . , 1 9 6 1 ) . 

An investigation was undertaken to evaluate the bark 
extracts from four west coast species , including white fir, 
ponderosa pi ne ,  Douglas fir , an d  western hemlock as bonding 
agents for partic leboard (Anderson et al . 1 9 7 4a ; 1 97 4b ;  
1 9 7 5 ) • 

T he yield of bark extracts from the four we st coast 
coni ferous barks varie d from 3 2 0  to 370 lbs of extract 
solids per ton of oven-dry bark . When a small amount of 
paraf orma ldehyd e was added to wood partic les which had been 
sprayed with conc entrated bark extract and processed into 
board , forma ldehyde released during the hot pres s cycle 
reacted in  situ with the polyphenoli c  compounds present in 
the extract and formed a boi l-proof bond .  

The bark extract bond ed particleboard met specifications 
requi ring th e inherent durabi lity provi ded b y  phenol ic 
adhe s ive s  (Lehmann 1 9 7 4 ) . These products are used for f loor 
decking for modul ar home s . s p ecial i z ed furniture use s .  home 
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siding , garage door panels and more recently ,  as a wall and 
roof sheathi nq and single layer floor decking in conven­
tiona l home construction . Thus , phenol and phenol­
resorcinol modified re sins can be replaced by a low-cost 
bark product . This use of bark would be a profitabl e outlet 
for bark residues and could lead to virtual independence of 
the wood particleboard industry from the petrochemical 
industry (Anon . 1 97 4) . The extracted bark r es idue could be 
used as fuel or for soil applicaton . 

The particleboard industry . unti l recently , has enjoyed 
ample suppli es of relatively low-cost bonding agents .  
including urea- formal dehyde and phenol- formaldehyd e res ins 
and hence bark extracts were not exploited a s  pos s i ble 
sources of bond ing agents for particl eboard . Bark extracts 
are a rich source of polyhydroxy phenol s and the 
parti cleboard industry should be encouraged to look to their 
bark residue s as possible source of low-cost polyphenol ics 
to be used in the manufacture of waterproof particleboa rd.  
Development wil l require market research,  promotion, and 
pl ant investment . 

only one company in the u . s .  is producing and marketing 
bark extracts for i ts many selected uses . Other f orest 
products plants should be encouraged to make a market 
research in thi s area . Some uses for bark extractives and a 
ca lcu lation of costs for bark-derived resin in particleboard 
are shown in Tabl e 1 3  and 1 4 .  

Table 1 3  

S elected End Uses for Bark Extractives 

Bonding agent 
Adhes ive Plywood 
Adhesive Partic leboard 
Grouting Agent 
Tanni n 
oil well Dril ling 
Antioxidant 
Dispersing Agent 
Phenolic Replacement 
ceraminc Binder 
ore Flotation 
Binder for Cl ay 
Bark Water Addi tive 
carrier for Insecticide s 
T race Metal Complex 
wu 
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Table 1 4  

Re sin co st fo r Mlsq ft 3/ 4 "  Partic leboard 

Density 0 . 7 0 or 4 4  lbs/cu f t  
1 0 0 0  sq ft - 3/ 4- inch parti cl eboard = 2 ,7 4 0  lbs/ 1 0 0 0  sq ft 
2 7 4 0  x 8 pe rc en t  solids = 2 2 0  lbs solid s/M sq ft 

cos t/M- 3 / 4 "  

Bark extract i 7¢/ lb solids (para) 
OF � 1 9¢ /lb solid 
PF � 2 5 ¢ /lb solid 
PF modi fi ed a 2 9 ¢ / lb solid 
Pheno l-resorcinol i 5 0 ¢/lb 
Quebr acho i 4 1 ¢ /l b  

$ 1 8 . 8 2  
4 1 . 80 
5 5 . 0 0  
6 5 . 0 0 

1 1 0 . 0 0 
9 0 . 20  

One ton of bark produce s  about 3 50 lbs extract solids per 
ton of dry bark, enough extract to produce 1 60 0  sq ft of 
3/4-inch parti cleboard or SO - 4 ft x 8 ft pane l s .  
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Naval Stores 

Turpentine 

Apparently ,  there are pl enty of use s for turpentine , and 
the market could absorb a greatly increased supply . 

Rosin 

When one considers how rosin can best be used to replace 
products from nonrenewable resources , one must examine 
rosin ' s  major uses and the possibi lity of expanding them at 
the expense of the law molecular weight hydrocarbon resins 
with which they a re more-or-less interchang eable and 
directly com9etitive . Thes e petroleum resins are largely 
derived as by-products from the cracking of petrol eum. In 
spite of an almost unlimited supply , the market for the se 
products has never been as high as 5 0  percent of the rosin 
con sumption. 

The ma jor use of rosin is in rubber , especially in SBR 
polymerization which accounts for about 20 0 million pounds 
per year . Here ros in  has l ittle competition and therefore 
very limited opportunity for expansion except where rosin 
and/or hydrocarbon resins are used as softeners or plasti­
cizers.  In paper siz e ,  the second major use , rosin consump­
tion has been declining . To a minor degree thi s has been 
the r esult of replacement of ros in by synthetic si zes such 
as styrene-ma leic anhydride resins. When this has occurred , 
speci al propertie s obtained from these much more expensive , 
but yet much mo re  efficient , si zes has been the predominant 
factor . The major cause of decreas ing ros in consumption has 
been the more efficient use of rosin size by the paper 
industry and the resulting great decrea se in the consumption 
per ton of paper. Despite a great deal of effort over many 
years , hydrocarbon resins have not been at a ll succes sful in 
replacing rosin i n  paper si z e .  

This l eaves the general area o f  resins , used principal ly 
in adhesive s , coa tings , and inks , as  opportunities for rosin 
to replac e products from nonrenewabl e r esources . In recent 
years , particular ly in 1 97 4 , when rosin prices r eached an 
al l-time high , the reverse was true : the usually cheaper 
hydrocarbon re sin s were replacing the more expensive rosin­
based products .  Wi th few exceptions rosin based materi al s 
could replace a ll the hydroc arbon res ins used here . Whether 
they will , depends primarily on demand , supply ,  and price.  
Before the ma jor price incr e ases in 1 97 4  th e bu lk of th e 
hydrocarbon resins sold in the 10 to 20 ¢ per pound area . 
Rosin per s e  was in the same range and resin s based on rosin 
somewhat to con si derably higher . Since 

'
then the pri ce of 

al l r es in s  r ose sharply and recently has been decl ining . 
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One must consid er that the major rosin product , i . e . , 
tall oil rosin,  i s  a by- product of the kraft pul pi ng 
industry. Hydrocarbon resins , on the other hand, are by­
products of the cracking of petroleum . The alternate use of 
these by- product streams is as fuel . At the current $ 1 3 per 
barrel price of crude , the fuel value i s  about s - per 
pound--certainly not high enough to prohibit non-fuel uses . 

I t  can be said with certainty that an increase in rosin 
production to replace 4 0 0 , 0 0 0 , 0 0 0  pounds of resins from non­
renewable resources can be f oreseen and is  technically 
feasibl e .  

Tal l  Oi l Fatty Acids 

The market for fatty acids is discussed under 
agri cultural mate rials . 

AGRICULTURAL MATERIALS - GENERAL 

Historically the industrial uses of fats and oi ls seem 
to have relied on several special properties such a s  their 
chemi cal reactivi ty wi th oxygen , and their ability to form 
useful surfactants ty saponification . However , drying oils 
use and soap manufacture seem to be declining in both 
absolute quantiti es and on a per capita bas is . Research on 
new uses for natural fats and oils has been conducted for 
many years at the four USDA Utilization Laboratori es . some 
examples are : urethane foams from castor oil ,  plasticizers 
from animal fat s ,  and polyamides from crambe oi l .  

s everal important questions arise i n  considering 
renewable re sources in general and fats and oil s  in 
particular . The questions considered here are :  

1 .  What should be the "phi losophy "  of renewable 
resources? 

2 .  What are likely to be the "best" renewabl e 
resource s for various purposes ?  

3 .  What can be done to ensure that ren ewable resources 
are optimally u sed? 

4 . What are the consequences o f  a lternative po licy 
decisions? 
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The Phi losophy of Renewabl e R esources 

( Prepared by J. Peter Cl ark , Department of Chemical 
Engineering , Vi rginia Polytechnic Institute and State 
Un ivers ity , Black sburg , Virginia . )  

Among alternative s to petrol eum based organics , one can 
con sider functional substitution or chemical dupl i cation . 
That is , the al ternative can be a new material that provides 
simi l ar propertie s or a new source for the s ame materia l .  
Examples o f  fun ct ional subs titution are : cotton t extile 
fiber vs . polye ste r s , paper vs . polyethylene f i l m ,  wood vs . 
filled po lyester ,  and castor oil vs . petroleum lubricating 
oi l .  

· 

Chemical dupl i cation is the motive for wood hydroly s is 
to give glucose which can be f erment ed to ethanol . Lignin 
can be proces sed to yie ld aromatics and phenoli c  compounds .  
Fatty aci ds can be reduced to hydrocarbons . 

Perhaps a thi rd category is the production of chemical ly 
funct iona l substi tutes .  For example ,  crambe oi l can be 
deriviti z ed to give monomer s which polymeriz e  to a new 
polyamide . The new polymer is related to but not i dentical 
with nylon from adi pic acid and hexamethylenediamine . 

A key fact is that most petrochemicals are derived f rom 
some type of oxidat ion of hydrocarbons .  In contrast , 
natural products are highly oxidized . Thi s means that a 
chemistry bas ed on ren ewabl e resources has a di fferent 
orientation f rom pe trochemi stry. Such a chemistry i s  
reductive and oft en aqueous compared with the oxidative , 
non-aqueous petrochemi stry. 

Among natural products , f ats and oi ls are c loser in many 
ways to hydrocarbons than are the carbohydrates or lignin .  
(Terpenes , of cou r s e, are even closer , but the quantities 

are somewhat smal l er ;  1 60 mi llion pounds of turpentine 
consumed by industry in 1 97 3 . ) 

The challenge of usi ng natural products is to retain , so 
far as po ssi ble , the useful chemica l structure provi ded by 
natur e .  In the c a s e  o f  f ats and oils , then , thi s means 
finding ways to exploit long chains , doubl e bonds , and 
carboxyl i c  acid groups . 

sourc es of Renewabl e Resources 

The ma jor r�n ewabl e resources ar e grown on land . 
Incre asing ly ,  l and tha t i s  sui ta bl e for in du s tr i a l  c rops i s 
al so in demand for foods and an i ma l  f ee d s . Many can dida te s 
for i ndu stri a l  crop s are th em s e lve s a l s o  foods and f eed s . 
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Thus there i s  a competition for the resources and for the 
space in which to grow them . 

I ndustri e s  con sidering r eplacement of depleting re­
sour c es by r enewabl e resources as raw materials have certain 
con straints . The most criti c al i s  an assured supply . This 
means that many corporat ions will try to obtain a captive 
supply by ownership or contract , as paper companies do now 
with trees .  

C hemi cal companie s will al so pref er supp lies which have 
littl e waste for both environmental and busine s s  rea son s . 

Natura l products are rarely pure .  Often thi s  impurity 
is us eful as in f ats,  where a mixtur e o f  tr iglyceride s has a 
lower melting point than a pure compoun d  or in ros in , where 
the mix r emains tacky and does not crystal l i ze .  For new 
chemical uses , howeve r ,  pur i f ication may be more i mportant .  
This puts a potenti al premium on sources that have high con­
centrations of sing le compounds .  At th e least , standardi­
zation of properties , including properties not now con­
si der ed important , wil l  be necessary .  In the case of annual 
crop seed , such standardization i s  partly an agronomic 
probl em ,  but it wil l also a f fect the choice of sources and 
the proce sse s adapted to new sources . 

The best candi dates for r enewabl e resources for industry 
wil l  have the se properties : 

1 .  High yie l d  of products per acre (or per invested 
resource s) 

2 .  High concentration of des irable compounds 

3 .  Uses for all harve sted material 

4. Relatively f ew compounds or fractions 

5 .  Agronomic flexibil ity, i . e . , not " fragile , "  wide 
climatic range , ea sy to mechan i z e  

Historically , a ma jor by - product o f  oil s  from plants has 
been the meal remaining after crushin g .  Often the highe st 
value for this meal ha s been as animal f eed becaus e the meal 
usually i s  h igh in protein . Many oi l s eeds , however , al so 
have toxic substanc es which require treatment to produce 
us efu l  f eeds . 

S ome of the better oi l seed meal s ,  such as soy , are now 
being use d  as human food . This is a small u se now but can 
be expected to grow . As traditional anima l  feeds are con­
verted to food , l e s s  desirabl e mat erials wi l l  be i n  demand 
as feeds . In addition , a s the u . s .  becomes the granary of 
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the worl d an d as the country depends more he avi ly on 
agricultural export s  (primari ly corn , wheat , and soy ) for 
balan cing its international trade, the price of me at wi l l  
r i s e  becaus e cheap feeds will no longer b e  avai l able . This 
may l ead to a decr ease in meat con sumpti on and hence to a 
decre ase i n  meat by-products , such a s  tallow .  (Per cap ita 
meat consumption ,  e speci all y tee£ and pork , showed a 1 0  
perc ent drop in 1 9 7 3  after 1 0  years o f  steady increase . ) 

A decreas e  in u.s. meat producti on could ma ke p l ant oil s 
more ava i lable espe cially i f  the meals could be converted to 
food or feed for export. I ndustri al deman d cou l d  be met by 
plantin g  new crops where industrially l e s s  useful feed crops 
were grow n. Th e  decision would be pure ly economi c ,  of 
cours e .  For ex ample , alf alf a an d  other forages might be in 
l es s demand and so crambe or castor could be grown . The 
forag es are not gen er ally exported ,  but de- toxi f ied oil s eed 
meal might be . There is in suf ficient d emand at present for 
indus tri a l oi l s  to justi fy such a change , but the situation 
could change . 

Wh at Can Be Done? 

1 .  New ways to use natural oi l s  and fats need to be 
f ound . In particul ar ,  exploitation of chemical 
properti e s for repl acement o f  petroche mic al s shoul d 
be the go al . Prior work has concentrated on the 
exploi ta tion of special properti es . The new 
emph asis should be repl acement of petrochemi cal s . 
For example , electrolytic reduction and condensa­

tion of f atty acids can give long chain paraffins . 

2 .  New crop screen ing should be accel erated . The 
present ef fort i s  quite small and s low .  Only a f ew 
crops have succe ss full y been introduced in the 
u.s. ; soy is the most promi nent ex ample. crambe 
and kenaf are close to introduction . There are a 
few othe rs on the hori zon : 

Lesquerel l a  (hydroxy o i l  like castor ) , 

Vernonia ( epoxy oi l ) , 

Limnanthes (sperm oil sub stitute) • 

3 .  New crop i ntroduction i s  a compl icated bu sine s s  
even if it were properly supported . A wi ld pl ant 
need s to be domesti cated, which mea ns s e l ection for 
des ira bl e characteri sti cs that breed true. A 
for eign crop need s to be adapted to u . s . s o i l s , 
cl imate an d  haz ar ds . Prob l ems incl ude pe s ts , poor 
seed handl ing , uneven s eed maturi ng , a n d  i nadequate 
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yie lds .  Basic re s e arch coul d be fruitful in find­
ing ways to accelerate des irable geneti c changes .  

4 .  For any new crop , research i s  need ed on all by­
products . In particul ar ,  ways to remove toxins 
such as thioglucosides in meal s ar e  needed .  The 
usual pr acti ce is heat treatment . Sel ective 
extraction would seem more fruitfu l .  

5 .  �isks must be taken by innovators in the field . 
Plants wi l l  not be built until a supply i s a s sured . 
Crops are not pl anted unles s an outlet exists . 
some corporations could assume the entire risk , but 
government may need to help if the scheme i s  to 
succeed . Perhaps a tax credit on land costs for 
growing raw materia l would be helpful. 

some consequences o f  H eavie r Use of Oil s  and Fats in 
Industry 

1. Con siderable new investment in chemi cal plants for 
new proces s es would probably occur . 

2 .  Additional heavy investment in land , new f arm 
equipment , and materials would also be needed . 

3 .  Natura l oi ls and fats wi ll probably compete with 
the more expens ive petrochemicals at first , rather 
than with crude petroleum. At $ 1 3 per barrel , 
crude oil is S . 0 4 per pound. In 1 97 3 , soy oil was 
$ . 1 6  per pound and tallow was $ . 1 2  per pound . 
Historical prices were about S O  per cent of these 
level s .  on the ot her hand , ethanol (a rel atively 
cheap petrochemical ) now costs about S . 1 7  per 
pound .  

4 .  Pri ces o f  natural f ats and oil s  grown for industry 
may become more stabl e and even drop as chemical 
companie s become directly invo l�ed . 

s .  some agricultural commoditi es may drop i n  pr i ce 
whi le others ri se . For example , me at pri ces wi ll 
probably continue to incr ease as cheap feeds a re 
displaced by more expen sive meals (due to more 
tre atmen t required ) . Oil s  that now are used for 
food and industry may drop due to compe tition from 
industri a l  growers who may be quit e eff ici ent . 
Speculation i n  some commodities may become les s 
vol atile ( so long a s  chemical compani e s  have a 
captive supply) _becaus e the pri ce o f  " f loatin g "  
(uncommi tted) o i l  wi l l  t e  s et by corporat e costs . 
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6 .  Gove rnment in centives to try new crops may cause 
dis location i n  ca se of fai l ure . This may a ffect 
food suppl ies by con suming resource s .  

conc lusi on 

It s hould be cl ear that same s ource of renewable 
chemi cal raw ma te ria l wi ll ultimatel y b e  n ec es sary . Fats 
and o il s  will play an important role be caus e  of their 
desirabl e properti e s  and versati l ity . Which oi l s ,  and how 
they sha l l  be use d ,  is sti l l  not cl ear . 

AGRICULTURAL MATERIALS - S PECIFIC 

The enhanced use o f  agr i cultural mater i a l s  i s  possible 
through 

( a )  deve l oping new products from commercial oi l s , f ats , 
s eaweed s ,  etc . ,  and through 

( b) developing new oilseed crops . 

The f o llowing paragraph s  on oi l s eeds are exe mpl a ry  of 
investigations spon sored by the Agricul tural Re s earch 
servi ce , USDA ;  equally s ign i f icant inve stigation s  have been 
carried out on tal l ow .  

New Products f rom commerci al Oils 

unsaturat ed f atty acids have at l ea st two positions on 
the chain whe re modi fication can be eas ily a ff e cted ; vi z . ,  
the carboxyl group and the un saturat ion position . Most 
unsaturated f atty acid s have 1 8  carbon atoms with 
un s aturation at t h e  9 , 1 0- po s ition . Cle avage of the double 
bond in a mono- un saturated f atty acid chain re sults in two 
9- carbon fragme nt s , on e mono- and the other bi f unctional . 
Polyunsaturated fatty ac ids wi l l  produc e the s ame 9 -carbon 
bi function al fr agment and a number of 3 - and 6 - carbon 
f ragments dependi ng upon the number of addi t iona l doubl e 
bon ds . General ly , addi tive reactions are more economical 
than cleavage reac tion s , but the re are exc eptions ( e . g . , 
produ ction o f  aze l a ic aci d wher e  the monofuncti ona l 
fragment , pe largonic aci d ,  has value in ester lubri cants ) .  

T he products formed by doubl e � cl eavage and 
hyd ro formylation undergo th e  usual r eaction of a ld ehyd� s . 
us e fu l  and stable products m a de inclu de carboxy ac i d s  by 
o xi da tion , aceta l s  by acetal i zation , alcoho l s  by r e duct ion , 
an d  amin es ry r educt iv e alky l ation .  
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Another reaction , carboxylation , convert s unsaturated 
fatty esters into use f ul derivative s . The carboxyl ation 
products and deriva tives of polyunsaturated vegetable oils 
are finding many uses , which are being actively 
investigated . 

Uses that have teen explored includ e :  

Plasticiz ers . Th e  acetal s from either the c- 9 o r  th e  c-
1 9  a ldehydic e s ter s have promise in pl astici z er 
application s ,  for example , with PVC . 

Polyamides , Both the c- 9 and c- 1 9  aldehy di c esters 
h ave been reductively aminated to the re spective amino 
acid s . Nylon- 9 i s  a mi crocrystal line po lymer, and can 
be prepared f rom soy es ters . Becau se i t s  melting point 
is the h ighest of any of the higher ny lons from nylon- a 
on ( 1 9 0 to 1 9 5  C) and because its l ow  moisture 
a bsorption should make it dimens ionally stabl e under 
conditions of h igh humidity , it s eems a likely candi date 
for engineering thermopl asti cs , now a 1 0 0-million-pound 
market .  

Poly « ester-ac etals)  � Poly (amide- acetals) . The 
p enta erythritol acetal s of methyl azelaa ldehyde and 
methyl formyl stearate are dibasic e sters and may be 
condensed with glycols or diamines to make the 
r espective poly (ester- acetal s) and poly (amide-acetal s) . 
These polymer s have latent crossl inking abi lity , and 
when cro s s l inked by aci d or certain metal oxides , they 
are bonded to g las s and other sil iceous surf ac e s . Thi s 
property has been exploited in the preparat ion o f  
coatings for gl ass and o f  bonded stationary phases for 
gas chromatog raphy. However , thi s  cros s linking reaction 
suffers f rom di sadvantages of the high temperature 
( 27 0 0C)  requi red , coupl ed wi th discoloration . 

Urethane Foam s .  Techni cally s at i s f actory rigi d foams 
have been made from hydroxymethyl ated l inseed oil and 
its esters of glycerol ,  tri methylol propane ,  and 
pentaerythritol ; from hydroxymethyl ated soy , lin seed , 
and saff lower ethanol ami des ; and from hydroxymethyl a ted 
castor , saf f lower , and high o l ei c  s af f lower oi l s .  The se 
rigi d foams are suitabl e materi al f or thermal 
insulati on . 

Misc ellaneous . 9 ( 1 0 ) - Hydroxymethylstearic acid can be an 
i ntermedi a te in tr eating wool to achieve shrink 
resi stance and a soft hand . 
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New Deve lopments in coatings 

over the past 2 5  years , work at the Northern Region a l  
Research Center o f  the USDA has be en carried out with 
sever al linseed derivatives to promote the u se of lin seed 
oil in coatings . Although they have not r e c eived commercia l  
acceptance , a s  alternates t o  petrochemicals , they may be 
worth reexamining . one example is the vinyl ether , prepared 
ty reaction of linseed alcohol with acetyl ene in the 
pres ence of potassium hydroxide . These vinyl ethers can be 
either polymerized alone or copolymeriz ed to form new dryi ng 
oi l resins . The homopo lymer i s  a somewhat visc ous oil that 
dr i es rapidly in air to varn ish- lik e ,  chemically re s i stant 
coatings that have excel lent adh es ion to glass , meta l ,  and 
wood. Fatty viny l ether copolymers with styren e can be 
formu lated to make coatings for metal s , who se properties o f  
hardness , chemical resistan ce, and flex ibi lity c an b e  vari ed 
to meet speci fic end use s .  

A new type of coat ing material i s  based on di ethanol 
amides of lins eed f atty aci ds .  Thes e are prepa red in situ 
f rom lins eed oi l ,  and the mi xture , compo sed pr incipa l ly of 
amide s  and monoglycer ide , i s  heated with phthali c  or other 
anhydride s to form polyesteramide alkyds which are generally 
harder , more chemical ly res i stant ,  and pos sibly more durabl e 
than the usua l alkyd . Modi f ication o f  the polyesterami des 
with toluen e diis ocyanate produces even better films . Cost 
studies i ndi cate that the po lyes teramide f ilms are competi­
tive wit h  alkyds . The polyesteramides can be modi f ied with 
compounds th at contain pendant carboxy or amine groups to 
form water-dispers ible systems . Films from thes e  
formu lati ons dry rapidly to har d  fi lms . 

often con jugated oil s ,  such as tung or dehydrated 
castor, are used to make rapi dly drying ,  hard f i lms . A 
l abor atory method for producing con j uga ted linseed or 
soybean oi l s  has been developed , and these oi l s  yi e l d  f i lms 
having properties similar to tho s e  from dehydrated ca stor 
o i l .  Pr e limina ry e sti mates to make thi s mat er i a l  on a 
commerci al s cal e indic ate that the proc ess m ay be competi­
tive with that for dehydrated castor oi l .  Further 
evalu ation by industri al concern s  is needed before pilot­
p l ant or proce s s  studi es can be carri ed out . 

Cycl i c  acids ar e produc ed when linseed f atty a c ids are 
treated with alkali at 2 6 o oc . Alkyd re sins modifi ed wi th 
cycl i c  f atty ac id s have improve d drying t ime , hardne s s , an d 
chemi cal res i stance for bot h air- dri ed and baked f i lms 
compared to the origi nal al kyd . 

A number of n itrogenous deri vatives of cyc l i z ed aci d s  
have te en mad � . Mixed am id e s , n i tri les , an d  ami ne s , 
pr epa red f rom the hydrogen a t e d  cyc li c a c id s , h ave uniqu e ly 
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low melt ing point s for fat- derived substances of their 
molecul ar  weight. Compatibility with synthetic resins and 
so lubility in organic solvents of the mixed cyc lic amides 
ar e  high compared to common fatty- amide mixtures .  The 
nitri les and morpho lides are compatible with PVC and may 
have potenti al as plasticiz ers for it.  

Bydroformyl ated linseed oi l has been used t o  make 
polyacetal and poly (ester- acetal) alkyds , which when modi­
fied with toluene dii socyanate produce films having good 
hardnes s ,  as well as chemical and impact res istance . 

Fast drying and hard fi lms with excellent xylene and 
acid res istance are obtained when mal eated or hydro­
formylat ed linseed oi l i s  used with hydroxyl-beari ng 
butadiene and acryl ic resins . 

Both probl em s  o f  pol lution and o f  consumer acceptance o f  
latex paints have been resolved at l east in part by develop­
ment of linseed emulsi on paints. These emulsion paints were 
avail abl e commercially in the early 6 0 s  but lost out to 
lower cost latex paints . Linseed emuls ion paints can give 
coatings that have properti es about equivalent to those from 
latex paints . It should al so be noted that not all solvents 
have been eliminated by Rul e 66 and similar legislation . 

The problem of yellowing can be minimized in part by 
proper formu lation , and res earch i s  now being carried out at 
the Northern Regional Re search Center in ef forts to further 
alleviate the probl em . 

New Oi lseed crops 

The u.s. Department of Agriculture has sought to 
identi fy potentia l domestic sources for import ed oi ls now 
fill ing industrial needs . Imported oil s (coconut , palm , 
castor,  olive , tung , and rap eseed) have uses th at are not or 
cannot be s ati sfi ed enti rel y by curr ent domestic oi l s . 
Needed are seed oi l s  whose chemi cal composit ions and proper­
ties fit exi sting specific industria l applications or 
improve and extend those ar e as o f application . 

Commerci a l  recogni tion of th e industr i a l  uti lity of 
h igh- eruci c  acid oils is attested to by annual importation 
of more than 1 0  mi l lion pounds o f  rapeseed oil . European 
consumpt ion of rape seed oil as an industria l oi l i s  con­
si derabl y higher. However,  in anti cipation of sustained 
high volume con sumption of rapeseed oil in food s , plant 
genetic i s t s  have introduced s everal low-eruc ic aci d 
varieties , and since 1 9 7 2 ,  m a j or producing areas in Canada 
and Europe have qui ckl y shi f ted to thes e l ow- erucic acid 
oils to supply edi b l e  oi l market s .  Rape s e ed production in 
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the United St ates has been minimal , l im ited primar i ly to the 
wheat growing a rea s of the Pacific Northwest . A dome stic 
source of a strictly industri al high erucic oil undoubtedly 
would lead to g re ater indus tria l  uti liz ation in the Uni ted 
States . crambe (Crambe abys sini ca) is the most promising 
domestic sour ce of an oil consistently rich (5 5 percent ) in 
this c 2 2 · acid . High erucic oil s  hav e  numerous uses . One of 
the most important commerci al derivatives of eruci c acid is 
erucamide , among the best anti-block , s lip-promoting 
addit ives for high-qua lity polyolefin f ilms . Bras sylic 
acid, from oxidative c le avage of erucic aci d ,  can be 
converte d  to poly amides , to several type s  o f  pl asti cizers 
and to vi nyl- or al lyl-type monomers for the rmo set s or 
copolymers .  It i s  likel y that high erucic oils wi l l  be 
converted to po lyol type intermedi ates for production o f 
polyurethane foams , coating s , and molded items . 

The new crops program at the Northern Regional Re search 
C enter a l so ha s i dentif i ed Lesquerel l a  a s  a source o f  
lesquerol i c  ( 1 4 -hydroxy- cis- 1 1 - eicosenoic) acid , po s si bly to 
repla ce or supplement those pro ducts now derived f rom im­
ported ca stor oil . 

Simmondsi a  ( j o j oba ) is unique; its oil consist s  of 
liqui d wa x  e sters , i . e . , long- chain alcoho l s  es teri f i ed to 
long- chain acid . S imi la r  e s ters can be obt ained chemically 
from other t riglyc eride oil s .  Vernonia and Stokesi a seeds 
contain epoxy o i l s  rich in vernolic ( 1 2 , 1 3- epoxy-£1!-9-
octadecenoic) a ci d .  Visual ized appl ica tions include us e s  in 
re sins and coating s a s  stabi lizers and pl a stici zer s .  

Other new seed oi l s  that are rich i n  C2o-C2� f atty aci d s  
have been identified a s  having potentia l  applications i n  
lubri cants a n d  waxes, but p l astic and coating appl i cati on s 
al so may be visuali ze d . Li mnanthes , Lunari a ,  and S immondsia 
are plants whos e  seed oils are rich in these l onger chain 
acids . 

CONCLUSIONS 

Fven though dangers inherent in having a s i ngl e raw 
materia l ba s e  are obvious , the pla stics industry depends 
mainly on pe trochemical s .  Industry has alr eady looked at 
other ba s e  source s ,  inc ludi ng coal and agr i cultura l annual ly 
ren ewabl e resourc es , such as sta rch and un s a turat ed vege­
tab l e  oi l s ,  but costs relative to petrochemi ca l s  h ave been 
too h igh . The co st ra ti o now may be chang ing i n  favor o f  
agr icultur al products , but i t  i s  pr emature t o  make a 
predi ction at thi s time . 

Uns aturat ed veg et a bl e  o i l s  will continue to hold a 
minor , but s ignif icant , and growing place in p la st i c s  
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appli cation s  and parti cularly in the coating s f i el d .  In 
severa l a ppl ication s ,  these oil s  are unique source s for the 
intermedi ate s requi red .  In other appl ications , they serve 
as promi s ing starting materi al s capabl e o f  being a lterna­
tives to petrochemi cal s .  some vegetabl e oil seeds , 
pa rticularly soybeans , are grown on a large scale for edibl e 
purposes , and a s  deman d for protein expands ,  by- products 
from soybean proc e s si ng can supply a regul ar ba s e  source for 
ch emi cal modif i cati on . several vegetabl e  oi l s  are grown 
spec i fical ly f o r  nonfood , industria l uses . 

In short , vegetabl e oil s can and do provide a 
sign i ficant ,  but partia l ,  al ternate raw material ba s e  for 
the chemi c al  in dustry , whos e demands for pe troch emi cal s 
increasingly conf l i ct with energy requirements . 
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CHAPTER 5 

CONCLUSIONS 

Extractives compri se a group o f  substances of rel atively 
smal l vo lume , diverse nature , and versat i l e  charact er. 
Their us e as by-products from the production an d proces s ing 
o f  ma teri als of f orest , agricultur a l , and marine origin 
promis es to contribute to the economic feas ibi lity of 
technolog ies ba sed on renewabl e re sources . The ir nature a s  
chemi cal raw materials for the manuf acture of in dustrial 
qood s  may be cruci a l  to the competitivene s s  of an industry 
relying o n  continuous suppl ies o f  plant and animal matters . 

I n  1 9 7 2  u.s. industrie s  con sumed approximately 5 bi l lion 
pound s  o f  extractiv e  substances for the manuf actur e  o f  in­
dustrial material s .  The se extr activ es were of agri cul tural 
(plant and animal ) , fore st , and marine or igin. Their ma rket 

value was in ex ce s s  of S 1  b i llion. They were u s ed in a 
great number of di f ferent products in which they typically 
los e their identi ty .  

Currentl y ,  about one third of extractive s for industria l 
products come s f rom tallow, and 31 -33 percen t  each from wood 
and vegetable oil source s ,  including soapstock by- products . 
Oi ls and fat s f rom the mari ne environment are proc essed 
almost exclusively into food products .  Bark has not as yet 
achieved a sizabl e market as raw materia l except for fuel . 

Per c apita con sumption o f  f ats and oils for non f ood  uses 
wil l  probably remain at about the current l evel . The de­
clining u se of u . s .  grown vegetable oil s as such in indus­
tria l products can be attributed to pas t  avai labi l i ty o f  
lower cost petrochemi cal pro ducts a s  we l l  a s  to greater 
deman ds for food products , dome stically and abroad. 

Declines in n aval store s suppl i e s  find thei r explanation 
in r e duc ed output s of the gum and nava l stores indu stri e s ,  
an d i n  a level l ing of f o f  n aval stor es producti on f rom kraf t 
pulpi ng . Gum rosin prod ucti on has dwin dl ed becau s e  of the 
di f f i culty in obt a i ning labor in a l a bo r- in ten s ive industry 
despi te even the abnorma lly high pr ices of the r ecent p a s t . 

I ncreas ing repl acemen t of ros in in pa per si z es ba sed on 
nonrenewa b le re source s contributes to an over a l l  decrea s e  i n  
con sumpti on o f  pu lp ch emica l s .  

The c ont inuing dec l in e  in production and u s e s  o f  lin s eed 
oil is ex plained by th e inc r e a s ing accepta nce o f  the con­
�en i ence and lowe r cost of l a tex paints . 
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The supply of t al l ow  as industrial raw material woul d 
advan ce with beef production , but the rate of increase i s  
not predi ctabl e  a t  pre se nt. 

The induction of light wood formation in pin e  tr ees by 
trea tments wi th herbicides i s  i n  an ear ly stage of devel op­
ment ; the success and gener al appl icat ion of th i s  method 
could have a big impact on naval stores supplies . Increases 
of 5 to 20 times of pres ent production coul d be fea s ibl e . 

Gains in the production o f  turpentine and tall oi l f atty 
acids are expected to f i nd ready absorpt ion by industria l  
raw materi al market s ;  ro sin needs increased res earch and 
development eff orts in order to bo ld it s pre sen t positi on . 

To achieve an increase in extraction for industri al 
mater ials , the Pa nel sugge sts that the fol lowing steps be 
taken : 

1 .  Develop increas ed production o f  unsaturated fatty 
acids by a combination of improvements in tal l oi l 
recovery , che mical conversion o f  ta llow fatty 
aci ds , and development of new oil s eed crops on low 
quality lands . 

2 .  Incr ease availabil i ty and ut il iz at ion of oleore sin 
chemical s  by development of herbicide systems , and 
by int ensi�e resea rch on improved products from 
resin acids and monoterpene s .  

3 .  Demonstrate the potenti al o f  bark a s  a chemical raw 
material by e stabli shing an integrated pi lot plant 
which makes use of bark ' s resi nous , waxy , 
polyphenol ic , corky , and fibrous components .  
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