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FOREWORD 

Potential prob l ems from changing patterns o f  mater ial s 
s upply or use are c aus ing conc ern : the current emphas i s  i s  
o n  mineral or nonrenewab l e  resources. The S c ienc e  and Tech­
nology Po l icy Of f ice ( STPO ) , in support of Dr. H .  Guyford 
S tever , the Sc ience Advi sor to the Pres ident , reque s ted the 
National Academy of Sc iences ( NAS ) to reexamine the ro le o f  
renewab l e  resources , as the other ma j or component of natural 
resources , in hel ping better to meet need s for materi a l s  in 
the future . Important fac tors ( in addit ion to u sual economic 
calcul ations ) to be taken into account in as sess i ng the .des ir­
abl e  bal ance be tween the se d i f f erent c l a s s e s  of resource s for 
material s are 1 )  the increas ing variety of te chnological op­
t ions avai l able for choos ing a mater ial for a required per for­
mance in a given appl ication , and 2) the increas i ng concern 
to minimize both cons umpt ion of energy and environmental 
impac t. 

Wh i l e  the concept o f  renewabl e  resource s is use ful , i t  
lacks the coherence o f  stati stical i nformation o n  resources 
and use , and the s cient i f ic perspective that has developed 
for "materials from minera l s " ( includ ing metal s , c eramic s , 
e lectronic s o l id s , and syntheti c organic polymers der ived 
from fos s i l  fue l s )  • S trong special ization ex i s t s  in fores t 
s c i ences and wood products on the one hand , and agr i cu l tura l 
s c i ences and assoc i ated natural mate r i a l s  ( such as f ibers and 
l eather s )  on the o ther. We requ i re both a broader view o f  
the science and techno logy o f  natural products and , correspond­
ingly , more i ntegrated s tat i s tical information on resources , 
and on mate r i a l s  flows and use ( including aspects as s oc iated 
with energy and the environment ) .  

The above cons iderations l ed to thi s  analysis o f  renew­
able materials in the United S tate s  economy as a bas i s  for 
identifying both the optimum use of such res ources and the 
rol e  of science and technology in he lping overcome barr iers to 
their use. The fo l l owing are the pr inc ipa l  i tems addres s ed in 
the s tudy at the reques t  of STPO : 

1 .  Quanti tative analys i s  o f  current mater i a l s  f lows 
for renewable resources as the bas i s  for a s ses s i ng 
the impact of potentia l future changes ( compared 
wi th nonrenewab l e  f lows ) . De f inition o f  the l imi­
tations ( co s t  and technical ) of renewable res ourc e s  
for meeting expanded demand s for mate r i a l s  based on 
them. Del ineation of the energy , environmental ,  and 
soc ial conse quences of such increases. I nternationa l 
aspects. 

i i i  
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2. Interchangeability of renewable and nonrenewable 
resources as the basis for materials. 

3. Assessment (stocktaking) of quantity and quality of 
R&D currently supported in the area of renewable 
resources by (a) the Federal Government and (b) 
industry. Evaluation of the relationship of these 
activities to the size of the industry and its role 
in the economy. Assessment of changes in scale and 
emphasis needed to meet future changes. 

4. An evaluation of relevant federal, state, and local 
legislation and regulations that influence the 
effectiveness of the development and use of renew­
able resources. 

5 .  Improvement in materials properties and perform­
ance. 

6 .  Improvement in the yield of raw materials and in 
the efficiency of processing. 

7. The potential of renewable resources as •feedstock• 
for synthetic materials, (a) cellulose based and 
(b) converted to products (such as ethylene), that 

can be used to supplement or replace the petro­
chemical supply used currently for synthetic 
polymer production. 

a. Consideration of the energy requirements and envir­
onmental impacts associated with the implementation 
of the recommendations. 

A Committee on Renewable Resources for Industrial 
Materials (CORRIM) was established by the Board on 
Agriculture and Renewable Resources (BARR), under the 
Commission on Natural Resources of the National Research 
Council, to undertake an analysis of renewable resources in 
the United States, identify the optimum production and use 
of such resources, and look at the role of science and 
technology in increasing their production and use. The 
training of manpower in renewable resource fields was not 
addressed in this study, since other specific studies in 
education had been proposed by the BARR. 

Six detailed studies were prepared for the Committee as 
background material for this report, copies of which may be 
reviewed at the office of the BARR, NRC, the STPO, NSFJ or 
purchased from the National Technical Information Service, 
Springfield, Virginia. These reports are as follows: 

o Biological Productivity of Renewable Resources 

Used as Industrial Materials. 

i v  
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o Renewable Resources for Structural and Architectural 
Purposes 

o Fibers as Renewable Resources for Industrial Materials 

o Extractives As a Renewable Resource for Industrial 
Materials 

o The Potential of Lignocellulosic Materials for the 
Production of Chemicals, Fuels, and Energy 

o Reference Materials System& A Source for Renewable 
Materials Assessment 

James s. Bethel 
Chairman, Committee on Renewable 
Resources for Industrial Materials 

v 
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EXECUTIVE SUMMARY 

Renewable resources in the form of forest and agricul­
tural products are used in large quantities (4.4 billion 
tons of new basic materials consumed in 1972) for a wide 
variety of industrial purposes. Their uses for housing and 
ot her structural purposes, paper and paperboard, textiles, 
chemical feedstocks, and fuel constitute in the aggregate 
one of America's largest industrial sectors, and one that 
has continuously grown. 

Society--and hence federal and state governments-­
should be concerned with the maintenance and development of 
our renewable forest and agricultural raw materials and 
their land base. They form a great and underused national 
resource, which has potential substitutability for non­
renewable resources, and is largely independent of foreign 
imports. At no time in our history has there been a greater 
need to expand and improve the use of the nation's renewable 
resources. 

NATIONAL GOALS FOR RENEWABLE RESOURCES 

The materials available and potentially available from 
renewable resources can be used as alternatives to materials 
currently obtained f rom nonrenewable resources to augment 
national and world materials supplies, to improve energy 
conservation in materials supply and use and to relieve 
dependence upon foreign sources of energy and materials and 
accompanying balance of payment problems. 

Although the need to address the role and attributes of 
materials in the u.s. economy in a broad systems framework 
is quite apparent, little substantive work has been done in 
this area. The concept of the Reference Materials System 
(RMS) has been used in this study as a framework for ma-

terial assessment and, more specifically, to address the 
substitution of renewable materi als for nonrenewable& in 
particular end uses. The orderly and rational development 
of national goals for renewable resources requires the 
evaluat ion of alternative materials supply systems in terms 
of resource supply; available technology; and energy, 
manpower, and capital requirements. 

Accordingly, CORRIM recommends as a top priority that 
ther e be established under the Office of Science and 
Technology Policy in the Executive Office of the President, 
an advisory office for policy issues related to the use of 
renewable materials. studies undertaken by this office 
should include an evaluation of the nation's materials 
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supply sy s tems, its capacity to develop and advance new 
technology, and an eva luation of manpower and training needs 
in the fie ld of renewable resources materials. 

RENEWABLE RESOURCES PRODUCTIVITY 

CORRIM's general conclu sion concerning the supply of 
renewable resources is that the biological productivity (net 
realizable growth) of the commercial forest lands of the 
u.s. could be doubled within a half-century by the immedi ate 
and wid espread application of proven silvicultural 
practices, provided economic and social conditions permit. 
Of the agricultural materials deliberately grown for indus­
trial material s in the u.s. , only cotton and flax a re of 
major importance, and CORRIM concludes that modest increases 
in production are feasible. The production of secondary 
agricultu ral mate rials (wool, fats, and hides ar e secondary 
products to meat production; peanut oil and soybean oil are 
secondary to food production) will be a function of the 
level of food production. 

Accordingly, CORRIM recommends as top priority tha t the 
USDA through its fore stry r e search program evaluate and 
improve the Nation al Forest survey, and evaluate the 
opportunitie s to i ncre ase materials supply through intensive 
forest management that will more nearly achieve maximum use 
of biological potential . USDA should immediately develop 
production-s cale demon stration tree farms that use th e  best 
avai lable technology for achievement o f  maximum materials 
productiv ity. USDA should a ls o  develop methods for assaying 
the productivity of secondary agricultur al mat erials t hat 
might be converted to industrial materials. 

RENEWABLE RESOURCES BASE 

Increases in the resource bas e can be ac hieved t hrough 
study of materials improvement and conservation. Research 
in wood science and technology has been decli ning in the 
past 2C years. Most of the f ederal research investment in 
th is area is directed toward the Forest Products Laboratory 
of the Forest service. Its res earch program has been re­
duced in size and its effort s in basic r es earch in materials 
scien ce have been curtailed. Among the universities, 
several s i gnif icant programs in wood s cience and t echno logy 
have been phas ed out, presumably in economy move s. There 
are only eight major universiti es sti l l  pursu ing important 
materials research and education in the field of wood 
science and technology. 

-2-

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Th er e is a shortage of scientific and technical 
manpowe r with re spe ct to res earch on renewable mat erials. A 
similar attrition has occurr ed wit h  re spect to res earch on 
renewable mate ria l s  of agricultural origin. In contra st , 

the f ederal government has recognized the need for massive 
leve l s  of re s ear ch in the no nrenewable resources and energy 
fields. 

Acco rdingly, CORRIM recommends that the National 
Science Foundation (NSF) foster and support the creation and 
main tenance of a limited number of university centers o f  
resea rch i n  renewable materi als a t  institutions with 
sub stan t ial faculty and facility commitments to this f ield 
of study. CORRIM a lso recommends that NSF develop programs 
to use industri al res earch and development capabil ity in 
cooperati on with the university renewable mat erials centers 
and the Forest Product s Laboratory to encourage early 
applic ation s o f  new technology in the production o f  
renewable materi als. 

- 3-

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


SUMMARY AND RECOMMENDATIONS 

Renewable re sources in th e  form of forest and agricul­
tura l products have long been used in large quantities for a 
wide vari e ty of i ndustrial purposes . Their uses for housing 
an d  oth e r  structura l  purposes , paper and paperboard , tex­
ti le s , chemica l  feedstocks, and fuel constitut e  in the 
aggr egate one of America's largest sectors , and one that has 
conti nuou sly grown . 

Coal and petroleum are th e remain s  of pl ants and 
animal s accumulated over the geologi c past . As we 
contempl ate diminis hed and mor e costly suppli es of thes e  
nonrenewable re source s ,  i t  becomes incr easing ly important 
that we as s ess the curr ent capacity of the plants and 
anima ls on the earth to produce organi c mat eria ls on an 
annual renewabl e tas is . It is a l s o  important that we 
under stand the te chnical feasibi l ity o f  using these 
renewabl e  resour ces for indu strial purposes so that we can 
take advan tage of thei r potential as economic conditions and 
nationa l policy con siderations dictate . 

The pri ncipa l  renewabl e industri al mat er ial is wood . 
Near l y  a quarter-billion tons are used in the u.s. each 
year . Ag ricul tural products u s ed for industrial purposes 
inc lude cotton , wool , and other natural fibers for textile s; 
flax and other oils eed crops , most of which have only 
secondary uses in industry; and animal by- products . Large 
quantit i e s  of agricultural wastes and residue s also have 
potenti a l  uses in indu stry . 

soci e ty--an d hence federal and stat e  gov ernments-­
should have i nterests in the maintenance and devel opment of 
our re newable fores t  and agricultural raw mat erials since 
they form a great national resource that is a potential 
subs tit ut e  for nonrenewable resources and is l argely 
independent of foreign imports . At no t ime in our history 
has ther e  teen a greater need to expand and improve the use 
of the na tion's renewable re sources . 

As s upply problems of the nonrenewabl e  resources become 
more and more cri tical , the technology for su bs titution of 
renewable for nonren ewable resources to meet materia l need s 
must be a vailable . Thi s technology must be developed for 
us e befor e the r e adily avai labl e reservoirs of nonren ewabl e 
re sources are in short supply worldwi de , or when supplies of 
nonrenewa bl e resource s may come largely under for eign 
control , and/or when there a re substantial energy 
cons ervat i on opportuni ties inherent in the substitution . 
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The following sections summarize the gen eral find ings 
and recommendations of the Commi ttee on th e  s upply of 
renewabl e resources, both forest-based materi als and 
agricultural mate rials, increasing production and use, 
institutional setting for renewable resources, and 
substitut ion .  T h e  Committe e gives the recommendat ions in 
this sect i on top priority; they s hould be implemented befor e 
action is taken on the remai ning recommendati ons. More 
detaile d consideration s  including recommendations are given 
in the sections on structural materials, paper and 
paperboard, textile s, chemic als, fuel from bi omass, and 
extractiv es. 

SUPPLY 
(See Chapter q) 

Forest-Based Materials 

In 1 9 70 , u.s. con sumption of wood was 15.1 billion 
cubic f ee t  (2q1 million tons). Fourteen billi on cubi c feet 
(225 mill i on ton s) were produced in the u.s. , 2.q billion 

1 (38 milli on ton s) were imported, and 1.q billion cubic feet 
(21 million tons) were exported . 

In the same year, the q95 million acres of commercial 
forest in the u.s. grew 18.6 billion cubic fe et or 33 
percent more than removals. As di scussed later in this 
report , the committee has reservations concerning the 
util ity o f  the national fore s t  survey as a basis f or making 
materia l s  supply estimates. Softwood (conifers) s awtimber, 
however, was being cut much more heavily than it was being 
replaced by growth (removals exceeded growth by 18 percent). 
Nonethe l e s s, the u.s. is currently growing wood faster than 
it is h arvesting the forest. 

The Forest Service estimates that, i f  th e u.s. forests 
cont i nu e  to te managed a t  i ts defined 1970 lev els of inte n­
sity, they will produce 17.5 billion cubic fe et (280 million 
tons) annually by 1 985 and 20 billion cubic f eet (330 
mill ion tons) by the year 2000. 

we al ready po sses s  the technical competence to manage 
our fore s t s  much more intensively. Should economic and 
policy condit ion s  permit, we could substantially i ncrea se 
the productivi ty of American forests through su ch measure s  
a s  fert ilization, drainage, and irrigation to i mprove the 
growing potential of forest lands; the conversion of slower­
growing forests of less valuable species to f aster-growing 
stands of more valuable specie s; intensi fi ed re forestation 
effort s; great er use of gen etical ly-improved growing stock; 
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weeding operation s to f avor a more desirable species in 
mixed stands; thinning s to presalvage expected mortality and 
to concen trate growth on harve stable stems; and int ensified 
fore st protection against fire, insects, and di sea ses to 
reduce losse s from these cau s es. 

Since the u.s. has had an ample supply of wood 
mate rials in the past, there has been no n eed to u s e  its 
forest land e f fici ently to produce industrial materials. 
Because i t  take s several decades to grow a crop of trees, 
prudence suggests that we begin extensive testing of the new 
production technology now so t hat when price and policy 
suggest more intensive management, the methods requ ired will 
be oper at ionally available. Since the f ederal government is 
a major custodian of forest land that is diverse with 
respect to speci es composition, site quality, and geo­
graphica l loca tion, it should immediat ely establish such 
inten s ively manag ed demonstration tree farms on the national 
fore sts. At the same time information can be derived on 
such envi ronment al e f f ects as watershed prote ction, soil 
nutrien t  deple tion, ground water storage, etc. These 
managemen t demonstrations should draw upon the best 
technology availabl e from the u niv ersities, private 
indu stry, and the fe deral experiment stations. 

Under the wid espread application of such intensi fied 
manag ement programs, we estimate that within 50 years the 
commerci al forests of the u.s. could produce 19 billion 
cubic feet of softwoods annually (290 million tons of wood 
and bark), 1 1  bill ion cubic f e et of hardwoods (200 million 
tons), or a total of 30 billion cubic feet (490 million 
tons). 

The above projections are based upon the amount of wood 
produced in the main stem (bole) of trees at least 5 inches 
in diamete r  (DBH) • above a 1-foot stump u p  to a 4-inch 
diameter top. Only about half of the total biomass o f  the 
tree i s  incl uded by thi s de finition. Complete harvest of 
the stump, top, and large branches could easily increase 
usabl e yi elds from the forest by 25 percent. 

Th e gen eral conc lusion of the COmmittee on Renewable 
Resourc e s  for Industri al Materi al s (CORRIM) i s  that the 
biological productivity of the commercial forest lands of 
the u.s. is such that, where economi c  and social conditions 
permit, t he n et r e alizable qrowth of these forests could be 
doubled within half a century by the immediat e widespread 
appl icat ion of proven silvic ul tural practices. We realize 
that po l i t ical an d economic restra ints may result in a 
lesser i ncrea se in productivity. It should be pointed out 
that with wid espread application of intensive silvicultural 
practices, with complete use of our hardwood resources, and 
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with compl ete t ree us e ,  the potential productivi ty woul d be 
c loser to th ree times the pres ent level rather t han the 
doubling we feel is imminently pr acti cable. Du e to the l onq 
life span of tree crops and the re lative ly low hi storical 
intensity of thei r  man agement , the practi ce o f  silviculture 
is far l es s  advanced than th e practi ce of agr i cu lture . At 
the pre sent state of the art , relatively modest investments 
in f ore st management wi l l  r esult in substantial increment s  
in the bio log ica l production e ff i ci ency o f  tr ees . 

Step s should be taken toward the development o f  a re­
vised and more broadly supported national for e st s urvey . 
Idea lly ,  f ore st surve y data should provide es timates of the 
volume of the tota l bo les of trees and the wei ght o f  their 
tota l biomas s by compon ent part s . These estimat es should be 
devoid of any a s sumptions concerning probable use . Such 
in formati on s hould be generali z ed by species , f orest types , 
site clas ses, an d  s i z e  classes . I n  short , it i s  necessary 
to genera l i ze be t ter than can be done today f rom specific 
studi es o f  compl ete tree analy ses and forest ecosystem 
bioma ss s tudi es to ena ble bett er predictions o f  the e f fect s 
of ful l er tree us e an d o f  di f f erent silvicultural management 
practices . 

Alt hough considerabl e s peci fi c in formati on exi sts on 
the biolog ical and technical a spects o f  th e variou s  
approache s to ti mber production under intensi ve management , 
substa ntia l information i s  n eeded to predict the impact of 
such programs in s ite improvement , forest type convers ion, 
re fores tat ion, g enetic improvement , weedings ,  and thinnings 
in te rms of the a rea that can and shou ld be involved ,  the 
results that can be expected , and the predicted cost-benefit 
re lati on s . Large gains can a l so be expect ed from improved 
technique s for protecting f orests from insects and di s eases . 

The interac tion of incr eas ing ly more complete tree use 
and the nutri ent cyc le withi n the for est i s  poorly under­
stood and yet of critic al importance .  As more and more of 
the tree is ha rve sted , a great er proportion of the nutrient 
capital is t aken from the si te . The replenishment of thi s 
nutri en t capi tal through natural process es wi l l  ordinarily 
compensat e for th e long-cycl e  periodic remova l of part of 
the bo le s of the l argest tre es . At the other extreme , 
short-cyc l e  r emov a l  of much of the forest biomas s may 
se riously "mi ne" the forest soi l and h ave a del eter iou s 
ef fect on the for est site.  

Sti l l anothe r area where informat ion is l ac ki ng i s  the 
socioeconomic aspect of fore stry . We h ave sp eculated at 
l engt h about the motives of small woodland owners and the 
envi ronme n ta lly orien ted groups toward intensive fore stry; 
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ye t too l i ttle i s  known about the impacts of these groups on 
future ti mber growing and on wood supplies . 

Fin a l ly , a greater underst anding i s  needed of the 
energy requi rements of qrowing timber . In formation i s  
l argely l a cking o n  this newly critical i s sue ,  s o  much so 
that the topic had to be omi tted from our study . It seems 
apparent that , in the future , en ergy costs , produc tion , and 
net energy balances wil l  figur e in forest management 
decisi ons just a s  ecological and economic factors already 
do. 

Wi th these considerations in mind ,  CORRIM r ecommends as 
top priority that 

• The u.s. Department of Agri culture (USDA) improve 
and enlarge the national for est survey to: 

(1)  develop the phys i cal censu s  data on a total 
forest basis so that it can be interpreted 
under various as sumptions of land u se , 
uti l i zation level s ,  an d  econom i c  feas ibi lity; 
and 

(2) improve the methods used to obtain the cen sus 
including use of th e l a test technology in 
sampling , biometric analysi s ,  and 
photogrammetry. 

• USDA, through i ts forestry res earch program , 
evaluate the socioeconomic aspects of forestry. 
This should be done with sp ecial r e f er ence to 
ownership obj ectiv es of nonindustri al private 
fore st landowners and to ob jectives and conce�s 
of the federal forest land users whose i nte re st i s  
i n  non timber uses . These ob j ectives shou ld be 
rel ate d  to intens ive timber management and 
mate ri a l s  supply. 

• USDA, through its for estry res earch program , 
eval uate the opportuniti es to increas e materials 
supply through intensive forest management that 
wi l l  more nearly achieve maximum us e of biological 
pot ent i a l, particularly on high s it e  f orest land s .  
I t  shou ld immediately develop production scale 
demonstrat ion tre e f arms that utili z e  the best 
avai lab le technology for achievement o f  maximum 
mat eri a l s  productivi ty . 

• USDA in cooperati on with the Energy Res earch and 
Development Administration (ERDA) eval uate the 
energy requi rements of t imber production and the 
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opportuniti e s  to decrease th e dependence of the s e  
activi ties on external enerqy supplies . 

Ag ri cultural Mater ials 

Of t h e agr i cultural materials grown primar i ly for 
indu stria l purposes in the u.s. , only cotton and flax are of 
ma jor i mportan ce. The product ion of each has not r i s en in 
recent ye a r s . Al though higher prices of synthetic fi bers 
deriv ed f rom petrol eum may make it possible f or cotton to 
reqai n  some l ost market s ,  it is unlikely that either crop 
will make undue new demands on agr icultural acreage in the 
u.s. 

Products of animal s and p l ants grown for food and feed 
a l so f i nd substantial use for indu strial materials in the 
cases of wool, an imal fats , and hides and cer tain oil s eed 
crops , such a s  soybe ans and peanuts . In each i nstanc e ,  
however , the amount o f  industr i a l  product ava ilable wil l be 
largely d ependen t upon the demand for an d  the product ion of 
the basic food or feed mater ia l .  

The same can be sai d  for agr icultural re s i dues, whether 
such crop residu e s  as cereal straw s ,  bagas se, and corn 
stal ks, o r  such animal res i dues as manure. The quanti ties 
avai lab le for industri al us e will be determin ed by the 
amounts g rown for food and feed us e .  

More land suitab le for cul tivation is ava ilable in the 
u.s. th an is curr ently being u s ed . Productivity per acre 
can be inc rea sed substantial ly through more i ntensive 
agricultu r al practices based on avail abl e technology . 
Manpower and energy demands may be les s en ed through carefu l 
managemen t .  

Re cent survey s of projected demand for agricultural 
produc ts indicate that the u.s. can produce i ts own food 
n eeds and supply reasonable export markets through th e year 
2000 if pre sent trends continue . Thi s would mean that the 
quantity o f  agricu ltural re sidues that are candidates f or 
conversion to industri a l  mate rial s wi ll conti nue at their 
pres ent l evel or h igher . 

Th e refore , CORRIM recommen ds as top prio rity that 

• USDA, either through i ts own re s ear ch program or 
th ro ugh its cooperative program with the states , 
deve lop sampling and inventory method s  for 
as sessi ng the annual production of secondary 
agricul tural products suitable for conversion to 
industrial materi a ls . 

- 1 0 -

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


• USDA conduct and report on an annual inventory of 
such ma terials with spec ial att ention to their 
locati on. 

• USDA, i n  cooperati on with the Environmental 
Protect ion Agency (EPA) and ERDA , evaluate the 
opportun ities to moderate agricultural 
environmental impact and increas e  agricultural 
energy independence through increas ed use of 
secondary products for industrial mat erials . 

I N CREASING PRODUCTION AND USE 
(See Chapter 12) 

I ncreases in the resource bas e  can he achiev ed t hrough 
study o f  material s improvement and con servation . Research 
in wood sc ience and technology has be en declining in the 
p a st 20 y e ars . Most of the federal res earch i nvestment i n  
this area i s  directed toward t h e  Forest Products Laboratory . 
Its research program has been reduced in size and its 
ef forts in ba sic re search in m aterials s cienc e have been 
curtail ed. Among the universiti es , severa l  s ignificant 
program s in wood sc ience and technology have been phased 
out , pres umably in economy moves . The re are only eight 
ma jor uni versitie s sti l l  pur suing important material s  
res ear ch and edu cation i n  t h e  f i el d  of wood s cience and 
technology . According l y ,  there is a shortage of s c ient ific 
and techni cal manpower in this fie ld . A similar attri tion 
has occur red with re spect to res earch on renewable materials 
of agr icultural ori gin . In contrast , the fed eral government 
ha s  recogn i z ed the need for mas sive levels of res earch in 
the nonren ewabl e resource and energy fields .  

The refore , CORRIM recommen ds that 

• The Nationa l science FOundation (NSF) foster and 
support th e creation and maintenance of a limited 
number of university centers of res earch in 
renewable material s at institutions with 
substantia l faculty and facility commitment s  to 
this fi el d  of study. 

• NSF de ve lop programs to use indu str i al research 
and dev elopment capabi l i ty in cooperation with the 
univer sity renewable materi al s  cent ers and the 
Forest Products Laboratory to encourage the early 
applications of n ew t echnology in the produc tion 
of ren ewable materi al s .  

• The major fore stry corporation s  wit h  important 
res earch capability participate ,  as a matter of 
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corporate policy, in cooperative research designed 
to produce published results. 

MATERIALS USE 
(See Chapters 6 - 10) 

The materials available and potentially available from 
renewable resources can be used as alternatives to materials 
currently obtained from nonrenewable resources to augment 
national and world materials supplies, to improve energy 
conservation in materials supply and use, and to relieve 
dependence on foreign sources of energy and materials and 
accompanying balance of payment problems. The orderly and 
rational development of a national policy for the achieve­
ment of these objectives requires refinement of methods of 
evaluatin g alternative materials supply systems in terms of 
resource supply; available technology: and energy, manpower, 
and capital requirements. 

The feasibility of any particular substitution depends 
largely on the relative prices of the alternative materials. 
Prices reflect the availability of the competing materials 
and the manpower, process energy, and capital required to 
convert them to useful products. The costs associated with 
supply of materials and their conversion can change very 
quickly. 

Recent trends suggest that changes in relative costs 
are likely to favor increased substitution of renewable for 
nonrenewable materials in the long run. It is in the 
national interest to foster the advances in science and 
technology required to permit rapid conversion from one 
resource base to another when supply and cost of conversion 
favor such substitution. 

CORRIM undertook to develop methods of systems analysis 
that would permit rational assessment of substitution 
potential in terms of the most important elements of cost. 
These methods provide a basis for setting priorities among 
relevant science and technology research opportunities. 

The quantitative data base essential to the assessment 
of viable alternatives needs to be improved, particularly in 
relation to the use, durability, and maintenance of 
materials in specific applications. 

The development of new technology will increase the 
options for substitution. It is important to evaluate 
national capacity to quickly develop new technology, to 
strengthen existing mechanisms for advancing such tech­
nology, and to create new mechanisms for technology 
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improvement. The nation has not given the attention to 
science and technology in the field of renewable materials 
that has been devoted to nonrenewable materials and fuels, 
nor is there a focal point in government for such policy 
issues. The diverse character of land and factory ownership 
in the renewable materials sector makes it unlikely that 
major advances in science and technology in this field will 
quickly emerge unless it is fostered by the f ederal govern­
ment. The number of universities engaged in significant 
research on the renewable materials is small and these 
programs are underfinanced. Industrial product research in 
this field is modest in comparison with that pursued in 
nonrenewable fields. Most companies are too small to 
justify the creation and operation of research programs. 
The few relatively large companies in the field confine many 
of their research efforts to those projects that can be 
protected on a proprietary basis. Some of these corporate 
research resources are very good and should be contracted 
for by the federal government to advance national goals 
through research. 

Where corporations are willing to place the results of 
their more fundamental research in the public domain, they 
have contributed substantially to the advancement of science 
and technology related to the production and use of 
renewable resources. The action of a major lumber company 
in releasing to the scientific commun ity their very 
extensive soil evaluation research is a good example. If 
the private sector were willing to share in the cost of 
broadly applicable research, it could broaden the base of 
research leading to generally available new knowledge. 

Perhaps the most important resource for any industry is 
competent manpower. The level of research and development 
by the re newable materials industries could be raised by 
attracting and employing more well educated young people. 
Needed are professional scientists and technologists soundly 
educated in the disciplines underlying renewable materials. 
To back up the scientists and technologists and to carry out 
technical as well as mill operations, technicians with 
various levels of education will be needed. There is a 
great need for continuing education programs, which will 
increase in the future because of the increasing tempo of 
knowledge and change in the field. 

Therefore, CORRIM recommends as top priority that 

• Responsibility be established under the Office of 
Science and Technology Policy in the Executive 
Office of the President for policy issues of 
science and technology in the field of renewable 
resource materials. studies undertaken by this 
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office should include an evaluation of the 
nation's material supply systems and its capacity 
to develop and advance new technology and an 
evaluation of manpower and training needs in the 
field of renewable resource materia ls. 

• USDA increase its research efforts in the use of 
agricultural based primary and secondary 
materials. 

• USDA, at the Forest Products Laboratory, increase 
emphasis in its programs of research on renewable 
materials and increase cooperation with industries 
and universities that are engaged in the forest 
products field. 

THE INSTITUTIONAL SETTING FOR RENEWABLE MATERIALS USE 
(See Chapters 5 and 12) 

The restrictions of law and government regulations can 
increase the requirements for capital, energy, and manoower 
in the conversion of a resource to a material and affect the 
competitive posi tion of renewable resource materials. If 
renew-able resources are to be substituted for nonrenewable 
resources, price relationships must change in favor of 
renewab le resources through one or a combination of the 
followinq: (1) rising relative costs of nonrenewable or 
inorganic raw materials, (2) increased productivity in 
improved management leading to cost reductions at any of the 
various links in the system from natural growth to ultimate 
use, and (3) modification of existing institutional barriers 
leading to lower relative costs in the renewable resource 
system. 

A large number of 
ated that stimulate or 
materials production. 
following: 

institutional factors can be enumer­
hinder forest and agricultural raw 
Among the most important are the 

1. Taxation of forest lands and forest yields. While 
capital gains treatment has greatly stimulated investment in 
forest, r eal estate taxes, especially if applied to standing 
timber, have become an increasing burden. It has been 
correctly argued that the real estate tax, applied yearly to 
the same standing crop, entails a form of multiple taxation 
if compared with an annual crop. 

2. Environmental regulations and forest production 
acts. In the last few years acts have proliferated that are 
discouraging small landowners who do not have the resources 
to comply with the generally intricate set of rules and 
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r egu l at ions . Simila rly , new water and air pol luti on abate­
ment reg u l ati ons for industr i a l  pl ants have s i phoned of f 
large capi tal in vestments f r om pl ant and capa city expansion 
to po l l ution con trol equipment . 

3. Regulati on of tran sportation . The bu lky s tructure 
of wood products means that the locati on of tran sport ation 
site s  has a sign i fi cant impact on materials f low and avai la­
bi li ty . The de te ri oration o f  the rai lroad sy stem in the 
u . s .  an d t he Jon e s  Act (requir i ng shipments between u . s .  
port s to be in u . s .  vessels) h ave had signi ficant impacts on 
the renewable ma teri als supply . 

q. Bui lding codes and con sumer standards . Codes and 
standa rd s ra ngi ng f rom new fl ammability standards for 
ch ildren ' s  s l eepw ear to the great diversity of often 
outdate d and con f l icting bui lding codes have had an obvious 
impact . Many i n s t itut ional and social factor s  make i t  
diff icu lt t o  c hange the bui l ding codes . Furt hermore , the 
syst em of codes has the weight of its own inert ia mitigati ng 
agai nst c hange .  Consequently , the code s have fai l ed to 
respond to ch anges in the technology of buildi ng material s  
and the re fore many o f  the codes ar e over ly con servative and 
thus expe nsiv e :  sign if icant saving in materia l consumption 
i s  possi b l e  in this area alone . 

The Committee has studi ed the ins titutional setting for 
renewable materials use both from a domestic a nd an in ter­
nationa l  vant ag e  poi nt . One migh t  categori ze th e ma jor 
dome stic institut ional factors as follows : Fi rst , there are 
the we l l- known f ac tors such as the o b j ectives of small 
pr ivate f orest owner s  with th eir di sinterest in forest 
management , outdated bui lding code s ,  an d  management of the 
nati onal f orests . These issues have been argued in other 
forums and thei r  re solution do es not appear to be h eld up 
becaus e o f  a lack o f  scientifi c in formation . second , there 
are the emerging issues of envi ronmental regu lation , fore st 
prac t i ce acts , and occupationa l  health and saf ety regu­
lation s . The impacts of the s e  dev elopments are now unc lear 
but poten tia l l y  serious . The ration alizat ion or optimi­
z ation o f  these r egulatory policies wi l l  require a great 
deal of r es ear ch and profess ional input over an extended 
pe ri od of time . A thi rd category of i ssues invo lves factors 
that ar e highly s ign i f icant for renewable res ources but 
which hav e  impl ication s ,  extending wel l  beyond renewable 
re sources . These inc lude r ation al ization o f  t he u . s .  
t ran sport ati on syst em and the mani pulation of monetary and 
hous i ng progr ams which impact so s everely on the demand for 
fore s t  products i n  the construction i ndu stry .  

I n  t h e  internat ion al area , it i s  not clear whether i t  
i s  nationa l pol i c y  t o  achieve a domest ical ly bal anced timber 
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budg e t ,  an inter n at ionally ba l anced timber budget , or no 
ba la nce i n  the ti mber budget . The nat ion doe s not now have 
any kin d of bal ance in its timber budget . It is dependent 
upon fore ign sources for a s igni f i cant part o f  its renewable 
mate r ia l s  supply apparently as a matter ei ther of preference 
or i nd i f f e re nc e . I t i s  in the nat ional inter est to eva luate 
its postur e  with r e spect to its future role as a supplier of 
re newabl e ma teria l s to meet its own n eeds and as a contri­
bu tor to world suppl ies . Clearly i t  is not possible to 
achieve a n in tern al l y ba l anced timber bu dget in the 
immediat e future and i t  is  not obviou s that this would be 
de si rabl e  i f  it were pos sible .  

Th e r efor e , CORRIM recommends a s  top priori ty that 

• USDA undertake as a r espons e to its obligations 
under the Humphrey-Rarick Act to evalu at e  the 
inf luen ce of institute barriers on th e balance o f  
trade i n  wood internally and externally .  

• The Department of Stat e ,  through its Agency for 
Internationa l Deve lopmen t  (AID) , in iti at e  a 
prog ram o f  deve lopment of bi lateral cooperation 
with deve lopi ng countrie s  in the fi eld of 
renewa b l e  materials where there is likely to be a 
mutu al advantage to the strengthening of renewable 
mate ri a l s  production by these count rie s .  

SUBST ITUTION 
(See Chapter 5) 

The r e  ar e v ery few industr ial materia ls for which 
another mat er ial i s  not techni cal ly subs titutabl e . 
Furth ermo r e , there are few industrial materia ls for which 
there is only on e subs titution opt ion . Whi le a number of 
technical option s exi s t ,  it is not cl ear which option s  ar e 
e conomi ca l ly most attractive i n  the l ong run and which are 
soci a l ly acceptabl e . 

Po ss i ti l i ti es in the case of energy are to shi ft from 
pe tro le um to nucl ear fuel s ,  geotherma l energy , s olar energy , 
coal , woo d ,  s ome pl ant and animal res idues , and urban waste . 
wood ha s a l on g history of u se as a fuel and clear ly could 
be u s ed a g ai n . However , it is pre sently used for other 
purpo se s tha n f ue l s  or , in the cas e of res idu e left in the 
forest , i s  expen s ive to col l ect and del iver to fuel 
consumpti on si te s . The same probl ems exist with s ome of the 
othe r po tenti al petroleum substitutes . Thus , a decision to 
dive r t  a renewabl e materi al to u s e  as fu el cou ld re sult i n  a 
supply sh ortage or an increase in supply cost in the system 
cu rrently us ing s uch a materia l .  
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Although the need to address the role and attributes of 
mater ials in the u . s. economy in a broad systems framework 
is quite apparent, little substantive work has been done in 
this area. The concept of the Reference Materials System 
(RMS) has been used in this study as a framework for 

material assessment and, more specifically, to address the 
substitution of renewable materials for nonrenewables in 
particular end uses. This technique facilitates the inte­
gration of diverse information on the technical , economic, 
and environmental aspects of the materials system and the 
analysis of materials use and substitution. 

The concept of an RMS is a description of the major 
components of the materials system, specifying the processes 
ranging from e xtraction of resources through their refine­
ment, transportation, fabrication, and installation at the 
point of end u se. An aggregate RMS in simplified form is 
shown in Figure 1. At the left hand side is a listing of 
resources corresponding to the materials to be considered 
while the products and end uses are listed on the right hand 
side. The series of "activities , "  e. g. , growing , harvest­
ing, transporation, and fabrication, that a typical resource 
has to go through to become a useful material for an end 
use, are listed on top of the figure. 
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A compl eted RMS is a n etwork representation of the flow 
of mate ri a ls f rom the resource side through all of the 
" act iviti es "  to the end uses . Each " activity " in the tra ­

jectory represent s a techni cal process or pro duction step 
that i s  c h aracteriz ed by both a flow element and several 
data e lements (e . g . , land u s e ,  energy requirements ,  ferti­
lizer an d chemica l s , labor, and cost) . An RMS with a l l  the 
avai lable information has be en developed for the hi storical 
year 1 9 7 2 . 

To u s e  the RMS in evaluating the impact of a new 
ma te ria l s techno logy , the characteristi cs o f the t echnology 
must f i rs t be def ined in terms of resource consumption , 
fabrica ti on , envi ronmental eff ects , energy consumption , etc . 
Th e impact of the new technology can be estimated by 
compa ring the new ta llies wi th the ol d ones . The same 
approach was used for analys is of material s use and sub­
stitution . 

Efforts to construct and u s e  the RMS to evalu ate 
poten tia l  su bstitution s  within the domain of renewabl e 
re sourc e s  and between renewabl e and nonren ewable resource s  
cl ear ly i ndicate t h e  need for a better information ba se a s  a 
condi tion precedent to the establi shment o f  a nationa l 
pol i cy  for mat eri al s .  

The re fore , CORRIM recommends that 

• The u . s .  Department of C ommerce (U . s .  COM) be 
di rected to develop and maintain a data bank on 
the f lows and factor input requirements for 
mat eria l s  produced from renewabl e a nd nonrenewable 
re sources . 

Structural Materia l s  
(See Chapter 6) 

Timber f inds its largest use in the product ion of 
structura l  wood products , including not only lumber but al so 
p lywo od , pa rticl e board ,  f lakeboar d  and insulating board , 
which s erve in primary forms as building materials and from 
which i nnumerabl e secondary product s  are made . About 6 3  
perc en t o f  all wood produced i n  the u.s. is c urrently used 
f or primary s tructural mate rials . we estimat e that thi s  
wi l l  drop to about S O  percent by the year 20 0 0 .  over hal f 
the lumber an d p anel products produced in 1 97 0  were used for 
the c ons truction of housing an d l ight industr ia l building s , 
and only a sl ight decrease in thi s percentaqe o f  the tota l 
demand for thes e products in the year 2 0 0 0  is proj ected for 
bui ld i ng construc tion . 

- 1 9 -

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


I n  1 9 70 , approximately 6 2  percent of the structural 
wood consumed in the u . s .  entered the market as lumber , 1 4  
percent a s  plywood , 1 1  percent as bui lding board , and 1 3  
percent as cooperage , poles ,  posts , and other miscellaneou s 
commoditi es . Reconstituted wood products are g aining a 
larger sha re of the market at the expens e of lumber because 
of the tr end toward smaller sizes and poorer qualitie s  of 
the raw material , improvements in processing t echnology , and 
modi fications in techniques of bui lding construction . This  
trend wi l l  continue . 

Stru ctura l wood products have remained competitive in 
the u . s .  economy . While annual lumber consumpti on remain ed 
fa ir ly con stant f rom about 1 90 8  until the mid- 1 9 60 s ,  it has 
risen about 2 0  percent s ince then. The price of lumber ha s 
ri sen mor e or less steadily since 1 80 0  at a rate averaging 
about 1 . 7 percent annual ly, compounded .  Structural wood 
products s hould continue to be competitive . Not only are 
potential supplies available to allow for modest increases 
in production , but structural wood products have generally 
lower ene rgy requirements than alt ernative materials . 

No cons istent differences in manpower and capital 
requi remen ts are indicated for systems incorporating wood 
and non-wood components. It appears clear that , where the 
cons ervat ion of energy is of prime importance , wood i s  the 
preferabl e materia l for residential and light commercial 
construct ion .  

The dimini shing supply of large logs suitable for 
lumber o f  large dimensions and for plywood ,  the necessity of 
using an increasingly higher percentage of that part of the 
forest bi oma s s  that has previous ly been consi dered forest 
residue , and the economic de sirability of complete use of 
all  raw material s entering processing , combin e as strong 
incentives for the development of new reconstituted 
structura l products alternative to lumber and plywood . 
Important among those which are technical ly a nd economi cal ly 
feasible and can be expected soon to enter the market are 
lumber lamina ted f rom veneer and a variety of designs of 
reconstituted structura l wood . The former , fabricated from 
veneer un suitable for plywood , can serve the s ame function 
as lumber of large dimension , but can be used more 
effic iently i n  engineered structur es because variability can 
te bett er controlled . The latter , reconstituted from 
strands or f l akes generated largely from what is now forest 
residue or f rom low-grade hardwood logs (which are in 
oversupply ) ,  can he used as alternatives to lumber or 
p lywood , depending on the design . The us e of structura l 
f lakeboard for sheathing in buil ding construction- - a  
function now serv ed largely b y  plywood--is particularly 
promi sing . 
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In asmuch as the future structural products mi x must 
consist o f  ever-increasing percentages of reconstituted 
products, concentrated research must be directed toward 
improving processes of manufacturing structural materials 
suitable for exterior and interior use from hardwood and 
softwood flakes, strands, veneer, fiber , and pieces of small 
size alone or in combination. 

Assuming a high level of technology resulting from 
advance s through research and development and an adequate 
techn ical manpower pool, it appears safe to forecast that 
the nation ' s  needs for structural and architectural wood 
materials tased on the forest resource can be met, but they 
will be met with a product mix substantially dif ferent from 
that now in use. 

Data developed during the course o f  this study strongly 
suggest that, on the basis of man- hours , capi tal , and 
particularly energy requirements, structural wood products 
are clear ly superior to non-wood alternatives. Their 
technical suitability in residential an d  light- frame 
commercial building construction is widely recogniz ed. 

Because of its inherent favorable physical and 
aesthetic characteristics, wood can potentially regain the 
market for institutional and household furnishings and 
windows, which has been invaded by materials based on 
nonrenewable resources, providing that economic conditions 
are favorable . 

A long established trend toward the increasing use of 
every tree and e very species can be expected to continue 
throu gh t he year 20 0 0 , with the upper limit to be determined 
from site and economic considerations. This trend, in 
combination with the driving forces influencing the use of 
wood as structural material, will result in a structural­
product mix in which new and reconstituted wood products 
will contribute an ever-increasing share toward meeting the 
total anticipated needs for structural and architectural 
wood products. 

Therefore, CORRI M recommends that : 

• studies be initiated to develop improved processes 
for manufacturing structural mat erials from 
hardwood and softwood flakes, stran ds, veneer, 
£iter, and pieces of small size, alone or in 
combination with other materials. In order to be 
effective commercially , these studi es must be 
followed by pilot plant evaluation. 
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• Addit iona l re s earch eff orts be focused on the 
further d evel opment of r econstituted produc ts f or 
both exterior and in ter ior stru ctur al app lications 
from a w i d e  spectrum of sof twood an d hardwood 
spec ie s .  

• A research effort be devoted to dev elopi ng a n  
inexpe n s ive , nonpe trol eum-based ext er ior adhesive 
compet itive i n  function and current price with the 
durabl e  ph enol -formaldehyde adhesiv e s  used in the 
manu fa cture o f  exter ior , reconstituted struc tural 
wood products . Li gnin shou l d  be studi ed as a 
pot ential s ource for the deve lopmen t of such 
adhe si ve s . 

• R es earch be directed to the development of 
economical green-wood an d  bark burn ers for direct­
f ired dryer s and wood- fired boilers ina smuch as a 
ma jor portion of the en ergy require d  for the 
manu fa cture of wood structural mate rials can be 
provided from residue . 

• Res ear c h  and development be directed toward 
developi ng dryers , heating vats , and hot presses 
o f  high thermal e f f i ciency and towa rd the 
reduct ion of powe r con sumption in a l l  phas es of 
loggin g , manu facture , and tran sport . 

• Re search be d evoted to des ign concepts which are 
structura l ly more ef f i ci ent inasmuch a s  manpowe r ,  
energy , capital depre ci ation , an d  materi al 
r equired for structur es are all positi vely 
correla ted wi th weight . Res earch s hou ld a l so be 
devote d to decreas ing we ight through inc rea sing 
the str ength and stif fness of components from 
whi ch wood structures are built . 

Paper and Pap erboar d  
( See Chapter 7) 

The paper indu stry in the u.s .  depends on the for est 
for 98 pe rcent of the fiber used i n  the production of paper ,  
paper bo ar d ,  and related f iber products .  The r emai n ing fiber 
i s  main ly from cotton linters , rag s ,  bag as s e, and f lax . 
Approximat ely 35 percent of the raw material taken from th e 
fore st i s  converted to fiber-based products . we predict 
that by th e year 2 0 0 0 , fiber-based pro ducts w i l l  account f or 
approximately 46 percent , with structura l  wood produc ts 
dropping f rom 63 to SO perc ent in the s ame per iod of time . 
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Th e Amer ican pa per and paperboar d industry has 
experien ced r api d  continuous growth with production i n­
creasing 3 1 / 2  ti mes over the past 30 years . Per capi ta 
consumpti on h as risen from 294 pounds in 1 942 to 6 1 6  pounds 
in 1 972 a nd 6 1 8  pounds in 1 9 7 4. 

Paper an d paperboard products have , in the main , 
resi s te d  invasion by products made from petro chemicals and 
other n onrenewabl e mater ials . Losses of part of the market 
in f ood pac kagi ng and mi lk contain ers have be en generally 
coun t er ba l anced by gains in th e use of such products a s  
corrugated shipp i ng containers , of fice copyin g papers , 
nonwoven f abri cs from pulp , and new c ompos i te products 
conta ining paper.  

The demand f or wood fiber should con tinu e  to increase . 
A lthoug h energy requirements for processing ar e high , they 
are genera lly low er than for alternative material s .  The 
pros pects to meet this demand are for a modest increa se in 
raw wood supply , substantia l ly more effici ent use of this 
supply , and technologi cal progress in the indu stry . 

The pa per indu stry i s  a ma jor consumer o f  energy ( kwh Eq 
3 2 C  bil lion whic h is grea ter than that consumed by the 
plastics ,  rol l e d  aluminum , or plate-glass i ndus tr i es ) . 
However , the ene rgy consumed per ton is less than for any of 
thes e ot h e r  mat e ria ls . Also the energy cost ( 8- 1 2  percen t 
of tota l manufacturi ng cost ) i s  l ess than for such non­
renewable materials as plastics or al umi num . 

Th e p aper i ndus try now suppl i e s  a s  much a s  42 percent 
of i ts en e rgy need from its own process wastes . Therefore , 
as purchas ed fu el and power costs inc rea se , t he effect on 
the c os t  of a ton of paper may be l es s  than the increase in 
cost o f  a compet ito r ' s product made from a no nrenewable 
re sourc e .  New technology to improve this capability would 
furt her i n creas e thi s advantag e and save imported fuel . 

Almost all the l ignin and other organic materia l 
removed f rom wood in the pu lping process is c onv ert ed into 
heat an d  energy durin g the chemical recovery process . Tall 
oil a nd turpen tine ar e import ant by-products of softwood 
pulp mills . 

Re search is under way to reduce en ergy consumption a t  
the vari ous process steps i n  the manufacturing operations , 
such a s  i n  re f ini ng and drying . Other energy - s aving re­
s e ar ch in clud es recovering l ow- l evel heat from proc e s s  
streams ( bet t er heat exchange and recycl ing) , improving 
generati on of energ y  f rom process ing wastes ( better recovery 
furn ace operation ) , producing low energy/high yield 
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product s ,  and re ducing the f iber weight in the end-us e  
produc t . 

In r ecent y ears there has been a continu ing trend 
toward mo re ef fic i ent proces si ng and use o f  wood by the 
pape r  in dustry . For example , s i nce 1 9 60 there has been a 
decline i n  the amount of woo d u s ed per unit ton of a l l  pul p 
types , from a fig ure of 1 . 60  cords per ton to 1 . 5 1 cords per 
ton in 1 9 7 3 . Thi s reduct ion is partly due to th e use of 
gr eat er p ercenta g es of hardwood , but primarily it is the 
re sul t  of techno logica l chang es th at have made it pos s ible 
to run higher yiel d pul ps in the manufacture of packaging 
pape rs and pape rboard . 

Sinc e 1 9 50 there has be en a shift , not only to a 
qreater u se of hardwoods (presentl y  about 2 5  percent of  a l l  
wood pulped) , but t o  t h e  wider use of sawmill resi dues ,  
i . e . , integrated use . In 1 9 7 3 ,  about 3 8  perc ent of a ll wood 
pulped wa s in the form of wood manufacturing r es idues 
( 3 2 . 51)  and logging res idues ( 5 . 21 ) , compared to only 1 7  

percent i n  1 9 60 .  Taking into account r ecycled waste paper 
and oth er residua l fibe rs , more than hal f the f iber supply 
that the industry draws upon comes from f iber s that would 
otherwi se be di sc arded . Thi s l eads to a full er use of the 
fores t  on an integrated operational basis . 

Today about 2 2  percent of paper fiber is recycl ed . In 
recent yea rs the industry has thorough ly as ses sed the 
poten tial for recycl ing . It is believed that waste paper 
recyc li ng will peak at some value under 30 percent . This 
figure i s  tas ed on the economics and technology of 
coll ection , handl ing , and transportation . This appears to 
be qui te reasonable for the u.s. market and qual ity demands , 
since r es earch has shown that the virg in fiber has lost its 
strength potential a f ter the third recycle . It is possibl e 
to r egenerat e  some o f  its lost potential by chemical treat­
ment, but costs and pol luti on are factors that mitigate 
again st s uch efforts . 

As more and more of our ma jor cit i es burn their organic 
wastes for heat and energy , a good port ion of the wa stepaper 
wi ll be u sed . On ly the higher quality and readi ly 
coll ect able cl e an  waste will be recycled for more paper . 

Since 1 9 7 0 , the concept of whol e tree us e  has re sulted 
in some u sage of who le tree chips for pulping (includ es the 
whol e tree above the ground : trunk, branches , twigs , l eaves 
and bark) • As f urther deman ds ar e made on wood and costs 
ri se , the re i s  no question that great er  dependence upon the 
use of the whole tree will occur . Full use of the forest 
resource , togethe r wi th the us e of  wood manuf acturing 
wastes , w il l  greatly enhance our fiber supply . Moreover, i t  
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will lead to bette r  forest man agement practic es to achieve 
optimum growth rates .  

Although wood costs al one wi l l  cau s e  a tr end toward the 
us e  o f  a w ider spectrum of wood fibers , developing 
technolog i es wi l l  also help in th e us e of lower quality 
f iber and in obt aining higher pulp yi elds . Thi s i s  
fortunate and wi ll help real i z e  their dev elopment and 
appl icat ion at an early date . 

some laws re lating to fores t practice r equ ire increa sed 
timber production such as through the requirement of 
re foresta ti on .  However , oth er f ederal and st ate l aws and 
ag en cy  r egu lation s relating to l and practi ces � processing , 

and produc ts have a very considerable impact on the pu lp and 
paper industry usual ly in the form of restric tions and con ­
stra i nt s .  The se include l egi s lation concerni ng the 
environme nt , packaging (general ly , packaging is sub j ect to 
regulati on s a s  s evere a s  the food it contains ) , hea lt h and 
safety (f or exampl e ,  r equir ed noi s e  reduction could cos t  S 2  
bil l ion ) , contain er speci fications and constr ict ions con­
ce rni ng design and performance , tariff rat es for preferen­
tial incentives (such as to encourage the use of secondary 
f ibers) , a nd con sumer protection , which can i n f lu ence the 
choice of mat eria ls ( such a s  f lame proofing) . 

Meet ing env i ronmental regu lations i s costly . In 1 97 2 ,  
capi ta l e xpend i ture s for pol lution abatement equipment cost 
th e indus try S 3 3 9  mil lion . Other cost s  relating to thi s  
probl em , such as  operation and res earch , amounted to S 2 4 3  
mi ll ion . Marked progres s has been made by the pul p and 
paper i ndu stry in pollution contro l ,  but ther e i s  industry­
wi de conc ern over its ability to susta in environmenta l pro­
tecti on e xpenditures i n  exc ess of the SO . S bi l l ion annual 
level that has been met during the pa st three years . Thi s 
in cludes considerable research expenditures necessary f or 
the devel opment o f  the best pol lution control technology . 

Th ere i s  great potential for greater and more ef fective 
use of ou r  ren ewable resources for paper � paperboard , and 
new i ndustrial materials and for enhancing the e fficiency of 
processing te chnology and use of capital . 

Th e refore , CORR IM recommends 

• Deve lopment of cost- e f fective an d  t echnical ly­

sound m ethods for (a)  recovering from the forest 
whole trees as  well as forest r esidu es of small 
and irregula r si ze , (b) pulping and producing 
acceptabl e fiber product s from biomass , and (c) 
more e f fective recycl ing . 
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• Enhancement of the effi ciency of producing and 
using energy in order (a) to reduce processing 
costs , (b) to improve the competitive position of 
products from renewabl e fiber resources versus 
products from nonrenewable resources , and (c) to 
contri bute to the improvement of th e  overall 
national energy s ituation . This ef fort should 
include studies on ( a) reduction of energy used in 
proces sing , such as by heat exchangers , thermal 
recycl ing , and clos ed loop systems, (b) improved 
generation of energy from processing wastes , and 
(c) production of high-yiel d produc ts  of lower 
energy con sumption . 

• Deve lopment of pulping , bleaching , and other 
production process es that combin e enhancement of 
the quality of the environmen t with improved 
proces sing technology and eff iciency . 

• Improvement of the competitive position of paper 
and paperboard products with respect to products 
made from petrochemicals , metals (foil s , 
container s , etc. ) , and other nonrenewable 
materia ls , by enhancement of the quality and 
properti es of present paper and pap erboard and 
products and by the development of new products . 

Textiles 
(See Chapter 7)  

In 1 9 7 2 ,  textile mil ls in the u . s .  used 5 . 9  million 
tons of f ibers . Nearl y hal f (4 81)  was from r enewable 
resources , including cotton ( 3 31 ) , wool ( 2 1) , and 
ce llulosi cs (rayon and acetate produced from wood and cotton 
linters , 1 3 1) . The l argest portion ( 5 21) was from 
nonr enewa ble resources , chiefly from petroleum (47 1) ,  and 
texti le g la s s  ( 5 1) . 

The history of the textile industry in the u . s .  over 
the past decade has been on e  of declining use of cotton and 
wool an d of great expansion of non -cellulosics (nylon, 
acrylic , olefin and polyest er) from fossil fuel s .  

Wh i le production o f  cotton in the u . s .  h a s  remained 
fairly level over recent year s ,  exports of mu ch of the crop 
(3 91 in 1 9 7 2) hav e  taken up the surplus over u . s .  textile 

mi ll need s .  However , land is available for increased 
product io n  of cotton in tbis .country . Also , the production 
of a pound of cotton fiber requires only a small proportion 
of the energy required to produce a pound of synthetic fiber 
(3 . 3 6 vs . 1 6 . 3 2 kilowat t-hours per pound of f i ber) . This 
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includ es the pro duction of 1 . 7 5  pounds of cot ton seed per 
pound of fibe r . Oi l and protein from this se ed are becomi ng 
in cr eas ingly valuable and provi de 1 4- 20 percent of the gross 
revenue f rom cotton production . Assuming that techno logical 
advance s  can mak e cotton more competitive in the durable­
pres s and fl ammabi lity areas , that the costs of producing 
non- ce llul osic f i bers increase , and that export markets will 
continue , we predict a modest increase in the production of 
cotton , pe rhaps f rom 1 4  mil l ion bales in 1 972  to 1 6  mi l lion 
bal es in 2 0 0 C . 

u . s .  mi l l s  consumed 1 1 0 thousand tons of wool on a 
scoured ba si s  in 1 9 7 2 ,  less than half the amount u sed in 
1 9 6 2 . Although wool has excell ent comfort and fashion 
characteri stic s ,  its competi ti ve position has been seriou s ly 
eroded by man-made f ibers . Fluctuating wool prices and lack 
of avai labi li ty during periods of high demand have been 
part ially responsible f or serious market loss es . 

Th e energy requirement s for growing wool are even less 
than f or cotton . Sheep are more efficient meat producers 
than catt l e ,  a situation that could in fluence future meat 
production and thereby simul taneou sly increas e the supply of 
wool . St ability in wool prices and ma rkets would fir st have 
to be ove rcome . 

With the exception of furs , fibrous mater ials produced 
by animal s ar e the by-products of the meat an d  poul try 
industry , wh ich leads to a lack of response of supply to 
demand ,  w ith fluctuat ion in prices . Hides and lea ther are 
the ma j or products , with a production of 3 bi ll ion pounds of 
hides and 8 9 8  mil l ion pounds of l eather in 1 9 7 2 .  Exports 
amounted to 8 7 9  million pounds of cured hides and 1 4 3 
mi ll i on  pounds o f  leather . Other production figures for 
1 9 7 2  were 2 2  mil lion pieces of fur , 8 million pounds of 
pulled wool , 7 5  mil lion pounds of cattl e  hair (mostly 
wasted) , and 1 . 1 billion pounds of feathers ( mostly 
conve rted and used as a source of protein in animal feed) . 

Mea t  produc tion i s  expected to increase in the future , 
which wil l bring about an increase in the above produc ts . 
Total hid e produc tion i s  expected to increase by a third i n  
1 9 8 5  and by over 7 0  percent i n  2 0 0 0 .  Future hide and 
leather production wil l  meet domestic demand and a l low for 
export surpluses . Leather f ootwear production is expected 
to keep pace with population growth , but increased use of 
leather in garmen ts is anticipated . 

Th e  ma jor raw material base for the product ion o f  
cellulosic fibers are wood and cotton l inters . Man-made 
ce llu los ic f i ber production is con fronted with serious 
envi ronmental pol lution abatement costs , high en ergy costs 
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( 20 . 4 2 ki lowatt- hours per pound of fiber) , and very l a rqe 
capi tal e xpenditures .  As a result , pl ant cap acity for 
chemical cellulos e (dissolving pu l p) ha s decl i ned f r9m 1 . 80 5  
mi l li on tons in 1 97 2  to 1 . 6 9 5  mi l l ion tons in 1 97 5  and i s  
expected to cont inue to decline to 1 . 4 6 5 mi ll ion tons by 
1 9 8C . 

The re fore , CORRIM recommends that 

• Res earch be directed to improve agri cu l tura l fiber 
properties for enhancement of consumer acceptance ,  
to reduce costs of cleaning and proc es sing , to 
me et req ulatory requi rements inc lud i ng 
flammab i l i ty ,  air pol lution , and workers • hea lth 
and sa f ety such as f rom cotton dust , and 
specif i cal ly to d evelop improved kn i tting and 
weaving technology for cotton . 

Chemical s 
( S ee C hapter 8) 

In 1 9 74 , the total u . s .  production of pl a stics , non­
ce ll u l os i c f ibers , and synthetic rubber amoun ted to a lmost 
37 bi llion pound s (over 1 8  mi ll ion tons) . About 9 5  percent 
of thes e material s are conceptua l ly ( but not neces sarily 
economica l ly) de r ivable from cellulos e ,  hemic e l lulose & and 
lignin . The amount of wood ne c e s s ary to produce thes e 
plasti cs and chemicals would be about 60 perc ent of that 
annual l y  used by the pu lp and paper industry . 

Lignoce llul o s ic raw mate ri al s  in the for m of wood and 
agricultur al resi du es are availabl e without c reating a 
supply pr oblem f or conventional us es of wood a nd wood f iber . 

Currently about 6 percent o f  the na tion ' s  total ava i l a­
b i l i ty o f  o i l  and natural gas i s  used as a raw mate r i a l  for 
chemi cal s that form the base of the u . s .  p l a s t i c s  and chemi­
cals indus try . Produc tion o f  organ i c  chemica l s  from petro­
leum has a subs tant ial economic advantage as compared to 
organic chemical s produced from other sources . Sub s tant i al 
R&D expend i tures on other source s ,  inc lud ing wood , agr icu l ­
tural re s idues ,  and coal , have been es sentially mor ibund for 
the pas t s everal decad e s . Pr ice and ava i l abi l ity prob lems 
of o i l  and natura l  gas , however , point to the opportuni ty o f  
produc ing chemi cal s from renewab l e  resource s .  
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Opportuniti e s  for substitution o f  renewabl e l ignocellu­
losic r aw mat eri als from wood and agricultura l residue s for 
pe trole um- based materi a ls can be classifi ed as fol lows : 

1. Cellulose , being a n aturally occurri ng high 
polymer , can be modified to produce cellulos e d er ivat ives 
(primar i l y  r ayon and cel lophane--beth regenerated cell ulose)  

without sub stanti al al teration of the cellulose structure . 
cellu lose - tased pla sti c s  have a number of val uable 
prope rti e s but have been general ly more costl y  than petro­
chemical l y  based pla stics . Development of le s s  capi tal 
inte nsive proces ses , higher yi elds , and the production of 
new an d further modifi ed cellulose derivatives would ma ke a 
ma jor impact upon the overal l use of cel lulos e as a chemical 
raw mat er ial . 

2 .  Lignoce l lu losic material s al so can be broken down 
to produc e chemi cal feedstocks . Of the 1 8  mi l l i on ton s of 
synthetic polyme r s  produced in the u . s . , most are der ivable 
from ethy l ene ( 4 7 1 ) , butadi ene ( 1 21) , and phenol ( 3 61) . 
These bui lding b locks are all  obtainable in good yields f rom 
wood . Ethylene and butadien e can be made from ethanol , 
wh ich in tur n  can be made by f ermentation of glucose , the 
hydrolysi s product of ce llulose . 

hydrolys i s  fermentation 
ce llu lose q l ucose ----------+ ethanol 

,/ '-... 
butadien e  ethylene 

th,/ . t 1 .  syn et1c thermop a s t1c 
rubbers polymers 

Phenol and related compounds ar e a ttainable f rom the 
hydrogenat ion or hy drogenolysi s of lignin . 

Ligni n ---+ phenol s -----+ phenoli c res ins ,  polyesters , etc . 

The ma jor t e chnologica l prob l em in cellulos e  conversion 
to f e edstocks lies  in the improvement of cellulose hydro­
lysi s to overcome problems of rate of reaction and 
decomposi tion of sug ar s  resulting from the re lative chemi cal 
inacces sibili ty of ce llulos e .  

Lign ins , o n  the other hand , constitute a potential 
source of aromatic chemical s a s  lignin consists of approxi ­
mately 40 percen t  aromatic compounds such as ben zene a n d  5 0 
percent a s  phenol . The production of phenoli c products from 
the l ign i n  compon ent of wood and agri cultural residues by 
various hydrogenolysis techniques has been demon strated , but 
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no c ommercia l production has been attempted. other applica­

t ions of lignin that are in need of considerable research 
inves tment are those that u s e  thi s material in as high a 
polymer ic state as  pos sible ,  as a rig id plas tic , f il ler, 
adhes ive , or addi tive , for e xampl e in li eu of carbon black 
for streng theninq rubber .  

Hemi cel lulos e& are another constituent of 
lignoce llulose materi als that have not r eache d  their 
potential as chemi cal feedstocks . The components of 
hemice l lu l ose are pentoses and hexoses ,  which ar e s imple 
sugar s readily obtainable by hydrolysi s and present in the 
wa ste streams of paper pulp processes , e . g . , sul fite waste 
l iquors cont ain approximately 2 million tons of free sugars 
that could also be used for fermentation to e thanol or yeast 
production . 

3 . Rraft black liguors contain major quantities of 
carboxyli c acid s ( 1 6  mi llion tons) that could be captur ed  
for a h igher valu ed substitute use than for fuel . 

4 .  Furfural , at one time us ed for the production of 
nylon , ca n be produced from pentoses occurring in both wood 
and agricultural residue s . 

An other approach to the production of chemi cal feed­
stocks i s  the production of synthesis gas from lignocellu­
l osic sources by high temperature heating . S ynthesis gas 
can be converted to methanol , ammonia ,  methan e ,  and other 
hydrocarbons by the same technique used with synthesi s gas 
produ ce d  from coal . Urban solid waste or pos sibly wood 
could be u sed as the base for synthesis gas product ion . 

In con junction with the 3 8  million tons of chemical 
pulp pro duced annual ly , approximately 1 9  mill ion tons of 
lign i n  a r e  obta ined in soluble form. It is burned or 
otherwise dispos ed of ; thus almost the entire amount of 
ligni n re qui red for conversion to phenol and benz ene would 
te available without a need for additiona l wood , but a n  
alterna te fuel for recovery boil ers would be r equired .  
Anoth er lignin source i s  the res idues obtained from 
hydrolysi s of lignocellulosi c  materials .  

An approach that will allow lower unit product cost i s  
the use o f  a mul ti -product manufacturing proces s  that uses 
all of the compon ents of the available lignocellulosic raw 
mater ia l .  A simi lar approach i s  used in the oi l ,  meat 
packing , and coal for chemi cal s industries . 

In-d epth eng ineering and economi c analys es should be 
made of such schemes ; th ey should be evalu ated in compari son 
with ch emi cals production from coal and petro leum over a 
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ra nge of raw materials cost . I f  such a compa ri son shows 
pote ntial uti li ty ,  then it i s  recommended that a pi lot pl ant 
study be made . 

Th e substantia l  economi c advantage of tonnage 
chemical s , pl asti cs and polymers derived from fossil fuel s 
ha s re sul ted in  mi nimal level s  of res earch being undertaken 
on t he chemical u se of lignocellul osic materi a l s  over the 
last few decades . The appli cation of modern s ci entific 
techniques and t echnology to thes e renewable resources 
offers th e opportunity of repl acing to some u nknown extent a 
great v ar iety of products now derived from fos sil fuel s .  

Cell ulose , lignin , and hemice llulos es ar e  alr eady poly­
mers and can be converted to usefu l  products without the 
expen diture of large quantiti es of energy . H owever , 
conversi on of cel lulose to rayon , celloph an e, cellulos e 
esters an d  cellulos e ethers is  very energy and capital in ­
tensive . Process improvements in the product ion and 
derivativ i z at ion of chemical cellulose as wel l as the 
regene ration or shaping of the cellulo s e  derivatives to 
reduce pr oduction costs are needed in order for signi f ican t 
expa nsion to occ ur to replace petrochemica lly based poly­
mers . Addit iona l ly ,  substanti al opportunitie s exi st to 
expand th e use of cellulose derivatives by property 
modi f ication to su it industrial ne eds.  

The conversi on of wood ,  agr icultural , and urban 
re si due s into chemicals for the production of most of our 
chemicals and pl astics d erived from petroleum i s  
conceptua l ly fea sible . With r efinements in t echnology , a 
l arge int egrated plant util iz ing all components of the wood 
f or production of ethanol (to be further process ed to 
ethyl ene and butadi ene) , phenol s ,  and furf ural woul d be 
approachi ng economic feasibi l i ty at current petrochemical 
prices . I f  crude oil price s  continue to climb at a fa ster 
rate than wood costs and conversion costs , the economic 
feas ibi l i ty of ch emicals for polymers from wood would become 
certain . 

Ther e is an abun dance of lignocel lulose potential ly 
avail able in the u.s. beyond that needed for structural , 
packag ing , and communications appl ications . This material 
coul d prov ide the basis for a substantial chemicals indus try 
well into the future . 

FOr cons ervation of energy and materials , the logi cal 
seque nce of a �proaches to obtaining chemicals and polymers 
from lignocellu lose i s  as foll ows : 

1 .  Recovery of lignocellulosic chemical s from waste 
streams o f  ex isting manufacturing operation s now 
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using th e se materi a l s  as a sour ce o f  heat for 
ch emical re covery , and from urban and agricultural 
sol id wa ste . 

2 .  conver s ion o f  cel lulos e , lignin , and 
hemice l l ulo s e s  an d their der ivat ive s into u s e ful 
product s taking advantag e of their exi sti ng 
pol ymeric structure . 

3 .  convers ion of cellulos e ,  lignin , and 
hemice l l ulose& into chem ica l i nterm ediates that 
can be rea s s emble d  i nto useful polymer s .  

In practi ce the energy requir ements to achieve these 
obj e ct ives may not prove to be i ncrea sing in the order list­
ed . A st rong re search program should be dire cted at al l the 
appro aches , and engineering and economic a nal yse s car r i ed on 
concurren tly with the conceptual development o f  processes 
and modi f i ed products . 

The refore , CORRIM recommends that : 

• T echnology should be mor e  highly deve loped in 

1 .  Collection , tran sportation and sorting of 
l i gnocellulos i c  r aw materials, 

2 . Production , der ivation and regeneration of 
chemical cell ulose and development o f  new 
structure-property- performance products , 

3 .  Applications for l i gni n  as a materi al based 
on i t s  chemical and physi cal propertie s , 

4 .  Development of technology of composites an d  
b l end s of li gnocellulos e& w ith other 
mat e rial s ,  

5 .  conve r sion of cel lulos e to sugars , 

6 .  Conversion of oils from wood l iquefaction 
i n to useful monomers , 

7 . Conversion of lignin to phenol s ,  and 

e .  Economic and engineering analy s es of wood 
conv ersion process e s  c ompa red to coal . 
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Fuel and En ergy 
(See Chapter 9)  

Of the approximatel y 68 quads [ 1  quad (q ) = 1 0 1 5 Btu ] 
of energy used in the u.s. in 1 9 7 0 . about 5 2  q wer e  der ived 
from oi l and natural gas , 1 4  q from coal , 1 q from hydro­
el ectr i c  power , 0 . 7 q ( 1 97 4 )  f rom nucl ear energies , 0 . 8  q 
f rom wa ste liquor and bark burn ing in the pap er industry. 
and 0 . 2  q from fuelwood . Forecast s poi nt to accommodation 
of f uture energy needs primari ly by expans ion of coal and 
nucl ear energy production . Another option wh ich ha s 
received onl y  limi ted examination at this t im e  i s  the use of 
energy fr om li gnocellulos ic material s .  Swede n now gets 8 
perce nt of her ene rgy f rom wood and Finl and 1 5  percen t .  

What is not generally known i s  that , con s idering wood 
used for energy directly by wood- based industries , even now 
in the u . s .  wood and wood-based materials are u s ed by 
in dus try to g enerate more power than is produced by nuclear 
electri c power stations . Li gnocellulo si c mat eri als may be 
used in a vari ety of ways as a source of energy as fol lows : 

1 .  Di rec t combus tion of woo d and agricu ltu ral re sidues 

2 .  Gas i ficat ion to produ ce l ow  Btu gas and/or methanol 

3 .  Pyrolysi s to form l ow  Btu gas and ch arcoal 

4 .  Liquefaction to produce oil and hydrocarbon fuel s  

5 .  Anaerobi c fermentation to produce methane 

6 .  Enzymat ic or acid hydroly sis to suga r s  for 
fermentation to ethanol . 

Us e of wood and some agricu ltura l  re sidues for energy 
production wi l l  gene ral l y be l ess damaging to the environ­
ment than the us e of coal . For exampl e .  l ignoce llulosics 
contain l i ttl e or no sulfur and mining op erat ion s are not 
involve d .  

For e ne rgy produc tion by dir ect combusti on the best 
oppo rtuni t i es wou ld appear to be i n  the wood- ba s ed indus­
trie s . G a si f i cation of lignocellulosi cs for the production 
of low Btu g as or conversion to me thanol woul d appear to 
have some techn i c al advantag es over gas i f i cat ion of coa l .  
By pyro ly s is , ch arcoal can be produced i n  addition to 
synthe si s gas . The production of oil and hydrocarbon fue ls 
from lignoce ll ulosic s al so h as been demonstrat ed . An aerobi c 
ferment at ion of biological organic compounds to produce 
metha ne and the hydrolys is of the s e  mat eri als to produce 
sugars for fermentation to a lcohol both involve probl em s of 
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chemi cal a cces s ibil ity in the substrate and rather long 
reacti on time s .  

I t  h as been calcul ated that i f  a l l  collectibl e  waste 
bioma ss i n  the u . s .  was converted to energy production . thi s  
woul d sat i s fy 1 2  percent o f  the national energy consumption . 
Agricul tu ral residues and urban wastes consti tute a greater 
potential source of energy than forest residues . Thi s does 
not cons ider v ery large volumes of currently underused 
hardwoods in the nationa l inventory . nor does it consider 
the pot en ti al for substantially increasing forest production 
for fue l use . 

Therefor e ,  CORRIN recommends that 

• Re search be undertaken upon the furt her 
development of the technology of the use of 
lignocel lulosic residues for energy generation by 
forest products and agricultur al manufactur ing 
industr ies to make them more energy 
sel f - sufficient. 

• Indirect energy generation involving gasification .  
and liquefaction (synthesi s  gas , methanol , l iquid 
hydrocarbons) be explored for special situations . 
although direct combustion would appear to be the 
preferred mode of energy generation for in-plant 
us e .  Of these alternatives , the production of low 
Btu ga s would appear to have wider general 
appl ication . The demonstration tree farms 
previously proposed for development by the Forest 
s ervice should include area s  where fuel production 
i s  a ma jor potential use . 

Extractives 
(See Chapter 1 0 )  

Extractive s compri se a group o f  substanc es of small 
volume , diverse nature , and versatile character . Their use 
as by- products from the production and proces s ing of 
mate rials of f ore st , agricultural , and marine origin 
promis es to cont ribute to the economic feasibi lity of 
technolog i e s  bas ed on renewabl e resources . Their nature as 
chemi cal raw materials for the manufacture of industrial 
goods may be c rucial to the competitivenes s of an industry 
relying on continuou s suppl i es of plant and animal ma tters . 
Nava l  stores by-products from the kraft pulping of pines and 
ta llow an d greas e from the ren dering of beef appear to hold 
th e gre atest potential for partially replacing many of the 
petroleum-based raw mater ials in indus tr ial manufactur ing 
proce sses . 
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Th e r e f or e .  CORR IM recommends tha t 

• R e s earch to incre a se pro duction o f  uns aturated 
f atty acids from r en ewab le sources be pursued by a 
combination of improvements in tal l oi l recovery , 
chemic a l  conversion of tal l ow f atty acids and 
development of new oi l s eed crops on l ow qual i ty 
land s .  

• Res ear ch be undert aken on the pos sibi l ities to 
inc rea se the avai labi l i ty and use o f  o l eores ins by 
the dev elopment of herbicide sy stems ( e . g • •  

" pa raquat "  treatment) , and by int en sive re search 
on improved products from r esin aci ds and 
monoter penes . 
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CHAPTER 1 

INTRODUCTION 

Renewable re source s have been us ed as sources of 
industrial materials s ince the dawn of history . wood and 
agricultuta1• �esi dues have long been used as fuels . Plant 
and animal fibers were the original textile raw material s  
and, despite the rapid growth of the synthet ic fiber in­
dustry , are still very widely used . FUrthermore , almost any 
petrochemica l can be duplicated by a wood chemi cal . 

· 

The distingui shing characteristic of the renewable 
natural resources i s  that they grow, that our consumption i s  
not l imited to the supply present at any given moment 
becau se that supply i s  constantly being augmented by natural 
growth ,  and that the extent of this growth i s , to a 
substantial deqree , i n  man • s hands . The concept of 
harvesting solar enerqy , though much di scuss ed recently , is 
not really new. The farmer , the livestock producer , and the 
forest manager have long been "harvesting" solar enerqy in 
the form of renewable re sources . un aided, Nature produces 
substanti al volumes of plant growth by converting a smal l  
percentage of the solar enerqy into cellulose and other 
mater ials ; and man can a ffect greatly ,  within rather wide 
limits , the volume , the kind , and the use of these plant 
material s .  

Figure 1 place s  ren ewable resources for industri al 
mater ials in the wi der context of all industria l  mate ri al s ,  
renewabl e and nonrenewable . Th e  l e ft diagram, derived from 
data contained in the report of the National Commission on 
Materia ls Policy (NCMP 1 973) , il lustrates the percentage 
breakdown of the 4 . 4  bi l lion tons of new bas ic industria l  
materials consumed i n  1 97 2 ,  which is equival ent to 42 , 5 0 0  lb 
per person . 

Renewabl e resources . account for 6 . 6 percent of all 
these materials and account for more than twice the use of 
metal s .  som e  4 1 . 2 percent o f  al l materials consumed , 
however , consi st of petroleum products , coal , and natural 
gas- -nonrenewable resources that derive from incompletely 
decomposed plant and animal matter accumulated over mill enia 
and stored in subt erranean deposits where they · were 
gradually modi fied . In the right diagram, fore st products 
by weight are shown to account for approximately 9 6 percent 
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ALL MATE R IALS 1 

nonrenewable shaded 

1 Sourc:e: RIPO't of the Nat ional Commialon on Materiels Policy, June 1 973. 

F igure 1 USAGE OF BASIC RAW MATER IALS IN  TH E UNITE D  STATES 
(% of Weight Used} 

R E N EWABLE R ESOU RCE MATE R IALS 
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by we ight of the renewable r esources consumed ,  the remaining 
4 per cent being divided among n atural rubber , a nimal fats , 
seed oi ls , cotton , and othe r  fi bers . 

Al though a s imilar set of diagrams portraying the value 
of ma terials con sumed would emphas ize the importance of 
thes e mat erial s ,  it i s  extr emely di f f icult to produce an 
unbia sed va luation chart . The main rea son for thi s  is the 
di ff i culty of def ining comparable stage s of production for 
a l l  of the se mate ri al s  and obtaining appropri ate stati stics 
to apply to them . Without well- defined comparability ,  
certain materia ls may appear i n  such a chart valued at or 
near the f inal product stage where accumul ated val ue added 
is high wherea s  other materials may be value d at an early 
production staqe where accumul ated value added is l ow .  
Di screpancie s in data ,  defini tions of comparabi lity , and 
valuation procedures for these widely different materia l s  
presently lead to a very di storted and large ly meaningl ess 
portr ayal �hen valuation charts are used . 

Of first importance in the study o f  ren ewable resource s 
for industri al materials was an asses sment of th e present 
and potentia l future supply of the resource s that were 
prospective candi dates for substitution of nonrenewable 
resources . The renewable re sources of concern are the 
immediat e  product s of plant and animal growth. A l arge 
quantity of the pl ants and animals deliberately produced by 
man are uti l i z ed for f ood .  These materials were not the 
direct concern of t he present study except in th e case of 
ma teria ls that we re interchangeable between food and 
in dus tr i a l  material , as for example soybeans . I ndi rectly , 
food production wa s of i nte rest to the study s ince the 
residues of many food production activities are prospective 
industria l mate ri al s ,  and vi ce versa in the case of cotton 
production where cottonseed oil and protein are by- products . 

Prom the standpoi nt of quan ti ty , the pr incipal 
renewabl e resourc e used in manufacturing is wood . It i s 
estimated that DtOre than 9 5  percent of the weight of 
renewabl e resources currently used for industr ial material s 
i s  wood. Th e  remainder is made up of a gre at many plant and 
anima l materia l s ,  many the by-products of food production . 
Accor ding ly ,  an a s ses sment of the potentia l produc tion of 
wood for the next several decades was crucial to the study . 
It became important to deal separately with those renewable 
resources that are produced primari ly f or material s and 
thos e that are es senti al ly by-products of the production of 
food . The opportuniti e s  for manipul ating the level of 
suppl y ar e  di ff er ent i n  the two cases . 

Wood a s  an industri al mater ia l source i s  a compl ex 
mater ial . The product of bi osynthesis , it is an elaborate 
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structural matrix compri sed of natural polymers . The prin­
cipal structura l component i s  carbohydrate in the form of 
celluloses and limicellulos es , polymers buil t  up from the 
simple sugars.  

The other ma jor structural component is lignin , a 
three-dimens iona l polymer formed from phenylpropane units , 
which have grown into a complicated, randomly structured , 
large molecule containing many dif ferent kinds of linkages . 
The carbohydrates and ligni n s  make up the ma jor part of wood 
substance . The proportions in these two categories vary 
from species to species . In general softwoods have a higher 
carbohydrate fraction than h ardwood.  In addition to the 
structural polymers , many woods contain additional organic 
substance s .  These chemi cal s  do not make up the basic 
structural matrix of the wood substance and can be removed 
by extraction with a variety of solvents including water , 
alcohol , benz ene,  ether and the like . They are col lectively 
referred to a s  wood extractives . 

The extractives common to wood include such substance s 
as dyestuffs , tannins , oleoresins ,  oils , and fats . These 
occur in woods in varying quanti tie s  and mixtures . The 
prese nce or absence of a particular extractive i s  a species 
character istic .  

The natura l polymers are organi zed into a tis sue matrix 
as walls of cells of various sizes and shapes and cementing 
layers that hold the cells together . Some cell s are fi ber­
like in s hape , some are bri ck-shaped and others re semble 
short cyl inders or barre l s .  some cells are thick-walled and 
some are thin-wal led. The combinations of cell s of varying 
sizes and shape s i s  characteristic of a species . 

The structure of wood is more or l ess important 
depending upon it use . If wood is used for fuel , the 
chemical composition of the wood determines its calorifi c  
value on a unit of weight basis . The organization of the 
molecules into ce l l  wal l s  and cementing layers , as well as 
the s ize and shape of cells and their arrangement in the 
tissue matrix i s  not important in this use . 

I f  wood is u sed as a structural materia l the shape of 
cells and their arrangement in the tissue matrix and the 
ratio of cel l wal l substance to open space i s  of great 
importance since these factors determine the mechanical 
properties of the wood , i . e .  its behavior under stre s s .  If  
wood is used as a f ibe r  source , then the s i z e  and s hape of 
the f iber- like cel l s  and their proportion to the whole 
structure are of great signi f icance . These characteristics 
govern product yi eld and performance . I f  wood is used a s  a 
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chemi cal , then chemical composition is important ,  but ti ssue 
architecture is not . 

The chemical s  that compri se the wood are as sembled 
using solar energy in the photosynthetic process . This 
natural mate ri al requi res a great deal of energy for its 
biosynthesis . When it can be used as a materia l in very 
much the same form as it occurs in a tree wood can be put to 
use with a mode st application of processing energy . Thi s is 
the case,  for example , when it is  us ed as a pole or a 
pi ling. A little more energy i s  used to shape the round 
stem into boards or timbers . I f , however , i t  i s  necessary 
to disassemble the wood into its components and to re­
ass emble the components into a tailored materia l ,  the amount 
of energy required for processing increas es substantially .  
consi derable en ergy i s  required to break the chemi cal bonds 
that link polymers toqether and that combine monomers into 
polymers . Additional energy is necessary if the se building 
blocks have to be re-a ssembled . The same operations that 
consume energy also require the input of manpower and 
capital .  The con servation of energy, manpower , and capi tal 
resources inherent in the use of wood in essentially its 
natural form can di sappear with th e need for extens ive 
tailoring . 

This study differs from other natura l  resource studies 
in that it attempts to examine biological productivity as a 
materials supply function . The usual r enewable resource 
study examines the resource and its productivity and then 
says , "How can I use it?" In this study , we have attempted 
to examine materi al s  needs and then ask how we can produce 
renewabl e resources to meet thos e  needs . In this sense ,  
this study is more akin to analyse s engaged i n  by materials 
sc ientists who se scienti fic perspective has developed 
largely from the conversion of minerals to materia l s .  

There i s  a fundamental dif f erence, however , between the 
problem of meeting materials needs from minerals and meeting 
them from biologi ca l products . The materi a l s  scientist 
whose study is mi neral s and their derivative s typically 
views hi s raw materia l a s  a rel atively simp le conglomerate 
or mixture that has to be purified or s impli fied through 
disa s sembly into metal lurgi cal feed stocks that can then be 
assembled into tailored materials . The scientist who 
studi es plant and animal substances as mater ials u sually 
starts with a raw material that is an elaborate structural 
matri x often compri sed of complex natural polymers . 
Somet imes this plant or animal material is treated just as 
though it were a mineral and di sassembled into a tailored 
material . But more commonly the task of the scientist or 
engineer working with biological materials i s  to convert the 
plant or animal substance into a useful materia l with as 
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little di sas sembly as possible . The original structure was 
creat ed through the growth process util izing solar energy. 
The nearer the biological materi al s s cientist can come to 
utili zing the original plant or animal anatomy in his 
finished materi al , the more he can maximiz e  the uti lity of 
the original solar energy input and minimize the amount of 
processing enerqy that he wi ll  have to provide . Because 
biological materi als are complex , the energy required to 
disa s semble and re-assembl e them can be great on a ton of 
product basi s .  The enerqy conservation value inherent in 
renewabl e-resources-ba sed materi al s  and der ived from the u se 
of solar enerqy in original biological synthesi s can be 
quickly lost i f  too much work must be done to modi fy the 
properties of the material to meet the desires of users . 

The ma jor focus of thi s report is the forests of the 
u . s. , and the wood grown in such forests . Approximately 60 
domestic and 3 0  foreign tree species are judged to have 
s igni ficant comme rc ial importance. The types of woods, 
chemi cal s , and other properties of these many species are 
very great . 

The ancient use of wood for fuel has largely ended in 
the u . s . , but the major use s of wood for lumber , plywood , 
paper , an d  other wood fiber products continue and are likely 
to increase in importance . In the future there may well be 
added a greatly inc rea sed use of wood as a source of useful 
chemical s of many kinds . 

If  the wood from the forest is to meet human needs , it 
must be harvested , processed , and transported . These are 
man-processe s ,  where method s of process inq , costs , and 
returns are domin ant . The economics of renewable natural 
resource use is critical : Does a proposed use pay , not only 
in the usual doll ar terms , but also in terms of use of 
scarc e raw material s ,  especially enerqy , and in terms of 
environmenta l  impact? we could indeed again use wood 
extensively for fue l ,  as we once did ,  but wi ll it be 
economic on any considerable scale? wood for construction , 
packaging , and for communication (paper) has strong economic 
posit ion . While many chemi cals can be manufactured f rom 
wood , the economi cs of doing so are l ess  clear . In 
parti cul ar , what are the al ternative sources of the same end 
products , or of substi tutes for them, and how do the costs 
and advantages of wood-derived and other products compare? 
Furthermore, is it worth di verting wood from lumber and 
other products into alternative uses? 

In making this study, the many goods and services other 
than wood from th e  forests in the u . s .  were also considered. 
Fores ts are used as a place for recreat ion , as a home for 
wildl ife , as wi lderness areas , as a source of water , and for 
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other purposes . The range of such us es is considerable . 
They occur not on ly on publi cly-owned forests ,  but on 
privately owned forests as well . All forests ,  regardless of 
ownership, serve as watersheds and as homes for wi ldlif e , 
although forest management may affect the output of either 
water or wil dl i fe . 

A mil lion or more individuals own forest land , often in 
rather small properties , primarily for their personal 
en joyment . There exi st complex interrelations among the 
various forest us es , some being reasonably compatible,  or 
capable of being made so , with other uses , while other pairs 
of uses are wholly incompati ble .  By car efu l management, the 
compatibilities can be increased and the incompatibilities 
reduced or separated onto di f ferent forested areas , and by 
intensive management the total output of a ll forest goods 
and services can be increased greatly. 

SOCial , institutiona l ,  and political forces influence 
forest use and output . The biologica l potentials of the 
fores t set limits to the output of each of the various 
products and services of the forest,  but the social and 
related factors may reduce substantially the actual output . 
The test of economic feasibi lity or profitabi lity may be 
decis ive in some si tuations but not in all ; other 
limitations may a ri se .  

This report analyzes the production , processing , 
commodity flows , and uses o f  the various renewable natural 
resources . As stated earli er ,  particular attention i s  given 
to wood since in volume and value terms this is the largest 
single renewabl e natural resourc e ,  but attention is also 
given to such plant fibers as cotton and to the by-products 
of food production processes . Emphasis is placed on the 
biologica l ,  technological , and sci entific aspects of the 
production , process ing, and use aspects of renewabl e natural 
resources .  Al l  of thi s is done within the f ramework of the 
society and economy as these are likely to exist in the u. s . 
during the next f ew decades ; al ternative assumptions on both 
social and economi c relation ships are presented . Accurate , 
detai led calculations of the economic feas ibility of many of 
the biological potential s of the renewable natural resources 
are impossible ;  there are simply too many unknowns at this 
date. Wherever possible, judgments about economic 
feasibili ty have been expressed . until new processes or new 
us es of s ome  materi al s are tri ed on a commercia l scale , an 
accurate asses sme nt of economi c feasibi l ity is impos sible . 

The bas ic resource underlying the production of 
renewables i s  land . Ideally,  proj ections of renewabl e 
materials supply would be based on a detailed and accurate 
census of the area of land avail abl e for mat erials 
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production , the current inventory of materials ,  and the 
productive capacity of the land . Unfortunately ,  the 
informati on requi red for these ass essments is far f rom 
precise--both with respect to current inventory and 
productive capabi lity of the land. This is particularly 
true of forest products . 

The u . s .  bas been a net importer of wood f or the past 
six decades . I f  this means that the nation is facing a wood 
shortage , then cl early a ma j or study of the opportunities 
for substitution of renewable resources as industrial 
materials would be a trivial exercise . However , even the 
inadequate inventory data presently available clearly 
indicates that the nation is currently producing more wood 
than it uses and i s  capable of producing much. Given this, 
the e ffort to evaluate substitution prospects i s  worthwhile . 

Another set of parameters of the study that were 
examined were the l egitimate criteria for substitution 
feasibility . The numbers o f  industrial materials that can 
be produced from renewable resources are legion . Many 
industria l  materials are now regul arly produced from 
renewabl e resources in very large quantities . Many other 
industria l material s  have been produced from renewabl e 
resources in the past but have been replaced in the market 
by competitive materials derived from nonrenewables . 
Clearly thes e could be produced from renewables again in a 
favorable ma rket environment . 
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CHAPTER 2 

HISTORICAL PERS PECTIVE 

The development of the u . s .  from a col lection of poor 
co lonies to an af fluent nation has be en  based very largely 
upon ability to e f fectively use a rich endowment of natural 
resources .  These resources included vast areas of highly 
productive l and and tremendous reservoi rs of minerals , 
fossi l  fuels,  and plant and animal biomass f rom natural 
forests and grassland s . The fos sil fuels , coa l ,  petroleum 
and natural gas were themselves forms of stored plant 
bioma ss or derivatives . The plant and animal materi als were 
the most easily accessible and therefore in the beginning 
the most widely used mate ri al s .  

In using these natural plant and animal materials , the 
colonist was exploi ting some very intricate and compl ex 
structures assembled by natural growth processes . These 
materials were derived originally from photosynthesis-- a 
production system driven by solar energy . As long a s  the 
settler was wi lling to use the plant or animal material in 
ess entially the form in which it occurred in the producing 
organism, he wa s able to take full advantage of the materia l  
synthesizing biological process .  I f  he insi sted upon 
changing the natural plant or anima l material to better meet 
his needs , he had to modify it and this required the input 
of addit iona l ene rgy. 

Since plants and an imals  are highly variabl e in nature , 
one a lternative to modi f ication that wa s available to the 
s ettler was to search for a natural material that came close 
to satisfying his requirements . Another option was to grow 
crops or animals to meet hi s  material needs , choosing a s  
gene sources individuals whose properties a s  materi al s 
matched his preferences .  

The primary production uni t in colonial Ameri ca wa s the 
individual f amily . These units were widely di spersed in an 
abundant natural re source matrix , which included l arge areas 
of land suitable for agricultural production and natural 
forests carrying heavy volumes of timber and supporting 
large numbers of game animals . These individual family 
units found the se plants and anima ls to be good sources of 
mater ials becau se they coul d be exploited with simpl e and 
inexpensive hand tool s .  
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As the social structure became more elaborate , the 
plant and anima l components were used for the production of 
industrial materi als in factories as contrasted with the 
earlier exploitation by the family unit . The metal s and 
foss i l  fuels al so increased in importance as a social 
infra structure wa s developed that permitted extraction of 
these deposits an d their conversion to products at central 
manufacturing site s .  wood was original ly the most important 
source of fuel for heating of buil dings , power for industry , 
and for transporta tion via rai l  and boat . When the tremen­
dous deposits of coal and l ater petroleum became available 
at low cost ,  these sources of fuel rapidly replaced wood and 
agricultural resi dues as sources of energy . With the 
increases in available supply of low co st energy , metal s 
were substituted for plant materials in many industrial 
uses . I nexpensive hydroelectric power encouraged massive 
growt h of the alumi num industry . Petrochemica ls f rom low 
cost oil and natura l gas became th e  bas e for a large and 
flour ishing plastics industry . 

The easily accessible coal , petroleum, and metal 
depos its required relatively little investment of capital , 
manpower , and energy per ton of material extracted. As 
demand gr ew  and it became necessary to look to second- and 
third-order deposits , that i s ,  those that were more remote , 
deeper,  or less concentrated ,  the opportunity to draw upon 
other nations • first-order resources wa s often attractive . 
Raw materials were imported when they were less expensive 
than were comparable materi als from domestic supply . Thi s 
was particularly true in cases where the most easi ly acces­
sible sources o f  domestic resources had been exhausted and 
where similar resources in other countries were less costly 
than domestic supplies at second and third leve ls of 
di fficulty of resource e xtraction.  Increas es in u . s . labor 
costs encouraged the development of foreign sources where 
labor intensive extraction operations were less expensive . 
In some cases , materials were required that were simply not 
avai lable within the borders of the u . s .  

But America also s hared its natural resources with the 
rest of the world . The abundant and ea sily exploited pl ant 
and animal materials were some of the best sources of the 
foreign exchange needed to permi t purchas e o f  European 
manufactured goods . The ships that brought a new group of 
immigrants to Ameri ca commonly r eturned to Europe with a 
load of cotton or a cargo of timber . 

As long as natural resources wer e  in ample supply 
relative to demand either from domestic or foreign sources , 
the drain upon these resources was not a matter of great 
public concern in the u . s .  During the past decade , however , 
this publ ic attitude toward raw material supply has changed 
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dramatica l ly .  In some instances , the most acces sible and 
easi ly exploited reservoirs of natural resources have been 
exhauste d  or a re nearly exhausted. Extraction of raw 
mat er ials that are at se cond and third level s of 
acces sibi lity i s  much more costl y in terms o f  capital 
requi rements , manpower needs , and energy demands per ton of 
extracted prod uct .  Furthermore ,  extraction of the s e  hard­
to-get r aw materi a l s  f requently has a greater impact upon 
the environment than was th e  cas e for f irst-order resources . 

The Amer ican publ ic today i s  much more sen sitive to 
what it perceives to be an adver se environmental impact than 
was t he case 1 0  or 20 years ago . A relative ly new body of 
law and government regulati on s  at federal , state , and local 
levels has made the us e of these harder-to- g et resources 
more dif f icult and in some cases have cast doubt upon their 
r eal avai labi l i ty . 

Increa s ing a reas of land ar e pl aced under land-use 
zoning cl ass i fi cat ions that remove them from the materials 
resource ba se . Thi s i s  oft en done be for e there ha s been any 
s erious explorati on to determine whether they contai n re ser­
voirs . of meta l s  or fos si l f uel s .  In creas ing scarcity of new 
energy suppl i e s  with i ts accompanying increa sed cost , partly 
related to the problems of crude oil supply , ha s cast its 
shadow over the supply of many i ndustri al mater ials whose 
energy requi rements for extraction and conversion are high . 

Sharply ri sing pri ces for energy in it s various forms , 
somet ime scarciti es of some kinds o f  energy , evident 
environmenta l prob lems , los s of some environmental 
amenities , and re l ated events have aroused an immense 
popu l ar c oncern i n  the u . s .  within the past decade . 
Increasingly, the que s ti on s  are being asked : Has the 
country enough natural resource s  for its own health and 
we ll-being ,  or can it buy the n eed ed resource materi al s 
el sewhere? Wi l l  we a s  a people strangl e in our own soli d 
waste and ef fluents ? What does the futur e hold, and are we 
doomed to severely curtailed living conditions? 

Que stion s of thi s  sort are not new in kind- - they have 
been as ked by thoughtful people for 200 years or more ; but 
the recent ques tioning i s  both sharper and fres her . In the 
past gen eration there have been a consi derabl e number of 
special boa rds or commis sions that have studied the natural 
resource s ituation in the u . s .  Similarly ,  there have been 
studi es of mate ri a l s  suppli e s  and en ergy suppl ies . But the 
scal e of tru ly pu bl i c  involvement and concern i s  much 
qreater in recent years than it has ever bee n .  Inability to 
buy gasol ine at the service station pump ha s impre s sed many 
a per son in a way that no amount of rea soned ev idence and no 
amount of cl ear writing wou l d  ever have done . 
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In this wave of popul ar concern , much o f  t he attention 
has been dir ect ed toward the fos si l fuels an d minera l s--the 
so-ca lled nonrenewabl e resources . But there i s  increas ing 
inter est in the materi al s that are derived f rom plant and 
animal components- -the renewabl e resour ces . As supply 
probl ems rel ated to some of the nonrenewabl e resources 
appea r to be mo re  and more intractabl e ,  the pos sibi li ty of 
subst itut ing renewabl e for nonrenewable resource s in an 
ef fort to mee t ma teria l need s se ems to many to be worthy of 
exploration .  

Subs titution between r enewabl e and nonrenewabl e re­
sourc es in mate ri als production is not a new phe nomenon . I t  
goes on a l l  of the time and h a s  been go ing o n  for centuries 
in respon se to ch anges in the market pl ace . As the supply 
of some natura l resources becomes more limited , interven tion 
by government s can in duce l arge an d sudden changes in the 
pri c e  an d availab i l ity of c ri ti cal raw mater ia ls . The 
embargo and pr i ce increases on crude petroleum imposed by 
the ma j or oi l- producing countri es of the Middle East during 
1 9 7 4  brought thi s  probl em very for cibly to the attention of 
the Amer ican people . Thi s sort of action is not li kely to 
be confined to petrol eum in the l ong run an d it may not be 
confi ned to nonrenewable resources . The Reg ion a l  Tropi cal 
For es t Ma nagement Advi sor for Asia and the Far East of the 
united Nations FOod and Agri cul ture organi z ation recently 
stated (Fras er 1 9 7 5) : 

Ju st as the Organi zation o f  Petroleum Exporting 
countrie s ha s managed to rai s e  the pri ce of oi l by 
joint e f forts thereby encouraging peopl e to r educe 
waste and at the same t ime conserving the remaining 
resource s ,  so simi l ar action is needed with wood i f  
the fore sts are to be con served an d  gov ernments create 
a s i tuation where they can real ly inf lu ence what i s  
goi ng o n  i n  th e  forest . A start has been made in 
this di recti on with the formation of SEALPA ( South 
East As ian Lumber Producers As soci ation ) , and it i s  
hoped t hat they wi l l  b e  succe s s ful in improving the 
situation . 

Normal market- dir ected respon s e  to such changes may be 
so slow a s  to cause soci ally un acceptabl e cons equence s .  
Just a s  actions by gov ernments can induce these perturba ­
tions , ac tion s by other governments can acce lerate 
corr ect ive respon se s  provid ed that the need has been 
anti cipated and the prope r f oun dation in s ci ence and 
technology has been l ai d .  The u . s .  is not in the most 
favorable po sition to respon d to such a cha l lenge in the 
doma in of renewabl e re sources as industrial ma terial s .  Most 
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of the res earch i n  bioloqical materials science is pursued 
by private i ndustry or the federal qovernment and i s  
directed at the soluti on of immediate press inq problems . 

As of 1 9 6 3  there were 2 4  universities in the u . s .  
offerinq professional proqrams in wood material s s ci ences , 
al though few of these consi stently produced as many a s  1 0  
qraduates pe r  year (El li s  1 9 64 ) . over the years , the se 
programs had produced 3 1 2 1  qraduates at the bachelor , 
master ,  and doc torate level s .  Since that time 4 of the 
larqest and best establi shed proqrams--univers ity of 
Michigan , Mi chigan State University , Duke , and Yal e--have 
dropped all or a major portion o f  their programs in this 
fi eld . over the years through 1 96 3  these 4 prog rams had 
accounted for about 2 3  perc ent of the qraduates in wood 
materials sci ences (Ellis 1 9 6 4 ) . A very small number of 
universities are engaged in materials research rel ated to 
ren ewabl e resources and this number has diminished in the 
past 20 years . Gradua te student enrollment in this field i s  
very smal l .  There i s  no counterpart in the renewabl e 
materia ls fi eld of the university materia l s  research centers 
on the nonrenewable& side establ ished f irst by the Advanced 
Research Pro j ects Agency of the DepartMent o f  De fense (ARPA) 
and expanded under the aegi s of the Material s Research 
Divi s ion of the National Sci ence Foundation (NSF) . 
Accor ding ly , the pool of res earch tal ent ava ilable to 
advance knowledqe in thi s f i eld is smal l and its potential 
for qrowth is poor .  

It i s  believed that it is important to assess the 
potential of substituting ren ewabl e  resources f or non­
renewabl e re sources in situation s where ( 1 )  readily 
avail abl e res ervoirs of nonrenewable re sources are in short 
supply worldwide , ( 2) suppl ies of nonrenewable resources are 
very largely unde r foreiqn control , and/or ( 3) there are 
substantial energy conservation opportuniti es inherent in 
the substitution .  If this nation i s  to be buff ered agains� 
the kind of economi c and social di sruption that accompanied 
the drast ic change in petrol eum supply , it cannot afford to 
wait unti l  a materials substi tution i s  n eeded before it 
develops the required technology . The technological base in 
this area ha s been allowed to deteriorate and must be given 
new vigor in order to stimul ate a healthy climate of strong 
competition among a lternative materials . 
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CHAPTER 3 

NATURE OF RENEWABLE MATERIALS AND COMPARISON 
WITH NONRENEWABLE SYSTEMS 

STRUCTURE AND PROPERTI ES OF RENEWABLE MATERIALS 

Chemical composition 

The components of plants and animals that are used for 
industrial materials vary over a broad spectrum of s tructure 
and properti e s .  Some substances , such as animal manures , 
ar e for the most part un structured . wood, on the other 
hand , ha s a very complex and variabl e anatomy, which in­
fluences its us e as a materia l .  

Th e  ma j or portion of th e biomass of the living 
organ isms in the ecosystems of the world is water . 
FOl lowing water , the other principal components of plant and 
animal ti ssues ar e carbohydrates (usual ly in the form of 
ce llulose , other polysaccharides and sugars) , l ignin s ,  
prote ins , and fat s .  Pl ants are the principa l source s of 
carbohydrate s and lignins , whil e  animal s are the principal 
sourc es of prot eins and fats . 

Protein i s  a composite polymer consisting basi cally of 
2 1  amino acids . Among industrial materia ls composed mainly 
of protein are wool , other animal hairs , s ilk, feathers , 
hides , an d l eather . 

ce llulose and hemicellu los e& are carbohydrate polymers 
built up from simpl e  sugars . cellulose is a long chain 
polymer of glucose (dextrose) anhydride units di ff ering from 
starch only in th e way the glucose anhydride units are 
arranged . Hemi ce llulose& ar e shorter and often branched 
polymers of 5 carbon sug ar anhydrides (pentoses ) ,  such as 
xylose ,  or 6 carbon sugar anhydrides (hexos es) other than 
glucose. Lignin is a three- dimens ional polymer formed from 
pheny lpropane uni ts that have grown into a complicated, 
randomly structured , l arge mol ecul e conta ining many dif f er­
ent kinds of linkages . 

cotton , a pl ant seed hair , is almost pure cellulos e .  
Pl ant tis sues containing lignin are termed l ignified ti s sues 
or lignocellulose . The latter are widespread , typical 
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examples being wood , cereal straws , bagass e ,  bamboo and the 
stems and other tissues of many plants . Lignocellulosic 
materia ls contain approximately SO percent cellulose and 20 
to 30 percent each of hemicellulos e and l ignin . 

Lignin , ce llulose , and other sugar polymers are the end 
products of photosynthesis and contribute a readily avail­
abl e and renewabl e source of carbon .  carbon is the basi s of 
the majority of a ll organic industrial mater ials . 

In addition to thes e ma jor chemical components , the 
plants and animal s contain as integral parts of their 
structure many hundreds of other chemicals . Some a re 
present in many plant and animal specimens , while others 
occur rar ely and only in certain species . Many chemical 
substance s ,  such as dyestuf fs and tannins , were fi rst used 
directly as extracts from pl ant and animal substances .  
Later , they were synthesi zed from coal tars and petroleum 
using the natural materials as chemical model s .  

Extractives 

Extractives occur in pl ant and animal materia l s  to the 
extent of a f ew to some SO percent by weight . For the 
greatest part they are of an oleoresinous or fatty nature , 
with the oleoresin& being confined to a few woody species, 
mainly pine . Oil s  and fats are found in such plant crops as 
soy , cotton, and f lax, a s  well as in tr ees , animals ,  and 
fish .  Ol eoresin& (turpentine and rosin) are hydrocarbons 
with mono- and di - terpenoid structures ; fats and oils are 
glycerides , of mostly saturated and unsaturated fatty acids , 
respectively. Ta l low, lard , and sperm oil are the major 
representatives of animal f ats and oils . These substances 
can be extracted from the pl ant and animal tissues using 
inert solvents including water ,  alcohol , ether , naphtha , and 
benzene . The extractives vary greatly from species to 
species in character and quantity. 

Lignocellulosic Materials 

Wood , the most pl entiful of all of the renewable re­
sources used for industrial materi al s ,  is the ma jor 
component of the stems of the perennial higher plants . It 
is a plant ti ssue , xylem , made up of a vast number of cells 
produced in the plant qrowth process by the cambium , a 
lateral meri stem located between the bark and the wood . 
Only a small fraction of the wood in a tree of any s ize is 
actua lly living ti ssue--a f ew rows of cel ls under the cam­
bial layer . The ma jor part of the woody stem consi sts of 
the cell wall ske leton of cells whose l iving funct ions have 
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ceas ed . In most tree speci es the ma jority of the cel l s  that 
comprise the xylem are long tubular structur es with tapered 
ends ; tracheids in the softwoods (gymnosperms) and fibers in 
the hardwood s ( angiosperms) • These elongated cel l s  are 
oriented so that their long axes parall el the long axis of 
the tree stem . The ce ll wal l s  of the xylem cel ls are 
comprised of fibrils , strand- like conglomerates of cellulose 
mo lecules sometimes regularly arranged to form a crystall ine 
structure and sometimes dis arranged in a semicrystalline or 
an amorphous form . Other polysaccharides (hemicellu lose) 
may also be present , usually in the more amorphous areas . 
The se ce lls are bonded together by a natural adh esive , 
l ignin . 

wood and oth er plant ti ssues containing lignin , cel lu­
lose , and hemicellulose are classi fied as lignocellulosic 
materials . These three maj or components may be present in 
vary1ng proportions , depending upon the specific plant in 
which they occur . In crop residues and in wood , they occur 
in the approximate proportion of S O  percent cellulose, 2 5  
percent l ignin ,  and 2 5  percent hemicellulose . However, 
softwoods (gymnosperms) normally contain mor e lignin (up to 
30 1) and l es s  hemicellulose (approximately 201)  than the 
hardwoods (angiosperms) and crop residues , which contain 
clos er to 2 0  percent l ignin and a correspondingly higher 
percentage of h emicellulose . Al so , the chemical character 
of the lignin polymer di ffers among the softwoods ,  the 
hardwoods , and crop residues . 

The properti es of wood are a function o f  its chemical 
composition and the phys ica l arrangement of its component 
parts . Because of the orientation of the cell s ,  and of the 
fibr i ls and macromolecul es that compris e the cel l  wal l , wood 
i s  anisotropic in its properties . It ' r esponds to stress 
differently when the stress is imposed parallel to the long 
axis of the cells than when it i s  imposed at an angl e  to 
that axis . wood shrinks when it dri es below the f iber 
saturation point , and,  for a given change in moi sture 
content, it shrinks di ff erently alonq different axes . 
[ Fiber s aturation point is  defined as the moisture content 
that prevail s  when the cell cavities contain no free water 
and the c ell wall s are saturated with bound water . ] 

Fiber Materials 

In addition to wood , many pl ant an d  animal ti ssues 
contain fibers that are useful as material s .  Fiber s .  have 
played a prominent role in the welfare of man f rom the 
earl iest civil iz ations to the pres ent . They are f ound 
widely in the animal and pl ant kingdoms . A clas si fication 
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outl ine o f  the more prominent industrial fibers , together 
with their dimensions , is given in Tabl e 1 .  

Ani mal and pl ant fibers are both bui lt up f rom 
po lymer ic mol ecul es ; however , animal fibers are of protein 
orig in and plant fibers con si st mainly o f  ce llu los e .  cotton 
f i ber i s  nearly pur e cellulose, whereas wood f i ber s also 
conta in varying amounts of other polysaccharides 
(collect ively termed hemice l l ulose) an d l i gn in depending 

upon the fiber separation (pulping) process . A mechanical ly 
separated fiber retain s most of the chemical composition of 
the wood , wherea s a bleached chemi cal pulp is l argely 
cellulos e .  

Plant fibers are al l s ingl e cel l s  o f  a long hollow 
tubul ar s hape . A cotton fi ber , for example ,  i s  from 1 0 0 0  to 
300 0  times a s  long as its di ameter ; l ik ewis e , wood fiber s  
are up to 1 0 0 0  times l onger than their width . 

The wal l s  of plant fibers are made up of layers ,  
u sual ly three . The midd le l ayer , whose thicknes s varies , i s  
the controll ing f actor i n  the thickness o f  the cel l wal l 
s ince the other l ayers are very thin . The structure of the 
layer s is fibrilla r ,  with the fi bril s of the outer and inner 
l ayers or iented at a cons iderable angle to the longitudinal 
axis , and those of the midd l e  l ayer a ligned at only a smal l  
an gl e from the fiber axi s .  

The cot ton f iber ba s col l apsed wal l s  an d appears a s  a 
f l attened , twisted tube with spira l  convolution s . Although 
wood , and straw fi bers often retain thei r rounded tubul ar 
form , depending upon cel l  wal l thi cknes s ;  a fter drying on a 
paper sheet , many of the se wall s  are co l l ap s ed a lso and 
present a fl atten ed appearance .  

About 9 4  to 95  perc ent o f  the worl d ' s paper products 
ar e made from wood fiber ; the remain der is made mostly f rom 
cotton l inters , c e rea l straws , an d  bagass e .  Ninety percent 
or mo re o f  the volume of softwoods (qymnospe�s) i s  composed 
o f  f ibers termed tracheids . These are l onger than the 
fiber s of hardwood s (ang iospe rms) . Hardwoods have a sma ller 
fiber con tent and the s e  are shorter than the sof twood fi­
bers . Also, hardwood s have a cons iderable amount of ve s sel 
segments , which a re thin-wal led wi de cel l s . 

Wool , mohair , sil k ,  an d cotton fib er s  have l ength and 
other cha racteri sti cs that l end themselves readi ly to 
sp inn ing and weaving into cloth and oth er texti le produc ts . 
The thermal prope rty of wool and the mo i stur e- absorbing 
property of cotton , as well as the ir appearance and 
wearabi li ty ,  make them idea l for appare l .  Wood fi bers, as 
wel l  as straw and bagasse f i ber s , ar e much s horter than 
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Table 1 

Classification and Si zes of Fibers 

I.  

Cl as s 

Plant fibers 
A.  Frui t fibers 

1 .  Seed hair 
2 .  Pod 
3 .  Husk 

B .  S tem and Lea f F i ber s 

c. Gras s fibers 

D .  Bast fibers 
1 .  Herbaceous 

2 .  Woody plants 
E .  Wood fibers 

1 .. Gymnosperms 

2 .  Angiosperms 

II . Animal fibers 
A .  

III . Mineral fibers 

IV . Man-made fibers 
A.  Cellulosics 

B .  Synthetics 

Spec ies 
or origin 

Cotton 
Kapok 
Coir 
Abaca 
Sisal & 
Henequen 
Wheat & other 

cereal straws 
Bagasse 
Bamboo 

Flax 
Jute 
Inner bark fibers 

Southern pine 
Douglas- fir 
Western hemlock 
Balsam fir 
White spruce 
Red alder 
Red gum 
White birch 
Beech 
Aspen 

Wool* 
Mohair 
Furs 
Silk 

Asbestos 
Glass 

Rayon 
Asbestos 
Poly amid 
Polacryl ics 
Polyesters 
Polyolefins 

Fiber 
diameter 

( ) 

16-21 
20-45 
12-24 
16-3 2  
20- 32 

7-24 
10-34 

7-27 

12- 2 6  
20-25 

35-45 
35-45 
30-40 
30-40 
25-30 

34 

10-100 

Fiber length 
Average 

(Dill) 

12-33 
10-30 

0 . 4-1 . 0  
4 . 0  

1 .  5-4 . 0  

1 . 50 
1 .  70 
2 . 40 

25 
2 . 0  

4 . 33 
3 . 40 
2 . 96 
3 . 40 
3 . 31 
1 . 19 
1 . 82 
1 . 38 
1 . 28 
1 . 32 

25-460 

*Fine merino wool is 10- 30�, carpet and mixed wool 20-100� in diameter . 
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cotton and are le ss flexibl e .  Bence, they do not have the 
properties f or spinning and weaving . They are excell ent ,  
however , for papermaking by forming a wet web o f  interlaced 
f ibers from a water suspens ion . Upon drying , the individual 
fibers become bonded to each other by hydrogen bridges 
between the hydroxyl groups of adj acent fibers . 

Although wood fibers ,  as stated above, do not have the 
form and properti es for spinning and weaving , they can be 
dissolved and recast into filaments and staple f ibers that 
are excellent for spinning , knitting , and weaving . Rayon 
and acetate are produced from wood through a purification, 
dissolution , an d  regeneration process .  

Animal skins and hides are composed mainly of a fi brous 
protein (col lagen) layer termed the corium, overlai d  by a 
thin epidermal layer. The corium consi sts of fiber bundles 
interwoven as a three-dimensional fabric , which gives the 
skin its strength and elasti city. When the skin i s  combined 
with a tanning agent, the f i brous protein is rendered immune 
to bacter ial and enzyme attack, while retaining its 
desirable physica l properti es and fibrous structure.  The 
tanned hide is  termed l eather . 

ORIGI N OF RENEWABLE MATERIALS AND FOSSIL FUELS 

The complex polymeric structures that compris e plant 
and animal substances are synthesi z ed through the u se of 
solar energy , direct products of photosynthesis . As animal 
material s derive from the metabolism of the plants by the 
animals , the energy source is ultimately the same. Man has 
benef ited for centuries from the fact t hat these complex 
polymeric structure s we re avail abl e  to him as materials .  
They provided the models for many simil ar structur es that he 
later learned to synthesi ze from chemical feedstocks derived 
from coal , oil , and natural gas . 

Fossil fuels are themselves the derivat ives of plant 
and animal substances accumulated many millenia ago and 
stored in subterranean deposits where they gradual ly 
decompos ed and were modi fied under the conditions of storage 
under pressure and the absence of air .  It i s  not surpri sing 
that almost any mat erial that can be synthesized from coal , 
oil, and natural gas can al so be synthesized f rom current 
biological material s.  To do so often requires the 
duplication or simulation using fresh materials of the 
decomposition and modi fication processes that occurred over 
thousands of years of subterranean storage . Although 
feas ible technologically , this procedure is uneconomical if 
the fossil material s  already so modi fied by nature are 
readi ly availabl e .  
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The biologica l mate rial s scientist has a potential 
advantage over the geologic al material s  scienti st in that he 
starts wi th a mate ria l produced under a natural process .  
Mu ch of the work requi red to pro duce the ba s ic mate ri al has 
been done in the growth process , provided t hat the user i s  
wil l i ng t o  accept the material i n  essential ly the form in 
wh ich it occurs in nature . In contrast , most geologi cal 
substance s  must be substanti al ly modi fied be fore they are 
usefu l materia l s . The work requi red to convert the geo­
logi cal substances to useful materials i s  a part of the 
conversion technology and requires substanti al input of 
manpower and process energy . Since materia l s  of geol ogical 
origi n have to be synthe si zed in any case, there is every 
reason to attempt to tai lor them precisely to meet user 
needs . Mate ri a l s  of bio log i cal origin can also be tailored 
to u s er  needs ,  but th i s  usually requires that they f i rst be 
di sas sembled from thei r  original pl ant or anima l substance 
form and then re- as s embl ed into the designed material . Just 
as the a s sembly of material s  from geological sources 
requ ires substanti al work fueled by process energy , so the 
disas sembly and re-as sembly of material s from biologica l 
sources al so requires much work and the input of substantial 
processing energy .  

RENEMABI LITY 

A material may be defined as "renewabl e" i f  the supply 
can be r estored or repl enis hed when the initial stock has 
been exhausted . In this s ense, geologi ca l material s 
deriv ing as they do from a rel atively static condi tion a re 
commonly thought of a s  nonrenewabl e .  Bio logical materials 
derived from dynami c growth processes are thought of as 
renewable . While thi s i s  a useful pragmatic distinction and 
on e which ha s formed the bas is for this study . it i s  
probably too simplistic to h ave theoretical genera lity .  

It c an  be arqu ed  that the substances that make up the 
ea rth rarely escape th e planet . Even t hough they have been 
used in material products and are di scarded, they r emain in 
some form to be synthesi z ed  into some materi al to be us ed 
again . They may be captured as waste and recycl ed into 
anoth er version of the same material , perhaps agai n  and 
again . The ga seous ef f luents from burn ing coal , oi l .  or 
natur al gas may become part of the photosynthetic proces s  
that produce s biological materials . 

some material s  of biological origin are renewable i n  
their pre sent form only in theory . The large redwood and 
Dougl as fir logs that ar e  the source of much of our cl ear 
lumber can be repl eni shed as materials only if f ore sts are 
managed on rotations that are several hundred years long . 
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The same is true of some of the fine hardwoods used for 
fancy ven eer s . some o f  thi s  long- term management i s  indeed 
pursued as f or exampl e the case of the Spessart oaks in 
Germany . But it is unlike l y  that much forest land can be 
devoted to this long-term activity , at least where materials 
supply is th e  pri mary , or even an acceptable , obj ective . 

Renewability of natural resources for materia ls must 
th en be thought of in terms of sane time f rame . I t  is not 
an ab solute thing but rather a rat io of the rate of resource 
repl enis hment to th e rate of resource depl et ion . A wood 
mater ial may have a low renewabi lity rat io no matter how 
fe�s i bl e  is its growth from a biologica l standpoint , if its 
rate of stock depl etion is high relative to its rate of 
stock renewa l . A metal on the other hand could have a high 
renewabi l ity ratio if , through recycl ing and modest exploi­
tation , the rat e  of renewal of supply is high rela tive to 
it s rate of deple ti on .  

I n  t erms o f  achi eving a high r enewabi lity ratio th e  
materia l s  o f  biological ori gin h ave the advantage o f  growth 
as a biological phenomenon . They have the disa dvantage that 
their production i s  conf ined to the land surface o f  the 
eart h (except for materi als derived from f ish , wha l e s ,  
seaweed , and other marine and freshwater l i f e) . FUrther­
more , much of this lan d  surface i s  not ava i l abl e for 
mater ials production becaus e it is allocated to othe r  u se s . 

The materia l s  of geologi cal ori gin have the t heoret ica l 
advantage of being avail abl e from the whole mas s  o f  the 
eart h ,  t hough the siz e of the pr es ent resource s i s  seve rely 
limited by the sta tus of current subterran ean ex ploration 
and extraction technology and the rapid ri se in energy 
requi rement to ex tract per unit of di stance from the earth ' s  
surface . 

Whi l e  renewabi lity of a resource ought to be thought of 
as a rat io of replenis hment rate to depleti on rate , it is 
nonetheless true th at today the renewabi lity ratio for most 
mater ials of biological origin is much higher than the 
renewabi l ity ratio for most materi al s o f  geologica l origin . 
According ly, thi s report wi l l  continue to use renewabl e 
resource as a synonym for re source o f  biological origin and 
nonrenewable resource as a synonym for resource of 
geo logica l origin . 
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RECYCLING AND BIODEGRADATION 

Primary Recycling 

Renewable re sources can contribute to improvement in 
the renewabi lity ratio through recycl ing . Becau se renewable 
resources ar e bio degradable , they have two f eedback cycles . 
The primary feedback cycle involves return of the pl ant and 
anima l materials to the eco system to be incorporated into 
future materia ls production . Thi s feedback can occur at 
almost any point in the mat erials production cycl e .  The 
residue s  from the original harvesting operation are eas i ly 
recyc led to the ecosystem , and this is almost i nvariably 
done . cotton plant re sidue s an d  logging s lash ,  for example , 
almost invariably remain on the land and are qui ckly 
incorporated inbo the soi l to contribute to the production 
of the next crop. T.bi s recycling activity requires very 
littl e e f fort on the part of the producer . once the 
mater ial is remov ed from the si te and transported to and 
concentrated at a processing point , the recycl ing effort 
must be a much more deliberate effort . It r arely pays to 
return waste materials to the land in terms of the value 
contr ibuted to the production of the next crop .  

Mat eria ls th at are dis c arded a fter u s e  are likely to be 
even farther from the re source-producing land base than the 
residues of manuf actur e .  Increa sing re stri ction s on the 
di spo sal �f manuf acturing pl ant residue s  and urban solid 
wast e mean that municipal iti es must pay for the di sposal of 
so lid waste . I f  the cost of removal of the waste material 
is ch arged to that activity , then primary recycling that is 
technologica lly fea sibl e oft en becomes economically 
feas ible . 

Materi al Recycl ing 

secondary recycl ing , t hat is , reusing the material as a 
materia l ,  i s  logi stical ly s impler but of limited utility 
with renewabl e re sources . The most common f arm of secondary 
recyc ling of renewable re source s i s  in the production of 
pulp and paper . It is very common practice for the trim and 
other wa ste of a pulp or paper plant to be returned to the 
beat ers and become part of a new furnis h .  waste paper 
col lected after use can be repulped and incorporat ed into a 
new pulp furnish and, in fact , there are some manufacturing 
plant s in the country that operate entirely with a waste 
paper raw material supply .  Today , about 2 2  percent of paper 
fiber is recyc led . The potenti al for r ecycl ing is quite 
wel l-known . In addition to the residue s  from the pulp and 
paper industry itself , the r esidue s from other wood 
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processing operat ions can a l so be converted to pulp and 
paper . waste wood products from urban forestry , construc­
tion . demolition ,  pallets , railroad box cars . and other 
simi lar sources have all been shown to be us able raw 
materials sources . Some of them are al ready being util ized , 
and i t  i s  reasonable to expect this source of fiber to grow 
in importance where location s of fiber product manufacture 
are strategica l ly located to thi s suppl y. 

A study conducted by the Midwest Research Institute 
( 1 97 3 )  for the paper industry forecast that a peak of under 
30 percent of waste paper wi l l  be recycled .  The fact that 
virgin fiber is known to lose most of its strength after 
three cycl es and the fact that repeated recycl ing introduces 
serious probl ems in the accumulation of such nonce llulosic 
res idues as inks. fillers . si zes . and coatings suggests that 
thi s  pro j ected limit on secondary recycl ing of paper is 
reasonabl e. 

Organic wastes 

The greate st opportuni ties for recycl ing of renewable 
resources lie in the uti li zation of organic wastes . These 
are l argely residues of the production and util i zation of 
foods and of biological materials . The se organi c wastes 
tend to be heterogeneous mi xtures of substances . The 
compo sition of wood wa ste i s  reasonably uni form at about 50 
percent carbon , 6 percent hydrogen , 44 percent oxygen by 
we ight on a moi sture-free basis . Agricultural crop wastes 
are l argely compri sed of the structural port ions of plants 
and do not di ffer greatly from wood in relative amounts of 
carbon, hydrogen ,  and oxygen on a moisture- free basi s .  
Munic ipal solid wastes consist o f  wood- derived products 
together with garbage , plasti cs , fabrics , and inorganic& 
(metals . glas s , and soil ) . Although municipal sol id wastes 

are much les s homogeneou s in composition than wood wastes , 
on a large scale in a given location an d  sea son the 
composition is surprisingly uni form and the el emental 
chemi cal content (CBO ratio ) of the organic portion is much 
l ike that of wood wastes on a moisture- free bas i s .  

Tremendous quantiti e s  o f  human an d  animal waste 
products are being generated , which have great pol lution 
potentia l if improperl y managed . These wastes do, however , 
conta in useful pl ant nutrients and organic materia l s  that 
could be as sets to agricultural and energy production .  

Liquid and fecal animal waste are produced primarily 
from cattle , swine , an d  poultry . The moi sture content of 
this material varies f rom 30 to 85  percent , depending on 
animal type. Most of the dry matter in manures i s  organic 
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waste material from animal digestion of f eeds . This organic 
fraction varies with the type of animal and type of feed . 
Although chemical composition is highly vari abl e ,  animal 
waste (feces and urine) contains about 3 kg nitrogen , 2 kg 
phosphorus , and 3 kg potassium ,  plus numerous trace elements 
per metric ton of wet weight . These components are valuabl e 
as plant nutrients and organic matter for the enrichment of 
soi l s . 

Historical ly , most animal waste was generated at small 
family f arms , col lected , hauled to the farml and , and spread 
as fert i l izer . P rior to 1 9 50 ,  farm manure thus used was a 
ma jor fertilizer for c rop production . More recently ,  
economics an d  mechaniz ation factor s have resulted in 
concentrating large numbers of animals in small areas , 
thereby generating tremendous quantities of organic waste 
and disposal problems . During 1 97 0 , for example , cattle 
feedlots with at least a 1 , 0 0 0  head capacity increased 7 
percent to 2 , 27 1  lots , and the largest percentage gain was 
on larger lots wi th 3 2 , 0 0 0  or great er head capacity . These 
1 , 0 0 0  plus head lots accounted for 5 5  percent of the 1 97 0  
feed marketings . At the same time , lots of les s than 1 , 00 0  
head capacity dec reased 4 percent to 1 8 0 , 3 2 9  lots (Peterson 
et al . 1 97 1 ) . 

In addition to animal waste , solid wastes are produced 
from municipal wa ste water treatment plant s .  This material 
conta ins 3 5  to 47 percent organic matter , 2 . 6 to 5 . 6  percent 
nitrogen , 2 . 8 to 3 . 4 percent phosphorus , and a large 
assortment of other chemica l elements . Histori cal ly , most 
of the solid waste has been di sposed by landfi ll , ocean 
disposal , or incineration , but r ecently potentials of this 
material as a nutrient ferti li zer or energy source have been 
recognized. 

RESOURCE DI SPERSION 

one characteri stic of renewabl e resources that 
influences their use a s  industri al materials is an extensive 
and very dispersed geographic base . Sl ightly more than half 
of the land area of the u . s .  is in agricultural or forest 
us e .  This 1 . 2  bi llion acres produces biologica l substances , 
some of which a re e ither ac tually or po tentially usable as 
industrial materi als . In the case of some forests and 
agricultural land dedi cated to such agricultural crops as 
cotton , the ma j or product of the l and is industrial 
mater ial . I n  the case of l and dedicated to food production , 
the potential industrial material i s  in the form of food 
crop residue s .  Approximately 1 1 80 . 5  million acres of the 
land in the u . s i s  forest and cropland, 6 4  percent of which 
i s  used primarily to produce industrial material .  Indu s-
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trial material is a by-product of food production on the 
remai ning 36 percent. The pl ant components of thi s l arqe 
production apparatus are sol ar enerqy col lectors . It i s 
this feature of the biologi cal material s sys tem that makes 
it attractive as a substitute for some porti on of the 
qeologica l material s system . It promises allevi ation of 
ma jor pol lution probl ems . 

on the other hand , thi s same feature of geographical 
di spersion is the source of many of the problems encountered 
in ef fort s to implement substitution of renewable for 
nonrenewable resources for industrial materials . Converting 
these resources into materi al s requi res a large col l ection 
system feeding a central process ing facility with raw 
materia ls . When the biologi cal crop requires many years of 
qrowt h before it can be harvested for conversion , as in the 
case of forest products ,  the area required to service the 
conversion faci li ty on a continuing bas is becomes very l arge 
indeed. Thi s col l ection system is inevitably energy­
consuming itself . The nonrenewabl e resources , metals and 
fossi l  fuel s , are usually concentrated on relatively few 
acres of surface area . Often the conversion f acili ty can be 
located near the concentration of raw material . I n  any 
case , a s ingl e tr ansportation route between resource in situ 
and conversion faci lity i s  adequate . The multi - route

--
---­

coll ection system typical of renewabl e resource exploitation 
does not compare favorably. 
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CHAPTER 4 

MATERIALS SUPPLY 

PRIMARY AND SECONDARY MATERIALS RESOURCES 

As previously noted , renewable resource s for industrial 
materia ls fall into two categories . Primary renewabl e 
mater ials resources emerge from a biologica l production 
system that produces plants or animals for the deliberate 
purpose of supplying materia ls to industry . Secondary 
renewable material s resources are substances that develop as 
by-products or residues of biologi cal production sy stems 
whos e primary objective i s  to produce food, feed, or other 
nonmaterial goods or s ervices . Problems associated with 
estimating inventory and pro ductivity are quite di fferent 
for the two types of resour ces . Cotton f iber i s  a clas sical 
example of a primary renewable resource . When land i s  
dedicated by the landowner to the production o f  cotton , the 
primary objective i s  to produce cotton fiber . The choi ce of 
seed and cultivation procedures are made for the purpose of 
controlling quantity and quality of fiber . The amount of 
land allocated to cotton production is likely to be ·
determined by the landowner ' s  estimate of the amount of 
fiber he can market at a profit . 

Cottonseed , on the other hand, i s  a secondary resource . 
The amount of cottonseed available in any one year i s  a 
function of the amount of cotton fiber produced . This i s  
not t o  say that the secondary resource is not important . In 
the case of cotton , the abi lity to market the secondary 
resource cottonseed has probably made it possible for many 
Amer ican cotton producers to stay in the cotton fiber 
business in the face of foreign competition . 

WOOl can be either a primary or a secondary resource 
depending upon the kind of wool involved . Shorn wool is 
usually obtained from shearing l ive animals bred for high 
wool yields . It  i s  a primary resource when the principal 
objective of the grower is to produce succes sive crops of 
wool . Pulled wool , on the other hand, is a secondary 
resource . It is general ly a by-product of mutton varieties 
of sheep and i s  obtained f rom the pelts of s laughtered 
animals.  
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FOrest resources are u sually thought of as primary 
resources , though thi s i s  not invari abl y the case .  Where 
forests are owned by individuals and fi rms for the purpose 
of producing wood , the forest resource is c learly a primary 
resource . Forests are unusual among biological crops , 
however , in that ve ry large areas of forest land are in 
publi c  ownership- - f ederal ownershi p ,  for the most part . 
These forests are managed under a multi ple-use system which , 
as it is practiced over l arge areas , effectively con strains 
the maximization of material s  production . In many areas 
materia ls production i s  either prohibit ed or severely 
restricted .  With respect to the problem of increa sing the 
supply of renewable resources as substitutes for nonre­
newable resources for industrial materials , emphasi s must 
clear ly be placed upon the primary renewable resources 
production of wood .  

A wide range o f  plant and anima l products are used as 
industrial materi al s. In the u . s . , however , only a few 
account for any appreciable portion o f  the total (Table 1 ) . 
wood is the most important , accounting for more than a 
quarter bi llion ton s per year , and over S6 billion per year 
in va lue at local delivery points in 1 9 7 4 .  Of the vegetable 
fibers , cotton is the most important , with an annual 
production of nearly three mi llion tons and value over S 2  
bill ion at local delivery points for the fiber alone in 
1 97 4 .  wool is the other important n atural fiber produced in 
the u . s .  with more than hal f the u . s .  needs , or 88 , 0 0 0  tons , 
produced annual ly at home . Vegetable f iber s  other than 
cotton are u sed in relatively smal l amounts and are almost 
entirely imported into the u. s. 

FOREST RESOURCES 

A total of 7 5 4  mi l l ion acr es , a third of all l and in 
the u . s . , is clas si fied as forest land. These land s range 
in elevation from sea level to 1 2 , 00 0  feet and inc lude 
extremely diverse soi l s , cl imates,  and topography. Forest 
management must be geared to maintain d iverse plant 
communiti es in al l regions of th e country to permit future 
options for changing forest products and to provide a broad 
range of environments for varying level s of recreation, 
wildl ife , water , and other forest-related us es . 

The status of the fore sts of the u . s .  with regard to 
acreage of commercial forest land, forest yield , growth , and 
harve st i s  under continual study by the Fore st Service , and 
is summarized by the u . s .  Department of Agr iculture (USD� 
at intervals of approximately 1 0  years.  The most recent 
updating of forest stati sti cs is contained in The outlook 
for Timber in the United States (hereafter termed the 
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Table 1 

Renewable Resources Produced in the United States 
Primarily for Industrial Materials - 1970 

Produced Imported Exported 

thousand � 

Wood ( including bark) 
Hardwood 79, 538 6, 04 3 3, 698 
Softwood 145, 018 31, 496 17, 330 

Total 224, 556 37, 5 39 21, 028 

Cotton 
Lin t  2, 541 9 966 
Linters 344 17 47 

Total 2, 885 26 1, 013 

Wool ( grease basis) 88 77 1 

Linseed oil 191 1 26 

Animal hides * 1, 500 365 440 

*Figures for 1972. 

Apparent Net 
Consumption 

81, 883 
159, 184 
241, 067 

1, 584 
314 

1, 898 

165 

165 

1, 425 

Source : The Outlook for Timber in the United States, u. s .  Department o f  
Agriculture Forest Service ( 1974) . 

Agricultural Statis tics, u . s .  Department o f  Agriculture ( 1974 ) . 
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outlook Study) , published i n  1 9 7 4  (US DA 1 9 7 4 d) . Thi s report 
summa ri ze s recent trends in forest l and and timber resources 
in the u . s . , and projects futur e tr ends in timber suppl i es 
through i ntensified management and use at home ,  and through 
greater rel i ance upon world timber resource s  abroad . 

Of the 7 5 4  mi l lion acres of forest land i n  the u . s . , 
the Fores t service cl assifies about two-thirds a s  commerci al 
fore s t  land . In its i nventory , it reports on this 5 0 0  
mi llion acres . The r emaini ng one- third i s  cla s s i f i ed a s  
noncommercial f or one of the fol lowing reasons : 

1 .  About 2 1 1 mi llion acres are clas s i fied noncommer­
cial becau s e  they are judged to be capable to producing less 
than 20 cubi c feet of wood per acre per year-- an arbitrary 
commerci a l  threshold. 

2. About 20 mi l li on acres are cl as s i f ied 
noncommercial because they a re public l ands cl a s si f i ed a s  
pa rk or wi ldernes s o r  were being studied for such 
class ification . 

3 .  About 2 2 . 5  mil lion acres ar e cl as s i fied noncommer­
ci al becau s e ,  whi l e  they are public lands not excl uded from 
the timber ba se a s  parks or wildernes s  land and capabl e of 
producing more than 20 cubi c feet per y ear , they a re in 
central Ala s ka and consi dered i n accessibl e .  

Tabl e 2 indi cates , for the forest land cl a s si fied by 
the Fore st Service as commerci al , the d i stri bution of areas 
among regions and type s of ownershi p .  

I t  should be noted that all privatel y owned forest land 
j udged to be capabl e of producing more than 20 cubic feet 
per a cre i s  a s sumed to be commercial forest land . Given the 
owner ' s  l and-u se obj ectives , many of thes e a rea s a re as 
quali fied for nonc ommerci al status as ar e the ex clu ded 
publi c l ands i n  t erms of their rea l  contribution s or 
prospective contributions to the t imber production base . Of 
this 500 mil l i on acres of so- cal l ed commercial fore st l and , 
sl ightly more than 1 0 0 mi l l i on i s  in federal ownership, 2 9  
mi llion i n  local public ownershi p, and the remaining 3 6 3 
mi llion acre s  i n  priva te own ershi p .  Si zty-seven mi llion 
acres of the priva te l and i s  own ed by forest industries and 
gener ally under s ome form of management , whi le 2 9 6  million ,  
or approximately 60  percent i s  i n  a variety of private non­
indus tri a l  ownershi p c ategori es . The d ivers ity of owne rshi p 
of ou r forest land and the refore di vers ity o f  management 
obj ectives mus t  be recogniz ed in planning programs to 
increase forest production . A corol lary to thi s ownership 
pattern is that non-industr i al private land may have a high 
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Table 2 

Area of Commercial Timberland in the United States , 
by Type of Ownership and Section , 

Type of 
Ownership 

Federal : 

National Fores t 
Bureau of Land 

Management 
Bureau of Indian 

Affairs 
Other Federal 

Total Federal 

S tate 

County and 
municipal 

Forest indus try 

Farm 

Miscellaneous 
private 

All ownerships 

January 1, 1970 

Total u . s. 

Area 
'lhousand 

Acres 

91, 924 
4 , 762 

5, 888 

4 , 5 34 

107 , 109 

21, 423 

7 , 589 

67 , 341 

1 3 1, 1 3 5  

165 , 101 

499 , 697 

Pro­
portion 

18 
1 

1 

1 

21 

4 

2 

14 

26 

3 3  

100 

North 

10 , 458 
75 

815 

963 

12, 311 

1 3, 076 

6, 525 

17, 563 

51, 017 

77, 409 

Rocky 
South Mountains 

( thousand acres ) 

10 , 764 39 , 787 
1 1  2 , 024 

2 20 2 , 809 
3 , 282 78 

14 , 277 44, 699 
2 , 32 1  2 , 198 

681 71 

3 5 , 3 2 5  2 , 234 
65, 137 8 , 379 

74, 801 4, 05 1 

177 , 901 192 , 542 61 , 6 32 

Pac ific 
Coast 

30 , 915 
2 , 652 
2 , 044 

211 
3� , 822  

3 , 828 
312 

12 , 219 
6 , 602 
8, 840 

67 , 622  

Source : The Outlook for Timber in the United States, u. s .  Department o f  
Agriculture Forest Service ( 1974) 

North: Including and east of North and South Dakota , Nebraska and Kans as . 
Including and north o f  Missouri , Kentucky, Wes t Virginia and 

Maryland . 
South: Including and south of Oklahoma, Arkansas , Tennessee and Virginia . 
Rocky Mountains : Montana, Idaho , Wyoming, Nevada, Utah , Colorado, 

Arizona , and New Mexico. 
Pacific Coas t :  Alaska, Washington , Oregon and Cal i forn ia .  
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productive potenti al becaus e of location and site but may be 
producing far les s  than capability because of ma naqement .  

The forests of th e u. s .  are biologi cal ly diverse ; more 
than 40 ma j or for est types i nclude some 60 tree spec i es of 
ma jor importance and perhaps as many again of minor 
importance .  Each speci es has its distinct geographic range , 
parti cular ecological requi rements , unique phys i ca l  and 
chemi cal properti es , and its own set of comm erci al uses . 
The coni f ers or sof twoods such a s  spruce , pi ne , an d  Dougl as 
f ir ,  are the most fully used- -for structura l  lumber , plywood 
and veneer , and for pa pe r  pulp. Resinous pines produce 
naval stores . Broadl eaved trees or hardwood s ,  such as 
oak ,  maple , or hi ckory , are used for specialty products as 
sol id wood or as plywood and ven eers for furniture , pal l e ts , 
f looring , and i n  ma ny othe r forms , including paper and 
paperboar d .  Br iefly t hen , wood come s f rom many di f ferent 
species of tre e s ,  has a wide range of characteri sti c s  and a 
divers ity of u ses . 

In order to exami ne supply , pro ductivity , and growth , 
it i s  necess ary to establish terms of ref erence for measure­
ment . The content of total tree including bole , branche s ,  
twiqs ,  l eave s ,  frui t ,  bark , and roots i s  t ermed biomass , 
usual ly measured as dry we ight . The more common measurement 
of "commerci al volume" wil l  be used rat her than bi oma ss in 
most of this report si nce i t s primary obj ect ive concerns 
industri al use of wood . Commercial volume refers only to 
vo lume of wood in the main bole or stem of the tree above a 
1 - foot stump up to a minimum di ameter o f  4 inche s inside 
bark . 

Pro j ect ion s  of pr es ent and potenti al futur e materials 
supplie s from the f orest us ed i n  thi s study are ba sed on 
in format i on from th e  Outlook Study (USDA 1 9 7 4d ) . The se are 
the only comprehensive data avai l abl e cover ing t he entire 
nation . Typical of most comprehen sive national an d  reg iona l 
fore st i nventorie s ,  they ar e  def icient as a data base for 
evalu at i ng materi al s suppl i e s .  Some of these de fici encies 
are di scu s sed in the f ol lowi ng s ections . 

Inventory Mea sures 

For rea son s lo st almost in antiquity , fore sts have been 
measured with ref erence to thei r product output , the uni ts 
of measur ement having been d eveloped at a t i me when there 
was only one mark et ed product , lumber . The boar d- foot is 
still used today. One board- foot is theoretical ly a pi ece 
of lu mber 1 - foot square and 1 - inch thick . I n  practice , 
however , thi s i s  never the case . The var i at ions ar i se from 
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a variety of causes . resulti ng in a board- foot mea sure that 
is a highly inacc urate measure even o f  s awn lumber . 

Lumber is cut from a green log . It shrinks a s  its 
moi sture content i s  reduced below the f iber saturation 
point .  Some lumber i s  used rough from the s aw and some i s  
surfaced . Lumber wid ths and thi ckn esses ar e speci f i ed in 
terms of their nominal dimen sions . though their actual 
dimen sion s  may be quite di f f erent. Onder the American 
lumber st andard s a nominal 2 inches by 8 inches dry . 
surfaced boa rd must have a minimum dimens ion of 1 1 /2 i nches 
by 7 1 /2 inches .  Thus a board of minimum dimen sions in this 
nomina l size woul d  have a cross section slightly more th an 
7 0  percent o f  the nomina l  cross- section area . The average 
dimension in th ickness and width of lumber f rom any part ie 
ular mi l l  is like ly to be a function of the manufacturing 
precision of that mill . Those that are precise are set 
near er the minimum than tho se th at are l es s  pr acise . Crude 
speci fications and standards for mea surement foster large 
sca le materi al wa ste and make it d i f f icult to e stimate 
availabl e suppl ie s wi th any precis ion . 

Log Rules 

Even greater inaccurac ies in estimating the volume of 
wood re sult f rom the persis tent but crude method s by which 
the number of board- feet in logs i s  estima ted . Log s  are 
bought and sold f or the most part on the bas is of log ru le s . 
These ar e  devi c es that evaluate the useful cont ent of a log 
in te rms of an es timated r ecovery of mi l l-run ungraded 
lumber . A number of l og  rul es o f  this type are used by the 
Ameri can lumber i ndustry . Given the lack o f  preci sion in 
measuring lumber and timber s and the lax manufactur ing pro­
cedures reflected in lumber standards the task of attempting 
to es timate recovery of the s e  materials from round logs of 
various s i ze s  i s  a di fficul t one . 

The n ature o f  all log rules requires that they be based 
on at lea st implicit as sumptions regard ing the lumber manu­
factur ing process . These as sumptions i nclude the mix of 
board si z es to be produced . the wi dth o f  the saw kerf and 
the s l abbing an d  edging pra ct ice s to the employed. Regard­
less of the general val i dity of the geometri cal and alge­
braic procedure s used in devising a log rule . it i s  
obvious that a s sumptions ba sed on manuf actur ing pra ct ices of 
a century ago bear little r e lationship to modern t echnology . 
Manuf acturer s have . of cour s e .  accomodated to the i naccura­
ci es and imprecision of log rul e s .  such cri ter ia a s "over­
run "  and •board- foot/cubic- f oot ratio" repre sent efforts to 
estimate true vol ume f rom th e inaccurate e stimates in terms 
of board-foot volume provide d by use of the log rule . 
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Log rule s are commonly used in the timber trade as a 
bas is for log and tree marketing even in situations where 
the use i s  for veneer rather than lumber . Here the log 
rules , based as they are on estimated lumber recovery , make 
no technological sense at al l . 

With the advent of large-scal e electronic computers , 
the possibility of using si mulation models to predict 
product r ecovery under the manufacturing conditions actually 
projected for use has been explored . A large number of such 
computerized model s  have been constructed and are in use 
(Holmes 1 97 6 ) . Eva luation of logs made in terms of actual 

solid volume or weight can be accomplished with much more 
preci sion than can predictions o f  actua l product recovery 
through the use of log rules .  

Evaluation o f  log content in terms of cubi c volume or 
weight has the advantage of permitting more meaningful 
compari sons among alternative uses for the same log and 
perhaps more importantly for evaluating multiple uses of the 
same log . There ha s  been some progress in subs tituting the 
cubic-foot measur e or weight for the board- foot measure 
although the use of old log rules is sti ll a common practice 
that is fostered by tradition , archaic laws , and government 
practices at national and state level s .  

Volume Tabl es 

The mea surement of tree volumes presents many of the 
same problems that are associ ated with the assessment of log 
volumes . Tree volume s a re customari ly estimated through the 
use of volume tabl es that estimate the " merchantabl e" volume 
of a tree in terms of its diameter 4 . 5 feet above the ground 
and its height . Most volume tables are developed by making 
as sumptions concerning the choi ce of a geometric s olid 
confi guration that approximates the shape of the tree bole , 
the probable stump height , minimum useable top diameter , 
and,  in some case s ,  the mixture of logs that are potentially 
recoverable.  When volume tables are bas ed on estimates of 
product r ecovery , they must include assumptions concerning 
the nature of the product conversion process . commonly the 
log rules , previously di scussed ,  are us ed as the ba si s for 
conversion as sumptions . When thi s i s  done the merchantable 
quantiti es estimated are obviously no better than the con­
version a ssumptions built into the log rule s .  

The geometric soli d  configurations most commonly u sed 
are designed to g ive good estimates of total cubic volume in 
the middle portion of the bole--the so-called merchantable 
port ion of the stem . They are less precise when used to 
estimate those portions of the bol e that are traditiona l ly 
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non-merchantable ;  i . e . , the stump , top , and large branches .  
As fu ll tree use becomes more widely practiced, fai lure to 
accurately estimate the volumes in the non-merchantable 
fraction of the tree i s  an important mensurational 
deficiency . 

Similarly,  volume tables based on single-product use 
will be of limited value in estimating product recovery 
potential when the trees ar e used for products other than 
those anticipated or when they are used for multiple-product 
recovery. As larger components of the tree are used for 
fiber products and for chemical feed stocks , it becomes 
increasingly important to be able to assess raw material in 
trees in terms of weight rather than volume , the 
conventional basi s for fore st resource inventory .  

Inventory of Pres ent Stands 

An inventory i s  essential for adequate apprai sal of the 
current resource, standing volume, current annual increment , 
and-- for stands still in the developmental stages--mean 
annual increment , or the average growth per year from the 
year of establishment to the present time .  

standing volume is measured i n  a number of ways . The 
basic unit of mea sure may be board- feet , cubic volume , or 
weight . The volume of the total tree bole or only a part of 
the tree bole may be estimated. only trees above some 
arbitrary size limit may be counted, and, even then, large 
trees with varying amounts of defect or deformity may be 
omitted . The user who makes chips from any size or species 
of tree, the sawmil ler who wants a specific size or species , 
and the user with ful ly integrated manufacturing faci lities 
are faced with having to appraise the value of the resource 
from the same inventory. 

Adequate sampling of extensive forest areas through the 
management of sample plots in the field is time-consuming 
and expensive . Even the best designed forest surveys are of 
questionable accuracy because of the problems already 
descr ibed with the basic units of measuring , the difficulty 
of making accurate measurements of basic parameters in the 
field , and the high cost of adequately sampling highly 
variable forests. The result is that the forest manager is 
typically confronted with an absence of needed inventory 
data . 

Even when forest inventories provide good estimates of 
the cubic- foot volume of tree boles , such data do not 
include the stump, top of the bole ,  root system , large 
branches , and foliage . Botani sts studying total forest 
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biomass have been restri cted by cost and basic- science­
directed person al deci sions to small and arbitrari ly chosen 
samples . The nature of these samples do not permit the 
gener alization of the resul ts to large forest area s . 
Botanist s  and foresters are both concern ed with forest 
biomass , but the two groups are working independently by and 
large with little or no joi nt effort on using and 
interpret ing data . 

The mea surement of growth i s  subj ect to the s ame 
inher ent probl ems as the mea surement of current forest 
volume or weight. The larger amount of effort required to 
estimate growth , however ,  renders adequate sampling of the 
forest more expensive and therefore mor e un likely . 
FUrthermore ,  growth , involving a s  it does a pro j ection over 
time , i s  inherently less easy to ass ess than current volume 
or mass . 

Curr ent growth or annual increment i s  measured either 
by successive measurements of sample plots or by 
reconstruction of the stand at an earlier time through the 
extraction of increment cores from the tree to permit the 
counting and measurement of growth rings . The former 
technique is the best , but the number of plots remeasured in 
practice is seldom enough to permit adequate sampling and 
the precision of the repeated measurements is seldom good 
enough to provide accurate measurements of the dif ferences 
that constitute growth . Th e use of increment cores in the 
stand-table projection method is  adequate to provi de data on 
the gros s growth of individual forest stands , but may not 
provide accourate estimates growth because of the difficulty 
of measuring tree mortality over a specific period of time . 
In addit ion, tree mortality tends to be epi sodic ra ther than 
continual ,  thus l eading to even greater errors in predic­
tions . Stan d-tabl e pro jection is much l ess satisfactory if 
appli ed to an enti re forest or region than on a stand- by­
stand bas is . 

consumption of Timber in 1 97 0  

The OUtlook Study (USDA 1 97 4 d) provides data on the 
u . s .  timbe r si tuation in 1 9 7 0 . The apparent consumption i s  
derived by taking the annual removals from u . s .  forests , 
adding in timber imports , and subtracting timber exports . 
The overal l  estimates are summarized in Table 3 .  The cubic­
foot estimates are derived from the outlook Study . The 
weigh t estimates are obtained by multip lying the volumes by 
a conversion factor of 2 7 . 4  pounds per cubic foot for 
softwoods and 3 2 . 8 pounds per cubic foot for hardwoods . 
These conver sion factors were obtain ed by weighting the 
average oven-dry weight per green cubic foot for a given 
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Removals , U . S .  
Import 
Export 
Consumption 

Removals , u . s .  
Import 
Export 
Consumption 

Table 3 

Consumption of Timber in the u . s . , 1970 
( roundwood equivalent ) 

Softwood Hardwood 

billion cubic 

9 . 62 3  4 . 409 
2 . 090 0 . 3 3 5  
1 . 150  0 . 205 

10 . 563 4 . 539 
thousand tons 

14 5 , 018 79 , 538 
31 , 496 6 , 04 3  
17 , 330 3 , 698 

1 59 , 184 81 , 883 

Total 

fee t (wood only) 

14 . 032  
2 . 42 5  
1 - 3 5 5  

1 5 . 102 
( including bark ) 

224 , 556 
37 , 539 
2 1 , 028 

241 , 067 

Source : The OUtlook for Timber in the United State s , u . s .  Department of 

Agriculture Forest Service ( 1974 ) 
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speci es ,  a s  given in the wood Handbook (USDA 1 9 7 4 f )  by the 
tota l volume of that species in the u . s .  remove d i n  1 9 7 0 , as 
given in the outlook study. Whereas volume data are for 
wood cont ent of the me rchantabl e bol e only , we ight data 
include a 1 0  percent increa s e  to estimate combin ed wood and 
bark ma s s  of the bol e .  

It w i l l  b e  seen that the u . s .  i s  a n e t  importe r of 
timber products both f or hardwoods an d for softwoods . The 
total con sumption of t imber in the u . s .  in 1 9 7 0  wa s over 1 5  
bi l l ion cubic feet or more than a bi l l i on cubi c feet hi gher 
than actu al removal s from Ameri can forests in that year .  

The annua l growth i n  1 9 7 0 exceed ed annu al harvest. 
Whil e the growth of s awt imber expres sed in board- feet wa s 
only 9 5  percent of removals in 1 97 0 , the growth of total 
growi ng stock expre ssed in cubi c f e et was 1 3 3 percent of 
removal s in the s ame y ear . For sof twoods a s  a group , 
sawtimbe r  growth wa s 8 4  percent of remova ls whi l e  growing 
stock growth wa s 1 1 1  percen t .  Hardwoods , o n  the other hand , 
were bei ng cut a t  a ra te much lower than growth . sawtimber 
growth was 1 3 1  percent of r emovals of h ardwoods whi l e  
growi ng stock g rowth was 1 7 9  percent o f  removal s .  

In 1 9 7 0 , the curr ent annual growth of the c ommerci al 
fores t lands o f  the u . s .  wa s estimated as 38 cubic feet per 
acre per year . The mean growth varied f rom 6 5  cubic feet 
per a cre on fore s t  industry l ands on th e Pacif i c  coa st to 2 3  
cubic feet on publi c lands i n  th e Rocky Mountains . 

Bad all the commercial forest area s  been fully stocked 
in 1 9 7 0  and had a normal di stribution of age cl a ss es ex i sted 
at that t ime ,  the potential annual growth of the c ommercial 
fores ts o f  the u . s . e s ti mated from normal yield tables would 
have been 7 4  cubi c feet per acre per ye ar , or almost twice 
the estimate d  net annual growth . Much of th is g ai n  woul d be 
achieved through harve sting old- growth stands on the Paci f i c  
co ast and in the Rocky Moun tai n s , stands where cur rent 
growth i s  n egl igible, and r eplacing them wi th much faster­
growi ng s econd-growth fores ts . 

Pro j e cted supply in 1 9 8 5  and 2 0 0 0  

In the out look study (US� 1 9 7 4 d) , the Forest service 
ha s pro j ec ted future timber supplies of the u. s . f rom 1 9 7 0  
through 2 0 2 0  at 1 0 -year interval s .  The s e  pro j ecti on s are 
stratified by geograph ic se ction of the country , s pecie s  
group (softwoods and hardwoods ) , and owner ship clas s 
(nationa l fore s t , other publ i c ,  forest i ndustry , other 

pr ivate ) . The pro j ected supplies ar e g iven both i n  terms of 
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cubic feet (roundwood products) and board- feet ( sawtimber 
products) • 

The baseline proj ection in the OUtlook study i s  based 
on the as sumption of a conti nuation of the 1 970 level of 
management . Thi s level is defined as the average amount of 
forest management activities prevai ling throughout the 
1 9 60 s .  Specifically, it wa s assumed that current levels 
would be maintained in such matters as expenditures for fire 
control and area burned , expenditures for pe st control and 
level of damage , expenditures for reforestation and area 
treated, assi stance to private forest landowners , support of 
forestry res earch , expenditures for forest roads and mileage 
developed , and the lik e .  

The outlook study ' s proj ection o f  future timber 
production is based upon a continuation of thes e " 1 970"  
levels of management. In actual fact, the intensity of 
timber management has increased over the years (President ' s 
Advisory Panel on Timber and the Environment 1 97 3 ,  referred 
to after thi s as PAPI'E) • While it would be entirely appro­
priate to ba se es timates of future production on a trend 
line of i ncreasing intensity of management , the baseline of 
a continuing of 1 97 0  levels of management adopted by the 
Forest Service is acceptable for a conservative proj ection . 

Assuming the continuance of 1 97 0  level investments and 
thes e forest management achievements , the trends in pro­
ductive potentia l of the u . s .  forests are highl ighted in 
Table 4 .  The data for 1 9 85  are interpolated from the 
outlook Study . Compared with a total in 1 9 7 0  of 1 4 bil lion 
cubic feet, production for the year 200 0 is estimated at 
2 0 . 3  bil l ion , or an increas e of 45 percent . Much of this 
ga in is attributed to anticipated increases in the use of 
hardwoods and inc reasing ly small er  si zed trees , as the 
avai labi l ity of trees in the present larger sawtimber si ze 
decreases .  

The demand for timber products in 1 98 5  and 20 0 0  will , 
of cours e, depend upon many factors , in cluding ones that 
cannot be forecast at this time . Potential consumption in 
terms of cubic-foot needs projected by the Forest service in 
the outlook study are based on medium pro jections of growth 
in population and economic activity . Assuming that timber 
prices retain their 1 970 relative price levels compared to 
all commodities , proj ected consumption would be 1 8  bi ll i on  
cubic feet by 1 98 5  and 2 0  bi llion by 20 00 . Such a con­
sumption could be met on a nationwide basis (but not 
necessari ly speci es by species , siz e class by size class , or 
region by region) were the Forest Service production 
estimates bas ed on a continuation of 1 970 level s of 
management to be met. 
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1952 

1962 

19 70 

1985 

2000 

Potential 
(Y ield table) 

Source : The Outlook 
Agriculture 

Table 4 

Pas t Production and Future Productive 
Potential for u . s .  Fores ts 

Softwoods Hardwoods 

bil lion mill ion bil lion mill ion 
cu. ft.  tons cu . f t .  tons 

7 . 8 118 4 . 1  74 

7 . 6 1 15 4 . 2 76 

9 . 6 145  4 . 4 80 

11 . 0  166 6 . 5 1 1 7  

12 . 1  182 8 . 2 148 

20 . 5 309 1 7 . 5  316 

Total 

billion mil lion 
cu . f t .  tons 

11 . 9 192 

1 1 . 8 191 

14 . 0 2 2 5  

1 7 . 5 283  

20 . 3 330 

38 . 0  6 2 5  

for Timber i n  the United S tates , u . s .  Department of 
Fores t Service , ( 19 74 ) . 

- 7 6 -

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Should , however, the pri ces of timber products relative 
to nonren ewable products continue to ri se over the next 
quart er of a century at the historic rate-- 1 . 5 percent per 
year for lumber , 1 . 0  percent per year for p lywood, and 0 . 5  
percent per year for paper, then projected consumption would 
be for 1 6  bi llion cubic feet in 1 9 8 5  and 1 9  billion cubic 
feet by 2 0 00 . Th i s  level of demand could be fairly easily 
met in the absence of se rious restraints by the continuation 
of 1 9 70 l evels of management .  

Recent sharp increases in the relative pri ces o f  petro­
leum ,  natural gas ,  coal , iron , and aluminum have raised for 
the first time the possibility that the relative prices of 
timber products might decline in the future rather than 
increase in continuation with past historical trends . Were 
this to happen in the next 2 5  years , consumption of timber 
products would be in the neighborhood o f  2 5  to 3 0  billion 
cubic feet by the year 2 0 0 0 . This level of demand could 
only be met by the early adoption of a nationwide program of 
intensive forest management or by greatly increased imports 
of timber products . Otherwise, the relative prices of 
timber would have to rise to the point where supply and 
demand would fall into balance . 

Increasing FOrest Productivity 

FOrest science has given us a relatively good under­
standing of the factors that determine rate of forest pro­
duction . They are indeed not greatly different from those 
that control agricultural production . Increasing forest 
production whi le maintaining a fixed or decreasing land 
base does require a definite plan of action involving 
further elaboration of factors determin ing forest production 
and application of existing information in the management 
of forest lands . It is perhaps also necessary to point out 
that changes in production of the forest crop require a 
different time scale than those for the most agricu ltural pro­
duction. A given forest may occupy any given acre from 10 
to more than 1 00 years before harvest ; therefore , the need 
for long-range management pl anning and even longer range 
research is obvious . 

Increasing Timber Production Through Intensive Management 

A wide variety of opportunities exist for increasing 
timber production through intensive management (Ostrom and 
Gibbs 1 9 7 3) . The principal approaches include : ( 1 )  
improving the site through fertilization , drainage , and 
irrigation; (2 )  converting forest areas to faster-growing 
species ; (3) improving stocking and shortening the rotation 
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- through reforestation; ( 4) introducing genet ically faster­
growing trees ; (5 )  stimulating the growth of the desired 
speci es through weeding ; ( 6 )  recovering a larger share of 
the gros s growth through thinnings ; and (7 ) reducing los ses 
from fir e ,  insects , and dis eases through better forest 
protection . 

Forest sites may be improved physical ly through such 
mea sures as drainag e, irrigation , and cultivation ; or 
chemically through ferti lization . on many pocosin and 
flatwood s it es of the coastal pl ain of the southern u . s . , 
growth of loblolly and slash pine may be increased from 
negl igible levels to the middle range by drainage ; 
ferti lization with phosphate al so improves the growth of 
thes e pine forests substanti ally . 

In recent years , much research has been carried out to 
improve nutrient relationsh ips in forest soi ls , and 
substantial areas of forests have been ferti lized commer­
cially. In the last decade , some 9 0 0 , 0 0 0 acres have been 
ferti lized in the Paci fic Northwest (mainly Douglas fir)  and 
over 400 , 0 00 acre s have been treated in the southeast 
(mainly slash and loblol ly pine) . The great bulk of this 

commercial fertil ization ha s been by private industry . A 
safe generali zation based upon current knowledge would be 
that nitrogen fertiliz er applied at 5-year interva l s  will 
result in an increa se of 1 5  to 2 0  percent in the volume 
increment of Douglas fir stands on average sites . In the 
Southeast , with a similar fertil ization program , growth 
increases of 30 pe rcent could be obtain ed on perhaps 2 5  
percent o f  the forest land. 

In the Outlook Study (USDA 1 97 4d) , forest site qual ity 
is estimated on the basi s of the vegetation current ly 
occupying the area at the time of the forest survey . Since 
much of our commercial forest land is currently unstocked, 
and s ince an even greater amount of it is stocked with tree 
speci es that are growing more slowly than others that are 
equal ly well adapted to grow on the same sites , the net 
effect i s  that the Outlook Study substantially under­
estimates the growth potenti al of u . s . commercia l  f orests in 
these respects . 

Although opportunities for changing forest type exist 
throughout the country, by far the largest opportuni ty i s  in 
the southern pine region . There ,  a very large area that 
could grow pines and other f ast-growing coni fers well i s  
currently growing hardwoods poorly . Much land i n  the south 
once supported pine , but ha s reverted to hardwoods through 
the exclus ion of fire or harvesting the pine s without 
immediately reseeding or replanting the cut-over site with 
pine . The region has over 3 0  mi llion acres of mixed oak and 
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pine forest and over 8 8  mil lion acres o f  hardwood. Assuming 
that hal f of the mixed wood type and a tenth of the upland 
hardwoods on Site s III-V could be profitably converted to 
pine , the pine acreage in the south could be increased by 20 
million acres . 

Probably the single most important factor in 
maintaining the productivi ty of u. s . forests is the 
development and maintenance of ful l stocking through a 
nationwide program of seeding and planting where and when 
necessary . The outlook study reports a tota l of 20 . 7  
million acres of non-stocked commercial forest land . 

Many harvested areas lie idle for one , two , or even 
more years before regeneration is attained .  I f  planting can 
be done innedia te ly after harvesting rather than one year 
later , yi elds can be increased by 4 percent over a southern 
pine rotation of 2 5  years or 2 percent over a rotation of 50 
years . 

It i s  at the time of pl anting the new forest that the 
possibility of genetic improvement becomes real . Through an 
intensive program of plus-tree selection, seed orchard 
establishaent , and progeny testing in southern pine , the 
projected increase in growth in the southern pine forests 
from a first-generation seed orchard would be on the order 
of 1 0  to 2 5  percent.  Bach generation of seed orchards would 
require 1 0  to 1 2  years rath er than the 30 or 4 0  years anti­
cipated as the rotation age for southern pine plantiations . 
Similarly , in the Paci fic Northwest genetici sts estimate a 
gain of 1 0  to 2 0  years between generations . conservatively, 
the gain for major conifer species in the u . s. would be 1 0  
to 1 5  percent per generation of see orchards . At an inter­
val of 1 5  to 20 years between generations , the gain would be 
about 1 percent per year over the next half-century . 

As fully stocked forest stands develop , competition 
greatly r educes the number of living trees . The reduction 
in the gross growth or increment of the stand resulting from 
this natural mortality results in a substantia lly lessened 
net growth or increment. It has been estimated that the 
yield of Paci fic NOrthwest conifers can be increased from 30 
to 35 percent if stand dens ity is controlled by frequent 
thinnings throughout a normal rotation. 

For most species on average to better sites managed for 
medium-lenqth rotations , gross increment wi ll range from 1 5  
percent to 3 5  percent (average 2 5  percent) greater than the 
net yield indicated by normal yield tables , and that most of 
this gross increment (perhaps 90 percent) can be used 
through thinnings begun early in the life of the stand and 
carried out : at a maximum of 1 0-year intervals.  
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Improved protecti on of the forest from fire, insects, 
and diseas es i s  an obvious way to increase the productivity 
of the forest and the percentage that i s actually harvested 
and used by man . Annual mortal ity losses from all natural 
causes are e stimated i n  the outlook study to be about 4 . 5 
bi l l ion cubic feet of growing stock . These losses nullify 
about a f ifth of the total annual u . s .  forest growth . 
Reducing these losses through improved timber, fire ,  and 
pest management may provide the single greatest means of 
improving timber production . With better forest protection , 
it is certainly silviculturally feasible to reduce mortality 
to between 3 and 4 bi llion cubic feet annual ly . To what 
extent it is economically f easible to i ncrease the costs of 
fore st protection to achieve an increas e in actual harvest 
of 1 to 2 billion cubic feet per year from the forest i s  a 
separate and complex matter . 

In a ddition , the possibility exi sts of using a higher 
proportion of the wood and other parts of trees . The 
def inition of growing stock adopted by the Forest Service in 
the Outlook Study includes the wood in the main stem or bole 
of all tr ees over 5 inches in diameter at breast height 
above a 1 - foot stump up to a top diameter of 4 inches . 
Thus , the stump, the top , and al l the bark are excluded from 
the official statistic s .  Obviousl y the opportunity exi sts 
for closer use of the bole .  In addition , it i s  technically 
feasible to harve st smal l er trees as we ll as l arge branches, 
stump , and the ma jor part of the root system . Even the 
foliage could be harvested and pos si bly used . FUl ler use of 
the forest biomas s is  mechanical ly feasible and should be 
considered in any biological approach to forest 
productivity , whether or not it is economica l to do so. 

An Estimate of Production Potent ial 

In developing a proj ection of future forest areas the 
following as sumptions were made : First , the acreage of 
commercia l  l and i s  predicted to decl ine from 49 5 million to 
47 5  million acres , the leve l prodicted in the outlook Study 
for the year 20 20 . Second, all Site I ,  II , and III  non­
stocked l ands , three mil lion acr es of Site IV lands and one 
mi llion o f  S ite v would be reforested with softwoods .  
Third , 4 . 9 million acres of Douglas fir types would be 
ra ised one site class through nitrogen ferti liz ation , and 
5 . 8 mil lion acres of southern pine types would also be 
raised one s ite class through drainage and phosphate 
ferti lization . Fourth , 1 5  million acres of pine and 
hardwood and five mill ion acr es of upland hardwood in the 
South would be converted th rough cl earcutting and planting 
to southern pines with an average increase in site qual ity 
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of one class due to the faster growth rate of pines on these 
sites . 

Under these assumption s ,  and rounding o ff each category 
to the nearest million acres , the acreage of softwoods would 
be increa sed from 2 4 2  mi llion to 2 6 1  mi llion acres despite 
the overall loss of 20 mill ion acr es of commercial f orest 
land. Most of this increase would be on the better sites.  
The assumptions are optimistic but technical ly feasible and 
economical ly well within real ity . 

The projected volume of timber produced is obtained by 
multi plying the number of acres in each category by the 
assumed production per acre per year . If the total area was 
fully-stocked so that yield tabl e predictions could actually 
be reali zed , it wa s assumed that the product ion per acre 
would be the mid- point in each site productivity class . 
(For the top si te category, the mid-point was weighted 
downward to account for the fact that this c lass contains 
more acreage near the lower end of its range than at the 
upper end. )  Yield table values , however , cannot actually be 
achieved ove r large acreages . It was therefore assumed that 
management would be sufficiently intens ive to produce 90 
percent of yield table values on the highest sites , based on 
European experi ence. Assuming slightly less intensive 
management on each descending site class , we project 80 
percent of yield table production on Site III lands , 70 
percent on Site IV , and 60 percent on Site v. 

Applying the se assumptions, the mean annual production 
would range from 1 4 5  cubic feet per acre per year on Si tes I 
and I I  to 2 1  on S ite v .  Mu ltiplying these values by the 
appropriate acreage proj ections,  the potential productivity 
would be over 1 7  billion cubic feet per year of softwoods 
and over 1 1  billion of hardwoods for a total of 2 8 . 5  bil lion 
cubic feet . This estimated productive potential is twice 
that of 1 970 consumption of 1 4  billion cubic feet . 

These estimates are based on revised acreage 
proj ections detailed above and the simple assumption that 
the level of management will decline with site class.  In 
addit ion, possibilities exist for realiz ing a greater 
percent of the gross production through an intensive 
thinning regime and for obtaining faster growth rates 
through a broadly appli ed tree improvement program . In 
general , normal yield table values can be increased by 2 5  
percent by regular thinninq s , and on those areas clearcut 
and planted with softwoods , growth would be increased by 
about 1 percent per year if tree improvement programs were 
vigorous ly applied on a broad scal e. 
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FOr both thinning and genetic improvement in the 
Douglas f i r  and southern pine regions , an average 
improvement of yie ld of 1 5  percent i s  postulated on Site s I 
and I I ,  of 1 0  per cent on Site III , and of 5 percent on Site 
IV . No gain i s  predicted for Site v .  These predi ctions are 
substant ially les s  than the theoretical gain , but take into 
account the probabi lity that , as the site qu ality decrea ses ,  
so does the likel ihood that thinning operations wi l l  be 
carried out at reqular interval s ,  that thinning s will have 
l imit ed applicability for short rotation southern pine , and 
that clearcutting will be fol lowed immediately by fu ll 
planting with genetical ly-improved stock derived from a 
larqe and intensive tree improvement program . 

Applying the potential gain in growth from thinning and 
genetic improvement, the proj ected increase in the 
productive potential would be 7 6 0  mi llion cubic feet 
annually in the Dougla s  fir r egion and 1 , 1 1 9 mil lion in the 
southern pine region. Adding these two gains to the earlier 
estimate , the total biological productive potential woul d be 
1 9  bi llion cubic feet (290 mill ion tons of wood and bark) 
for all softwoods , 1 1  bi llion cubi c feet of hardwoods (200  
million tons ) , and over 30 billion cubi c feet ( 4 90 million 
tons) for all species . 

The biological productivity of the commercial forest \ 
l ands of the u . s .  i s  such that , where economic and social 
conditions permit , the net realizable growth of these 
forests could be doubl ed within a hal f- century by the 
widespread appl ication of proven si lvicultural practices . 
Polit ical an d  economic restraints may result in a l es ser 
increase in productivi ty. At the same time , with widespread 
appl ication of intensive silvicultural practices , with 
compl ete use of hardwood re sources and complete tree use, 
the potential productivity of u . s .  fore sts would be closer 
to three times the present l evel rather than the doubling 
that is imminently practicabl e. 

It shou ld not be forgotten that the productive 
potential of 3 0  bi l lion cubic feet i s  a biological potential 
that can only be achieved through inten sive application of 
existing silvicul tural technology. Thi s estimate does not 
take into account such restraints as the lack of motivation 
on the part of sma ll woodland owners , r egu lations imposed to 
sati s fy environmental concerns , and failure to ini tiate and 
carry through the intensive management plan on the neces sary 
scale .  
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Forest Resource Material Production Base 

If  the forests of the u . s .  are to have a much more 
important role as  sources of materials in the future than 
the¥ have in the past , then it is important to improve on 
our knowledge of the forest resource material production 
base . As has already been noted , on some forest lands wood 
i s  a primary renewable mate ri al s  resource ; on other forest 
l ands it is a secondary renewable material s resource , and on 
still other f orest lands it is not a materials resource at 
all . Prom a materials supply standpoint , it is important to 
know at any given point in time and with as much precision 
as possible how many acres in each reqion , in each land 
ownership class , and in each site quality clas s  fal l into 
each renewable re sources cl ass . The best opportunity to 
increase materia ls supply f rom forests is to concentrate our 
national efforts on the primary resource l ands . 

unfortunately ,  we cannot say with any great confidence 
how large this primary resource land base is . Obvious cases 
where we do know the land base are the federal forest lands 
that are legal ly excluded from the material s supply base , 
such as park s or wi lderness , and the industrial forest 
ownerships that are managed for timber production and are 
therefore primary renewable material resources . On much of 
the remaining public land and non-industrial privately owned 
forest land the si tuation with respect to dominant use 
objective is much l ess  clear . Much private land ha s been 
withdrawn from timber production by a decision of the owner.  
In  the case of  much federal and state owned forest land , the 
lega l obligation to practice multiple use has converted a 
long accepted forest l and-use policy into a planning no­
mans- land in which real long-range pl anning at least for 
renewabl e resource material s supply has become a practical 
impossibi lity .  J . S . D . Richardson, the distingu i shed British 
forester , has noted that (Richardson 1 9 74)  : 

In many countries of the developed world , the 
traditiona l wood production orientation of forest 
managers is being increasingly questioned . In the 
smal ler countries of Europe (e. g. , Holland and 
Denmark) forests are now managed primarily for 
recreation , with the harvesting of cellulose a by­
product of decreasing importance ;  in North 
America , that opi ate of the forest profession -­
multiple use--is being given real substance , 
part ly by pressures generated by the Sierra Club , 
the Environmental Defense Fun d ,  an d  other 
cons ervation lobbies . 

A recent invocation of a very narrow and restrictive 
interpretation of the Fores t  Servi ce organic Act of 1 897  
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(the u . s .  Fourth Ci rcuit court of Appea ls Monongahe la 
deci sion , I zaak Wa lton League vs . Butz , 1 9 7 5) , if it became 
generally appl icable to National Forest lands , woul d 
certainly eliminate much of thi s vast acreage from the 
category of primary renewabl e materials resource . It is not 
our purpose to judg e  the merits of pres ent l and-use re­
strictions on publi c  forest lands but s imply to point out 
that they cast doubt on the ability o f  the federal 
government and some states to manage forest land as a 
producer of a primary renewabl e materia ls resource . 

A similar si tuation prevai ls  with respect to 
non- industrial private fore st l and. Her e even less i s  known 
about the motives of the owners with re spect to long-term 
materia ls supply or the abi lity of the owners to undertake 
the intensive forest management required to increa se 
materials supply if indeed thi s is an objective . 

The problem of assessing the materials supply potential 
of America ' s  fore st land is important . The exi sting 
obl igation of the Forest service to do this dating back to 
the McSweeney-McNary Act wa s  expanded and reinforced with 
the pa ssage of the Humphrey-Rarick Act in 1 9 74 . But many 
other organiz ations are also engaged in these kind s  of 
assessments . The PUblic Land Law Review Commission ( 1 9 7 0) , 
PAPTE ( 1 973 ) , NCMP ( 1 973 ) , and the NRC Committee on 
Renewable Re sources for Industrial Materia l s  (CORRIM) have 
studied various a spects of the timber supply problem from a 
national vantage point in the last five years .  In addition , 
at least six states have undertaken similar studies for 
their own territories . Onl y  one organization is i n  a 
strategic po sition to make the kind of national forest 
census that can provide a sound basi s f or such assessments-­
the USDA Forest Service . The Forest Service ought to be 
permitted to improve the quality of the census operation and 
financed for that purpose . In so doing , it shou ld carefully 
separate its report on the f orest census from its own 
interpretation of the meaning of the census . The census 
information with field documentation of sampling intensity 
and sampl ing variation divorced from any use,  s i lvicultural , 
economic , or management assumption s  should be freel y 
ava ilable so that research organizations in states , private 
industry , universities , or on a federal leve l can make their 
own i ndependent a ssessments . 

Major changes in the supply of nonrenewabl e resources , 
the cost or availability of process ing enerqy, and soci al 
att itudes toward forest land use can occur over a relati vely 
short time span . The production of a crop of trees requires 
several decades . It i s  therefore important that the science 
and technology required for intensive f orest management be 
tested on an operational scale so that demonstrations , a t  a 
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production leve l ,  are available for the guidance of forest 
land managers when these forest practices are indi cated . 
Since these operational procedur es will vary with specie s  
mix ,  site quality ,  and product obj ective, a substantial 
number of pi lot-s cale operational demon strations wil l  be 
requi red if they are to be representative of the spectrum of 
forestry material s supply opportunities . The knowledge of 
potentially fea sible methodoloqy i s  available in the re­
search centers of the Fores t service , the forestry research 
organizations of the universities, and the research centers 
of  the ma jor f ore stry companies . Plann ing for these 
demonstrations should draw upon all of these int el lectual 
resources . 

A planning team repres enting each of these components 
could be established to plan such demon strations including 
the design of the management pl an to be field-tested . Such 
production experiments should be bold in  their concept and 
should i nclude methods that may not be economically feasibl e  
at the time of instal lation but that have prospects for 
feasibi lity under some future economi c conditions . Such 
large-scale production experiments can serve a useful 
purpose in  te sting the validity o f  speculations concerning 
such env ironmental consequences of intensive forest 
management practices as watershed protection , s oi l  nutrient 
depl etion , ground water storage , etc . 

AGRICULTURAL RESOURCES 

Introduction 

Although fore sts pre sently produce the greatest portion 
of renewable materials for industry , the productive 
potentia l of other ecosystems , particularly agricultural 
cropland , cannot be overlooked in this assessment of 
possible future resource s. 

very few agr icultural materials are produced in the 
u . s .  primari ly for industrial use . Of these , cotton is  by 
far the most important; flax , grown for its linseed oil , i s  
the only other such crop grown i n  quantity. Els ewhere in 
the worl d ,  a variety of  other vegetable fibers are grown for 
export to this country as are a limited number of oi l seed 
crops with primary industri al uses . 
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Primary Aqricultural Material s 

The acreage pl anted to cotton in the u. s. has steadily 
decr eas ed from a hiqh of Q5 mill ion acres in 1 9 2 6  to 1 Q  
million i n  1 97 2 .  Durinq th e  same period , yields per acre 
have stea dily increased with the result that the total 
production of cotton has remained more or less level , the 
1 97 2  production beinq 3 . 3  mi l lion tons of lint ,  3 8 0 . 3  
thous and tons of linters , and 6 6 7 . 6 tan s of cottonseed oil . 
Economic proj ection s by the cotton Council of America and by 
the USDA Economic Research servi ce (USDA 1 9 7 4e) foresee a 
qeneral continuation of thes e  trends wi th cotton production 
beinq concentrated on 1 0  to 1 4  mil lion acres of u. s .  
cropland by the year 2 0 0 0  (USDA 1 97 Qc) . S ince cotton wa s 
grown on 4 5  million acre s in the 1 9 20 s ,  albeit to a 
consi derable extent on nonirriqated lands not us ed for 
cotton today, the re i s  obviously no sbortaqe of farmland 
suitable for meetinq future cotton demands in the u . s . 
Whether or not these lands will actually be used for cotton 
will depend upon the rel ative profitabi lity of qrowinq 
alternative feed and food crops on them. Limitations of 
cotton production in the u. s .  ar e,  and seem destined to 
continue to be , imposed to a much qreater extent by economic 
restraints than by the avai labi l ity of suitable farmland . 

The qrowinq of flax in the u . s .  has steadily declined 
from a hiqh of nearly 5 mill ion acres producinq over 1 
mi llion tons of f l axs eed in the 1 9 50 s ,  to little more than a 
mi llion acre s producinq les s  than a hal f-mil lion tons of 
flaxseed in the early 1 970 s .  considerabl e  uncertainties 
face fl axseed as a crop . The level of production miqht be 
reduced even further if the demand for food crops increases , 
since synthetics could at l e ast partial ly replace l in seed 
oi l for many industrial use s .  Another oil crop , sunflower 
seed , may be repl acinq flaxseed in some producinq areas . 
There seems to be little likelihood that future demand for 
flaxs eed wil l  impose a major load on u. s .  aqricultural l and .  
As with cotton , the limi tations on flaxs eed production in 
this country are economi c ,  rather than beinq imposed by 
shortaqes of suitable land or by bioloqica l considerati ons.  

Secondary Agri cultural Mater ials 

The second cateqory of aqricultural industrial 
materia ls con si sts of those qrown primari ly for food that 
have important secondary industrial uses . In the u . s • •  wool 
is  common ly a secondary product to meat in the economics of 
the sheep industry . Similarly, fats and hides are important 
secondary products to meat in th e beef cattle industry .  
Amonq agricu ltura l crops , peanut oil and soybean oi l have 
important secondary us es as industrial material s .  
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u . s .  wool production has decreased markedly in recent 
years . dropping f rom 2 1 7 . 00 0  tons in 1 9 40 to 83 . 0 0 0  in 1 97 2 .  
The trends could be reversed . however . shou ld the increasing 
cost of grain- fed beef and synthetic fibers result in an 
increased demand for lamb and wool . Range resources appear 
to be ample to accommodate probabl e demand for sheep in the 
forthcoming decades .  

The quantities of major animal by- products (fats and 
hides ) projected to be available dur ing the rest of the 
century s eem to be sufficient to supply both domestic and 
export demand for this period .  Substantially expanded 
suppl ies of cattl e hides . pigskins . and tall ow  should be 
ava ilable . Lard production should plateau at a level not 
too different from that of recent years . 

The production of both soybeans an d  peanuts has 
increased in recent years . The history of soybeans since 
1 950 has been one of moderately increas ing yields and 
dramatically increa sing harvested acreages . Yield per acre 
increased by 2 8  percent between 1 9 50 and 1 9 7 3. Acreage . 
however . increased more than fourfold in the same 2 4 -year 
span . The overal l result was an increa se in pr�duction from 
9 mil lion tons in 1 950 to over 38  million.  

Peanuts contrast with soybeans in that yield has 
increased greatly whi l e  acr eage has actual ly decreased since 
1 9 50 .  I n  the time period from 1 950  to 1 973 . yield increased 
2 1/ 2 times while acreage dropped by a thir d .  Production 
increased from 1 million tons in 1 950  to over 1 . 6 mill ion in 
1 97 2 .  

Both soybean s  and peanuts are expanding crops likely to 
be more important in the future than at present . Their 
industria l  u se s  are decidedly secondary to their uses for 
feed and food. both in terms of amount used and even more so 
in terms of the dol lar value of such us es .  The acreage 
devoted to them in the u . s • •  therefore . will be determined 
in large mea sure by relative economic returns from other 
food crops that can be grown on the same lands . 

Agricultural Re sidues 

The third category of agricultural materials consists 
of those grown primari ly for food that leave re sidues either 
in the f i eld or in the processing plant that have industrial 
potential . These include wheat and other cerea l straws . 
bagasse . cornstal ks . and animal wastes and by-products . 

Some of this material . such as wheat straw . i s  l eft in 
the field ; others . such as bagasse . are concentrated at a 
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process ing site ; and still others , such as vegetable oi l 
foots and an ima l ta llows , are residues of the manu facturing 
process . Cow manure i s  ava ilable in large quantities at 
feedlots , and processed sewer sludge is similarly concen­
trated at urban sewage disposal plants . By and large , 
relatively little of the se re si dues are used as industrial 
material s  because of their general ly low value and high 
collecting and processing costs . 

Wheat and other cereal straws normally lef t in the 
field amounted to over 1 30 million tons dry weight in 1 972 . 
As recently as 1 9 50 ,  some 50 pulp mi lls in the United states 
produced 6 50 , 0 0 0  tons of pulp from wheat straw . Although 
this use has now di sappeared becaus e of economic conditions , 
it  is  availabl e,  and wheat straw may again be needed as a 
source of ce llulose . 

Bagasse is availabl e in large quantities at sugar mil l s  
but must be dried a nd  stored until n eeded . Of the 5 . 5 
million tons produced annua l ly ,  only 2 1 8 , 0 0 0  are currently 
used for pulp and wall board . A smal l amount of flax straw 
is also pulped . 

other fi eld crop re sidues ,  chi efly cornsta lks , con­
tribute to the grand total of over 3 0 0  million tons of plant 
fibers annually available i f  needed . 

Animal waste and by-products are important potenti al 
sources of organic materi al s .  It has been estimated that 2 6  
million tons of dry organic solids are currently available 
each yea r as manure from the largest poultry and hog 
operations and from feedlots with a thousand or more head of 
cattle.  An additional 23 mi l lion tons of organic waste is 
annually availabl e  from the large processing facil ities , 
such as canneries , mil ls , slaughter houses , and dai ries . 

How to use waste organ i c  materials from agriculture i s  
more than an economic problem : I t  i s  an immense pol lution 
probl em. str eam eutrophication and contamination , in 
particula r ,  may a ri se from the disposal of animal organic 
wastes . Crop residues may harbor breeding population s  of 
destructive insects and di seases . Incr eas ingly , the 
industri al use of agr icultural residues , even if not 
profitabl e ,  may be the best way of reducing waste pollution . 

FUture production of pl ant and animal residue s wil l  be 
almost entirely determined by food requirements and use .  
Assuming continued population increases , food needs are 
a lmost certain to increase and produce a concomitant 
increas e in agricultural re sidues . The extent to which 
these wi l l  be u sed for i ndustri al purposes is , however, 
uncertain . They wi ll be , however ,  abundantly avail able . 
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Agriculture Resource Materials Production Base 

An estimated 3 60 million acres were used for crops in 
the 4 8  contiguous states in 1 97 4 , excluding idle cropland 
and cropland pasture . Including these categories , the total 
cropland i s  about 4 30 mi llion acres , an d  this is approx­
imately the maximum amount cropped at any one time during 
this century in the u. s .  Since 1 94 9 ,  some 7 0  mi llion acres 
have been dropped from the cropl and bas e ,  chiefly in areas 
characterized by broken terrain , small fields , and small 
ownership units . During the same period , from 3 5  to 40 
million acre s have been added . 

According to the USDA Economic Res earch service, there 
are currently some 1 0  million acres of Class I land suitable 
for conversion into regular cultivation (USDA 1 9 7 4c) . An 
addit ional 2 50 mi l l ion acres could be used f or  cropland but 
are subj ect to climatic limi tation s ,  an d  soil,  drainage, and 
erosion probl ems . Less than 1 00 million acres of these 
categories are considered to have high potential for 
conversion into cropl and. 

Adequate cropland seems to be available to fil l  u. s .  
domestic needs an d  expected foreign demand for several 
decades .  Wi th continued favorable prices for f arm products, 
no constraints on land use , and a reasonable rate of 
development , land could be converted to cropland as  needed 
to fill our food, feed, and fiber needs . 

Recent surveys of projected demand for agricultural 
products indicate that the u . s .  can produce its own food 
needs and supply export markets through the year 2 0 00 if 
present trends continue. The whole subject of agricultural 
production efficiency has recently been reviewed in a report 
of the National Academy of sciences (National Research 
Council 1 97 5 ,  ref erred to a fter this as NRC) . The pro­
ductivity of cotton , f lax, and other agricultural materials 
used for industri al purpose s constitutes but a small portion 
of American agricultura l production . The 1 97 5  NRC report, 
therefore , appl ies equal ly to agricultural industrial 
products and agricultural food products . CORRIM sees no 
basis for believing that either the biological productivity 
of agricultural lands or the lands available for growing 
crops wil l  l imit agricultura l production of industrial 
materials in the u. s.  for the rest of the current century. 
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CHAPTER 5 

SUBSTITUTION 

THE BAS IS FOR SUBSTITUTION OF MATERIALS 

The history of the use of substances as industrial 
mater ials is repl ete with substitution among substances . 
Minerals have been substituted for wood in construction 
material s .  Petroleum-based plastics have been substituted 
for paper as some packaging materials . Natural rubber was 
subst antially replaced by synthetic rubber , and now the 
reverse substitution is occurring . Substitutions are al so 
common within major industrial material categori es : one 
wood product i s  f requently substituted for another , one 
metal for another . Plywood has been substituted for lumber 
in many cases , and hardwood s for softwoods in pu lp manufac­
turing , among others . In fact there are very few industrial 
materia ls for whi ch another material is not technically 
subst itutable .  FUrthermore , there are few industrial 
materials for which the re i s  only one substitut ion option .  

Deci sions with respect to substitution are often 
strictly a matter of cost and/or of prior capital invest­
ment . I f  the eff ect of making a substitution involves 
scrapping conversion facili ties designed to use the original 
materials , changes in organization , equipment , and the mix 
of human ski ll s required , it wil l  be undertaken only if the 
economic advantages are considerable and are over a period 
of years . The necessity to abruptly consider substitution 
arose most recently with the oil embargo. Many nations had 
permitted themselve s to depend on foreign sources of a 
critical raw mate rial without having made provis ions for 
substitution . The subsequent increase in the price of 
petro leum has suggested that , in addition to providing for 
the s hort -tera substitution needed in the case of an 
embargo , it may be desirable to al so search for long-term 
alternatives to petrol eum as an energy source or a s  a raw 
material . Whi le a number of  technical options exi st ,  i t  is 
not clear at this time which options are economical ly most 
attractive in the long run and which are social ly accep­
tabl e .  Poss ibilities in the case of energy are to shift to 
nuc lear fuel s ,  solar energy , geothermal energy , coal , wood, 
some plant and animal residues , and urban wa ste . Wood , of 
course,  has a long hi story of use as a fuel and clearly 
could be used again . However , it i s  presently used for 
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other purposes than fuels o r ,  in the case of res idue left in 
the forests , is  quite expensive to collect and del iver to 
fuel consumption si tes . The same problems exist with some 
of the other potential petrol eum substitutes .  Thus a 
deci sion to divert a plant or animal substance to use as a 
fuel material could result in a supply shortage or an 
increase in supply cost in the system currently using such a 
mater ial . 

The number of technical ly f easible materials substi­
tution al ternatives available to the nation and its 
industries for the solution of supply problems is l egion . 
Lists of potential substitutions are very long . Arguments 
over the advantages and disadvantages o f  a particular 
candi date for substitution can be pursued in great detail . 
These exerci se s  tend to be meaningfu l  only at a particul ar 
point in time . The purpose o f  this study was to examine the 
basis for evaluating substitution opportunities and to 
assess social and institutional restrictions on 
substitutions that might significantly reduce the number of 
avail able options in the long run . 

The choice among re sources to be used in the production 
of a mat erial is likely to be based on the quantity and 
quality of its long-term supply potential , the capital 
required to ex ploit i t ,  the availability of the necessary 
manpower , the ene rgy that must be added to convert it to the 
useful form, environmental impacts , tastes and preferences , 
and a whole · .  host of institutional factors . The methods of 
mat er ials supply systems analysi s developed in thi s study 
explore these paramete rs and examine their interactions . 

TBE REFERENCE MATERIALS SYSTEM 

The material s system is quite complex in view of the 
availabi lity of many natural resources either of a renewabl e 
or nonrenewable cha racter. Whi le the mater ials system i s  
central to the operation of a modern society , this system 
has many other attributes involving effects on employment, 
energy needs , capi tal requirements , and the environment. If 
data on these key a spects were organi zed in a rational, 
systematic manner , a powerful tool woul d be available as a 
framework for economic anal ysis of substitution alterna­
tives . 

Although the need to address the rol e and attributes of 
material s in the u . s . economy in a broad systems framework 
is quite apparent , little substantive work has been done in 
this area . An exception is the ef fort at Brookhaven 
National Laboratory to define the use o f  energy in the 
economy using the concept of the Reference Material s System 
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(RMS) . This technique provided this study with a framework 
for the material s a ssessment that was needed in order to 
cons ider the future role of the renewables as a source of 
materials and , more specifically ,  as substitutes for 
nonrenewable& in particular end uses . This technique 
faci lita tes the integration of diverse information on the 
technical ,  economic , and environmental aspects of the 
materials system and the analysi s of material use and 
substitution . The scope of RMS is outlined in Fiqure 1 .  

At the left side i s  a list of resources , renewable and 
nonrenewable , that may be considered. Products and end uses 
are listed on the riqht side and the "activities " involved 
in convertinq a resource to the end uses are li sted across 
the top. A completed RMS presents a network representation 
(Fiqure 2)  of the f low of materi als from the resources side 

throuqh all of the activities to the specified end uses . A 
path linkinq the activities that reflect the steps necessary 
to convert a specific resources to a specific end use i s 
called a traj ectory . Each " activity" in the tra jectory 
represents a techni cal process or production step that will 
be characteriz ed by a flow element in terms of quantity of 
material and such data elements as requirements for labor, 
capital , enerqy , land use, ferti lizer ,  etc .  In fact , one 
would ideally construct a s eparate network representation 
(or s et  of trajectories) for each data element or factor 

input . Dependinq on one ' s  interest or on what factor of 
production is considered critical , one would analyze a 
particular traj ectory (such as the labor trajectory , or the 
enerqy trajectory , etc . ) . In RMS tra jectories presented as 
examples , materia ls f low and enerqy r equirement data are 
used more frequently than manpower and capital requirement 
data because materials f low and enerqy data were more 
readi ly available and complete , not because CORRIN qave any 
special priority to materi al s  flow and enerqy over manpower 
and capital requirements . 

The RMS system may be used as a basis for analyzinq 
factors that coul d affect the role of renewable resources in 
the economy. The analyse s are accomplished by usinq a 
perturbation technique whereby incremental chanqes in 
resource s avai lability or availability of various production 
factors are traced. 
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The resources and end uses described in the system are as 
follows : 

Resources 

Renewabl e :  

Forests hardwood 
softwood 

other forest resources 
coconuts 
ci trus peel 
other 

Agricultural crops 
Livestock 

Nonrenewable : 

Steel 
Alumi num 
cement and concrete 
Glass 
crude oi l and natural gas 

. coal 

End Uses 

Printing and publishing 
Packaging and containers 
Fibers - woven fabrics 
Non-woven fabri cs 
Building and construction 

- residential 
- commercial 

- industry (non-energy) 
-energy , electric 

utilities 
- energy, other than 

electric 

Durable goods 
Transportation 

Chemicals 
Electric power, fuel s 
other fuels 

The activities included in the system are :  

Production o r  growinq 
Harvesting or extraction 
Processing 
Transport (aggregated shipments during 

a l l  flow stages) 
Fabrication in primary form 
Installation , erection , and maintenance 

The latter cateqory , particularly the maintenance 
requirements , are of special importance in the selection of 
materials for optimal life cycle usage. Unfortunately , the 
data available at this stage of development of RMS were 
quite sparse,  and much more work needs to be done. Data on 
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durability and re-usability of material s  were even sparser . 
The RMS network represents a comprehensive view of the 
materials system that i s  quite useful a s  a tool for the 
analysis of alternative material s ,  technology , and policies . 

A considerable effort was made by CORRIM to gather 
current data on the flows of renewable resources and the 
attendant requirements for l abor , energy , capital ,  and other 
factors . This information i s  presented in detail in the 
study reports cited in the Foreword and the data are 
organized into detailed RMS in the report - Reference 
Materials system: A Source � Renewable Material s  
Asse ssment. I n  that report the system i s  broken down into 
subsystems and individual traj ectori es . Some of that 
detailed information is presented el sewhere in thi s report 
in the di scussi on  of specific supply and u se i ssues . As 
examples of these RMS Fiqure 3 presents physica l f lows for 
the year 1 97 2  and Figure 4 presents the corresponding energy 
requirements . capital and labor requirements and environ­
menta l consequences are equally important in the assessment 
of alternative materials . However , early in the CORRIM 
study it became apparent that there were not su fficient data 
presently available to allow development of complete RMS for 
these factors , nor was there suf ficient time to accompli sh 
detailed studies to develop these data . consequently , the 
trajectories developed in thi s  report emphas ize the mass 
f lows and enerqy requirements for which adequate data were 
obtained . Partial trajectories for these other factors are 
available in the above-mentioned report . Concentration on 
mass flow and energy obviously constrains the analyses 
presented. However ,  s ince the one input , energy , which is 
least subject to change is incorporated in the CORRIM 
analyses , thi s shortcoming may be l ess severe than expected . 
TO the extent tha t data for the other factors may become 
avail abl e in the future, they may be easily displayed in 
this same format. The data coll ection effort by CORRIM was 
a monumental task ,  given the many sources and units of 
measurement. For analytical methods such as RMS to be 
useful in decision making , it is important that thi s nation 
have readi ly avai lable and consistently measured data on the 
flows and factor inputs rel evant to renewable and 
nonrenewable materials production activities . 

These requirements may be converted to unit 
requirements on the basis of either a pound of material 
throughout for each activity or some unit of the final 
material product delivered to an end use .  In one o f  the 
case studies that follows this discussion ,  for example ,  the 
conversion was made in the case of enerqy to the 
requirements for electric and non-el ectric energy per unit 
of final product (e . g . , milk carton , bag, or meat tray) . 
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Analy sis of Materi als Use and substitution 

The Reference Material s System is used for the analysi s 
of materials use and substitution by the technique of per­
turbation analysi s . The reference system reflects current 
and projected use patterns , assuming little dramatic change 
in the role of renewable s .  Depending on the detai ls of the 
analysis to be performed ,  RMS may be used at the level of 
agqregati on presented in a previous section or at the more 
detai led level .  Regardless of the l evel of detail used in 
the analysis , however , the results may be pres ented for 
overview or pol icy purposes in RMS format used in the 
previous section of thi s  report . 

The techni que of perturbation analysis involves the 
following ba sic steps : 

1 .  Analysis of the specific end use involved in a use 
or substitution problem. 

2 .  Definition of any new process es to be used in the 
affected tra jectory f rom the resources to the specific end 
use (definition of los ses ; energy, labor , and capital 
requi rements ; and envi ronmental effects)  • 

. 

3 .  Revi sion of flows through the affected 
traj ectories in RMS to reflect the revi sed use or 
substitution of material s and/or new processes . 

4 .  Accumulation and tabulation of resources , energy , 
labor , capital ,  a nd environmental consequences of the use or 
substitution . 

In analyzing the speci fic nature of the substitution ,  
it i s  necessary to address the specific application . The 
mass ratio of substitution (e . g . , pounds of paper that would 
replace a pound of plastic) depend on the speci fic appl i­
cation and the nature of the material . One would thus have 
to focus , for example , on paper bags as a substitute for 
polyethyl ene bags . The determination of these substitution 
ratio s must be done exogenously to RMS and the results 
refl ected in the revised or perturbed RMS . A considerable 
amount of data were developed in this study to determine 
such mas s ratios in residential construction . 

The def ini tion of the technical characteri stics of new 
processes must al so be done exogenously to RMS by peopl e 
with a processing background . The intent of RMS format is  
t o  capture thos e characteri stics of  the technology that are 
important to materials poli cy . SUch technical detail ,  or 
reality ,  is often overlooked in policy formulation because 
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it is not available in a consistent and comprehensive 
format . 

FOl lowinq these steps , the perturbation of the appro­
priate trajectori es and the accumulation of information on 
detai led consequences is straiqhtforward using RMS. In the 
case of an analysi s of the substitution of paper baqs for 
polyethylene baqs , for example ,  the flows throuqh the wood 
to paper traj ectory would increase by the appropriate 
amount, while the f low of crude oil and natural qas tbrouqh 
the petrochemical trajectory would be decreased . The full 
materials system implication s may then be traced all the way 
back to the forest and the source of the oil , imported or 
domestic . The re sults of the analysis may then be used as a 
bas is of support or revision of the oriqinal use or substi­
tution mea sure . 

When used in this fashion , RMS can be a useful 
technique for the analysis of materia ls policy .  It must be 
recoqniz ed that the technique focuses on the physical 
structure of the system and its requirements .  Thus , 
althouqh substitution analy sis may be performed in a rather 
direct manne r ;  in cases of more qeneral policy analysis ,  the 
effects of a policy action on the supply or demand for 
materials used , and on the physi cal structure of the system, 
must be developed or estimated prior to use of RMS . 

ca se Study in Substitution Analysi s 

The Reference Material s System provides a basi s for 
analysis of the con sequence s of materials subst itution . The 
RMS data on mas s flow, enerqy , labor , and capital require­
ments allows these factors to be addressed in some detail . 
In or der to demonstrate the application of  RMS to materials 
substitution analysis , two illustrative case studies have 
been developed . These deal with the areas of construction , 
where wood competes wi th such minerals as a luminum ,  steel , 
and products derived from petroleum , and of containers and 
packaqinq , where paper products compete with plasti cs and 
ql ass . 

These case studies illustrate the use of RMS to analyz e 
enerqy requirements of alternative material s used in the 
same end use . It should be remembered that , before econanic 
analysis can be performed , s imi l ar  RMS analyses should be 
performed on labor requirements , capital cost requirements, 
and other aspects important to the situation . These case 
studies are therefore il lustrations of the use of RMS and 
ins iqbts qained , rather than a canpl ete economic analysi s 
amonq the alternatives presented. 
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case study 1 1  Bui lding & con struction 

Tabl e 1 presents data found in the statistical appendix 
to the special study report Renewabl e Resources for Struc­
tural and Architectural Purposes li sted in the Foreword. 
These data a re quantities of the material components and 
enerqy used per 1 0 0  square feet of construct ion of a 
parti cul ar type of exterior buildinq wall . The enerqy 
a spects detailed for each component are fuel used in loqqinq 
or extraction (col . 2) . manufacturinq enerqy (cols . 3 . 4) • 

transportation fue l (col . 5) • and en erqy produced from 
manuf acturinq residues (col . 7) . The latter represents 
production of enerqy as a by-product of makinq the exterior 
wall , wherea s the former three cateqori es represent energy 
consumption .  Net energy required or "net enerqy drain" is 
the difference between the total energy consumed an d the 
enerqy produced. 

The upper tra jectory in Fiqure 5 presents this infor­
mation summarized in RMS format. The oven dry weiqhts of 
the fabricated components (col . 1) have been converted from 
tons to pounds and are qiven as the first number in 
parenthesis bes ide each component a s  li sted under Product 
Identification in RMS . Thus 0 . 1 04 oven-dry tons of qypsum 
is equivalent to 2 0 8  pounds . The sum of the weiqhts of the 
components per 1 0 0  square feet of construct ion is 6 8 4  
pounds . The manufacturinq enerqy value for each fabricated 
component i s  the second number in these parenthesi s . For 
example . the 1 1 0 pounds of plywood sheathinq used requi red 
0 . 00 8  mil lion Btu of manufacturinq el ectrical energy plus 
0 . 370 mi llion Btu of manufacturinq heat for a total of 0 . 37 8  
million Btu . I n  the transportation activity . these 6 8 4  
pounds o f  components required an aqqreqate of 0 . 432  million 
Btu (obtained by summinq column 5 of Table 5) . Similarly . 
loqqinq or extraction to obtain raw materials to produce 
thes e 6 8 4 pounds of final components took 0 . 20 4  mi llion Btu 
(col . 2) . I n  thi s  case manufacturinq activities on raw 

materials produced res idues that were converted to 0 . 931 
million Btu (col . 7) of enerqy that were available . This 
"qain " in energy i s  siqnified by the dashed back arrow 
indicatinq a return to the system. The net energy drain to 
produce these 6 84 pounds of components for 100 square feet 
of wall i s  obtained by summinq the energy consumptions and 
subtractinq enerqy production : 
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I .... 
0 
w 
I 

Ta,ble 1 

Exterior Wall : Medium-Density Fiberboard Siding, Plywood Sheathing , 2 x 4 fr ame 
Total NET ENERGY requirement per 100 square feet of construction!/�: 2 . 541 mill ion Bt u 

Weight Loqging Manufacture 
Component f uel Electric Heat ovend� 

Tons --------- �ttion Btu��z 
Siding , 1/2 in . MDF @ 42 l b/ft3 0 . 087 0 . 068 

Sheathing 3/8 in . plywood . 055 . 041 

Building paper . 0075 . 001 

Framing , lumber . 059 . 056 

Insulation (2 in . bats) . 027 . 017 

Gypsum . 104 . 01 5  

Nails . 0025 . 006 

Total 0 . 3420 0 . 204 

Percent (of gross ) 6 . 3  

1/ Horizontal projection of roof structures .  

0 . 326 0 . 483 

. 008 . 370 

------ . 038-----

. 046 . 240 

------ . 721-----

------ . 284-----

----- . 116-----
. 380 1 . 093 

1 . 159 
2 . 6 32 

80 . 5 

Available 

Transport 'Y mfg .  
Net� Gross residue 

fuel total ener2I total 
(oit equivalent) ----------------------

0 . 100 0 . 977 0 . 238 0 . 739 

. 114 . 533 . 203 . 330 

. 005 . 044 0 . 044 

. 116 . 458 . 490 . 172 

. 025 . 763 0 . 763 

. 068 . 367 0 . 367 

. 004 . 126 0 . 126 

0 . 4 32 3 . 268 2 . 541 

13 . 2  100 . 0  

2/ Assumes energy from residuals can be inte rnally used or exchanged in manufacturing phase only (not logging 
or transport) • 

2f Commodity factory to retail yard to house site . 
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I .... 
0 .... 
I 

Resource 

Forest 
Resource 

Aluminum 
Ore 

Clay 

Production 
(Growing) 

Harvesting or 
Extraction 

(684,.204) 

(530,.53) 

(3956,1 . 1 21 

Processing 
Transportation I ntermediate 
( Aggregate) Product l dent. 

(684,.432) 

(530,.32) 

(3956, 1 .63) 

F abrication 
& 
R ecycling 

Product 
Ident if ication 

Avai lable 

Addit ional 
Fabricat ion End Use 

Energy ( -,.931 1 

--;-edl;.;; 0;,;-si;y- - -
-

- - -
-

-l M D F  
F iberboard I M D F I  Sid ing ( 1 74,.B091 : S id ing (684,2 .341 

Plywood 
Sheathing ( 1 1 0,.37BI 

, ---- - --- ------1 
I Bu ilding Paper ( 1 5,.0381 : 
I Lumber I 
I I 1 Fram ing ( 1 1 B, .286) 1 
I I 

A -----11 Insulation (54, .721 1 I 

I 
I Gypsum 
I 

(208,.284) 

I 1 Nails (5, . 1 1 6) 
L - -- - -

-
- -

- - _ _ _ _ J 
Avai lable 
Energy ( - , .57BI - - - - - - - - - - -

-
- - . . 

Aluminum 1 Alum1num 
Siding ( 1 30,2 .581 I Siding (53,4 .76) 
Plywood 
Sheathing (36, . 1 24) 
I nsulation 
Board Sheathing (64, .337) 

A 

Avai lable 
- �n,!!ll_y _ _ _ _  .!:,.!7_!1 _ _ _ _ ..., Brick 

Bricks 
Plywood 
Sheathing 

(3520, 3.61 ) 

( 36,.1 24) 

: Veneer 
I Wall (3956, 1 7 .351 

NOTE : The 111M111Mn In the ...,_.._ 8bove Klivily llnkl otlw then ���- correiPOnding 10 'Herwlling, '  

'T,.IIIPCJIUiion,' end 'End U•' ref• to - fl- in lbl. end eMrgy rwquir.,.nu in million Btu A 
1'811JeCtiwlly, for the Kllvitia. The -..v numbers in the 'End U•' column ref• to sum of -.., .:...;.. __________ __, 
valua along the eml,. t,.jaclory, whlla the tww numbers in •ell perem"- In the 'Herw��ing' 
end 'T,.IIIPCJIUiion' colum111 denote the Ioiii - flow of ell met•iels used for the end u. end 
-.., eorreiiJOilding to .,ell - fi-. 1'811JeCtiviiY. 

F IG U R E  5 FOR 100 FT2 EXTE R IOR S I DING (B LDG . & CONST. SECTOR I 
(M- flow in lbs; energy requirements in mi l l ion Btu. )  

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Mi l l ion Btu 

0 . 2 0 4 
0 . 4 3 2  
0 . 8 0 9 
0 . 3 7 8  
0 . 0 3 8  
0 . 2 8 6  
o .  7 2 1  
0 . 2 8 4 
0 . 1 1 6  
3 . 268 
- . 9 3 1  
2 . 337 

Harves t , Extraction 
Transportation 
Med ium den s i ty f iberboard s id ing 
Plywood sheathing 
Bu i lding paper 
Lumber framing 
Insulation 
Gypsum 
Na i l s  
Total Consumption 
Energy produced from manufacturing 
Net 

Manufac ­
tur ing 

r e s idues 

The traj ectori es for the aluminum and brick wall 
competitors were simil arly derived . The component marked 
"A" in these traj ectories refers to the dashed box labell ed 
"A" in the medium-density f iberboard tr aj ectory , which 
remains unchanged for the three cases . 

The apparent discrepancy between the net energy RMS 
figur e  and the one in Table 1 can be resolved a s  f ol l ows . 
The f igure in the table i s  based on the assumption that the 
energy from res idues from these products can only be used 
internally or exchanged in the manufacturing ph ase only for 
this product and could not be chann el ed to other uses , which 
in unduly conserva tive . The RMS cal cul ation recogniz es that 
this energy would be channel ed to other uses . 

Three di ff erent construction end uses are examined-­
inter ior wall s ,  exterior wal l s , and roof ing- -for the purpose 
of comparing energy requirements for di fferent kinds of 
materials . The forest resource was chosen for each 
construction end use , while such nonrenewabl e  resources as 
aluminum , iron , clay, and petroleum were selected a s  
alternative materia ls . An RMS was developed for each 
resources to provide the flow of material s in pounds and 
energy in mi l lion Btu required for each step through each 
system shown in Figures 5 ,  6 ,  and 7 .  The RMS tra j ectories 
include harvesting , transportation , and manufacturing energy 
up to the construction s ite . The energy requirements do not 
include erection because , in general ,  the energy required 
for erect ion is rel atively very low . The energy require­
ments for harvesting and tran sportation are agqregates for 
each end use , and pounds of material shown at these steps 
are the total for all materials used in thi s process . The 
en ergy requirement for the manufacturing step under 
" Fabrication " is di saggregated , showing energy requ ired for 
each material us e .  Al so shown in RMS diagrams i s  the 

- l O S-
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I 
1-' 
0 
0\ 

I 

Resource 

Forest Resource 

Petroleum 

Production 
(Growing) 

Harvesting 
or 
Extraction 

(858,.264) 

(986,.308) 

Processing 
Transportation I ntermed iate 
(Aggregate) Product ldent. 

(858 654) . . 

(986, .6 1 )  

Fabrication 
8t 
Recycling 

Product 
Identification 

Add itional 
Fabrication End Use 

A -

Avai lable 
Energy ( · ,  1 .803) 

--- - --- - - - - -- -, 
Wood I W. Type Wood 

Shingles ( 1 46 353) 1 Truss (858,  1 .8 1 5) . . 
(Wood Shingles) �-- Tr�-- - - -- -- - ""1  

1 Lumber (21 4, .5 1 8) 1 
I I 
I Truss Steel 
I Plates (5.8, . 1 34) 
I 
I 

Sheath ing I 
Plywood ( 1 66,.57) 

Roofing 

Felt ( 1 72, .0431 

Gypsum (208,.284) 

I nsulation (96,.682) 

I 
Nai ls (5, . 1 1 6) I 

I 
I 

L - - - - - - _ _ _ _ _  __J 

Avai lable 

Energy ( ·, 1 .2) - - - - - - - - - - - - - l 
Asphalt I W-Type Wood 

Sh ingles (274,.78 1 )  I Truss (986,2 .846) 

A 

NOTE : Tha numbers in tha �- move ectivity l inks otll• then those corresponding to 'HIIrV8Iting,' 

'T111nsponetion,' and 'End Usa' rat• to .,... flow in lbs. and eMrgy raquir-ntl in mill ion Btu 
rsapactivaly, for tha activiti-. Tha 8MI'IIV nunm.t in tha 'End Usa' column ref• to sum of eMrgy 
valuas along tha antira t111jectory, whila tha two numbers in •c:h paranth- In tha 'HIIrV8Iting' 
and 'T111nsponetion' columns danota tha total .,... flow of all materials u..t for tha and uas and -w corrasponding to such .,... flow, rsapactivaly. 

F IG U R E  6 FOR 1 00  FT2 ROO F I NG IBLOG.  8t CONST. SECTO R ) 

(MIS flow in lbs; energy requirements in mi l l ion Btu. )  
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I 
1-' 
0 
� 

Resource 

Forest 
R810Ure1 

Aluminum 
Ora 

I ron 
Ore 

Production 
(Growing) 

Harvesting Or 
Extraction 

(604,.074) 

(434,.224) 

(462,.085) 

Processing 
Transportation I ntermediate 
(Aggregate) Product ldent. 

(604,.221 ) 

(434,.1 5) 

(462,. 1 731 

Fabrication 
& 
Recycling 

Product 
Identification 

Available 

Additional 
Fabrication End Use 

Energy (·.35) 
-- - - - - - - - - - - - --, I nterior 

Lumber · (84,. 204) 1 Wall  (504,.805) 

r - - - --- ----- - - - 1  
1 Gypsum (41 8,.5681 1 
I I 
I I 

(Wood Frame) 

A -----1 I Nails (3.8,.088) I 1 I 1 L- - - - - - - -- - - - - .....1 

Available 
Energy ( .. 0) 

-- - - - - - - - - - - - - l l nterior 
Aluminum ( 1 4, 1 .221 I Wall (434, 2.251 

:1 (Aluminum • 
A _ Frame) 

_A;.;... 
_____

__
_ __.: (Steel Frame) 

NOTE : The I'IUI"IIberl ln the � .t1cM activity llnb odlw than tho. comiPOfldl .. to 'Hervwtl .. .' 

'T,.JIIpelrUtion.' and 'End Ute' refw to .,... flow In 11M. end -.v requlrwMnb ln million Btu 

.....,.:tMiy, for the Ktlvitiel. The -.v numbers In the 'End U•' column ...tw to aum of energy 
wlue� elong the anti,. trejectory, while the two numbers In IICh perenm.. In the 'Hervwti ... 

end 'T�Ion' columne denote the tOIIII .,... flow of ell meterilla Ulld for the and u. end 
-.v -IIIPOIIdlng to IUCh - flow, .....,.:tMiy. 

F IGURE 7 FOR 100 FT2 INTER IOR SIDING (B LDG. & CONST. SECTOR )  
(Mass flow i n  lbs.; energy requirwnents i n  mill ion Btu.) 
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avai l abl e energy or re sidual energy l eft from the 
manuf acturing process . 

In viewing RMS flows i t  is apparent that the wood 
resources requires les s energy than any other material used 
for construction de signs . Of the three shown, the energy 
diff erences for exterior si ding are the most signi ficant , 
with brick wal l s  requiring 1 7 . 3 5 mi llion Btu , aluminum 
sidin g 4 . 7 5 mil lion Btu , and medium- den sity fiberboard 2 . 34 
mil lion Btu . The brick veneer wal l s  require s even to eight 
times the energy of wood construction and those incorpo­
rating a lumi num about twice that of wood.  

As i s  the case with exterior walls , signif icant 
di fferences appea r in ene rgy requirements for interior 
wal l s . Wal l s  incorporating metal framing require approxi­
mate ly two to three times the en ergy of thos e with wood 
framing . The least signifi cant di ff erence appears between 
roofing designs with wood shingles requiring 1 . 8 1  million 
Btu and those with asphalt shingles requiring 2 . 85 mil lion 
Btu . 

These comparisons are handi capped by a few obvious 
shortcomings .  The durability and ease of maintenance over 
the life of the product have not been considere d .  Simi­
larly , the insulation characteristics of the wal ls and roof s 
made up by the alternative raw material s  have not been taken 
into account .  Information on durability , ease of 
ma intenance , and in sulation is very sparse . 

Case study 1 2 : containers and Packaging 

Due to the numerous po s sibi liti es for materia ls substi ­
tution that exist in the field of containers and packaging, 
this activity has formed the subject of one of our case 
studi es . Packaqi nq and containers are also important in 
vi ew of the l arge amounts of energy consumed in packaging a s  
compared to other consumer services , e . g . , tran sportation, 
storage , and marketing , etc . 

Packaging is used f or three major class es of goods : 
durabl es , nondurabl es , and foodstuf f s . An overwhelming 
fraction of the durabl e goods are packaged in corrugated 
cardboard ; corrugated mater i al is also most commonly used 
for packing the se materials . Nondurabl es consisting of 
clothing , textiles , and chemical s require a wi de variety of 
packaging characteristics , but this is even more true for 
foods tu ffs ,  the thi rd ma jor area for packaging . Food stuff s 
represent about 1 5  percent of the production activity of the 
u . s .  economy and account for 60 percent of the total ship­
ment value of the entire range of goods that are packaged. 

- 1 0 8 -
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This sector involves the widest variety and largest amount 
of packaginq material s , apart from corrugated cardboard 
(produced from renewable re sources) used for durables . In 

the following discussion , specific examples will be 
considered for which the technology for substitution already 
exists ,  i . e . , those packaging cases in which both 
nonrenewable& and renewable s can be interchangeably used to 
meet certain packaging requirements . Such examples are 
listed below : 

. sanitary food contain ers , e . g . , mil k  containers . 
other uses inc lude containment of butt er , margarine , 
froz en foods , ice cream , shortening,  etc • 

• Trays for packaging meats , eggs ,  and produce • 

• Flexible containers , e . g . , bags and s acks . 

Although l abor requirements and costs are also signif i­
cant factors in the compari son of alternative materi als , 
this case study of material s for containers and packaging 
focus es exclusive ly on energy inputs . 

In connection with san itary food containers , two RMS 
tra jectories are shown in Figure 8 .  These correspond to the 
case of half-gall on milk containers made out of pla stic and 
paper , respectively . Mass flows and en ergy values shown in 
the f igure under each activity l ink refer to requirements 
imposed by manufacture of one container of each type .  
Energy data derived from Makino and Berry ( 1 97 3) i s  i n  terms 
of "gross " va lue of energy requi rement. * Summing up all the 
energy components along the two tra jectories , i t  i s  observed 
that a plastic bottle weighing 0 . 1 2  pound needs about 8 , 49 6 
Btu , whereas an equivalent paper carton weighing 0 . 1 4  pound 
needs 6 , 0 5 3  Btu . Also , the plastic bottle requires 0 . 0 3 8  
pound and 0 . 1 07 pound of natural gas and crude oil , 
respectively , as chemical feedstock ,  while an equivalent 
paper carton needs 0 . 2 8  po�nd of groundwood . Adding the 
enerqy content of raw materials , total energy inputs to 
plast ic bottle and equivalent paper carton a re 1 1 , 3 1 0  and 
7 , 453  Btu , respective ly .  In Figure 9 two trajectories for 
the manufacture of  size 6 meat trays from styrofoam and 
molded wood pulp, respectively are shown . The energy 
requirements in the two case s add up to 8 9 2  and 87 5 Btu, 
respectively . Here again , taking into account 0 . 0 0 47  pound 
of natural gas and 0 . 0 1 3 pound of crude oil needed as 
chemical feedstocks in the case of the polystyrene tray and 
0 . 0 6 4  pound of groundwood needed as raw material for one 
pulp tray , the total energy values increase to 1 , 2 3 6  and 
1 , 1 9 5 Btu , respectively .  

* S imi lar data we re reported i n  Re source and Environmental Pro f i l e  

Analys i s  o f  P l as t ic and Non-P l a s t i c  Containers ( 1 9 7 4 ) , Midwe s t  

Re search I n s t i tute , Kansas C i ty . 
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I 
.... 
.... 
0 
I 

Resource 

Natural Gas 

( .038,- 1 

Crude Oi l 

( . 1 07,-1 

Production 
(Growing ) 

Harvesting 
or 
Extraction Processing 

Transportation 
(Aggregate ) 

( . 1 2, 1 50) 

I n  termed. 
Prod. ldent . 

Resin 

Fabrication 
& 
Recycl ing 

Cl osure Manuf. 

( -.4271 

Manufacture 
of Bottle 

( . 1 2 , 1 931 

Product 
Identification 

Add itional 
Fabrication 

Plastic Bottle F i l l ing 

( . 1 2;30501 

End Use 

M i l k  Bottle 

-------------- Total Energy Consumption = 4676-----------

Forest 
Resource Wood 

(0.28.- 1  

Limestone 

( .07.-1 

Soda Ash 
( .035,-1 

Pulping 
& 
Papermak ing 

(- ,2295) 

----- Energy Consumption = 34 1 ----

F I GU R E  8 R E F E R ENCE M AT E R I A LS SYSTEM 

(-,97) 

Paper for 
Carton 

Container 
Manufacture 

(0. 1 4, 1 07) 

Container F i l l ing Mi lk  Container 

(0. 1 4, 32 1 3) 

Nor.: Numben in th11 f)lll'fHit,_ below thll ectillity linlcl fllfllr to ,.. flow in lb & -rw l'llqlliremt�nt in Btu fiiiPIICtilfflly 

for thll ,.nufectufll of - IMif�llon milk container. 

Half Gal lon Milk  Container (Plastic Bottle Vs. Paper Carton ) 
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I .... .... .... I 

Resource 

Natural Gas 

( .0047,2) 

Crude Oil 

(.013,24) 

Forest 
Resource 

Production 
or 
Growing 

Harvesting 
or 
Extraction 

Processing 

( .0048,26) 

Refining 

Groundwood 

(.064,-) 

Energy Consumption 
• 1 6 

Transportation l ntermed. 
Processing (Aggregate) Prod. ldent. 

Ethylene 
Manufacture 

,_. ��!��- _ _  ] 
1 Polystyrene · 

t Manufacture 

I (0. 148,280) (0. 1 48, 1 3) 

��;,; ����l 
( .01 3,87) 

Pulping 

(.0266,63) (.0266, 1 9) 

P.S. Resin 

(0.0148,-) 

lsopentene 

( .0001 3,-) 

Groundwood 
Pulp 

( .0266.-) 

Qlemical Additives 

Was11t Paper 

(.01 78,-) 

Fabrication 
& 
Recycling 

Foam Trey 
Manufacture 

( .0148,76) 

Product Additional 
Identification Fabrication 

Foam Trey Fi l l ing 

( .0148,-) (0.01 48, 1 6) 

PVC Overwrap Manuf. 

(-,338) 

Tray Fabrication Molded Trey Fi l l ing 

( .045,423) (0.046, 1 6) 

PVC Overwrap Manuf. 

(-.338) 

End Use 

Polystyrene 
Meat Tray 

Molded Pul p  
Meat Tray 

Nor.: N,.,.,. in rll• ,.,.n,_ l»>ow m. ctilfity linb ,.,., ro - flow in IIJ. & _,., ,.,ui_,t in Btu 
,...,:t#lfflly frN rM -'«:tule of - liD 6 ,_, ny. 

F IG U R E  9 R E F E R E NCE MAT E R IALS SYSTEM 

Size 6 Meat Trey ( Polystyrene Vs. Molded Pulp) 
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In the case of " flexible containers , "  polyethylene i s  
used for pla stic bags and Kraft paper for paper bags . The 
energy cost of Kraft paper i s  about 20 , 500 Btu per pound ,  
and o f  polyethylene , about 6 8 , 2 50 Btu per pound , or 3 . 3  
times as much.  However ,  a major portion of the Kraft paper 
energy use i s  derived from energy that i s  internally 
generated from processing by-products . But , because a 
medium-weight polyethylene bag weighs only half that of an 
equivalent paper bag , the ratio of energy consumption of 
pl astic and paper bags is approximately 1 . 6 5 : 1 .  

The above compari son i s  not entire ly f air to plastics 
i f  there is the possibil ity of r e-using the plastic 
containers . As an example , a h alf-gallon p l ast ic mi lk 
container uses about 8 , 500 Btu of energy to make and fi l l  a 
single time . If  i t  were re-used , and the washing and 
filling costs remained the s ame with each use (about 3 , 070  
Btu) , then the cost would d rop to 5 , 7 8 5  Btu with one re-use , 
to 4 , 8 80  with two re-uses , and 4 , 4 2 7  with three re-uses . 
Similarly , although a singl e us e of plastic bags requires 
more energy than paper bags , the two become comparable if  
the more durabl e polyethylene bags are re-used once . 
Despi te signi ficant energy savings a s  a result of re-use,  it 
is not certain if creation of commercial facilitie s ,  to make 
such re-use possible i s  worthwhi l e .  

Th e  above results are summarized i n  Table 2 .  
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Table 2 

Energy Requirements For Manuf acture of Containers 

Raw Ener gy Enerqy Con- Total Energy 
Material of tent of Raw per 

Weiqht Requirements Manufacture Materials Container 
Natural Crude 

Container Gas Oil Wood (Btu/lb of 
Type (lb) ( lb )  ( lb )  ( lb )  (Btu) Product )  (Btu) (Btu) 

1 .  Half Gallon 
Milk Container 

• Polyethylene 0 . 1 2  0 . 038 0 . 107 8 , 495 70 , 790 2 , 814 11 , 31 0  

Plastic * 5 , 445 *45 , 37 0  

• Paper 0 . 14 0 . 28 6 , 053 43 , 230 1 , 400 7 , 453 

* 2 , 840 * 20 , 280 
I .... .... 2 .  Size 6 Meat w 
I Tray 

• Polystyrene 0 . 0148 0 . 0047 0 . 013 892 60 , 268 344 1 , 23 6  

Plastic 

-

• Wood Pulp 0 . 045 0 . 064 875 19 , 440 320 1 , 195 

3 .  Flexible 
Container 
(ba9 or sack) 

• Polyethylene 0 . 04 0 . 013 0 . 036 2 , 7 30 68 , 250 951 3 , 681 

Plastic 

• Kraft Paper 0 . 08 0 . 16 1 , 640 2 0 , 500 800 2 , 440 

*These values exclude energy required for fillin9 the containers . 

Source : Makino and Berry ( 19 7 3 )  
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SOCIAL AND INSTITUTIONAL FACTORS INFLUENCING SUBSTITUTION 

The activities evaluated by RMS may be influenced by 
socia l and i nstitutional factors . The restrictions of 1 l aw 
an d  government regulations can affect t he supply of a 
resource . They can increase the requir ements for capital ,  
energy , and manpower i n  the conversion of a resources to a 
materia l to the point where the materia l i s  noncompetitive . 
The competitive position of renewabl e resources material s 
vi s-a-vis nonrenewable re sources materi als is  essentially a 
function of their relative price relationships .  I f  
renewable re sources are to b e  substituted f or nonrenewable 
resources ,  price relation ships must change in favor of 
renewabl e resources through one or a combination of the 
following : ( 1 ) rising relative costs of nonrenewabl e 
resources , e . g . , higher energy costs or increasing shortages 
of inorganic raw materi als , (2 )  increas ed productivity in 
the renewable resources system through n ew  t echnology or 
improved management l eading to cost reductions at any of the 
various link s  in the system from natura l growth to ultimate 
us e, and (3 ) modi f ication o f  existing institutional barriers 
leadi ng to lower re lative costs in the renewable resources 
system. 

RMS wa s used to analyze substituti on opportunities 
represented by a l arge number of comparisons between 
renewable and nonrenewable re sources . Thes e are described 
in detail in the individual report s listed in the Foreword 
and a number of exampl es have been presented here. These 
RMS analyses have not been exhaustiv e and many other 
comparisons of this kind ought to be simi l ar ly studied . All 
of RMS compari sons developed are based on current practice 
in the manufacture of products from both renewable and 
nonrenewable resources .  

There are significant opportunities to improve the 
method s of using wood that will improve its performance as 
an industrial material . Many of these opportuniti e s  wi l l  be 
revea led by careful analysi s of RMS tra j ectories and RMS 
analysis is a useful method for evaluating some of the 
consequences of changing wood use methods . 

An example of such a ch ange that n eeds to be evaluated 
is modification of standard lumber sizes . Lumber sizes now 
in use were developed at a time when manufacturing equipment 
was much les s preci se than it is  now . These lumber sizes 
reflect l evel s  of qua lity control that are at the bottom of 
current commercial practice . It is known that improved 
dimension control in lumber manufacture permits substantial 
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improvement in yi eld of lumber from log s . The impl ications 
of improvements in standard lumber si zes and tolerances as 
refl ected in improved yield ought to be evaluated throuqh 
detailed RMS analysis . 

Traditional designs for timber structures are often 
very wasteful of material . New design technique s have been 
developed that reduce the quantity of lumber required to 
produce a structure without adversely affecting its 
performance characteri stics . 

The information necessary to the type of substitution 
analysis represented by RMS i s  normal ly not collected in the 
form required. For many of the compari sons studied by 
CORRIN it was necessary to make estimates that were based on 
fraC)IIlentary data . If national planninq for materia l s  supply 
and conservation is to be undertaken ,  census information on 
materials , manpower , capital , and energy requirements at 
various staqes of conversion should be assembled by the 
federal qovernment. This would permit substitution analysi s 
that could qive some direction to federal R&D expenditures . 

Factors Influencinq Forest and Agricultural Practices 

As i ndi cated in the discussion of resources supply , the 
u. s .  has a qreat undeveloped potential for the production of 
forest products . It should be possible to achieve the dual 
qoals of inc reasinq production and improving the environ­
ment . However , the forestry sector is particularly vulner­
able to institutional and social constraints on materials 
production (Richardson 1 97 11 ) .  

Porest Land ownership 

· Forest land i s  owned for a variety of reasons ranging 
from commercia l  timber production to speculation or recrea­
tion and other personal satisfactions . These ownership 
ob jectives have a significant impact on the intensity of 
forest managellent that i s  practi ced and the subsequent 
production of forestry products . Three general classes of 
ownership include forest industry lands , public forest 
lands , and small privately owned forest lands. 

FOrest industry l ands include 1 3  percent of nearly 500 
million acres classified by the Forest Service as having 
commerci al potential . They are managed by canpani es that 
11anufacture lumber , plywood , pulp, and paper and other wood 
products primarily to ensure supplies of raw materials for 
their own plants . As private companies , these c01npanies 
manage their fore st lands to minimize their raw material 
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costs . This management has become more intens ive in recent 
years and industry lands are generally very well managed . 
In the South , for exampl e ,  the Forest Service proj ects that 
most industrial forest l ands wil l  be under intensive manage­
ment by 1 9 80 (PAPTE 1 97 3 ) . 

Publ ic forest lands comprise 27 percent of the area 
classified a s sui table for commercial production . They are 
generally less intensively managed for timber production 
than are those of the forest industry . Thi s i s  due to a 
varie ty of rea son s , the most important of which is that 
publ ic forests are managed for a variety of public purposes 
including recreation,  wilderness , wil dl ife, watershed, 
education , etc. The public interest is multifaceted and the 
various publics have become increasingly concerned and vocal 
about how "their forests" are managed . As indicated in the 
chapter on Supply , the loose ly defined mandate to practice 
multipl e use has contributed to controversy concerning 
material use . The continuing controversy means that the 
potential output of raw materials from publ ic forests in the 
future is considerably more uncertain than that of the 
industrial forest l ands . The President ' s  Advi sory Panel on 
Timber and the Environment recommended in 1 9 73 that 
intensive forestry management be appl ied to high quality 
lands in the National FOrest system . The r ecommendation 
continues in controversy (PAPTE 1 97 3 ) . 

Smal l  private forests vary greatly with respect to 
potential productivity , size of ownership , and ownershi p 
obj ectives . These forests include some 60 percent of the 
potential commercial forest area . In 'general the owners are 
not practicing forest management but ar e holding the lands 
for s pecu lation , recreation , or personal satisfaction . The 
turnover in ownership is rel atively high. Prevailing 
economic incentives are simply not suff icient to attract 
these owners into managing for intensive raw materi al 
production, although timber or pulpwood sales are 
occasionally made . 

one promis ing development , particularly in the South , 
is the expansi on of long-term timber contracting . Close to 
1 mil lion acres of privatel y owned non- industria l  woodlands 
are under lonq term ( 1 0  years or mor e) agreements with 
industry .  The contract terms vary widely,  but generally the 
product prices are adj usted by some mutually agreeable price 
index and the company manag e s  the stand for increased pro­
duction while the owner retains al l other ownership rights . 
The ma jority of companies contacted were interested in 
increasing their long- term contracts to cover a large 
proportion of their raw mate ri al needs (Siegel 1 97 4 ) . 

- 1 1 6 -

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 .

R e n e w a b l e  R e s o u r c e s  f o r  I n d u s t r i a l  M a t e r i a l s :   A  R e p o r t  o f  t h e  C o m m i t t e e  o n  R e n e w a b l e  R e s o u r c e s  f o r  I n d u s t r i a l  M a t e r i a l s ,  B o a r d  o n  A g r i c u l t u r e  a n d  R e n e w a b l e  R e s o u r c e s ,  C o m m i s s i o n  o n  N a t u r a l  R e s o u r c e s ,  N a t i o n a l  R e s e a r c h  C o u n c i l
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 0 9

http://www.nap.edu/catalog.php?record_id=19909


PAPTE recommends a federal program encouraging leas ing 
of small private forest lands using simi lar principl es and 
flexibility in its approach (PAPTE 1 97 3 ) . 

Taxation of FOrest Lands and Production 

Landown ers have always complained about high taxes . 
Any system of taxation must be judged f i rst on i ts 
effectiv enes s , that i s ,  its performance in raising the 
desired level of public revenues at a reason able 
administr ative cost . Any favoritism to one party must be 
made up f rom extra assessment on some other party. The 
second cr iterion i s  equity , that is , partie s in equal 
circumstances should be tre ated in a similar fashion . The 
third consideration is an e fficiency criterion .  I s  the 
taxing system providing incentives for the taxpayer to 
behave so as to further the broader public interests? 

Let us focus here on the effi ci ency cr iter ion and 
assume that the production of more fore st products either 
now or in the f uture i s  in the public interest , and let us 
emphasi ze the inf luence of taxes on the intens ity of forest 
management not the demand for forest land . In oth er words , 
nature provides eventual ly some sort of forest cover , where 
trees wi l l  grow, and since very little forestry is practiced 
on some 60 percent of commercial forest l and , we are 
interested in the incentives or di sincentive s in the 
pract ice of forest management , not the ownershi p of fore st 
land. 

There ar e two general types of taxes of interest here , 
individua l and corporate income taxes and real estate taxes . 
Feder al and most state income taxes allow for capital gains 
treatment of income from forest products . This provides an 
incentive for the practice of forestry and i s  equitable in 
the sense that other businesses receive simi lar tax 
treatment .  PAPTE said , "Capital gains tax treatment to 
timber crops ha s greatly stimul ated investment in forestry 
by both industr ies and individuals . " 

The real e state tax i s  much more complex . It is clear 
that , under current cost/pri ce conditions ,  real estate taxes 
constitute a ma jor expense in managing timber l ands --up to 
40 to 6 0  percent of gros s revenues ( PAPTE 1 973) . Real 
estate taxes are ad valorem , usual ly based on the value of 
both the land bas e and the growing tree s .  These taxes are 
pa id on an annual basi s whi l e  income is received only 
periodically . Thus ,  it appears des irable to impose taxe s to 
coincide with the time s when incomes ar e  r eceived. Several 
states have adopt ed laws that permit separation of site and 
stand values and as sessment of � valorem taxes on the site 
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and a severence or yield tax on the timber production (PAPTE 
1 97 3 ) . I t  would a l so seem desirabl e to require payment of 
the severence tax when the land ownership chang es since 
consi derable amounts of non-industrial private forest lands 
are being held for speculation in non-forestry value s .  

Several states are experimenting with t axing forest 
land on the bas is of productivity of the l and base . In 
Tennessee ,  for exampl e ,  timber is class ified as a growing 
crop and is not sub ject to ad valorem taxes (Anon. 1 975) . 
The Tenn essee practice should result in the greatest 
incentive for the practi ce o f  forest management . Other 
states provide pref erential ass essments for agricultural and 
forest land for its value as open space . 

In some area s ,  second home developments or other high 
value land uses far from establi shed communitie s have caused 
asses sments on surrounding l ands to be raised, penalizing 
farming and forestry operations . one possible solution to 
such problems might be a mechanism where the owners could 
retain or reduce prior assessments by deeding or selling 
development rights to the state or county. 

There i s  abundant evidence that ad valorem real estate 
taxes ar e unevenly applied by various-rocal governments 
(USDA 1 9 3 5 ; Pa lo Alto Research Associates Inc. 1 970 ; 
(referred to after this as PARA) ; Gregory 1 97 2) . It further 
seems de sirable to modify the tax as applied to forest l and 
to adopt s everance taxes in lieu o f  ad valor em taxes on 
timber stands or to cl as sify timber as a growing crop with 
safeguards to avoid speculation in land values . It i s not 
clear that the level or inci dence of taxes f or non­
industria l  timberlands i s the reason that pr es ent owners are 
not practicing forestry . They are , after all ,  now paying 
these taxes and declining to practice forestry with the 
intent to eventually increase their incomes . 

Environmental Regulati ons and FOrest Practice Acts 

The past decade, in particular , has seen the passage of 
an enormous number of laws and regu lations aimed at control­
linq air and wate r pol lution and the us e of potentially 
hazardous chemica ls . Thi s development and the legis lation 
of forest practice acts in many states , has created great 
uncertainty for the farmer or forest manager .  Thes e  
uncertainties involve the di f ficulty o f  understanding what 
is currently required of hi m ,  what the en forcement policies 
will be , and whether in his long-term planning he should 
as sume that he wi l l  be subj ect to even greater restrictions . 
The goals of these programs to improve the environment or 
stimulate better forestry practices are desirabl e ,  but 
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frequently the administration is not . Ease of admin­
istration is obtained by defining simpl e physical standards 
and applying them across the board . Thi s approach is 
inequitable because parties in different circumstances are 
treated uniformly , and it i s  inefficient because more 
resources are required f or compl iance than would be the case 
in a more fl exibl e approach . 

The use of fire as a management tool i s  regul ated under 
various s tate air poll ution control laws that may require 
permits and often specify the times and other requirements 
to be obs erved . Pesticides are regulated under the Federal 
Insecticide , Fungicide , and Rodenticide Act (FIFRA) and 
companion laws in each state . The impact of the regulation s 
is to restrict the choice of pesti cides avai lable,  to 
require the licensing of commercial applicators , and 
restr ict the method of application in certain instances 
fWeitzman 1 975) . 

A much more important set of regulations i s  developing 
with respect to water pollution control . The Federal water 
Pollution Control Act (FWPCA) requires the control of water 
pol lution from identifiable point sources and from nonpoint 
sources . The initial approach of the Enviropmental 
Protection Agency (EPA) was to make a categorical exemption 
of all point source di scharges rel ating to silvicultural 
activiti es f rom the point source dis charge controls (July 5 ,  
1 97 3 , EPA regulations , Federal Register 3 8 ( 1 28) : 1 80 0 3) . EPA 
did not identify which speci fic si lvi cultural activities 
were , in fact , point source discharges and which were not ; 
rather,  EPA simply stated that whatever si lvicultural 
activit ies are , in fact, point source discharges wi ll be 
excused from the point source di scharge permit requ irements , 
although effluent limitations for them have never been 
established .  Subsequent to its ruling,  in the lawsuit 
befor e Judge Flannery , EPA argued that everywhere that 
polluted water flowed from a forest ditch or cu lvert into 
navigabl e water was in f act a point source discharge . •  
other s in that case argued that those f lows of water di d  not 
const itute a di scharge . The court refused to addre ss the 
question of what constitute s a point sour ce dis charge but 
maintained that EPA lacked authority to grant categorical 
exemptions to anything that was in fact a point source 
discharge and that EPA woul d have to ident ify in its rul es 
which silvicultura l activitie s  were and which were not point 
sourc e di scharges . The implication is that , i f  
si lvicultural activities ar e  "point sources , " they wi ll be 
subjected to both permit requirements and ef fluent 
standards . Inherent i n  thi s i s  the subtl e difference 
between a "source " and a "discharge . "  EPA attempted to 
exclude " point source di scha rges" not " point sources " from 
permit requi remen ts but the court decision equates " source" 

*Natural Resource Defense Counc i l , Inc . vs . Rus s e l l  E .  Train , 
Administrator , E . P . A .  C ivil Action 6 2 9 - 7 3 , u . s .  D i s tr ict Court , 
Washington , D . C .  
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to "discharge" and prohibits any categori cal exemption 
regarding " point source discharges . "  

In EPA' s proposed rules published on February 1 2 ,  1 97 6  
(Federal Register 4 1 ( 3 0 ) : 62 8 3 [ 4 0  CPR ]) , EPA propos es that 
"the term • si lvicultur al point source •  means any di scern­
ib le , confined and di screte conveyance relating to rock 
crus hing , gravel wa shing , l og sorting or log storage 
f aci l ity from which pol lutants are discharged into navigable 
waters .  This term does not include nonpoint source 
activities inherent to forest management such as nursery 
oper at ions , site preparation , reforestation in a ll stages of 
growth, thinning , pre scribed burning , pesticide and fire 
control , and harvesting operations from which runoff results 
from precipitation events . However ,  some of these 
activities may involve the discharge of dredged or fill 
material which would require a 4 0 4  permit . " The 
explanati on accompanying the proposed rule states in part : 
" Only those s ilvicultural activities that ,  as a resul t of 
controlled water � by a person , di scharge pol lutants 
through a di scernible , confined and discrete conveyance into 
navigabl e waters are required to obtain a S ection 4 0 2  
Pollution Discharge Permit. " Thus all silvicultural 
activiti es that can be desc ribed according to the proposed 
definition wil l  be subject to al l 11point source " federal 
laws and regulati ons and al l  others wil l  not be .  

It i s  recognized that these are on ly proposed rules . 
The publ i c  had unti l March 2 5 ,  1 97 6 ,  to submit comments 
re lative to them. As to nonpoint silvicultural activities , 
thes e wi l l  be sub ject to applicabl e requirements of Section 
20 8 rel ative to areawide waste treatment management.  
However , it must be recogni zed that there i s  a great deal of 
disagreement concerning the interpretation of Secti on 2 0 8 .  

There i s  the possibi li ty that regulation wi ll proceed 
through a federal -state sys tem , perhaps using local forest 
practice boards. FOrest practi ces acts control ling cutting 
and s ilv icultural practices were f irst passed in the early 
1 9 40 s  and now exi st in 1 6  state s .  The origina l acts focused 
on regeneration of new stands following harvesting . 
Emphasis in the new acts i s  broadened to inc lude ai r and 
water quality , fi sheries , soil , wildlife ,  etc . They involve 
creation of state and sub- state boards compr ised of timber 
owners an d/or others knowledgeable in f orestry (Cornelius 
1 975) . For example , EPA has proposed a model State POrest 
Practices Act patterned af ter the cal ifornia Act . This 
propo sal has a controversial requirement that a timber 
harve sting plan must be submitted and receive prior approval 
(Le Master 1 97 5) . However, in some parts of the u . s .  the 

term state forest practi ces act is not held in any high 
esteem and wi ll not nece ssari ly be required under any 
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interpretation of S ection 2 0 8 .  It a l so appears that EPA has 
qiven up the model FOrest Practices Act and that each state 
wi ll be required to submit a proposed 2 0 8  plan that will be 
acceptable to EPA . These pl ans must be complet ed by 1 97 8 .  

Requ lation o f  forest practices has been a long- term 
succe ss i n i ncrea sing Finl and ' s  forestry production where 
smal l private ownershi ps compri se 6 5  percent of the forest 
land and account for a lmost 80 percent of the annual cut 
(Nyys sonen and osara 1 97 5) . The apparent succes s  of the 

Finn ish experience stems from the use of locally repre-
sentative forestry boa rds and a long an d  persistent effort 
to buil d  a cooperative atti tude between forest owners and 
forestry off ici al s .  

we a r e  i n  a period where more research results on 
probable effects and acceptance of regulation are being 
demanded and more s tudies of trade-offs are needed . The 
state of scientif i c  knowledge and the arts of farming and 
forestry are currently inadequate to predict the impact of 
given regulatory practices ,  under varying weather and site 
condi tion s ,  with reasonable accuracy in many cases . This 
period of uncertainty wi l l  continue for several more years 
for farm and fore st manager s . This uncertainty rel ated to 
regulatory control trans late s  into un certainty of materials 
supply. 

National Fore st Management POlicies 

The National Forests contain over half the softwood 
timber volume and occupy a central position in public 
awareness of the importance of forest management. National 
Fore st management poli ci es are critical ly important in 
considering the u se of renewabl e resources and in recent 
years they have been i n  the center of a nationa l contro­
versy. 

The i s sues of National Forest management are compl ex 
but , to oversimplify,  there are three s chool s  of thought . 
Economists , numerous f ore sters , and industry people are 
call ing for increased harvest of timber to salvage large 
amounts of wood now being lost in deteriorating mature 
stands and to enable more vigorous growth in new stands on 
the same sites . Environmentalist groups are fighting to 
pre serve as much forest in wildernes s condition as possible 
through political and court action s and budget reduction s to 
restrict timber sa les , road buil ding , and management 
operations .  The Forest Service is in the middl e trying to 
ba lance opposi ng forces .  

- 1 2 1-

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


As a federa l agency , the Forest Service is particularly 
vulnerabl e to criticism for engaging in intensive forest 
management practi ces designed to increa s e  materi al s supply 
when these practi ces are per ceived to be detrimental to 
aesthetic or recreation val ue s.  The FOrest Serv ice i s  
mandated under the MUltiple use- sustained Yi el d Act o f  1 960 
to use the se land-use principles in the management of the 
National Forests.  Increasingly , the genera l provi sions of 
thi s  act have been very narrowly defined to interpret 
sustained yi eld to mean even f low and to interpret multiple 
use to mean every use and equal us e .  These attitudes toward 
the use of publ icly owned forest land are not uni que to the 
u . s .  (Richardson 1 97 4 ) . 

The Pres i dent ' s  Advisory Panel on Timber and the 
Envi ronment recommends incr eased timber sales and adequate 
funding to provide for more intensive management of National 
Forest l ands (PAPTE 1 97 3) . These recommendation s have 
qenerated consi de rable controversy . other s have chi ded the 
susta ined yield concept (i . e . , maintenance of unif orm 
harvest leve ls) of the Fore s t  Servi ce as an out dated concept 
conce ived for an era o f  stabi lity and certainty that no 
longer ex ists ( Behan 1 97 5) . 

The Forest and Rangeland Renewabl e Resources Planning 
Act of 1 9 7 4  requi red that the Forest Servi ce relea s e  its 
draf t prog ram for public comment in mid-August 1 97 5 . The 
act calls for long- range pl anning to in sure that the u.s .  
bas an adequate supply of forest resources in the future 
whi le maintaining the quality of the environment .  The final 
report i s  due e arly in 1 9 7 6 . Environmental statements must 
be pr epar ed and public comments received. The Forest 
servi ce must in clude adequate funding in its budget to carry 
out the plan or e xplain why it does not . The Re sources 
Planning Act hopefully provi des a method for achieving a 
workable con sensus for managing the Nat ional Forests . The 
outcome wi ll be a very s ignificant factor in future supplies 
of forest products . 

Feder al Agricultural Polici e s  

Federal agricultura l polici es have an impact on the 
supply an d pr ice of agriculturally produced industrial raw 
materials . The se pol i ci es operate through a compl ex array 
of subs idies , loans ,  and re stri cti ons on production . They 
impact di rectly on crop production and ,  in the cas e of 
industri al materials , are most signi f icant at present in the 
production of cotton . 

For a number of years the pri ce of cotton was supported 
by accumulation of government stocks . The supported price 
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of cotton tended to provide an incentive for the replacement 
of cotton by synthetic fibers . 

under 1 97 3  legislation the cotton program operates to 
guarantee a return to the cotton producer through a payment 
equivalent to the difference between the market price and 
the "target" price , while the market price i s  established by 
competition in the marketpl ace . Favorable market condi tions 
have resulted i n  prices above the target pr ice and no pay­
ments have been made to producers under the present act , 
except in ca ses of crop fai lure . 

Factors Inf luencing the Processing and Transportation 
of Renewable Resources 

The major in stitutional factors impacting on 
manufacture of renewable resources products involve new 
environmenta l regulati on s ,  government safety and health 
regulations , regulation of transportati on , and federal tax 
policy wi tb respect to new investments . 

Environmental Regulations 

New air and water pollution abatement r egu lations have 
required substantial adjustments in manufacturing opera ­
tions . The adjus'tlnents appear to be well along toward 
compl iance ,  but the invest:lllent costs have been high . At 
sawmi lls , planing mi ll s ,  and plywood pl ants disposal of 
solid waste formerly burned or buried has been replaced to a 
signi f icant extent � recovery and use in the production of 
new products or use as fuel in the production process (U . S . 
Department of commerce , 1 97 5  [ referred to af ter this as u. s .  
COM ]) . 

The pulp and paper industry is the third largest 
consumer of water in manufacturing .  substantial progress 
has been achieved but, again , the costs have been high . 
under the 1 9 7 2  amendments to the Federal water Pol lution 
Control Act , industry will be required to meet two 
progressively stringent standards . The first level i s  use 
of the "best practicable control technology currently 
avail abl e . •  This level is to be implemented and enforced 
by July 1 ,  1 977 . The second standard states that , by July 
1 ,  1 9 83 , point sources shal l require application of the 
"best available technology economically achievable for such 
category or class . •  This may or may not require zero 
di scharge , which has been interpreted by many to mean 
complete removal of heat , chemical , and other pollutants 
befor e discharge . 
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Interpretation of the act with regard to zero discharge 
is  confusing . There is no requirement in Section 3 0 1  
relat ive t o  additional effluent limitations to achieve the 
goal of eliminating di scharges of pol lutants by 1 9 8 5 ,  even 
though such a goal is noted in Section 1 0 1  of the act . 
Undoubtedly many will  argue that the act does not require 
compliance with the zero di sch arge go al for 1 9 8 5  unless it 
can be achieved by applying the "best avail able technology 
economica l ly achi evable for such category or class . " Also 
the � ecent report of the National Commi s sion on water 
Quality ( 1 97 6 )  seem s  to recommend against implementation of 
any such goa l .  

A study commi s sioned by th e  Nation al council o f  the 
Paper Industry for Air and Stream Improvement ( 1 97 4 )  
estimated that th e  costs o f  meeting the first standard will 
be $ 4 . 50 to S6 . 00 per ton of output . It wa s also estimated 
th at additiona l capital cos ts required during the 1 972- 1 977 
period wil l  exceed S 1 . 2  bil l ion . 

In the 1 97 2- 1 97 3  perio d ,  pollution abateme nt expendi­
tures were about half of all primary pulp and paper industry 
investment . Some experts estimate that pollution abatement 
requirements wi ll account for 1 0  to 1 5  percent of the 
capital outlay s  f or new primary production faci lities in the 
future (U . S .  COM 1 975a) . 

The costs of abating pol lution are very high and the 
goal of " zero discharge" wi l l  be extremely costly . It 
appears that the wood produ cts and textile industry can meet 
these costs through higher prices to consumers . However , 
many observers believe that the benefits of " zero discharge " 
are not worth the costs to society ,  ultimately the 
consumers . Thi s  i s  a central is sue examined by the National 
commi ssion on water Quality ( 1 9 7 6) . 

Health and Safety Regulations (OSHA) 

New federal regul ation s designed to protect the health 
and safety of industry workers are imposing large costs on 
al l industries . Thes e regu lations involve dust , heat , noise 
and other factors in the industrial environment . An Occupa­
tional Safety and Health Administration (OSHA) regulation on 
cotton dust leve l s  in texti le mills was imposed in 1 97 1  
(Federal Regi ster 3 6 ( 1 57 )  : 1 5 1 0 1- 1 5 1 0 4) . The ca pita l cost to 

texti le mil l s  f or cotton dust control has been estimated at 
$9 60 million plus S 5 3  million a year for operation and 
maintenance of the equipment , testing , etc . A new standard 
is being considered that would require capital expenditure 
of S 1 , 4 4 0  million . With capi tal outl ays amortized over 1 0  
years at 9 percent interest , the total annual cost of the 

- 1 2 4 -

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


present standard would be S 2 30 million or about 6 . 8 cents 
per pound of cotton us ed .  

It i s  obvious that the health and safety of workers in 
the texti le and wood products industries must receive 
reasonabl e protection .  However ,  such regulations will be 
costly and final decisions on standards wi ll have signi­
ficant effects on the competitive position of renewable 
resources materia ls . 

Regul ati on of Transportation 

The enerqy cri sis and the bankruptcy of several large 
railroads have brought the issues of transportation regu­
lation before the public once again . The bulky nature of 
wood products . in particular , means that the structure of 
transportation rates has a signi ficant impact on location of 
their production vi th respect to markets .  

Transportation rates are parti cularly important to the 
forest industry in the Northwest . Here , we have the paradox 
of exports f rom washington State to Japan in preference to 
eastern u. s .  markets, wbile neighboring British columbia 
competes in the same eastern markets . The reason is the 
Jones Act (The Merchant Marine Act of 1 920 , P . L. 2 6 1  as 
amended in 1 93 5 ,  1 93 6 , and 1 958) ( 4 6 usc 8 8 3  ( 1 9 7 0 ) , A! 
amended PL 1 9 1 (1 935) 4 9  Stat. 4 4 2 ;  PL 8 3 5  ( 1 9 3 6) Sec . 2 0 4 , 
90 4 ,  49 stat . 1 98 7 ,  20 1 6 ;  PL 8 5- 50 8 ( 1 9 5 8 )  sec . 6 2 7 (a) . 72 
stat . 3 5 1 . ] , which requires that all cargos between American 
ports be carried in vessels built, owned, and manned by 
Americans . The Jones Act has been subj ected to spirited 
attack over the years by consumer groups and other 
interests . The u. s .  Treasury Department has very rarely 
granted waivers and then only on a case-by-case basi s 
(Economic Research Service 1 975 , personal communication, 

USDA, washington, D . C . ) . 

Informed observers in the Northwest note another 
competitive disadvantage with respect to British Columbia.  
Railroad rates on canadian rai lroads for shipment of forest 
products eastward are lower by as much as 1 7 percent for 
comparable distances (J . s. Bethel 1 97 5 ,  personal communi­
cation , University of Washi ngton , COllege of Forest 
Resources ,  seattle) . 

Transportati on  costs repres ent approximately 2 5  percent 
of the delivered price of canadi an forest products . Ap­
proximately three-fourths of coa stal Briti sh columbia 
shipments are waterborne ,  and the bulk come to the u . s .  
once on the ship, the cost o f  additional distance i s  low . 
In 1 9 72  the cost of shipping 1 , 000 board- feet of lumber from 
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vancouver to Boston was $ 3 5 . In contra st . the cost of 
shipping by railroad to Bos ton was approximately $ 6 1 . 
However . shipments from interior British Columbia normally 
move by rail or truck and not by water because of high costs 
of reloading on ships (Aspey et al . 1 97 3) . 

The issue of upgrading and rationa li zing the u . s .  
transportation sy stem transcends the forest products 
industry. but the ultimate outcomes wil l  have a significant 
impact on the location of production . proces sing. and 
markets served . The continuing controversy is another 
signi ficant uncertainty in planning for forest material s  
production . 

Federal Tax Policy on New Investments 

There is  considerable current debate on the 
de sirabi lity of the present level of industrial investment 
and t he problem of technological obsolescence in American 
industry . Rapidly rising machinery costs have made exi sting 
depreciation schedules obsol ete . Increasing capital 
requirements to meet environmental and health and safety 
regulations have reduced the proportion of new investment 
funds available for increasing productivity . While 
recommendations in this area are beyond the scope o f  this 
study . it i s  apparent that outcomes of the current debates 
on investment tax policies coul d have a significant impact 
on the role of renewable re sources in the future .  

Factors Influencing the Use of Renewable 
Resources Products 

There are many institutional factors that i nf luence the 
use of products f rom renewable resources . Two major cate­
gori es of government policy . monetary and f i scal policies 
and consumer standards and building codes . are selected for 
emphasis here . 

Federal Monetary and Fiscal Policies 

Modern f i scal and monetary policies for stabi lizing the 
general economy . dampening inflation . or stimulating employ­
ment . have had the effect of greatly destabi liz i ng the flow 
of funds into construction activities . Thi s  condi tion is 
true both in direct government funding and indirectly in the 
private financial markets.  The result is to create a wi ldly 
unsta ble market for lumber • plywood. an d  other bui lding 
materials and to cr eat e  a very inefficient operating pattern 
in the structural materials industry . The condition i3 
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wi dely recognized . T.his report has nothing new to 
contribute to the pol icy debate . However , i t  woul d be 
inappropriate to review ins titutional factors impacting on 
the use of renewable resources without drawing attention to 
perhaps the most signi ficant obstacle to the effici ent 
production and use of these materials . 

consumer standards and Buil ding Codes 

The function of government standar ds and codes is to 
establish rul es for the des ign ,  manufacture , or construction 
of safe and sanitary products and structures . The adoption 
of new consumer standard s generally improved the we l fare of 
society but wil l definitely have the impact of increasing 
the costs of these products . The Rational cotton council 
estimates that the cost of new flammability standards for 
children ' s  sleepwea r is about a doll ar per garment higher or 
about $ 1 1 5  mi llion per year . 

In the ca se of building codes and standards , the 
situation is somewhat di fferent . Recent innovations in 
building material s have made many of the old rules overly 
conservative and therefore overly expensive . Many knowl­
edgea ble observer s have cal l ed for r evi ew and updating of 
these rul es , recommending change from speci f ication 
requi rements , i . e .  specifying a particular size or material 
to performance requirements . 

There appears to be ample sci entif ic evidence to 
support thes e recommendations . Inertia results from the 
many state and municipal governments , the variety of codes 
invo lved , and opposition from construct ion unions and 
materials manufac turers with a vested interest in the status 
� · one positive force for reform both in terms of 
modernization and increased uniformity has been the 
requi rements of the Department of Rousing and Urban 
Development (BUD) . Before quali fying for certa in housing 
program a ssi stance , state and muni cipal governments most 
adopt the BUD changes . 

Factors Influencing Internationa l Trade 
in Renewable Resources Materi als and Products 

Constraints on international trade in wood products 
vary with the type of product and internal production 
patterns . Nations with heavy consumption o f  wood products 
tend to l evy  rather heavy tarif fs on incoming fini shed 
products if they compete wi th domestic production but to 
admit raw material s and semi-manufactur ed items with li ttle 
or no duty (Thoma s et al . 1 9 6 8) . For example t he u . s . 
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al lows Canadian log s ,  lumber ,  pulp , and newsprint in without 
tari f f  but maintain s a prohibitively high tarif f  on plywood 
( 1 0  to 20 percent ad valorem) • 

our plywood exports to the European Economic commup ity 
(EEC) are expected to declin e some 5 percent thi s year to 

$ 80 million due to %ecently imposed tra de restrictions . An 
EEC duty fre e  quota of about 4 50 mi l lion square feet ( 3/ 8  
inch thickne s s  ba si s) has been ass igned to u . s .  softwood 
plywood exports . An entry duty of 1 3  p ercent ad va lorem 
wi ll apply to quant iti es in excess of that amount (U . s .  COM 
1 9 7 5b) . 

In 1 972 the United Kingdom , Denmark,  and Ireland, 
former European Fre e  Trade Association (EFTA) members , 
elected to j oin the European Economic community or common 
Market . sweden , Finland , and Norway , non-EEC members and 
world traders in pulp and paper , sought and rece ived special 
trade conces sions from the common Market in 1 9 7 3  that 
provided them with progressively larger competitive 
advantages when trading with EEC in paper and board . Af ter 
a transition period SWeden ,  Finl and, Norway , Austria , and 
Portugal wil l  be trading fr ee of duty in the se commoditi es . 
Imports from othe r countries ,  including the u. s .  we re to be 
subj ect to duty rates rangi ng upward from 1 2  percent . 

Since Europe represents the larges t foreign market for 
the u . s . paper industry, accounting for more than 4 0  percent 
of the total pulp ,  paper , and boar d  exports , the u . s .  paper 
industry has been see king equival en cy o f  treatment with 
respect to tariff rate s on these commodities . In May 1 974 , 
Pres ident Nix on announced the results of successfu l  broad­
ranged negotiations , some of whi dh a ffected paper and board 
trade . New duty rates for most- favored nations deal ing with 
the expanded common Market on products includi ng Kraft paper 
and board are to decline from the current 1 1  percent 
gradual ly to 8 percent by 1 9 7 9 .  Whi l e  thes e tarif f rates do 
not constitute equiva l ency of treatment , they do repres ent 
concession s .  The forthcoming international trade negoti ­
ation s may result i n  some f urther advan ces in this area 
(U . S. COM 1 97 5b) . 
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CHAPTER 6 

RENEWABLE RESOURCES FOR STRUCTURAL 
AND ARCHITECTURAL PURPOSES 

INTRODUCTION 

Wood , with only minor exceptions , is the only renewabl e 
resource economical ly suitable for s tructural and 
archi tectura l purposes . It has always been attractive to 
primitive societi es as a structural material because it is 
ea si ly available , i t  can be us ed in very nearly the form in 
which it grows , and if it requires modif ication for use , it 
can be worked with very simple tool s .  The pole bouse with 
thatch roof and walls has been the poor man • s hous e  in warm 
countrie s for centuries , and it is sti ll extensively used in 
many tropical countries today. In colder climates the log 
cabin with spl it shake roof is the counterpart of the pole 
house . When it i s  des irable to convert the round pol e or 
log to a board or timber for use ,  it can be done wi th a hand 
saw using a platform or pit .  This method o f  manuf acture i s  
still us ed i n  many les s-deve loped countries . The more 
sophisti cated modern s awmills are typically smal l  factories 
with band , sash , or circular saws driven by water wheel s or 
steam , el ectric , or internal combustion engines . Some 
sawmills are very large, processing up to 1 million board • 

feet per day , but thi s is the exception in the lumber 
industry . 

veneer and p lywood are also wood products whose use 
dates back to antiquity . Very fine examples of the veneer 
maker s have been di scovered in the tombs of the pharaohs in 
Egypt . The Assyri an, Babylonian , and Roman culture s al so 
developed the use of wood i n  lumber and veneer forms as 
structural and architectural material s . 

In the u . s .  the use of wood for structural and 
architectural purposes accounts for the greatest volume 
among al l wood uses . Of some 2 50 mil lion tons of raw 
wood- -approximately equal to the combined production of all 
meta l s ,  cements , and plasti cs--that are processed each year 
by the nation ' s forest product industries (Cliff 1 9 7 3) , 63  
percent is converted to lumber and rigi d panels , which are , 
in turn ,  used in structures and in innumerabl e manufactured 
commoditi es .  Proj ections of the Forest service (USDA 1 97,d) 
indicate an approximate doubling of the demand for raw wood 
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between the years 1 97 0  and 2000 , with lumber and rigid 
panel s accounting for over 50 percent of the total demand . 
During thi s  30-year period of increasing wood demand, major 
changes are occurring in the size,  qual ity , and mix of the 
raw-material ba se from the forests and in the environment 
that affect the manufacture of forest-based commodities . 

The use of wood in lumber and panel forms takes maximum 
advantage of the basic biological structure of the parent 
tree and therefore maximum advantage of the photosynthetic 
process as a material synthesizer. It is in these forms as 
well that wood maximi zes its advantage over most competitive 
mater ials in terms of energy required for us e .  RMS analysi s 
provi des a vehicle for studying the flow of forest-based 
materials into primary structural and architectural 
commodiites and for examining energy , manpower , and capi tal 
requi rements in the manufac ture of thes e primary products, 
and their convers ion into "model" building systems , as 
compared with sel ected alternatives manufactured f rom 
nonrenewable raw materials. 

Inventory data cl assify trees , largely on the basis of 
stem diameter ,  as sawtimber or pulpwood . Trees included in 
the f irst category yield log s general ly cons idered of 
suitable s iz e  and quality to be converted to lumber or 
veneer ,  wherea s trees in the second category have been 
generally conside red too small for convers ion into these two 
products . Technological advances in us e,  however, together 
with the economic practical ities of product manufacture from 
a given raw material supply , have largely eliminated the 
dist inction between these categories from a use standpoint . 
Trees of all diameters , the refore , must now be considered 
part of the raw-material base for struc tural and archi­
tectural commodities in the form of lumber or of structural 
timbers and panel s derived f rom small er pieces of lumber or 
from veneer , flakes , particles , or fibers . Fiber for paper 
and other pulp-ba sed products is simi larly drawn from a 
reservoir of raw material f rom both cat egories . The old 
sawtimber and pulpwood categories are n evertheless used in 
RMS analysi s as the National Forest Service sti ll employs 
them. 

Materia ls-flow trajectori es (Figure 1 )  derived from 
1 970  data reported in The outlook for Timber in the United 
State s ,  hereafter referred to as the "Outlook Study " (USDA 
1 97 4d) , indicate a usable raw materi al base for the forest 
products industry in 1 97 0  of 1 93 million oven-dry (O. D. ) 
tons of roundwood with bark intact . Of thi s , 1 1 5  million 
oven-dry tons are categoriz ed as sawtimber , yie lding 98 
mi llion tons of sawlogs and 1 7  mil lion tons of veneer logs . 
The remaining 7 8  mi llion tons are class ified as pulpwood and 
poles ize timber . Softwoods account for 1 3 5 million ton s of 
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material , approximately 7 0  percent of the total , of which 8 8  
million tons are categori zed as sawlogs and veneer logs . 
The r emaining 5 8  million tons are hardwoods of which 27 
mi llion tons are sawlog s and veneer logs . 

Manufactured from this raw-mate ria l  mix flowing into 
industry are 4 2 . 8  million oven- dry tons of lumber and rigid 
panels su itable for bui lding materi al s .  Addit iona lly 
yi elded from this mix are 6 . 8 million tons of cooperage , 
pi ling , pole s ,  posts , mine timbers , and other miscellaneous 
products , which are dependent in part for their uti lity on 
mechanica l strength . In al l , 2 6  percent o f  al l raw material 
from the forests undergoing manufacture and 43 percent of 
all raw mate rial classified as s aw timber enter the market 
in the form of primary structural products . 

For the purpose of thi s study , structural and archi­
tectu ral mat erial s  are consi dered to be those contributing 
to the form and structural integrity of the product . 
Emphasis i s  thus given to renewabl e resources that , in 
primary proces s ed form, are characteriz ed by reliabl y known 
physical and mechanica l properti es and �e dimensionally 
suitable for structural use . Decorative and aesthetic 
characteristics ,  per se , are not considered . The study 
therefore concentrates on the processing of raw materials 
from the forest into prisms and rigid panels , which can in 
turn be fabricate d  into engineer ed and architecturally 
designed structures , and the flow of these materials into 
selected bui lding components .  

The basic structural materials manufactured f rom wood 
�abl e 1 )  are therefore lumber , which is sawn or shaped from 

the log, and rigid panel s .  Panels are fabr icated by 
reducing wood to veneer , particles , flakes , strands , or 
fiber s  that are , in turn , reconstituted into thin sheets by 
pressing between heated platens , usually in combination with 
an adhes ive. Sheets thus formed are broadly classi fied as 
plYwood-- fabricated from veneer- -and bui lding board , which 
cons ists of an array of sheet products under generi c  
classification s including particleboard , flakeboard , 
hardboard and insulation board. 

Lumber and panels suitable as buil ding materi a l s  are 
used in a wide spectrum of secondary products (i . e . , 
products other than structures) that are not speci f ical ly 
included in thi s analysi s .  In 1 97 0 ,  1 2  percent of all 
lumber , .  9 percent of all plywood , and 1 9  percent of all 
bui lding board was used in the manufacture of such secondary 
products as  furni ture , boats , truck bodies , and innumerabl e 
other items (Table 2) . Of the secondary commodities using 
substantia l quantities of primary structural mat erials , 
furniture manuf actured in 1 970  accounted for 7 percent of 
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Primary 

Table 1 

Util i zation of Timber in the u . s .  for Primary 1 
Structural and Archi tec tural Commodities , 1970 

Approximate Yield 
Commodi ty (mi l l ion oven-dry tons ) % of Tota l 

Softwood Lumber 2 3 . 4  47 . 2  
Hardwood Lumbe r 7 . 3  14 . 7  

Total Lumber 30 . 7  61 . 9  

Softwood P lywood 6 . 3  12 . 7  
Hardwood Plywood . 4  . 8  

Total Plywood 6 . 7  1 3 . 5  

Hardboard 2 . 4  4 . 8  
Insulation board 1 . 2 2 . 5  
Particleboard 1 . 8  3 . 6  

Total Building Board 5 . 4  1 0 . 9  

Cooperage , Pil ing , Poles , 
Posts , Mine Timbers 3 . 8  7 . 7  

Other Miscel laneous 3 . 0  6 . 0  
Total Miscellaneous 6 . 8  1 3 . 7  

TOTAL 49 . 6  100 . 0  

Source: The Outlook for Timber in the United States , u . s . Department of 

Agriculture Forest Service ( 1974 ) 
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SECONDARY 
Y!! 

Table 2 

some Secondary uses of Primary Ccmwnoc!ities 
(based on 1970 statistics ) 

Lumber Plywood 

M M * . M M * • 
'tons total tons total 

COMMODITY 

( 1 ) 

Building 
Board 

M M * • 
tons total 

Particle­
board 

M M i • 
tons total 

Hardboard 

M M * • 
tons total 

CONSTRUCTION 

Residential 1 3 . 2  43 3 . 3  49 2 . 3  4 3  

Non-Residential 2 . 8  9 0 . 7  10 0 . 6 10 

TOTAL 
CONSTRUCTION 16 . 0 52 4 .  0 59 2 . 9  53 

MANUFACTURE 

Furniture 

Other 

TOTAL 
MANUFACTURE 

SHIPPING 

Pallets 

Other 

TOTAL 
SHIPPING 

MISC . USES 

TOTAL 

2 . 2  7 0 . 34 5 

1 . 5 5 0 . 26 4 

3 . 7  12 0 . 60 9 

2 . 5  8 

2 . 1  7 

4 . 6  15 

6 . 4 5  21 2 . 1  32 

30 . 7 5 100 6 . 7  100 

1 . 0  19 

1 . 5  28 

5 . 4  100 

0 . 6  34 

0 . 1 4 

0 . 7 38 

0 . 4 17 

0 . 3 12 

0 . 7 29 

( 1 )  . Inc ludes particleboard , hardboard , and insulation board 
(2 ) Residential and non-residential construction combined 

* M M Million oven-dry 
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Insulation 
Board 

M M i  • 
tons total 

1 . 8  

0 . 2 

(2)  
8 3  

17 
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al l lumber . 3 4  percent of al l particl eboard . and 1 7  percent 
of all hardboard . At the pre sent time . approximately 6 0  
percent of the rapi dly expanding production of parti cl eboard 
is us ed in furniture and al l ied products with the remaining 
40 percent beinq used i n  construction . Importantly . a very 
hiqh percentage of the lumber used in furniture manufacture 
is hardwood which currently has limited uti lity for 
structura l  and architectural applications . 

Of particula r significance . from the standpoint of 
hardwood use . is the demand for wood to be used in shipping 
in the form of wood containers . dunnage . blocking. and 
bracing and. most importantly .  pal l ets . Since the early 
1 9 60s . the increa se in wood used in shipping has been 
largely attri butable to the increased demand for pallets : 
Pa llets now con sume approximately 1 5  percent of all lumber 
manufactured . substantial increas es in pal let consumpti on 
are proj ected in re lation to growth in industrial production 
(Cliff 1 97 3 ) . 

Sawn mainline rai lroad ties . which are in short supply . 
provi de another important u se for hardwoods o f  limited value 
for other purposes . Of more than 1 bil lion crossti es 
supporting some 3 50 . 0 0 0  miles of rai lroad track in the 
United States today . many have been in place longer than 
their expected life ; addi tionally.  incr eased ax le loads are 
accel erating mechanical deterioration of ties in place . The 
rate of c rosstie replacement until the end of the century 
will be predictably high . Low-grade hardwoods in solid or 
laminated form are we l l  sui ted to this need (Howe and Koch 
1 9 7 5) . 

Pi ling .  pole s .  posts . and mine timbers . which are 
largely roundwood . con sti tute a signi ficant tonnage of 
structural products as indi cated in Table 1 .  Important 
among these are pi ling for which 2 8 . 8  mi llion linear feet of 
roundwood were required in 1 970 . and poles of which 5 . 4 
million were us ed dur ing the same year. 

Of the wide spectrum of uses of lumber and rigid 
panels . residenti al and nonresident ial light construction 
stand out as being . by a very substantial degree . the most 
important forms of secondary use .  As indicated in Tabl e 2.  
52 percent of a ll lumber . 5 9  percent of a ll plywood . and 5 3  
percent o f  all  bui lding board were consumed in construction 
in 1 9 70 .  For each of these commodities . approximately 1 0  
percent of the total volume o f  the product u sed was for 
nonres idential construction . As indicated in Figure 2 .  the 
demand for housing i s  projected to remain high through the 
year 200 0 . Importantly . the wood-based primary structural 
products requi red per housi ng unit are also proj ected to 
remain high (Figure 3 ) . A high percentage of lumber and 
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F igure 3 Major uses of Plywood and Lumber-1 970-2000 

SOURCE:  Cl iff 1 1 973) 
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plywood . which accounted for approximately three-quarters of 
the tonnage of primary structural products produced from 
wood in 1 9 70 . i s  projected to continue in housi ng until the 
year 200 0 .  with a substanti al increase in absolute volume of 
each product being devoted to this use ( Figure 3 ) . 

ANALYSIS OF MATER IALS USED IN RESIDENTIAL AND 
LIGHT- FRAME CONSTRUCTION 

Because of its importance to the total demand for wood 
products and because it constitutes a substantial potential 
market for commodi ties manuf actured from nonrenewable 
resources . residential and l ight industrial construction was 
sel ected for analysis by this study in order to evaluate 
wood as a structural and architectural material . Repre­
s entat ive designs of f loor . wall . and roof constructions now 
in use or which are feasible in the foreseeable future were 
chosen for study . wood-based and alternative structural 
materia ls incorporated in these designs were analyzed from 
the standpoints of energy . manpower . and capital 
requi rements from the point of extraction of the raw 
material to erect ion on the building si te . Changing 
manufacturing technologies resulting from changes in the 
forest resource are considered together with accompanying 
research and deve lopment needs.  

Primary Materi als and Their Use in Building Components 

Eleven primary materials fabr icated from the forest 
resource were sel ected for study . Of these . eight that make 
up a high percentage of all primary structural and archi­
tectural materials manufactured from wood are 

1 .  sof twood lumber . 
2 .  hardwood 1 umber • 

3 .  underlayment parti cleboard. 
11 .  softwood plywood. 
s .  hardwood plywood . 
6 .  medium-den sity fiberboard. 
7. wet-formed insu lati on board. and 
8. wet- formed hardboard . 

The remaining three--structural flakeboard . reconstituted 
structural board. and lumber laminated from veneer--are 
technologica lly fea sible and are expected to be in pro­
duction in the foreseeable future . For each of these 
primary products . a materials-flow tra j ectory was developed 
on the basis of 1 oven-dry ton of enter ing raw material . as 
is i l lustrated for softwood lumber in Figur e 11. Al l 
material s - flow tra j ectories were developed for manufacturing 
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Figure 4 

Materials Balance for Softwood Lumber 
(Based on oven-dry (o . d . ) weight) 

1 . 0  TON----------�--,-------------------------� Dry Planed Double-End 
SAWLOGS 
(O . D . WT) 

7 3 . 4 1 MM TONS 

Trimmed Lumber 
( 2 )  

. 3 5- ( 0 . 40)  
( 3 )  

- ( 0 .  4 5 )  

25 . 69 MM TONS 

�------------------�� Pulp Chips 
( 2 )  

• 2 9- ( .  29 )  
( 3 )  

- ( .  29 )  

21 . 49 MM TONS 

r------------------- Shavinqs Plus 
Dry End Trim 
( for Particleboard) 

( 2 )  ( 3 )  
. 15- ( . 13 )  - ( . 08 )  

11 . 01 MM TONS SAWDUST;-1_ 
. 11 ( . 08 ) ( 2 ) } 

( . 08 )  (3 )  Fuel 
( 2 )  ( 3 )  

- ( . 18 ) • 2 1  - ( . 18 )  

15 . 42 MM TONS 

TOTAL 1 . 00 ( 1 . 00)  (1 . 00)  

(1)  Tonnage from materials-balance traj ectory for the u . s . forest resource , 
1970 

( 2 )  Predicted product and by-product recovery , 1985 
( 3 )  Predicted product and by-product recovery , 2000 
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operations de signed to maX1m 1 ze the output of the primary 
product u nde r con siderati on . Th e  tra j ector i es  w er e  based on 
averages att ained in eff icient manu facturing pl ant s with 
da ta supplied by knowledqeable industrial sources. 

Bas ed on inf ormation f rom the materia ls-f l ow  tra­
j ectories for a l l operati on s except the manu facture of 
recon stituted structural board , man-hours , energy ( in the 
form of mech anica l horsepower and pounds of ste am) , and 

· capit al depreci ation for the operation of the manuf acturing 
faci lity were prora ted proportionately among the output 
products . For the most part--but not in all ca s es - ­
prora tion wa s based on the weight o f  each product. Input 
requirements are considered reasonabl e averages for 
efficient manufac turing plants and were der ived from 
manu f acturers and knowledgeable indu strial sources . Figure 
5 il lustrate s the assignment of man-hours , energy , and 
capital depreci ati on to the principal and residual products 
of a softwood lumber mi l l . 

Requirements for man-hours , energy , and depreciated 
capi ta l were developed for harvesting and transport from 
stump to mi l l  f or the raw m aterial supplied to the 
manufacturing plant on the basi s of 1 oven- dry ton of mi l l  
input raw mat eria l .  These data include requirements for 
harvest planni nq and l ayout , road construction and main­
tenance , equ i pment and its maintenance , supervi sion and 
support functions , harve sting , and stump-to-mi l l  transport . 
POr thos e primary products us ing input raw material s other 
than roundwood-- e . g . , chips , flakes , or particl e s- - the 
manpower , energy , and capital assi gn ed to prepa ration of the 
feed stock wa s inc luded . Harvesting data were derived 
primarily on the basis of southern and west coa st 

. opera ti ons , but are cons i dered representative of th e  nation 
at larqe becau se of the heavy concentrations of the fore sts 
and i ndustries in the se two area s .  

Tran sport ati on mode an d  distance e stimates from the 
manufacturing plant to the retai l lumber yard ( for wood­
based commodities) , together with manpower , energy , and 
capital requirements , we re developed on the bas is of 
stati sti cs ass embl ed by manu facturing and tr ansportation 
as soc iations and from information derived f rom manufacturing 
in dustries . Data on transport from the retail yard to 
bui ldinq site was supplied by a geographi cal ly dispersed 
sampl e of retail di str ibutors of bui lding products . 
Erection data were provi ded by the Nationa l Associ ation of 
Home Bui lders . 

Data compa rable to tho se assembl ed for wood-based 
structural and architectura l products were developed for 
a lternative bui lding materi als manufactured from non-
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Figure 5 

Softwood lumber requirements for man-power , energy , and capital depreciation 
in the Manufacturing Process of Softwood Lumber 

( Based on 1 . 0  ton oven-dry (o . d . ) weight of wood input - 1970) 

PRODUCT MAN-HOURS MECHANICAL STEAM DEPRECIATION OF 

HORSEPOWER CAPITAL FACILITIES 

Tons (O . D . ) HP Hours Pounds Dollars 

1 . 0  TON Dry Planed 
Barky D . E . T . Lumber 
Sawloqs 
(O . D . Wt . ) . 35 . 67 2 1 . 98 977 . 86 

ulp Chips 

. 29 . 56 18 . 2 1 0 . 70 

Partic leboard 
Purnish 

. 15 . 29 9 . 4 2 419 . 36 

Fuel 

. 21 . 40 13 . 19 0 • 51 

1 . 00 1 . 92 62 . 80 1 396 2 . 43 
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renewable resources . information was computed from census 
data and from the Brookhaven Data Bank . Distribution of 
non-wood building materials from the retailer to the 
building site was assumed to be similar to that for wood­
bas ed mat erials . 

In order to provid� a basi s  for comparison of 
alternative structures , designs were developed for four 
roof , eight exterior-wall , three interior-wall , and six 
floor constructions .  This array includes the most important 
designs for these components in use today and, additiona lly , 
several feas i bl e  designs that are not yet commonly used . 
The designs were se lected to provide a realisti c compari son 
between the use of wood-based components and alternative 
materials . Sections with an area of 1 0 0 ft2 were s elected 
for analysis in order to provide easy comparison , and 
elimi nate the effect of door and window openings . Weights 
of materials requi red for each 1 00 ft2 s ection were 
calculated (Table 3 ) . For each composite 1 0 0ft 2  s ection, 
requirements for man-hours , capital depreciation , and energy 
from material source to bui lding site were computed for all 
mater ials in the de sign.  These data provide a bas is for 
assessing the enerqy, manpower , and capital cost effec­
tiveness of alternative designs incorporating both wood and 
non-wood materi al s  and for analyzing the contribution of the 
various components within a given design to the total 
requirements for manpower , energy, and capital . 

The data on which this study i s  ba sed are the best 
available within the time frame and resource limitations of 
this study. It i s  felt that they ar e adequate for the 
purpose of drawing meaningful comparisons and conclusions . 
It must be recogni zed ,  however , that many data lack 
precision and that all are averages of a highly variable 
base. Wood-processing industries are characterized by 
exces sive variabi lity in operating efficiency both within 
and between geographic regions . In many process ing plants 
throughout the country , material that i s  residual to the 
primary product has limited or no uti lization. Equipment i s  
frequently obsolete and management support i s  often in­
adequate . Materials-flow traj ectori es and manpower, 
capital , and energy requirements derived from them are 
considered representative of efficiently operated plants in 
areas in which the primary process ing industries are 
integrated . The data are representative of thos e processing 
pl ants that are economically viable and from which a 
significant percentage of primary structural and 
architectural materials flow and may be considered 
char�cteri stic of progressi ve processing plants throughout 
the u . s. 
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Table 3 

De scriptions o f  F loor , Roo f , and Wal l  Constructions 

F loor s 1 

1 .  Wood j o i s ts ( 2  x 1 0  inch , 1 6  inche s  on center ) ; plywood 
subfloor ( 1/2 inc h ) ; particle board underl ayment 
( 3/8  inc h ) ; carpe t and pad . Tota l  we ight - 0 . 3 1 2  ton 

2 . Wood j o ists ( 2 x 1 0  inch , 2 4  inc he s  on center ) ;  plywood 
subf loor ( 3/4 inc h ) ; oak strip f loori ng . Tota l we ight -
0 . 2 9 3 ton 

3 . Wood j oi s ts ( 2  x 1 0  inch , 1 6  inche s  on center ; plywood 
combinat ion subf loor underl ayment ( 5/ 8  inch ) ; carpet and 
pad . Total we ight - 0 . 2 6 0  ton 

4 . Concrete s l ab ( 4  inche s  thick on 6 "  grave l base ) ; vapor 
barr ier carpet and pad . To tal we ight - 4 . 8 6 0  tons 

5 . S tee l j o i s ts ( " C "  sect ion , 4 8  i nches on center ) ; plywood 
subf loor ( 1- 1/8 inche s ) ;  carpe t and pad . Total we ight -
0 . 6 1 4  ton 

6 .  Lumber- Laminated from veneer j o i s ts ( 1 . 5 x 7 . 5 inche s ) ,  
1 6  inche s on center ) ;  structural f l akeboard and subf loor 
( 5/ 8  i nch) ; carpet and pad . To ta l we ight - 0 . 2 6 0  ton 

Exterior Wal l s
2 

1 .  Plywood s iding ( 5/ 8  inch ) without sheathing . Total we ight -
0 . 2 9 0 ton 

2 .  Medium-den s i ty f iberboard s iding ( 1/ 2 inch ) ; p lywood sheath­
ing ( 3/ 8  inc h ) ; Total weight - 0 . 3 4 2 ton 

3 . Med ium- den s i ty f iberboard siding ( 1/2 inch ) ; insulation­
board sheathing ; ( 1/ 2  inch) with plywood ( 1/ 2  inch ) 
corner bracing . Total �e ight - 0 . 3 7 7  ton 

4 . Concrete block without add i t ional s id ing or insu lation . 
Total we ight - 1 . 9 9 9  ton s  

5 . Aluminum s iding ( 0 . 0 2 inch) ; insulation board sheathing 
( 1/ 2  inch) . Tota l weight - 0 . 2 6 5 ton 

6 .  Med ium-den s i ty f i berboard s iding ( 1/ 2  inch ) ; steel 
framing ; insul ation board sheathing ( 1/ 2 inch) wi th 
p lywood ( 1/ 2 i nc h )  corner brac ing . Total weight - 0 . 3 2 3  ton 

7 .  Aluminum framing with s iding and sheathing as in number 6 .  
Tota l we ight - 0 . 2 9 3  ton 

8 .  Brick s id i ng ;  insulation board sheathing ( 1/2 inch) with 
p lywood ( 1/ 2  inch)  corner bracing . Total we ight - 2 . 0 1 tons 
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3 
Inter ior Wal l s  

1 .  Wood f raming ( 2- x 3 - inch , nomina l ) . Total weight - 0 . 3 1 1  
ton 

2 .  Aluminum f raming . Total weight - 0 . 2 1 7  ton 

3 .  S te e l  framing . Total weight - 0 . 2 3 1 ton 

4 
Roo f s  

( 3 0 lb/ sq f t  l ive- load de s ign ) 

1 .  P i tched roo f wi th w- type wood trus s es , plywood sheathing 
( 1/ 2  inc h ) ; roof ing felt and wood shingl e s . Total 

we ight - 0 . 4 2 9 ton 

2 .  Same a s  number 1 but with aspha l t  shingles . Tota l 
weight - 0 . 4 9 3  ton 

3 . Flat roo f with s tee l rafters ( " C " section , 7 - 1/4 inches 
in depth) ; plywood she athinq ( 1/ 2  inch) 1 built-up 
roof ing ( 3/ 8  inch) . Total we ight - 0 . 4 1 0  ton 

4 . F lat roo f wi th lumber- laminated- from-veneer raf ters , 
s tructural f l akeboard sheathing ( 1/2 inch) 1 bui l t-up 
roo f ing ( 3/8  inch) . Total weight - 0 . 4 4 9 ton 

1 Wei ghts o f  individual components in each des ign are shown 
in a de tached append ix available from the National 
Academy o f  Science s . 

2 All  wal l s  except number s  4 , 6 ,  and 7 are s tandard framed 
wa l l s  wi th 2- x 4 - inch ( nominal ) s tud s ; 2 4  inche s on 
center , with top and bottom plate s , building paper , and 
gypsum board interior pane l s . Al l constructions are 
na iled . With the exception of number 4 ,  a l l  wa l l s  
conta in 2 "  mineral woo l  insulation batts which conformed 
to bui ld ing s tandards at the time ( 1 9 7 0 ) . 

3 .  Al l interior wa l l s  are wi th 1/2 inch gypsum board on 
both s ide s , and non- load-bearing framing on 2 4 - inch 
center s .  

4 . All roo f s  are wi th 1/2 inc h gypsum cei lings , 3 . 5  inch 
mineral woo l insulation , nai led cons truc tion , and 
framing members 2 4  i nches on center . 
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Flow of Materials in Primary Processing 

A summary of information developed from tra jectori e s  of 
materials ba lance s for the structural and architectural 
materials included in this study is shown in Tabl e 4 . NOt 
surprising ly ,  the panel pro ducts reconstituted f rom fibers 
mechanical ly derived l argely from bark- free chi ps and from 
underlayment partic leboard show the highest per centage of 
primary product r ecovery . Table 4 also shows that the 
residue f rom these primary products did not provide raw 
material for other manufactured products . 

Although all of the res idual material f rom the 
manufacture of the reconstituted structural board was 
as signed to fuel , much of i t  coul d be used as a raw materi al 
for pulp or for other forms of r econ stituted structural 
board , economic circumstances permitting . 

The proce ss se lected to il lustrate the manufacture of 
hardwood f lakeboard i s  not now in us e .  The primary product 
could have , with equal vali dity ,  been considered hardwood 
lumber ,  the recovery of whi ch , as may be noted f rom Tabl e 4 ,  
exceeds that of conventional ly sawn hardwood lumber as shown 
in the hardwood lumber mate ri al s bal ance dat a .  Lumber f rom 
the il lustrated hardwood fl akeboard operation woul d be 
pa rticula rly usef ul for pal l ets , which are in increasing 
demand. 

With the exception of the i l lustrated hardwood 
fl akeboar d operation, lumber and plywood recovery from 
hardwood i s  con siderably lower than that from softwood, 
re fl ecting the generally lower qual ity of hardwood logs . 
Parti cular ly noteworthy i s  the high percentage of pu lp chips 
recovered from roundwood entering lumber and plywood 
manufacturing operations . 

Man-hours , Capital , and Energy Requirements 
for Primary Products 

Tabl es S ,  6 ,  and 7 summari ze , for wood- based and non­
wood-based primary commoditi es ,  man-hour , capital ,  and 
energy requi rements for extr action of the raw material , 
manufacture of the product, and transportation to the 
bui lding site . Thi s provides a basis for compari son of 
products from ren ewabl e and nonr en ewabl e resources . 

WOod products are , with few except ions , mor e 
homogeneou s in man- hour and capi tal requi rements than are 
the non-wood-ba sed commoditi es . Without exc eption ,  
harvesting the fore st re source an d  tr an sport ing it to the 
mill is more demanding in labor than is extraction of non-
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Table 4 
Materials Balance Summaries 

{Based on one oven-dry ton input of forest-based raw material 1970) 

WOOD-BASED PRIMARY STRUCTURAL COMMODITIES 

PRINCIPAL PRODUCT 

Wet- formed Insula­
tion Board ( l )  

Underlayment par­
ticleboard ( 2 )  

Wet- formed pri­
mary hardboard ( 3 )  

Medium-density 
fiberboard ( 4 )  

Input 
Raw 

Pr inci pal 

Material Product 

1/2 bark- 1 . 04 
free chips 
1/2 forest 
residual chi p 

Dry mill 
residue 

. 98 

1/2 bark- • 87 
free c hips 
1/2 forest 
residual chip 

1/2 roundwood . 86 
1/2 bark- free 
chips 

Reconstituted Roundwood . 63 
structural Board ( S) 

Lumber laminated 
from veneer ( 6 )  

Softwood plywood 
unsanded ( 7 )  

Roundwood 

Roundwood 

Structural flake- Roundwood 
board ( 8 )  

Softwood lumber 

Hardwood plywood 
( sanded) ( 9 )  

Hardwood lumber 

Roundwood 

Roundwood 

Roundwood 

. 47 

. 4 5 

. 3 5 

. 3 5 

. 30 

. 28 

RECOVERY (OVen-Dry Ton ) 

tumber 

studs 
. 06 

studs 
. 06 

. 45 

Pul p 
Fuel 

Chips 

o . os 

. 1 1 

. OS 

. 17 

. 40 

. 29 . 1 2 

. 30 . 12 

. 22 

. 29 . 21 

. 48 . 2 3 

. 29 . 23 

S olubles 
and 

Volatiles 

0 . 10 

. 10 

. 06 

Other 

Particleboard 
furnish . 07 

" . 08 

II . 1 5 

Particleboard and 
medium-density 

fiberboard furnish 

. 20 

( 1 )  . 19 ton starch , wax , and asphalt added raw material s .  Mecha nical pulpinq assumed . 
( 2 )  . 087 ton adhesive and wax added . 
(3 )  . 02 ton adhesive and wax added . 
( 4 )  . 09 ton adhesive and wax added . 
( 5) . 03 ton adhesive and wax added . 
(6 )  . 01 ton adhesive added . 
( 7 )  . 01 ton adhesive added . 
( 8 )  . 024 ton resin and wax added to flakeboard component - assumes use of shapi nq 

lathe headriq . 
(9 )  . 01 ton adhesive added . 
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Table 5 ( 1 )  
Man-hour Requirements for Primary Commodities 

WOOD-BASED COMMODITIES 
(Man-Hour5/0ven-Dry Ton ) 

Logging Transport 
or Manufacture (Mi l l  to Total 

Extraction Bldg S ite ) 
Medium-Dens ity Fiberboard 3 . 4 3 2 . 86 2 . 08 8 . 37 
Under layment Particleboard 5 . 04 2 . 64 1 . 99 9 . 67 
Softwood Lumber 3 . 92 3 . 06 3 . 06 10 . 04 
Structural Flakeboard 3 . 97 3 . 99 2 . 14 10 . 10 
Lumber Laminated from Veneer 3 . 08 4 . 5 3 3 . 06 10 . 67 
Insulation Board 2 . 28 6 .  54 2 . 1 3 10 . 95 
Softwood Sheathing P lywood 3 . 10 4 . 55 3 . 31 1 0 . 96 
Hardwood Plywood 4 . 3 3 8 . 03 2 . 67 1 5 . 03 
Oak F looring 4 . 46 8 . 07 2 . 67 1 5 . 20 
Wet-Formed Hardboard 2 . 72 14 . 72 2 . 08 19 . 52 

TOTAL 36 . 3 3 58 . 99 2 5 . 19 120 . 51 
\ TOTAL 30\ 49\ 21\  
MEAN 3 . 6  5 . 9  2 . 5  12 . 05 

NON-WOOD-BASED COMMODITIES 
(Man-Hours/Ton) 

Gravel . 08 0 1 . 03 1 . 11 
Concrete Slab . 09 . 79 1 . 03 1 . 91 
Concrete Block . 09 1 .  75 1 . 24 3 . 08 
Gypsum Board . 34 1 .  74 1 . 24 3 . 3 2 
Clay Brick . 08 2 . 93 1 . 36 4 . 37 
Liquid Asphalt . 1 0 4 . 30 1 . 3 3 5 . 7 3 
Asphalt Shingles . 1 8 4 . 40 1 . 33 5 . 91 
Tar Paper . 64 4 . 00 1 . 3 3  5 . 97 
Vermiculite . 08 10 . 70 1 .  71 1 2 . 4 9  
Steel Nai ls . 89 1 0 . 10 2 . 18 13 . 17 
Stee l Studs . 89 1 0 . 10  2 . 2 5 1 3 . 24 
Stee l Joists . 89 10 . 1 0 2 . 25 13 . 24 
Glass Fiber 1 . 12 17 . 50 1 . 7 1 2 0 . 3 3  
Aluminum S iding . 62 50 . 10 2 . 25 52 . 97 
c·arpet and Pad 1 . 61 93 . 70 2 . 98 98 . 29 
P lastic Vapor Barri er . 82 96 . 7 0 1 . 48 99 . 00 

TOTAL 8 . 52 3 18 . 91 26 . 7 0 3 54 . 13 
\ TOTAL 2\  90\ 8\ 
MEAN 0 . 5 19 . 9  1 . 7  2 2 . 1  

( 1 ) Requirements for erec tion are not included . 
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Table 6 

Capital Depreciation Requirements for Primary Commodities 

WOOD-BASED COMMODITIES 
(Dollars/OVen-Dry Ton) 

COMMODITY Extraction Manufacturing 

Softwood Lumber 3 . 09 3 . 91 
Structural Flakeboard 3 . 1 3 11 . 37 
Lumber Laminated from Veneer 2 . 42 11 . 98 
Softwood Sheathing Plywood 2 . 44 1 2 . 09 
Underlayment Particleboard 6 . 72 13 . 74 
Hardwood P lywood 3 . 41 18 . 37 
Insulation Board 3 . 84 2 4 . 06 
Oak Flooring 3 . 51 26 . 07 
Medium-Density Fiberboard 3 . 21 27 . 89 
Wet- formed Hardboard 4 . 59 48 . 08 

TOTAL 3 6. 36 197 . 56 
\ TOTAL 14 76 
MEAN 3 . 64 19 . 76 

NON-WOOD-BASED COMMODITIES 
(Dollars/Ton) 

Gravel . 19 0 
Concrete Slab . 19 . 80 
Concrete Block . 19 . 80 
Clay Brick . 19 . 80 
Liquid Asphalt . 17 4 . 90 
Gypsum Board . 37 6 . 2 3 
Tar Paper 1 . 16 5 . 80 
Asphalt Shingles . 82 7 . 40 
Steel Nails 4 . 78 16 . 60 
Steel Studs 4 . 78 16 . 60 
Steel Joi sts 4 . 78 16 . 60 
2" Glass Fiber . 96 3 3 . 00 
Vermiculite . 08 34 . 50 
Aluminum Siding 2 . 14 48 . 60 
Carpet and Pad 8 . 11 103 . 80 
Plastic Vapor Barrier 6 . 29 117 . 40 

TOTAL 3 5 . 80 413 . 83 
\ TOTAL 8 86 
MEAN 2 . 24 2 5 . 86 
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Transport 

3 . 25 
2 . 36 
3 . 25 
3 . 4 3 
2 . 2 0 
3 . 14 
2 . 29 
3 . 14 
2 . 18 
2 . 18 

27 . 42 
10 
2 . 74 

1 . 17 
1 . 17 
1 . 47 
1 . 61 
1 . 57 
1 . 47 
1 . 57 
1 . 57 
2 . 68 
2 . 73 
2 . 7 3 
1 . 86 
1 . 86 
2 . 73 
2 . 97 
1 . 64 

30 . 80 
6 

1 . 93 

Total 

10 . 2 5 
16 . 86 
17 . 6 5 
1 7 . 96 
2 2 . 66 
24 . 92 
30 . 19 
3 2 . 7 2 
3 3 . 28  
54 . 8 5 

261 . 34 

26 . 13 

1 . 36 
2 . 16 
2 . 46 
2 . 60 
7 . 24 
8 . 07 
8 . 53 
9 . 79 

2 4 . 06 
24 . 11 
24 . 11 
3 5 . 82 
36 . 44 
53 . 47 

114 . 88 
125 . 33 

486 . 4 3 

3 0 . 02 
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Table 7 

Enerqy Requirements for Primary COmmodities 

Wood-Based Commodi ties 

Gross Manulacturini Gross ivai!. 
Commodi ty Loqqinq Electric Heat Transport total residue 

(llli 1 1/bldq) enem 

Mi l l ion BTU (oil �ivalent) lton 

Softwood Lwaber 
oak Floorinq 
Lu.ber Lalllinated from Veneer 
Softwood Sheathinq Plywood 
Structural F lakeboard 
Mediua-density Fiberboard 
Insulation Board 
Hardwood Plywood 
Underlayment Particleboard 
Wet-formed Hardboard 

TOTAL 
\ TOTAL (Gross) 
MEAN 

0 . 94 3  0 . 786 4 . 060 1 . 966 
1 . 07 3  . 844 4 . 847 1 . 977 

. 740 . 144 6 . 44 3  1 . 966 

. 74 7  . 14 5  6 . 726 2 . 081 

. 956 . 578 6 . 93 3  1 . 314 
• 783 .. 3 . 748 5 . 555 1 . 1 46 
. 62 2 3  4 . 92 0  5 . 619 1 . 24 3  

1 . 04 1  . 244 9 . 998 1 . 977 
4 . 6172 2 . 503 5 . 598 1 . 198 

. 74 3 3  9 . 919 9 . 74 3  1 . 146 

1 2 . 265 2 3 . 831 6 5 . 522 16 . 014 
1 0 . 4 2 0 . 3 55 . 7  1 3 . 6  

1 . 2 3 2 . 38 6 . 55 1 . 60 

Non-wood-Based COmmodi ti es 

7 . 7 5 5  8 . 313 
8. 741 11 . 388 
9 . 293 3 . 540 
9 . 699 3 . 697 
9 . 781 8 . 616 

1 1 . 232 2 . 741 
12 . 404 . 667 
1 3 . 260 1 0 . 629 
1 3 . 916 1 . 529 
2 1 . 551 . 797 

117 . 6 3 2  51 . 917 

1 1 . 76 5 . 192 

Nit I 
total 

2 . 909 
3 . 050 
5 . 75 3  
6 . 002 
2 . 270 
8 . 491 

11 . 737 
3 . 018 

12 . 387 
20. 754 

76 . 371 

7 . 64 

C�i ty Extraction Processinq Transport 'l'otal 

Mill ion BTU (oi l �ivalent) lton 

Gravel 0 . 05 . o  . 40 0 . 4 5  
Gypsua Board . 14 2 . 7 3 . 65 3 . 52 
Liquid Asphalt . oo 3 . 2 0 . 7 3 3 . 93 
Tar Paper . 2 0 5 . 00 . 7 3 5 . 93 
Asphalt Shinqles . 03 5 . 7 0 . 7 3 6 . 46 
Concrete . 52 7 . 60 . 40 8 . 52 
Concrete Block . 5 2 7 . 60 . 6 5  8 . 77 
Clay Brick . 57 7 . 7 3 . 76 9 . 06 
Vermicul ite . 04 14 . 20 . 92 15 . 16 
2• Glass Fiber . 6 2 26 . 70 . 92 2 8 . 24 
P lastic Vapor Barrier 4 . 49 2 5 . 10 . 7 5 30. 34 
Carpet and Pad 6 . 60 28 . 69 1 . 90 37 . 19 
Steel Nails 2 . 4 5  46 . 20 1 . 48 50. 1 3  
Stee l Studs 2 . 45 46 . 20 1 . 67 50 . 32 
Stee l Joists 2 . 4 5 46 . 2 0 1 . 67 50. 32 
AluminUIII Sidinq 26 . 80 17 2 . 00 1 . 67 200 . 47 

TOTAL 4 7 . 93 444 . 8 5 16 . 03 508 . 81 
\ TOTAL 9 87 3 
MEAN 2 . 99 2 7 . 80 1 . 00 

1 Assumes residue enerqy can be offset only aqainst qross manufacturinq enerqy (but not 
aqainst loqqinq or transport enerqy ) . 

2 Inc ludes enerqy input in loqqinq plus preparation of particleboard furnish in form of 
planer shavinqs , plywood trim and sawdust .  

3 Includes loqqinq plus preparation o f  forest residual chips . 
'+ Includes loqqinq plus preparation of bark-free chips 
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wood raw material s .  Although highly variabl e ,  average man­
hour and capital requi rements for nonrenewable resource s 
exceed those for wood-ba sed materi al s . 

The most notable di fferences between wood-bas ed and 
non-wood-ba sed commodi ti es appear in total energy 
requirements . commodities based on nonrenewable materi al s  
are appreciably more ene rgy intensive than are their wood­
based counterparts .  Among the wood-based commodities , wet­
formed ha rdboard i s  the most energy intensive, but , even so , 
it is considerably superior to metal and petrochemical­
derived building materials in thi s respect . 

A Comparison of Manpower, Energy , and capital Requirements 
for some construction De signs 

Manpower , energy , and capital depreciation requi rements 
on the basis of 1 0 0 ft2 sections for alternat ive des igns of 
roofs , exterior walls , inter ior walls ,  and floors are 
summa rized in Tabl e 8 . Bri ef design descriptions , are 
pres ented in Tabl e 3 .  These estimates , with few excepti ons , 
include erection of the bui lding . 

The most str iking difference between alternative 
construction s i s  in energy requirements . In roof s , the 
design incorporating steel rafters requires approximately 
twice the energy of the constructions that incorporate wood 
trusses and rafters . Exterior wal ls sided with bri ck or 
constructed with concrete block require seven to e ight times 
the energy o f  a ll-wood constructions and ext erior and 
interior wall s  incorporating metal require approximately 
twice the energy of counterpart wood-framed constructions .  
Floors constructed from wood materials require only 
approximately 1 0  percent as  much energy as the concrete slab 
construction and the one wi th steel supporting members.  

With the exception of wall constructions incorporating 
concrete block and brick veneer, which require two to three 
times the labor man-hours of wood constructions , manpower 
requirements do not di ffer appreciably between designs . No 
clear pattern emerges from capital requirements . It  may be 
observed , however , that wood constructions in f loor systems 
appear to be approximately half as capi tal intensive as 
their non-wood counterparts . 

FOr the purpose of comparison , several alternative 
components servinq major functions in the variou s designs 
are summarized in Tabl e 9 .  Values in thi s tabl e are for the 
labor , capital , and energy input of each component involved 
in constructing 1 0 0 ft2 of the indi cated des ign . The most 
striking fact revealed by this table is the very substan-

- 1 5 1 -
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Table 8 

Summary of Requirements for 100 sq . ft . of Construction Including Logging 
(or extraction) , Manufacture , Transport to House Site , and Erection! 

Roofs 
1 .  w-type wood truss with wood shingles 

la . Same but with asphalt shingles 
2 .  Stee l rafters ( flat roof)  
3 .  Flat roof with LVL3 rafters and 

flakeboarda. 

Exterior walls 
1 .  Plywood siding (no sheathing) , 

2x4 frame 
2 .  Medium-density fiberboard siding , 

plywood sheathing , 2x4 frame 
3 .  Medium-densi ty fiberboard siding , 

1/2 inch insulation board , and 
plywood corner bracing 

4 . Concrete building block , no 
insulation 

s .  Aluminum siding over sheathing 
6 .  MDF siding , sheathing , steel studs 
7 .  MDF siding , sheathing , aluminum framing 
8 .  Brick veneer 

Interior walls 
1 .  Wood framing 
2 .  Aluminum framing 
3 .  Steel framing 

Floors (all with carpet and pad , �xcept No . 
1 .  Wood joist,  plywood subfloor , and 

particleboard underlayment 
2 .  Wood joist , plywood subfloor , oak 

finish floor 
3 .  Wood j oist , " single-layer floor" 
4 .  Concrete slab 
5 .  Steel jois t ,  2-4-1 plywood 
6 .  LVL joist and flakeboard 

2 )  

Labor 
man­
hours 

8 . 96 
9 . 04 
9 . 17 

9 . 36 

7 . 99 

9 . 86 

9 . 26 

18 . 45 
9 . 83 
9 . 89 

1 1 . 26 
2 2 . 00 

3 . 87 
3 . 99 
3 . 53 

9 . 15 

8 . 51 
7 .  77 

11 . 62 
1 1 . 97 

7 . 76 

Net 
E nergy2 

million Btu 

2 . 44 
3 . 22 
5 . 11 

2 . 45 

1 . 99 

2 . 54 

2 . 69 

16 . 53 
4 . 95 
4 . 79 
5 . 53 

17 . 89 

0 . 95 
2 . 2 5 
1 . 88 

2 . 85 

1 . 19 
2 . 09 

2 2 . 06 
2 3 . 26 

2 . 05 

capital 
Depreciation 

dollars 

6 . 14 
6 . 7 2  
6 . 38 

6 . 59 

4 . 1 5 

6 . 41 

6 . 71 

5 . 56 
4 . 61 
7 . 20 
6 . 91 
8 . 37 

2 , 17 
2 . 1 3 
2 . 2 5  

7 . 58 

6 . 40 
6 . 32  

11 . 81 
16 . 34 

7 . 2 3 

1 For design descriptions , see Table 3 .  2 
Energy from wood residues credited only against gross energy requireaents of 
manufacturing phase , not against logging or transport of wood components . 

3 Laminated veneer lumber . 
a. Erection cos ts unavailable . Approximations based on similar construction . 

- 1 5 2 -
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Table 9 

Some Comparisons of Requirements/100 sq . ft . of Construction from 
Extraction to the Building Site for Selected Alternative Components 

Design Incorporating 
Component 
(Table 3 )  

Floor 1 , 3 
Floor 6 

F loor 5 

Floor 3 
Floor 6 
Floor 4 

Interior Wall 1 
Interior Wall 2 
Interior Wall 3 

Exterior Wall 1 , 2 , 3 , 5  
Exterior Wall 7 
Exterior Wall 6 

Roof 1 
Roof 2 
Roof 3  

Exterior Wall 2 , 3 , 6 , 7  

Exterior Wall 5 
Exterior Wall 1 
Exterior Wall 8 

Floor 2 
Floors 1 , 3 , 4 , 5 , 6  

Exterior Wall 3 , 5 , 6 , 7 , 8  

Exterior Wall 2 

Function and Material 

Floor Joists 
Softwood lumber 
Laminated-veneer lumber 
Steel 

Subfloor (Single-Layer) 
Softwood plywood 
Hardwood flakeboard 
Concrete 3/76 

Interior Wall Studs 
2 x 3 lumber 
Aluminum 
Steel 

Exterior Wall Framing 
Wood 
Aluminum 
Steel 

Roof Trusses or Rafters 
Lumber (pitched ) & plates 
Steel ( flat) 
LVL ( f lat) 

S iding 
1/2 inch medium density 
fiberboard 
Aluminum 
5/8 inch plywood 
Bricks , 3 1/4 inch 

Flooring 
Oak , 3/4 inch 
carpet 

Sheathing 
l/2 inch insulation board 
plus plywood corners 
Plywood , 3/8 inch 

- 1 5 3-

Labor 
man-
hours 

1 . 395 
1 . 195 

5 . 562 

. 997 
1 . 192 
4 . 469 

0 . 42 3  
. 376 
. 2 78 

0 . 593 
. 795 
. 596 

1 . 111  
. 75 1  
. 789 

0 . 7 28 

. 7 95 

. 997 
7 . 688 

1 . 901 
2 . 7 5 2  

. 548 

. 603 

Capital 
Depreciation 

dollars 

1 . 4 2 
1 . 97 

10 . 1 3 

1 . 63 
1 . 99 
5 . 01 

0 . 4 3 
. 39 
. n  

0 . 60 
. 80 

1 . 09 

1 .' 1 7  
1 . 37 
1 . 31 

2 . 90 

. 80 
1 . 63 
4 . 56 

4 . 09 
3 . 22 

1 . 2 8 
0 . 98 

Net 
Energy 

million Btu 

0 . 404 
. 64 5  

2 1 . 1 3 4  

. 546 

. 268 
19 . 849 

0 . 1 2 3  
1 . 4 23  
1 . 056 

0 . 1 7 2  
3 . 077 
2 . 264 

. 4 57 
2 . 868 

. 4 26 

0 . 7 39 

3 . 007 
. 546 

1 5 . 9 32 

0 . 381 
1 . 041 

. 483 

. 330 

• 
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tial ly lower energy requirements for wood components than 
for alternat ive metal ones . Stee l floor joi sts , for 
examp le ,  requi re approximately 50 times as much en ergy as do 
wood counterparts . Al uminum framinq for exterior wal l s  i s  
appro ximately 2 0 times as enerqy intens ive as wood framinq . 
Enerqy required for steel framinq i s  approximately 
two-t hirds that for aluminum . Simil arly , aluminum and steel 
studs for interior wa ll s  requi re respectively twelve and 
eiqht times the enerqy of wood studs wh ich perform the same 
function . Steel rafters exceed wood trusses sevenf old i n  
enerqy requirements , and alumi num sidinq requires 
approximatel y f iv e  times the ene rgy of its plywood and 
f iberboard coun te rparts .  The enerqy requi rement for bri ck 
sidinq is stri kinqly hiqh-- approximately five times that of 
alumi num and 2 5 times that of wood- based s i d inq materia l s .  
No cl ear patterns emerqe from labor and capi tal depreciation 
requirements . It may be seen , however, that steel floor 
joists are very substantial l y  hi qher than wood c ounterparts 
in these two requirement s ,  and that bri ck is more l abor and 
capi tal intensive than all a l ternative sidinq materials in 
house con struction . Simil ar conclusions with re spect to 
commerci a l  structures may be drawn from a well-documented 
study by Binqham ( 1 97 5 ) . 

Chanqinq Patt erns in Wood Use as a Structural and 
Architectural Mat erial 

WOOd is renewable and , as i s  appar ent from the results 
of th is study , has substantial advantaqes-- parti cularly from 
the standpoint of enerqy requirements--over alternative 
mater ials . This stronqly suqqests that it is i n  the 
nation ' s  best interest to move positively toward a continued 
hiqh rel i ance on wood for bu i ldinq construction . The effect 
of those fac tors that influ en ce  economic avai labi l i ty and 
util ity of the fore st re source as raw material for 
structura l produc ts must be eval uated. 

Materials- flow tra j ectories comparable to those shown 
in Fiqure 1 have been developed for 1 9 8 5  and 20 0 0  based on . 
the OUt look Study data on qrowth and potential f or commodi ty 
removals (Fiqures 6a- 6d) . In these tra j ectories , t imber in 
all commerci al siz es was pooled in recoqnition of the fact 
that sawtimber and pulpwood and pole siz e timber di stinctions 
have larqely lost thei r mean inq . Roundwood totals avail abl e 
for commodities and tota ls for loqqinq and other forest 
re sidues , under t he as sumpti ons of the model , are summarized 
in Table 1 0 . 

The continuinq repl acement of old- qrowth timber stands 
with second-qrowth , manaqed forests and plantations i s  
resultinq in a substantially hiqher percentaqe o f  trees of 

- 1 5ft-
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2000 
Timber-all commercial sizes 

Annual 
Morta l ity 

(44.881 

Gros Annual 
Growth 
(21 9.741 

Dead 
I nventory 

(224.421 

Avai lable 
X .036 Dead 

----- (7.831 
___ Forest Residue 

(3. 1 61 

"'Dead Non·invantoried, 
Rough, Rotten 

(4.391 

' s-timber 
Growing 
Stock 
(66731 

Sawlogs Softwood 
�£..-----� (64.661 - Lumber (See Materials Balance) 

Net Annual 
Growth -----------4-t 
( 1 74.861 

Tota l Commodity - Remova ls ----"T""--. Removuls  
( 1 82.401 ( 1 64.361 

Other Removi115 
(6.021 

Logging 

Residue 
( 12 .031 

" Based -ntilllly on cata prowldld in the Outlook Study 1 1 8741 of the U.S. Fo,.. S.W:.. eo-lion 
of cubic fHI to tons IO.D.I ha baen through multipliattion by 0.01 37. All values include .,.rk. Data on growth 

and rernowl raflftt currant irwantory suncards. Co�lele·trft utiliation, IICCOrding to K.8ys 1 1 97 1 1 ,  -uld parmit 
• commodity ramoval inc:rae• of 35"- from tha - ��r-ing iiOCk. 

Figure 6c SOFTWOOD MATER IALS F LOW TRAJECTO R I ES (All  data in M il l ions of Tons, O.D.  we9lt " l  

Veneer logs
_. 

Softwood · 

1 1 7.481 [ Plywood (See Materials Balance) 
( 1 4.621 

Softwood LVL (See 
Materials Balance) 
(2.861 

Structural F lakaboard { (See Materials Balance) 
(9.071 

Pu lpwood 
(77.361 

Miscel . I ndustrial 
and Fuelwood (4.971 
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1 985 
Timber-al l  commercial sizes 

Annual 
Morta l i ty 

(37 .01 1 

Gross Annual 
Growth 
( 184.87 1 

Dead Ava i lable 
I nventory X .()3 Dead 
( 1 85.061 _ _.;..:...:::::�-- (6.531 

Forest Residue 
--�

,3.661 

�Dead Non·inventoried, 
Rough, Rotten 
(6 .341 

' 
Net Annual 

Sawt imber 
Growing 
Stock 
14671 1 

Sawlogs Hardwood 
�!------� 134.481 

-
Lumber (See Materials Balance) 

Growth --------------------� 
( 1 47.861 

Tota l Commod ity 
I-- R emova ls ---------.---- Removals 

1 1 1 7 .221 196.61 1 

Other R emovals 

(6.431 

Logging 
R esidue 
1 1 5.271 

• a.sec1 -nt ial ly on data provided In the Outlook Study ( 1974) of the U.S. Forwt Service. Conwnion 
of cubic IN! to tons 10.0.1 has been through multiplication bY 0.0164. All VIII- includa bark. Data on grOWth 

and remoVIII reflect current inventory sttondardl. Complete·trH util ization, according to K•vs ( 1 97 1 1 ,  -uld permit 

a commodity remOVIII incr- of 35% from the •me gr-ing stock . 

F igure 6b HARDWOOD MATER IALS F LOW TRAJECTORIES (All data in M il l ions of Tons, 0.0.  -ight•l  

Veneer logs Hwdwood 
(3.931 I I . Plywood IS� M.-.. ···�"' 

(3.091 

Hardwood LV L (See · 
Materials Balance) 
(0.841 

Structura l F lakeboard { (See Materials Balance) 
(0.471 

Pulpwood 
(67.621 

Miscel .  I ndustrial 
and F uelwood 17 .2 1 1  

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 .

R e n e w a b l e  R e s o u r c e s  f o r  I n d u s t r i a l  M a t e r i a l s :   A  R e p o r t  o f  t h e  C o m m i t t e e  o n  R e n e w a b l e  R e s o u r c e s  f o r  I n d u s t r i a l  M a t e r i a l s ,  B o a r d  o n  A g r i c u l t u r e  a n d  R e n e w a b l e  R e s o u r c e s ,  C o m m i s s i o n  o n  N a t u r a l  R e s o u r c e s ,  N a t i o n a l  R e s e a r c h  C o u n c i l
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 0 9

http://www.nap.edu/catalog.php?record_id=19909


I 
... 
Ul 
...t 

I 

2000 
Timber-ell commercial sizes 

Annual 
Mortal ity 

(44.88) 

Gross Annual 
G rowth 
121 9.74) 

' 
Net Annual 
Growth ----------� 

( 1 74.88) 

Sawtimber 
Growi ng 
Stock 

(8873) 

Dllld 
I nventory 

1224.42) 

Available 
X .035 Dllld 

__ ....;_,;,__- (7 B3) 
___ Forest Residue 

(3. 15) 

""DIIId 

Total Commodi t y  
f--. Removals ----"T""-� Removitls 

( 1 82.40) ( 1 84.35) 

Other Removitl� 
18.021 

logging 
Residu11 

( 1 2.03) 

• a.lld -ntially on dllt• provided In the Ourloolc Study (1 8741 of the U.S. Foowt Service. eo.-.1on 
of cubic feet to tons 10.0.1 hn liMn through muhiplation bY 0.01 37. All wlu. includll •k. O.uo on growth 
end r-1 reflect curr .. t inwntory mndllrdl. Complete·trae utilization, 1ccorcli,. to K•va l 1 87 1 1, would permit 

• -odity ,_, incr•• of 35" from the - gr_i,. ltoc:k. 

Figure 8c SOFTWOOD MATE R IALS FLOW TRAJECTOR I ES (All data in M ill ions of Tons, O.D. weight•)  

Non-inventoried, 
Rough, Rotten 

(4.39) 

Veneer logs Softwood · 

( 1 7.481 I . �- - M  ...... ... _, 
( 14.82) 

Softwood LVL (See 
Materials Balance) 

(2.88) 

Structural F lakeboard { (See Materials Balance) 

(9.07) 

Pulpwood 
(77 .38) 

Miscel. I ndustrial 
and Fuelwood (4.97) 
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2000 
Timber-al l  commercial sizes 

Ava ilable 

Annual 
Morta l ity 
(39.731 

Dead 
I nventory 
(2.061 

-�X::....:::.036=__.-. Dead 
( 6.931 

____ ._ Forest Restdue 
(4.591 

Gross Annual 
Growt h  
( 1 84.031 

� Net Annual 
Growth --------------------� 

( 1 44.301 

Sawt imber 

Growing 

Stock 

(48271 

�Dead 

Tota l Commod i t y 
- Removals ------------ Removdl� 

( 1 47.88) ( 1 26.2 1 ) 

Salvablt! 
(2.341 

Othm Rt!muv.t l' 

(5 .431 

LU!J'JIIIg 
Residue 
( 1 6.21 1  

' Based euen1 1al ly on data provldld i n  tN Outlook StudY 1 1 9741 of the U.S. F- SeMce. eon-t1on 
of eubie f•t to tons 1 0 . 0 . 1  has been through mult•plieauon bY 0.0164. All val.,. include bark. Data on growth 

and removal reflect eurrent •nvantorv st•ndlrds. Complete-tree ut il ization. according to K•ys l 1 97 1 1 . -uld permit 

a commOdity remOYII •ner•se of 35" from the serne growing stock. 

Figure 6d HARDWOOD MATE R I A LS F LOW TRAJECTO R I ES (All data in Mi l lions of Tons, O.D.  weight • )  

Non - inven1oried , 
R ough, R ot ten 
(4.871 

Vmwer logs -- Hardwood 
(4.681 [ Plywood (See Matenals Balancel 

(3.091 
Hardwood L V L  (See 
Materials Balancel 
( 1 .591 

Miscel .  I ndustrial 
and Fuelwood (7 .2 1 1 
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1970 

1985 

2000 

Table 10 

Summary of Materials F low From Gross Annual Growth (Million OVen-Dry Tons ) 

Available for All Commodities 

Roundwood Loqqinq Residues Residues from Mortality 

Softwoods Hardwoods Total Softwood Hardwoods Softwoods Hardwoods 

1 35 . 3  

1 56 . 1  

173 . 4  

58 . 0  

103 . 7  

1 3 3 . 4  

193 . 3  

2 59 . 8  

306 . 8  

14 . 6  

12 . 7  

12 . 0  
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1 2 . 0  

1 5 . 3  

16. 2 

1 . 2  

2 . 6  

3 . 2  

2 . 8  

3 . 6  

4 . 6  
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The a ssessment wa s that the level of re search and 
deve lopment wi ll  influence the impact of the se forces on 
manpower , capital , and energy requirements and that most of 
the change will occur by 1 9 8 5 .  Changes in the input 
requirements under the two l evel s that can be expected by 
1 9 8 5 are e stimated below. 

A. current level 
Research and 
Development 

B .  Substantia l 
Increase in 
Research and 
Development 

of 

Man-Hours Capital 

little change substantial 
increase 

substanti al smal l  
decrease increase 

Energy 

small 
decrease 

possible 
substan­
tial 
decrease 

In the judgment of the committee, substantial 
additional change accompanying the two research levels i s  
un likely between the years 1 9 85-20 0 0 . 

Although it can be assumed that technological advances 
wi ll move toward increased recovery in the form of primary 
product , it appears probable that the changing qual ity of 
the avai lable raw material will largely off set these gains . 
Predictably ,  more accurate s awing in combination with 
reduced saw kerf wi ll incre a se lumber yi eld from a given log 
size . Improved centering devices may slightly increase 
veneer yi eld . Accurate sawing, market acceptance of 
partially surfaced lumber , and increased application of 
abrasive planing (a s an alternative to surfacing with 
equipment based on cutter heads) will substantially decrease 
the loss of lumber in surfacing . In short ,  improved control 
in manufacture throughout wi l l  help r educe residua l s  from 
the primary product . Because of the anticipated decrease in 
log size and quality, however , it is probabl e that the 
materials-flow tra j ectories that have been deve loped on the 
bas is of current operations are not l ikely to change 
signi ficantly (except in the case of so ftwood lumber ; there 
a higher yi eld of primary product can be expected, as shown 
in Figure 4) • 

Four scena rios have been developed by the Committee to 
span a wide range of anticipated demand for wood-ba sed 
products in the years 1 9 8 5  and 2 00 0 . Although the FOrest 
service ' s  1 9 7 5  assessment report (USDA 1 97 5a )  differs f rom 
the Outlook study (USDA 1 97 4d) in several of its underlying 
assumption s , the proj ected demands for roundwood are changed 

- 1 6 0 -
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very little. ) Scenario I i s  derived es senti ally from the 
medium- leve l  proj ection of the OUtlook Study based on 
constant relative pri ces for wood- based commoditie s .  A 
ma jor departure from the outlook study assumpt ions holds 
dwell ing-unit s iz e  constant at 1 97 0  level s rather than 
projecting an increase based on past trends . 

scenario II  assumes constant relative prices but at a 
slower rate of populati on growth than S cenario I --a 
popul ation of 2 6 6  mil lion by 20 0 0  vs . 2 8 1  million as is 
assumed in the outlook Study medium- level proj ection . 

scenario III a ssumes th at pri ces o f  nonrenewable 
substitutes in crease by 20 percent relative to structural , 
and by 3 0  pe rcent relative to fibrou s ,  renewable resources 
by the year 20 0 0 . Population growth at the same low rate as 
in Number II i s  further assumed . 

scenario IV a s sumes that prices of nonrenewabl e 
substitutes increase by 40 percent relative to structural 
renewables and by 60 percent rel ative to fibrous renewables 
by the year 20 0 0 .  Population growth i s  again assumed at the 
same low level as in Numbers II and I II . 

Resu lts are shown in Tabl e 1 1 .  The 1 9 7 0  level demand 
for roundwood was 1 9 3 . 4 mil lion tons .  Scenario I would 
proj ect year 1 9 8 5  demands to be 1 . 34 times l arger and year 
20 00  demands to be 1 . 57 times larger than the 1 970 level . 
scenario II pro jects 1 9 8 5  demands to be 1 . 2 8 times larger 
and year 200 0 demands to be 1 . 53 times larger than the 1 970 
level . The requi rement under these scenarios can be readily 
met under the supply schedul e of the materia ls f low 
traj ectories summarized in Table 1 0 . CORRIM found that, in 
studying the productive potential of the u . s .  forest , 
applicati on of current technology to the nation ' s forest 
land wou ld make a doubling of output quite fea s ible .  

Scenarios III and IV examine the demands i f  the prices 
of nonrenewable substitutes increase relative to wood 
products . Thi s i s  in contrast to historical trends where 
wood product s  prices have generally increas ed re lative to 
nonrenewable& . These scenarios therefore represent a 
reversal of hi story . They are conceivable i f  a maj or change 
occurs in the supplies and prices of fossil energy and 
nonrenewable materials . An example o f  a s ituat ion that 
would lead in the direction of these scenarios is another 
oi l embargo . scenario III proj ects the year 1 9 8 5  demands to 
be 1 . 80 times l arger and year 20 00 demands to be 2 . 54 times 
larg er than the 1 97 0  level . Scenario v pro j ects the year 
1 9 85 demands to be 2 . 3 6  times larger and year 20 0 0  demands 
to be 3 . 67  times larger than the 1 97 0  l evel . These levels 
stress the projected supply assumed if curr ent t echnology i s  
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Scenario 

No . 
1 

I � en 
ti.J 

I 

CoDDIIOdity 

Tabl e  1 1  

Proj ected Demand for Roundwood and By-Products for Manufacture 
of Wood-Based Commodities Under Alternative As sumptions 

Wood Requirement 

1970 1985 

MM O . D . tons MM O . D .  tons MM 

From From From From From 

2 000 

O . D .  tons 

From 
Roundwood By-Product Roundwood . By-Product Round wood By-Product 

Structural 

1 .  Softwood lumber 7 3 . 41 2 . 6  80 . 4  3 . 5 64 . 6  4 . 0  

2 .  Softwood plywood 1 5 . 08 1 7 . 7  14 . 6  

3 .  Hardwood lumber 24 . 5 1 34 . 5  1 . 4  4 2 . 2  1 . 4  

4 .  Hardwood plywood 2 . 28 3 . 1  3 . 1  

5 .  Particleboard 2 . 4  5 . 3  8 . 5 

6 .  Med . density fiberboard . 18 . 2  0 . 4  0 . 4  0 . 6  0 . 6  

7 .  Insulation board 1 . 2  1 . 9  2 . 2  

8 .  Wet- formed hardboard 1 . 1  1 . 9  2 . 9  

9 .  Structural flakeboard # 1  3 . 0
1 

5 . 1  
1 

10 . Structural flakeboard 
* 2  (RCW) 3 . 0  5 . 1  

11 . Laminated-veneer lumber 2 . 3
2 

4 . 4
3 

F ibrous 

1 2 . Paper and paperboard 61 . 30 24 . 5  104 . 2  38 . 2  1 54 . 9  4 5 . 1  

1 3 . Miscellaneous-industrial 
and fuelwood 16 . 62 11 . 3  1 2 . 2  

Total 193 . 38 31 . 9  259 . 9  5 2 . 6  306 . 8  64 . 7  

1 Yielding flakeboard core s equivalent to veneer from 5 . 9  MM tons of veneer logs in 1985 and 9 .  7 MM tons 
in 2000 . These equivalents have consequently been subtracted from pro j ected roundwood demand for 

2 softwood plywood . 
Of which 1 . 5 MM O . D . tons is converted to fini shed softwood lumber and 0 . 8  MM O . D .  tons is converted to 

3 finished hardwood lumber . 
Of which 2 . 8 MM O . D .  tons is converted to finished softwood lumber and 1 . 6  MM O . D .  tons is converted to 
finished hardwood lumber . 
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Scenario 
No .  
I I  

I .... en 
w 
I 

1985 2000 
MM O . D .  tons MM O . D .  tons 

COIIIIlOdity From From From From 
Roundwood By-Product Roundwood BI-Product 

Structural 

1 .  Softwood lumber 81 . 3 3 . 3  7 5 . 1  4 . 0  

2 .  Softwood plywood 18 . 2  18 . 6  

3 . Hardwood lumber 29 . 8  1 . 4  31 . 7  1 . 4 

4 .  Hardwood plywood 3 . 6  4 . 3  

5 .  Particleboard 4 . 5  6 . 3  

6 .  Med . density fiberboard 0 . 3 0 . 3 0 . 5  0 . 5 

7 .  Insulation board 1 . 9  2 . 7  

8 .  Wet-formed hardboard 2 . 0  2 . 7  

3 . 0
1 

5 . 1
1 

9 .  Structural flakeboard # 1  

10 . Structural flakeboard 
5 . 1  # 2  (RCW) 3 . 0  

11 . Laminated-veneer ·lumber 2 . 2
2 

4 . 6
3 

Fibrous 

12 . Paper and paperboard 9 5 . 3  38 . 0  1 39 . 6  5 5 . 6  

13 . Miscellaneous-industrial 
11 . 6  and fuelwood 11 . 1  

Total 24 7 . 8  51 . 4  296 . 2 7 3 . 2  

1 Yielding flakeboard cores equivalent to veneer from 5 . 9  MM tons of veneer logs in 1985 and 
10 . 0  MM tons in 2000 . These equivalents have consequently been subtracted from proj ected 

2 
roundwood demand for softwood plywood .  
O f  which 1 . 5  MM O . D .  tons is converted to finished softwood lumber and 0 . 7  MM O . D .  tons is 
converted to finished hardwood lumber . 

3 Of which 3 . 4  MM O . D .  tons is converted to finished softwood lumber and 1 . 2  MM O . D .  tons is 
converted to finished hardwood lumber . 
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Scenario 
No . 
III  

I 
.... 
en 
... 
I 

Commodity 

Structural 

1 .  Softwood lumber 

2 .  Softwood plywood 

3 .  Hardwood lumber 

4 .  Hardwood plywood 

5 .  Particleboard 

6 .  Med . density fiberboard 

7 .  Insulation board 

8 .  Wet- formed hardboard 

9 .  S tructural flakeboard #1 

10 . S tructural flakeboard 
# 2  (RCW) 

1 1 .  Laminated veneer lumber 

Fibrous 

12 . Paper and paperboard 

1 3 . Miscellaneous-indus trial 
and fuelwood 

Total 

1985 
MM 0 . 0 .  tons 

From From 
Roundwood By-Product 

124 . 0  3 . 9  

20 . 9  
4 5 . 4  1 . 7  

5 . 5  

5 . 4  

0 . 4  0 . 4  

2 . 5  
2 . 6  

3 . 6 1 

3 . 6  

3 . 42 

123 . 9  49 . 4  

17 . 1  

347 . 8  6 5 . 9  

2 000 
MM 0 . 0 .  tons 

From From 
Roundwood By-Product 

147 . 4  5 . 3  

2 3 . 9  
58 . 4  1 . 9  

7 . 5  

8 . 4  

0 . 7  0 . 7  

4 . 0  
4 . 0  

6 . 8 1 

6 . 8  

9 . 2 3 

209 . 4  8 3 . 4  

22 . 2  

492 . 3 107 . 7  

1 Yielding flakeboard cores equivalent to veneer from 7 . 1  MM tons of veneer logs in 1985 and 
13 . 3  MM tons in 2000 . These equivalents have consequently been subtracted from proj ected 
roundwood demand for softwood plywood .  

2 O f  which 2 . 4  MM o . o .  tons i s  converted to finished softwood lumber and 1 . 0  MM 0 . 0 .  tons is 
converted to finished hardwood lumber . 

3 Of which 6 .  7 MM 0 . 0 .  tons is converted to finished softwood lumber and 2 . 5 MM 0 . 0 .  tons is 
converted to finished hardwood lumber . 
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Scenario 
No . 

I 
.... 0\ 
U'l 
I 

IV 
1985 2000 

MM O . D .  tons MM O . D .  tons 
Conmodity From From 

Roundwood 8y-Product 
From 

Roundwood 
From 
By-Product 

Structural 

1 .  Softwood lumber 167 . 4  9 . 6  2 2 0 . 2  12 . 5  

2 .  Softwood plywood 29 . 6  39 . 6  

3 .  Hardwood lumber 60 . 2  1 . 9  9 1 . 3  2 . 3  

4 .  Hardwood plywood 9 . 8  12 . 9  

5 .  Particleboard 9 . 4  18 . 9  

6 .  Med . density fiberboard 0 . 4  0 . 4  0 . 8  0 . 8  

7 .  Insulation board 3 . 0  5 . 4  

8 .  Wet-formed hardboard 3 . 2  5 . 4  

9 . Structural flakeboard # 1  4 . 2 1 8 . 5 1 

10 • Structural flakeboard 

# 2 ' (RCW) 4 . 2  8 . 5 

11 . Laminated vene.er lumber 4 . 62 1 3 . 8 3 

Fibrous 

12 . Paper and paperboard 15 2 . 5  60 . 8  27 9 . 2  1 11 . 2  

13 . Mi scellaneous -industrial 

and fuelwood 

Total 

2 3 . 1  

4 56 . 0  

3 4 . 8  

88 . 3  709 . 6  156 . 5  

1 Yielding flakeboard cores equivalent to veneer from 8 . 3  MM tons of veneer logs in 1985 and 
1 6 . 2 MM tons in 2000 . These equivalents have consequently been subtracted from proj ected 
roundwood demand for softwood plywood . 

2 Of which 3 . 2  MM O . D .  tons is converted to finished softwood lumber and 1 . 1  MM O . D .  tons is 

converted to finished hardwood lumber . 
3 Of which 1 0 . 0  MM O . D .  tons is converted to finished softwood lumber and 3 . 8 MM O . D .  tons is 

converted to finished hardwood lumber . 
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practiced in forest management .  Because of the time element 
involved in producting forest crops , much more intensive 
culture would need to be practi ced today to have tree crops 
avai l abl e at thes e  future dates at these scenario level s . 
Since thi s  i s  not being don e alternative options available 
ar e to make up the di fferen ces by reduc ing leve l s  of 
inventory in anticipation of future pro ductivity,  by 
compl ete use of al l residues , and by import . 

A further con sideration requires examination of the 
prospect s of achieving the output levels suggested by these 
scenarios . Achievement of these l evels of output would 
require a radical social rethinking and scrutiny of how 
forest lands are to be used in this country . OORRIM has 
noted (Chapter 4 ,  Tabl e 4) that if forest lands were managed 
to their inherrent producti ve (yi el d table) capacity , output 
woul d be approximately 3 8  bi l li on ft 3 .  Thi s  i s  on the order 
of 3 time s the 1 97 0  level of output . This yield table 
potential as sumes a ll forest sites are ful ly stocked with 
appropri ate species to take full advantage of the growth 
opportunitie s of the site . such a situation would occur 
on ly if all landowners , small and large , public and private , 
were wil ling to i nvest i n  cultural practices to reach this 
objective.  certai nly the higher prices that wood would 
command under the se scenarios would spur such investments, 
but full achievement of yiel d tabl e level forestry on all 
lands may not be possible , parti cularly in view of other 
interests of owners and soci ety for fore sted l ands . The 
yield table poten tial i s  only a rough estimate because most 
conventional yiel d  tabl es availabl e are appl icable only to 
even aged natura l stand s .  To refin e  this estimate , more 
yield tabl e information is needed for mixed age stands and 
plantati ons .  FUrthermore ,  the conventional yi eld table 
values u s ed do not place an upper l imit on potenti al forest 
output since they do not include dividends from int ensive 
cultural practices such as fertiliz ation and genetic 
improvement . Al so the yiel d table volume frequently have 
built into them assumptions concerning the utilization of 
the forest and as a re sult the val ues produced in yield 
tabl e estimates of potentia l output may be low. 

In conc lusion , whereas Scenarios I and II do not use 
our current forest producti on capabil ity, Scenarios III and 
IV would greatly stre s s  our present abi l ity to grow forest 
crops and our attitudes toward using forest lands for other 
activitie s .  It would appear that with radical changes in 
attitudes and extremely extensive investments in f orest 
culture the demand level suggested by thes e scenari os could 
be achieved. The questions raised by these scenarios 
certainly de serve closer study. 
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The potentia l of the forest resource to me et reali stic 
deman ds through the next 25 years is evident , but the 
reali zati on of th i s  potenti a l  presents a chall enqe to the 
maker s  of forest policy ,  to resource manager s ,  and to the 
forest-bas ed industries . Much more res earch in the closer 
uti li zation of re si due s at the mil l and in the forest wi ll 
be needed to achi eve the potenti al s suggested by our 
scenarios and tra jectories.  

Apart from the trend toward an inc rease in overall 
demand for wood products , the most notable chang es that are 
pr edictable withi n the next quarter century wi l l  be in the 
increas i ng replacement of lumber and plywood with products 
reconstituted from fibers and small wood components and a 
trend toward building- up structural members of l arg e  
dimension from smal ler pieces through lamination . 

Lumber laminated from veneer , which is now technically 
feasible and for which tra j ectories have been developed , 
holds considerabl e promise . EVen more promi sing are 
reconst ituted structural products assembled from f lakes or 
strands , which can be derived from essential ly a l l  woody 
components of trees of any spec ies , siz e ,  and qual ity. As 
in the case of lumber laminated from veneer , technology now 
exists for such products , and their movement into the market 
is on the immed iate hori zon . These products are promising 
not only as replacements for plywood or veneer in structural 
pane l s  or panel components , but also as alternative s  to 
lumber in structural supporting members . Reconsti tuted 
structural board can be manufactured , for example, from 
strands from currently unusable defective trees . 

In the sphere of improved des ign concepts , current 
improvements in wood s tructural systems promise material s 
savings of as  much as a thi rd wi thout s acri f icing structural 
performance. Thi s is equivalent to a S O  percent gain for 
this purpose and an overall gain in forest productivity of 
at least 1 5  percent . 

The long estab li shed , but continuously improv ing , 
technology of protection of wood from fungi and insects with 
chemical impregna tion can , through more wide spread use, 
reduce subst antially the drain from the forest of specie s  
lacking i n  natura l durabili ty for use under condit ions 
conducive to decay and insect damage . The e f fectivenes s of 
such treatment i s  attested to by estimates that pre servative 
tr eatment of rail road ties , alon e ,  resul ts in an annual 
savings of over 2 . 6 bi llion board feet o f  lumber and that 
some 20 million additional trees would be needed each year 
for pole replacements (Clif f 1 97 3 ) . Modern , clean 
pr es ervatives , such a s  s alts or pentachlorophenol , which are 
now in common use , can provi de l asting protect ion for 
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mi l lwork and othe r exposed building components wi thout 
detriment to late r surface fini shing . MOre extens ive u se of 
these and other preservatives could sub stantially reduce the 
2 0 0  mi l l i on board f eet of lumber curr ently requi red annually 
to replace biodeg raded buil ding components . Technology i s  
now avai lable for chemical preservation o f  p lywood , 
parti cleboar d ,  an d  har dbOard ,  but addit ional re s earch i s  
needed i n  thi s area . 

Chemical impregnation and f ire-retardant f i ni shing 
systems can ef fectively reduce the fl ammabi l ity of wood in 
all forms to meet buil ding code requi rements and r educe fire 
damage and loss . More widespread use of the improving 
technology in thi s area can incr eas e the acceptabi l i ty of 
wood for residentia l and commercial con struction i n  
conqested areas i n  whi ch al ternative bui lding mater ials 
have , often que stionably ,  been favored . Re search i s  needed 
to reduce the costs of such treatments and improve the 
technology of treating compo si tes in pr imary proces sing 
systems . 

As suming a high level o f  technology (a result of 
res earch and development) an d as suming an adequa te manpower 
pool , it appears safe to fo recast that the n ation ' s need s 
for strilctur al an d  architectural materi al s based on the 
forest re source can 'be met ,  but that they wi ll be met with a 
mix that is substanti ally di fferent from that i n  curren t 
use . 

Information developed during the course of thi s  study 
strong ly sugge sts that , on the basis of man-hours ,  capi tal , 
and part icularly energy requirements , s tructura l wood 
products have c lear advantag e s  over non -wood alternatives . 
Large quantiti es of wood have been used for these purposes 
for years . The re are indications that wood may regain 
markets that it h ad earl ier lost to nonrenewable mate ri al s  
if the cost of energy conti nues to increas e .  

A l ong establi shed trend toward whole- tree or a t  l east 
whole-stem use should resul t in an improvement i n  the cost 
of wood relative to the cos t of competing nonrenewable 
materials . Thi s  trend shou ld al so resu lt in a change i n  the 
structural product mix s o  that reconsti tuted wood products 
wi l l  make up a larger fraction of the tota l . Es senti al to 
this deve lopment i s  the emergence o f  improved timber 
harvesting technology . 

If a nonpetrol eum-based exterior adhesive can be 
produced that i s  competitive with phenol-formal dehyde 
adhes ives in perf ormance and pri ce , the opportunitie s  to 
conserve petroleum can be enhanced . 
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The industri es that produce structural and 
ar chitectural material s from wood are in a particularly 
favorable position to become energy-independent in terms of 
their own process ing requirements . Thi s energy independence 
will be fostered i f  improved furnaces are designed to use 
green wood and ba rk residues to generat e the heat requi red 
for kilns , driers ,  and pres ses . 

Because wood has been a plenti ful material , designs 
us ing it in structures have tended to be inefficient in 
terms of weight of material used in a specif ic application . 
Improved designs that are structural ly more eff ici ent are 
feasi ble and will contribute to materia ls conservation. 
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CHAPTER 7 

FIBERS AS A RENEWABLE RESOURCE FOR INDUSTRIAL 
MATERIALS 

INTRODUCTION 

coll ectively , the natural f ibers provide a ma jor 
renewable re source for Ameri can industry and the national 
economy . The f iber-based industries form one of the larqest 
industria l  qroups in the nation , directly affecting the 
national economy throuqh employment , capital investments , 
support of chemical and machinery suppliers and other allied 
industries , and transportation and export of products . 

The natura l fibers are the basic resource for paper and 
paperboard products , t extil es ,  leather qoods , and fur and 
feather products. Because of increasinq future con sumer 
demand for the se materi al s and developinq shortaqes in some 
critical nonrenewable re sources for industr ial mat erials and 
for enerqy , there is qreat need to analyze and improve our 
position with respect to renewable fiber resources . 

The ma jor materials flows based on renewable f iber 
resources are outlined in the followinq simpli f i ed flow 
traj ectori es (Fiqure 1 ) . These are : (A) paper and 
paperboard , (B) cotton textiles ,  (C) ce llulosics , (D) wool 
and mohair , and ( E) feathers , furs , and leather . 

PAPER AND PAPERBOARD 

Assessment of the Industry 

Present Situation 

The u . s . paper industry depends on the forest for about 
98 percent of its fiber requirements . For total world 
production, 94 to 9 5  percent of the fiber used is from wood . 
The r emaininq fiber i s mainly other veqetabl e fiber such as 
cotton l inters , baqasse, and flax. Only very minor amounts 
of nonrenewable f i bers (asbestos and qlass) are consumed . 
some paper products , however , ar e  meetinq stronq competition 
from nonrenewable materials , such as pl ast ic films for 
wrappinq and molded plastic containers for mil k ,  etc . 
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Statistics for 1972 <u. s .  COM 1975a J American Paper Institute (1974 ) 
characterizing the u . s .  pulp , paper , and paperboard industry (excluding 
hardboard ) follow : 

No .  of establ ishments 
TOtal no . of employees 
Tbtal productionl 

Production/man-hour 
Value added by manufacture 
Total value of shipments 
capital expenditures 
Payroll 
Cost of materials 
Cost of electricity & fuel2 

Purchased fuel , kwh Eq/ton 
Electric energy purchased , kwh/ton 
Generated less sold , kwh/ton 
Purchased fuel & electric energy , 

kwh Eq/ton 

1 Excluding hardboard ( 1 , 908 , 000 tons) . 
2 Contract and resale was $14 . 9  million . 

787 
221 , 100 

57 , 491 , 000 short tans 
0 . 1 58 short tons 

$ 5 , 364 . 2  million 
$11 , 67 5 . 4  million 
$ 893 . 6  million 
$ 2 , 455 . 7  million 
$ 5 , 388 . 9  million 
$ 891 . 0  million 

5 , 509 
470 
429 

5 , 979 

The materials input for 1972 (U . s .  COM 1975aJ J\llerican Paper Institute (1974 ) 
in the manufacture of paper and paperboard follows a 

Pulpwood 71 , 538 , 000 cords 
( incl . harvesting and manufacturing residues) 

Wood Pulp 43 , 628 , 000 short tons 
( fr0111 above pulpwood) 

Waste Paper 11 , 405 , 000 tons 
Inorganic chemicals , 

c lay , starch , etc . 9 , 095 , 000 tons 

Non-wood fibers 1 , 047 , 000 tons 

It i s obvious from the above two seta of f igures that the 
Amer ican pulp , paper , and paperboard industry is large by any 
standard and plays an important role in the nation ' s  econany. 
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The fibers in wood are separated into a pulp by two 
ma jor procedure s :  mechanical ,  by stone or di sc qrinders ; and 
chemical , by dissolvinq the l iqnin matr ix by chemical s 
(usua lly by the sulfate or kraft process or by the sulfite 

process ) at el evated temperature and pressure. 
Modif ications and combinations of these proces s e s  have been 
developed . The f i bers , suspended in a water s lurry in the 
form of a pulp, a re wa shed , screen ed an d  mechanica l ly beaten 
or refined to prepare the pu lp for papermakinq . The dilute 
f iber su spensi on containinq such additives as starch , cl ay ,  
etc . , pas ses over a movinq wire screen that separate s most 
of the water and forms a wet web of fibers . Thi s  web pa sses 
over suction boxe s and roll s and then over heated steel 
drums to remove the remainder of the water to form the dry 
paper sheet . Thi s then passes tbrouqh a stack of steel 
rol l s  to press and smooth the sheet . 

The equi pment required for pulp and papermaki nq and for 
recovery of the pul pinq chemical s is larqe , compli cated ,  and 
very cost ly. An averaqe kraft pulp and paper mi ll cominq 
onto stream in 1 9 7 5  costs from $ 90 , 0 0 0  to $ 2 50 , 0 00 per daily 
ton o f  producti on capacity , dependinq on the type of product 
produced . A kra ft l.ive rboard mi l l  of 5 0 0  tons dai ly 
capacity would cost approximately 50 mi ll i on ( 1 9 7 5  dollars) , 
whereas a bleached kraft mi l l  of the same capacity woul d 
cost about 2 - 1 '2 times as much . Prices are ris i ng  rapi dly , 
however ;  a mil l  ordered today woul d cost much more at time 
of completion . 

Line A of the Piqure 1 tra j ectories shows the material s 
flow for paper and paperboard. 

Statistics for 1 97 2  on production of paper and 
paperboar d are shown in Table 1 .  The American paper and 
paperboard industry has experienced rapid conti nuous qrowth , 
amountinq to an i nc rea se in production o f  almos t  3 - 1 ,2- fold 
over the past three decades . Per capita con sumption in 1 97 2  
wa s 6 1 6 . 6  pound s compared to 2 9 3 . 7  in 1 9 4 2 ,  36 8 . 3 in 1 9 5 2  
and 4 52 . 7 in 1 96 2 . Th e  export import picture i s  shown in 
Tabl e 2 .  

At the same time that thi s qreat qrowth i n  pro duction 
an d  consumption was takinq place , the f iber raw material 
pi cture wa s improvinq . Thi s i s  due to bett er manaqement and 
use of our forests , to qreatly increased use of mi l l  and 
forest residue s ,  broader use of tree specie s ,  and qreater 
efficiency in processinq fi ber raw materia l s . 
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Table 1 

Production of Total Paper aDd Paperboard 

Staar)' 
000 Short Tons 

1972 1985F 2000F 

Newsprint 3 , 436 5 , 3 50 8 , 400 

Groundwood 1 , 329 2 , 020 3 , 300 

other Printinq & Writing 10 , 958 18 , 115 29 , 300 

Packaqinq & Industrial 
Convertinq 5 , 695 7 , 895 1 2 , 000 

Tissue 3 , 977 5 , 93 5  9 , 000 

(TOTAL PAPER) ( 25 , 396 )  (39 , 31 5 ) (62 , 000) 

Solid WOOd Pulp Paperboard 20 , 965 32 , 040 48 , 330 

Recycled Paperboard 
(incl . Wet Machine Board) 7 , 686 11 , 875 18 , 530 

(TOTAL PAPERBOARD) (28 , 503 ) (4 3 ,  780) ( 66 ,  700) 

(TOTAL WET MACHINE BOARD) (148 ) (135 )  (160) 

Construction Paper and 
Board excl . Hardboard 3 , 444 5 , 130 8 , 000 

Construction Paper and 
Board incl . Hardboard 5 , 352 8 , 01 5  1 2 , 500 

TOTAL PAPER AND BOARD 
excl . Hardboard 57 , 491 88 , 360 136 , 860 

TOTAL PAPER AND BOARD 
incl . Hardboard 59 , 398 91 , 24 5  141 , 360 

F - Forecast trend by American Paper Institute 
Real GNP trend 1972 to 2000 - 2 . 580X 28 years 3 . 5, per year averag-e . 

Real GNP :  for 1972 

for 1985 
for 200 

$ 792 . 5 billion 
$ 1 , 2 22 . 0  billion 
$ 2 , 000. 0 billion 

- 1 77-
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Table 2 

Stat i s t i c s  and Forecasts for Exports , 

Import s ,  P roduct ion and New Supply 

000 Short Tons 

1 9 7 2  

Product Trend New Supply l Exports 2  Imports2 Product ion 3 

Paper 4 0 . 8 3 3 2 , 3 56 559 7 , 5 2 0  2 5 , 396 

Pape rboard 3 3 . 1 5  

We t Mach i ne Board . 1 8 

Cons t ruction Paper & 
Board 4 . 4 2 

Hardboard 2 . 8 2 

Total Paper & Board 8 1 . 4 0 

Tota l Paper & Board 

(excl . hardboard ) 78 . 58 

Pape r 4 0 . 2 2  

Paperboard 3 3 . 3 3  

We t Ma ch i ne Board . 1 1 

Construct ion Paper & 
Board 4 . 2 1 

Hardboa rd 2 . 59 

Total Pape r & Boa rd 8 0 . 4 6  

To tal Pape r & Board 

(excl . hardboard ) 7 7 . 87 

Pape r 3 9 . 00 

Pape rboard 3 1 . 05 

We t Machine Board . 08 

Construction Paper & 
Board 4 . 04 

Hardboard 2 . 4 6 

Tota l Paper & Board 76 . 6 3 

Tota l Pape r & Board 

(excl . hardboard) 7 4 . 1 7 

Rea l  GNP T ime s Trend 

2 Pro j ect ions f rom Trend 

2 6 , 2 7 2  

1 4 6  

3 , 503 

64 , 509 

6 2 , 278 

4 9 , 1 4 0  

4 0 , 7 3 0  

1 4 0  

5 , 1 4 5  

98 , 3 20 

9 5 , 1 5 5  

7 8 , 000 

6 2 , 1 00 

160 

8 , 07 5  

1 5 3 , 260 

148 , 3 3 5  

3 P roduction = New Supply + Expor t s - I mports 

Rea l  GNP : for 1 9 7 2  

f o r  1 9 8 5  

for 2000 

$ 7 9 2 . 5 b i l l ion 

$ 1 , 2 2 2 . 0 bi l l ion 

$ 2 , 00 0 . 0 b i l l ion 

- 1 7 8 -

2 , 2 3 1  

6 

4 5  

34 

2 , 87 5  

2 , 84 1  

1 9 8 5  

7 9 0  

3 , 0 5 0  

5 

90 

7 0  

4 , 00 5  

3 , 9 3 5  

1 , 000 

4 , 600 

10 

1 00 

1 0 0  

5 , 8 1 0  

5 , 7 1 0  

4 

1 04 

3 5 7  

7 , 985 

7 , 628 

1 0 , 61 5  

0 

1 0  

1 05 

3 50 

1 1 , 080 

1 0 , 7 3 0  

1 7 , 000 

0 

0 

1 7 5  

5 2 5  

1 7 , 5 1 0  

1 7 , 1 8 5  

2 8 , 503 

148 

3 , 44 4  

1 , 908 

59 , 399 

57 , 491 

3 9 , 3 1 5  

4 3 , 7 8 0  

1 3 5  

5 , 1 3 0  

91 , 24 5  

88 , 360 

62 , 000 

66 , 7 00 

160 

8 , 000 

1 4 1 , 360 

1 3 6 , 860 
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FOrecasts for Demand for 1 9 8 5  and 2 0 0 0  

All forecasts indicate a continued future qrowth of 
demand and production of paper and paperboard both in the 
u . s .  and on a world basi s .  POrecast pro j ections for u. s .  
production are shown in Table 1 ,  and for exports , imports, 
and new supply in Tabl e 2 .  

Comparative fiqures for paper an d  paperboard demand in 
the u . s .  are shown in Table 3 .  

Year 

1 97 2  
1 9 8 5  
2 0 0 0  

Table 3 

u. s .  Paper and Paperboard Demand 

Demand ( 1 , 0 00 short tons) 

Total 

6 4 , 50 9  
9 8 , 3 20 

1 53 , 2 6 0  

(Total excl . hardboard) 

6 2 , 2 7 8  
9 5 , 1 5 5 

1 4 8 , 3 3 5  

'.ftle above fiqures refer to 11new supply , 11 which is  the 
sum of production plus imports minus exports . AssUilinq no 
chanqe in inventories , new supply is  considered to be 
•apparent consumption . •  

world demand for paper and paperboard in 2 0 00 is 
expected to be 11 5 6  mil lion tons compared to 1 5 5 in 1 972 .  
The proj ected u . s .  demand for 2 0 0 0  i s  estimated to be 1 11 8  
million tons or 3 2  percent of the world consumption . u . s .  
production in 1 9 8 5  and 2000 i s  expected to be 8 8 . 3 6 and 
1 36 . 8 6  million tons , respectively (exclusive of hardboard) . 

Despite this expected qrowtb rate of nearly 50 percent 
per decade in paper and paperboard production in the u. s .  
(and even qreater on a world basis) , there should be 
sufficient fiber available to 2 0 00 and beyond. This 
increase in fiber production will be due to continued 
improvements in forest util ization and will depend upon 
industry and qovernment investments and policies to fully 
develop our expertise in manaqinq our fiber resources .  

- 1 7 9 · 

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Factors Af fecting the In dustry 

Environmental and Other Regulatory I ssues 

Federa l and state l aws and agency regu lati ons relating 
to land practices , processing , and products have a very 
considerable impact upon the pulp and p aper industry , 
usual ly in the form of restrictions and con straints . These 
inc lude l egi slati on concern ing the environment , packaging 
(general ly , packaging is subj ect to regulations as severe as 

the food it conta ins) , heal th and safety (for example , 
required noi s e  reduct ion cou ld cost $ 2  billion) ,  container 
specifications and constrictions concerning design and 
performance , ta ri ff ra te s  f or preferent ial incentives ( such 
as to encourage the us e of secondary fi bers) , and consumer 
protecti on , which can influence the choice of materials 
(such as flameproof ing) .  

Meet ing envi ronmental regul ation s is very costly .  In 
1 9 7 2  capital expenditures for polluti on abatement equipment 
cost the industry $ 3 3 9  million .  other costs relati ng to 
this problem amounted to $2 4 3  mil l ion . Marked progress has 
been made by the pulp and paper industry in pol lution 
control , but there i s  industry-wide concern over its abi lity 
to sustain environmental protection expenditure s in excess 
of the S O . S  bil lion annual level that has been met during 
the past three years . This includes considerabl e research 
expenditures nece s sary for the development of the best 
pollution control technology. 

Energy Factors 

The paper indu stry is a ma j or consumer of energy with 
an annua l consumpti on of 3 2 0  bil lion kwh Eq greater than 
that of the pla stics ,  rolled aluminum , or plate gl ass 
industri es . However , the energy consumed per ton i s  less 
than for any of the se other materials . Also the energy cost 
as a percent of total manuf acturing cost ( 1 0  to 1 6 percent) 
is less than for such nonrenewable materials as pla stics or 
aluminum . 

The paper in dustry now supplie s as much as 42 percent 
of its ene rgy nee d  from its own process ing wastes . 
Ther efore , as  purchased fuel and power costs i ncrea se, the 
effect on the cost of a ton of paper wi l l  be les s  than the 
increase in cost of a competitor ' s  product made from a 
nonrenewable resource . New technology to improve thi s 
capability would further inc rease thi s advantage and save 
imported fuel . Res ear ch ef forts are being made in this 
direction and should be encouraged . 
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Other Factors 

Environmenta l  and regul atory con strain ts and enerqy 
avail abi l ity and cost are factors tha t can g rea tly affect 
future i ndustrial operations and produc tion trends . Other 
ma jor factors are f iber raw material availability ( price , 
quality ,  abi lity to produce quality fiber from lowest cost 
mater ial , integrated use) , capital requirements and 
avai labi lity ( for growth , updating , and environmental 
needs ) , productivity ( existing facil ities and new facil i ties 
for new processes) , product changes to meet requirements 
based on per formance specifications , and changes in societal 
va lue s and new technoloqy. Many of these f actors can be 
impacted by new technological advances (research) and 
constrained or enhanced by governmental po l i cies and 
societal values . 

Enhancemen t of Availabi l ity and Uti lity of Material s  

Better Us e 

Since 1 96 0  there ha s be en a decl in e in the amount of 
wood used per unit ton of a l l  pulp type s from a figure of 
1 . 6 0 cord s per ton to 1 . 5 1 cords per ton in 1 9 7 3 . This 
reduct ion is partly due to the use of greater percentage s of 
hardwood , but it is primari ly the resul t of technologica l 
chang es , whi ch have made it possible to use higher yield 
pulps in the manufacture of packaging papers and paperboard.  

Sinc e 1 9 5 0 there has be en a shi ft ,  not only to a 
greater use of ha rdwood s (about 2 5  perc ent of a l l  wood 
pulped) , but to t he wi der use of sawmil l residues , i . e. , 
integrated use . In 1 9 7 2 an d 197 3 about 3 5  percent of all 
wood pu lped wa s in the form of wood manufacturing residues 
( 30 percent) and logging res idues ( 5  percent) , compared to 

on ly 17 percent i n  1 9 6 0 . 

Since 1 97 0  the concept of whol e-tree us e ha s re sul ted 
in some movement to the chi pping of the whole tree and also 
the r ecovery of logging res idue . Thi s  trend i s  expected to 
conti nue and wi ll lead to better forest management and use 
and increased fiber supply. 

Although wood costs themselves wil l cause a trend 
toward higher pulp yields , developi ng technologi es l end 
themselve s to higher pulp yi elds . This i s  fortunate and 
will he lp real ize thei r  development and appl ication at an 
early date.  
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Product Perf ormance an d  More E f f icient End- U se 

Much needs to be l earned about the mechani sms of 
fai lure i n  prod uc t  pe rf orman ce .  Per forman ce cr iteria must 
be r el ated to controll able f a ctors in the pulp and 
papermaki ng opera tion s . Adequate cr i teria to de sign paper 
products ef fectively for e f f i ci ent end- use a re not 
avai labl e .  Thi s re sults in improper des ign in many 
products . 

Economic I ncentive s 

Economic i nc enti ves tak e the form of outr ight g rants , 
inves tmen t tax cred its , or other sp ecia l l eg is l ation to 
en courag e the adopt ion o f  t echnology and concept s to expand 
the broade r use of the natural f iber re source and improve 
the products theref rom . under suitable conditi ons , economi c 
incentives can speed up acceptan ce o f  n ew  t echnology and 
oper ati ng concept s  by as much a s  f i ve year s .  

Alternate Use o f  By-products 

Except f or t a l l  oil an d  turpent in e , the pul p  and paper 
i ndustry use s most of its wa ste s (bark an d l ign in) for f uel . 
Almost al l t he lign in and other organic materi a l  removed 
from the wood i s  converted into heat and ene rgy du ring the 
chemi cal recovery proces s . Alternat ive uses wi l l  depend on 
fuel cost s and avai labil ity . 

Increa sed Recycling 

The use of primary and s econdary manufacturi ng wood 
residues i s  now we l l  e stabl i shed . wast e wood from u rban 
fores try , con stru ct ion , demo l ition , pal l ets , etc . , i s  
another poten tial source , wh i ch is now only beg inn i ng t o  be 
used .  

Th e  recycl ing of waste pape r  i s  expecte d t o  i n crea s e  
and peak at some quantity un der 30 percent , whi ch i s  qui te 
r easonable f or the u. s .  marke t and qual ity d emands . A 
siz eabl e  port ion of wastepaper wil l  be con sumed by ma jor 
citie s in the burning of org an i c  wa s tes for heat and en ergy . 
Only the higher quality and readily col l ecti bl e  clean wa ste 
wi l l  be r ecyc led to the pape r mi ll . 
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Technology Transfer 

The paper industry mai ntains several active channe l s  
for technology transfer, such as through the Institute of 
Paper Chemi stry , the Empire State Paper Research Institute , 
the Forest Products Laboratory ,  and through various joint 
proj ects with other institutions .  There is also transfer of 
technology between the paper industry and other industries , 
such as in computer and instrument appl ications , etc . 

New Technology 

New technology resulting from research on tree 
genetics , continuous pulping , thermomechanical pulping ,  
oxygen bleaching , new forming methods , computer control ,  to 
name but a f ew ,  has directly enhanced the availabi lity and 
use of fiber raw material f or pulp and paperboard products.  
Research on whole-tree pulping , high- yi eld pulping , 
thermomechanica l pulping , and processes with less impact on 
the environment are now developing technologies that will 
further enhance the avai labi lity and better use of the 
forest raw mat erial . Research also directly affects the 
position of paper products in relation to sales and 
competition with other materials . Based on research on new 
products , the paper industry expects that about 7 percent of 
its 1 97 8  sal es wi ll be in n ew  products , amounting to $ 3 . 8 9  
billion .  

CUrrently the paper and paperboard industry expends 
about 0 . 6 percent of its sal e s  dollar ( about 9 percent of 
its capital outlays) for R& D or a 1 9 7 5 total of $ 2 50 
million . Thi s is a very low figure in relation to many 
other industrie s .  The number of R&D scientists and 
engin eers in the paper industry is 4 , 90 0 , a relatively 
constant figure since 1 967 . Increasing this number should 
be a lang-range strategy. 

The distribution of pl anned R&D funds for 1 97 5  i s  3 3  
percent for new products , 2 6  percent for new processes and 
41 percent for improving existing products . The amounts 
budgeted for pollution control res earch and energy-related 
research are $ 2 8  million and $ 1 2 million ,  respectively. 
Most re search is done by larger companies . In 1 97 2 , 
companies with 10 , 0 0 0  or more workers accounted for 8 1  
percent o f  a l l  the research . 

- 1 8 3-

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Product SUbstitution 

Paper and paperboard products have , in the main , 
resisted invasion by products made from petrochemicals and 
other nonrenewabl e material s .  There are,  of course , a f air 
number of paper produc ts that have lost most or a share of 
the market to the nonrenewable& . For example ,  coated paper 
bread wrap and glassine food packaging have lost most of 
their markets to plastic films. The blow molded pla stic 
bottle has penetrated 20 percent into the paperboard milk 
carton market . 

These are countered by development of nonwoven fabric 
from pulp , which is competing with man-made fibers ; by 
composite paper oil can bodi es vs. steel or aluminum cans;  
and by other developments .  Paper composites with other 
materia ls is  a developing area for new paper products . 

TEXTILE MATER IALS : COTTON, WOOL, AND CELLULOSICS 

As ses sment of the Industry 

Agricul tural ly produced renewable fibers receive much 
of their added value and consumer util ity in the processing 
and manufacturing functions fol lowing their production and 
harvesting.  (Simpl ified flow trajectories defining these 
various utilization steps are shown for cotton in line B , 
for cellu los ics i n  lin e  c , and for wool and mohair in l ine D 
of Fi gure 1 . ) Fibers from both renewable and nonrenewable 
resources compete in the textil e  manufacturing functions on 
the basis of costs of raw materi als , and processing , 
technologica l capabilities , and quality char act eri stics that 
appeal to the consumers .  The change in mill con sumption of 
renewable and nonrenewable f ibers over the past four decades 
is shown in Table 4 .  

Table 4 

Fibers , Mi ll Consumption (millions of pounds) 

Renewable Resources Nonrenewable Resources 

Rayon & Acetate Man-Made Textil e  
Year Cotton Wool ( cel lulosics ) Total F ibers l glass Total 

1 9 4 2  5 , 6 3 3  6 0 4 6 2 1  6 , 858 16 8 24  
1 9 5 2  4 , 4 7 1  4 6 6  1 , 2 3 8  6 , 1 7 5  2 1 2  4 1  2 5 3  
1 9 6 2  4 , 1 9 2 5 0 4  1 , 3 9 2  6 , 0 8 8  9 4 4  1 7 8 1 , 12 2  
1 9 7 2 3 , 8 5 0  2 4 7 1 , 5 6 8 5 , 6 6 5 5 , 5 8 6 5 6 9 6 , 1 5 5  

1 Other than cellulos ics . 
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Forty-three percent of the fibers processed by u . s .  
textile mill s  in 1 9 72 we re  f rom renewabl e resources and 57 
percent were from nonrenewabl e resources ,  primarily 
petroleum and natural gas . Fibers from the renewable 
resources , which are derived from agricultur e and forestry, 
were used in the following proportions: 

cotton 
wool 
Cellulo sics 

Percent 

30 
1 

1 2 

Fibers from the nonrenewabl e petrol eum and natural gas 
resources were nylon, acryl i c , ol efin , polyester ,  and 
others .  

Products are manufactured o f  1 0 0  percent cotton, wool ,  
and cellu lose f ibers o f  rayon an d  acetate, a s  well a s  blends 
with other renewable and nonrenewabl e f ibers . The fiber 
content of products i s  determined by such f actors as fiber 
cost , strength, e ff iciency of process ing, end product 
characteristic s , and promotional programs . 

Textile mill s ,  along with apparel , domestic , and 
industria l  textile products manufacturers , utilize over $30 
bill ion in assets and employ over 2 . 5 million people to 
process approximate ly 1 2  bi l lion pounds o f  fibers annually .  
These textile mills and manufacturers are of great 
signi ficance to the economi c wel l-being of the u . s .  Their 
economic health and technological capability are equally 
important to the ef fective use of renewable fiber resources . 

During the decade prior to 1 9 7 2 ,  the total consumption 
of fibers in the u . s.  increased greatly ; but the increase 
was entirely from the production of fibers from nonrenewable 
resources .  This decade is recognized as  a period of 
exceptionally rapid growth in fiber consumption . Fibers 
produced from renewabl e resources decreased 7 percent during 
this decade, while total fiber consumption was increasing by 
6 4  percent .  This clearly il lustrates the direction we have 
been moving in the use of nonrenewabl e energy resources for 
fibers .  As u . s .  petrol eum resources near the critical stage 
of depletion , however , an examination o f  the fiber resource 
potential s from renewable resources is required . 

Forecasts wi th bri ef di scus sions of the probl ems and 
opportunitie s for cotton , wool , and cellulosics (rayon and 
acetate) are summarized from the background paper prepared 
by the Panel on Fibers . 
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Forecasts for the Years 1 98 5  and 2000 

cotton . Land and other resources for the production of 
both food and f iber are potentially adequate through the 
year 20 0 0 .  [ See Report Biological Productivity of Renewable 
Resources used as Industri al Material s l isted in the 
FOREWORD. ] The future production of cotton wil l  therefore , 
be determi ned by demand .  It i s  as sumed that produ�tion will 
be equal to the demand . 

Proj ections for cotton demand were estimated for 1 9 85  
and 2 0 00 based on three varying levels of economic and 
popu lation factor s  resulting in low , medium, and high 
scenarios (see Table 5) . [ For detai l s  on s cenarios , see 
Report Fibers � Renewabl e Resources for Industrial 
Material s l i sted in the FOREWORD . ]  The per capita demand f�r 
cotton is expected to fall off s l ightly f rom the 1 97 2  bas e  
year level by 1 98 5 , but wil l increase s ome by the year 2 00 0 . 

The inc reasing populatio� i s  expected to result in a 
stable rate of dome sti c demand through 1 9 8 5 .  The pro jected 
increases in population and per capita consumption would · 

resul t in a pro jected domesti c  deman d in crease of 
approximately 2 mil lion bal es by the year 2 0 0 0 . 

The above proj ections are based on reasonable estimates 
of economic growth , demand price elasticity , and population 
growth. However ,  the extent to which t his pro j ect ed demand 
can be attained or exceeded i s  dependent very l argely on 
cotton ' s  abi li ty to compete with other fibers in the 
manu facturing process and in satis fying consumer 
requi rements for functional and aesthetic properties in 
final products .  

The abi li ty o f  cotton to compete well with fi bers from 
nonr enewable resources i s  dependent upon the re lative costs 
and avai labi lity of such inputs as energy and transporta­
tion , as wel l a s  fabric-forming systems that can process 
cotton wel l . Capi tal and labor mu st be avai lable to 
maintain and expand manufacturing plant capacity . Worl d 
trade patterns , a s  we l l  a s  i ncentives an d r egu lations 
imposed by society , wi ll cons iderably i nfluence the 
competit ive strength of cotton by th e years 1 9 8 5  and 2 0 0 0 . 

Wool . •  u. s .  mills consumed 247 mil lion pounds of wool 
in 1 9 7 2 .  Th i s  represents a 5 1  percent decl ine over the 
1 9 6 2- 1 972  decade . Though wool h as excell ent comfort and 
fashion char acter i stic s ,  its competitive position has be en 
seriously eroded by man-made fibers . Fluctuating wool 
pr ices and lack of avail abi lity during periods of high 
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Table 5 

Cotton 

Per Capita Cotton Demand ( lbs . ) 
Population (million ) 

Domestic Demand (mil . 480 lb . bales )  
Exports (mil . 480 lb . bales ) 
Total Domestic Demand + Exports 

Production (mil . 480 lb . bales ) 
Cost of Prod .  (lb .  of lint ) 

Cotton Seed Products 
oil (mil . lbs . ) 
meal & hulls (mil . tons ) 
linters (mil . lbs . ) 

Cotton Product Production 
weaving and yarn mills (bil . lbs . ) 
apparel & garments 
household textile products 
industrial products 
other 

Energy Consumption 
cotton production , harvesting and 

1972 

18 
209 

7 . 8  
5 . 3  

1 3 . 1  

1 3 . 7 0 
. 3 2 

1 , 3 5 5  
2 . 97 

761 

3 . 8  
1 . 5  
1 . 3  

. s  

. s  

ginning 1 (kw. hr . /lb . ) 3 . 30 
yarn production (kw.  hr . /lb . ) 2 . 58 
gray cloth production (kw. hr . /  

lin . yd . ) 2 . 96 
cloth finishing (kw . hr . /lin . yr . )  3 . 3 2 

Labor Requirement$ (million man hrs . ) 
production and harvesting 307 
ginning 11  

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

Proj ection for 1985 
Economic Scenario 
low med . high 

14 
2 3 5  

16  
235  

6 . 86 7 . 85 
4 . 0  4 . 0  

1 0 . 86 11 . 8 5 

18 
2 3 5  

8 . 83 
4 . 0  

1 2 . 8 3 

1 0 . 87 11 . 85 1 2 . 83 
. 36 . so . 67 

1 , 3 2 5  
2 . 90 

744 

3 . 2 
1 . 3  
1 . 1  

. 4  

. 4  

1 , 447 
3 . 17 

812  

3 . 8  
1 . 5  
1 . 3  

. s  

. s  

2 . 78 2 . 78 
2 . 19 2 . 19 

2 . 52 2 . 52 
2 . 82 2 . 82 

127  139  
9 . 5 105 

1 , 565 
3 . 4 3 

8 78 

4 . 4  
1 . 7  
1 . 5  

. 6  

. 6  

2 . 78 
2 . 19 

2 . 5 2 
2 . 82 

1 5 0  
1 1  

1 No energy allocated t o  cotton seed production . 
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Proj ection for 2000 
Economic Scenario 
low med . high 

1 5  17 . 5  20 
264 264 264 

8 . 26 9 . 64 11 . 02 
s . o  

16 . 02 
5 . 0 5 . 0 

1 3 . 26 14 . 64 

1 3 . 26 14 . 64 1 6 . 02 
. 41 . 7 5 1 . 28 

1 , 669 
3 . 66 

937 

4 . 0  
1 . 6  
1 . 4  

. 5  

. 5  

2 . 58 
1 . 97 

2 . 27 
2 . 54 

128 
8 

1 , 840 2 , 01 5  
4 . 03 4 . 4 2 

1 , 03 3  1 , 131  

4 . 7 
1 . 9  
1 . 6  

. 6  

. 6  

5 . 3 
2 . 1  
1 . 8  

. 7  

. 7  

2 . 58 2 . 58 
1 . 97 1 . 97 

2 . 27 2 . 27 
2 . 54 2 . 54 

142  1 5 5  
9 10 
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demand have been parti al ly respons ible for seri ous market 
losses.  

Trend analys is indicat es a continuing decl ine in sheep 
population to 1 3 . 5 and 1 2 . 8  mi ll ion in 1 98 5  and 20 0 0 , 
respectively , y ielding 7 3  an d 7 6  mil l ion pounds of cl ean 
wool (compared to 8 3 . 3 in 1 972) . The wool increas e in 2000  
i s  due to expected continued improvement in clean wool yield 
from grease wool . Future production wi ll depend on mea t 
demand,  wool imports , and wool texti l e  activities . 
Increased futur e demand is a good pos si bi l i ty ,  whi ch cou ld 
pro j ect the wool trend upward .  

Cellulosics--Rayon and Acetate .  The ma jor bas e  raw 
material sources for the production of the cellulosics are 
wood and cotton l inters . Theoretical ly , other type s of 
vegetabl e fibers could be u sed , such as straw, r eeds,  
bagas se , ken af ,  jute, etc . , but harvesting and storage of 
the se raw material s  has not been commercia l ly successful , 
nor have pulping procedures yet produced a cellulose from 
these material s that i s  sui table for commercia l  us e .  Since 
the forest offers the l argest and most practical source for 
increasing the supply of chemical ce llulose , future emphasis 
on wood cellulose will continue .  

Plant capacity for chemi cal cell ulos e (dissolving pulp) 
was 1 , 80 5 , 00 0  short air- dry tons in 1 97 2 ,  but had decreased 
to 1 , 6 9 5 , 0 0 0  in 1 97 5 .  Estimated capacity for 1 9 80 i s  
1 , 46 5 , 00 0 ton s .  

u. s .  consumption of rayon and acetate textile fiber is 
expected to decre a se over the next few years as shown in 
Tabl e 6 .  

- - - - - - - - - -�-

- 1 8 8 -

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Tabl e 6 

u . s .  Rayon and Acetate Textil e Fiber 
consumption 

consumption (mil lion lb) 

Fi ber 

Acetate 
(staple and f i lament) 

Rayon staple 

1 97 2  

11 1 11  
7 3 4 

1 9 7 3  

3 2 0  
7 1 0  

1 9 80 

3 1 5  
6 30 

Man-made cellulosic fi ber production is confronted with 
serious environmental pollution abatement costs , high energy 
costs , and very large capital expenditures . 

Energy and .tJ!!! Environment . En ergy is o f  great 
importance to our nation ' s futur e .  A renewable energy 
resource such as cotton should be a ma jor building block in 
any national energy policy. The energy problem is a 
long- term problem and cannot be solved by additional 
supplie s of petroleum or the use of other nonrenewable fuel 
resources . These finite resources will be depleted in time . 
It i s essentia l that technology be appl ied to develop energy 
alternatives from renewable resources . 

calculations of energy consumption in fiber production 
bas ed on 1 97 2  census data (see Table 7 )  show that the 
production of a pound of cotton fi ber requires only a small 
proportion of the energy required to produce a pound of 
synthetic fiber . Energy requirements to convert cotton and 
man -made f ibers i nto textil es are about the same . 
Therefore , cotton possesse s  a significant energy advantage 
through the texti l e  manufacturing process . 
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Table 1 

Energy Consumed a s  Raw Materi als and in Fiber Production 
Processes 

Material 

cotton 
Non-cellul osics 
Ce llu losics 

Energy consumed 
(kwh/lb of fiber) 

3 . 3 6 
1 6 . 3 2  
20 . 4 2 

Further , mat erial resources and the quality of our 
environment must be considered jointly . Depletion of 
reserves and pollution have the same caus e, i . e . , failu re to 
manage the f low of mat erial s as a cycle or a closed system . 
The Nationa l commi s sion on Mater ia ls Policy ( 1 9 7 3 )  stated , ­
"A national pol icy for the management of energy and 
materials is needed to tran s form thi s open-ended proces s  of 
wastage into a su bstanti ally closed system . " Because cotton 
is a renewabl e  re source deriving much of its energy f rom the 
sun , and because it is biodegradabl e ,  cotton fits thi s  
" closed system" concept wel l . 

The cost impact of env ironmental enhancement wil l  
affect market price and ,  therefore, the balance among fibers 
in the market place . The Commis sion stated further : 

Some materia ls wi l l  experi ence pri ce increas es a s  a 
result of expenditures needed to comply wi th effluent 
standard s ; others will be affected very li ttl e or not 
at all . 

Although the trend toward syntheti cs may continue under 
curr ent polici es , i t  s hould be noted that the 
envi ronmental impact of the industria l  process es 
involved in their manufacture are quite di fferent f rom 
thos e ari s ing from the treatment o f  natura l fibers . 
Thus environmental concerns may in the future alter the 
market bal ance between thes e fibers . Di sposal of 
synthetic products al so i s  rel atively diff icult because 
many res ist oxidation o r dissoluti on by natural 
processe s .  

The future proj ections for cotton shown in Table 5 show 
a 1 5  perc ent energy saving s  in - cotton production by 1 98 5  and 
an additional 7 percent savings by 2 000 . These savings will 
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be derived large ly from improved minimum til lage , the 
deve lopment of earlier maturing plants with gre ater insect 
res istance , and yield incre ases from pl ant disease 
reduction . 

Thes e energy and environmental advantages of fibers 
from renewab le sources are o f  s igni ficant to our society and 
must be encouraged by adequate res earch and by regulatory 
functions to provide incentive s  rather than constraints . 

Ginning and Marketing. There are opportunities for 
cost savings in ginning and rel ated operations . In recent 
years , the charges for g inning a bal e of cotton have 
averaged around S 2 5  throughout the cotton Belt. Thi s  i s  
equivalent t o  slightly more than 5 cents per pound of l int . 
Actua l costs of ginning vary consi derably , however ,  from gin 
to gin , and are to a considerable extent volume dependent. 
While the average number of bales handl ed by gins i s  around 
3 , 0 0 0  in a normal year , same new high-capacity gins can turn 
out 5 or 6 times that quantity . While most gins can be 
operated prof i tably, i t  is a lmost self-evident that those 
that handle les s than 3 , 000 bales per s eason , i f  equipped to 
cope with machine- harvested cotton , stand a good chance of 
losing money at prevailing pri ces for ginning. 

It i s  highly desirable that the cost of producing and 
proce ssing cotton be reduced not only on the farm, but at 
every proces sing stage , from farm to , and through , the 
spinning mil l .  One approach to lower co st is through 
arrangements that increase the volume of cotton availabl e to 
a given gin. various methods for accompl ishing thi s  have 
been suggested : central gi nning , gin-yard storage of seed 
cotton , the transport of cotton from greater di stances , and 
high- speed automa ted ginning . The primary function of these 
types of changes would be to lower the labor and energy 
requi rements to gin and compress a bal e of cotton . 

Cottonseed . The cotton crop produces both cotton lint 
an d cottonseed . cottonseed is one of the ma jor oi l seeds of 
the world . world production of cottons eed r eaches 2 4  
million metric tons annually . Oil constitutes the ma jor 
source of revenue f rom cottonseed.  However , 2 0  percent of 
cottonseed i s  c rude protein . cottonseed protein represents 
5 to 6 percent of the world ' s  available protein (Jones 
1 974) . Thi s  protein source has largely been unavai lable for 
direct human consumption due to the phenol ic toxin ,  called 
gossypol , in the pigment gl ands of the kernel . 
Hi storical ly ,  cottonseed protein has been used for animal 
feed . 
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Prog res s  i s  be ing made in both the removal of gossypol 
from the s eed a nd i n  the development of glandle ss seed . 
Such technologica l deve lopment woul d not only enhance crop 
revenue . but al so enable cotton to better compete for l and 
at the production stage and with other f ibers i n  the 
manuf actu ring processe s . 

Historica l ly .  cottonsee d  has accounted for 1 4  percent 
of the cotton crop revenue . but in 1973  and 1 9 7 4  cottonseed 
accounted for 2 0  percent . due to the in creas ed wor ld demand 
for o il and protein . 

The large po tenti al world demand for protein 
il lustrat es an area of exce l l ent payoff opportuniti e s  for 
res earch and product developmen t .  

Fabri c Formi ng systems . A fiber ' s  con sumption at the 
texti le mill level is governed to some extent by the 
e xi sting cap acity of various fabric- forming systems and the 
fiber ' s  relative processing eff iciency on the equipment. 

Approximately 7 5  percent of u . s .  mill cotton 
consumption goe s  i nto woven fabrics . about 20 percent i nto 
knits . an d 5 percent i nto yarn appl ications . These 
con sumpti on rel ation ships become s igni f icant when vi ewed in 
l ight of current machi ne capacities . 

During 1973  a nd 1 97 4 .  wh en the u . s .  texti le economy wa s 
strong . weaving capacity wa s strained . Spokesmen for the 
texti le i ndustry suggested that mi l l  pl ans f or new loom 
purchas es were few and that thos e were primari ly to repl ace 
old looms . There a re therefore serious capacity constraints 
on the pr incipal consuming system for cotton . 

It seems likel y that . in time . con sumer demand wil l  
make it suff ic iently profi table to add weaving capacity ; 
however . in the near term. price competiti on created by 
exces s  knitting capaci ty may tend to adversely affect 
weaving profitabi lity and dis courag e  purcha sing of new 
looms . 

�itting accounts for about a fourth o f  f i ber consump­
tion in all ya rns . cotton ' s  chances for i mproving on i ts 
pres ent 2 2  percent share seem reasonably good . Addi tional 
re s earch i s  needed to improve th e process ing efficiency of 
cotton for cert ai n knitting machines and the functional 
characte ri stics of cotton knitted products . 

New technol ogi cal developments in texti le machinery are 
in prog res s  and much re search i s  n eeded to assure that 
renewabl e resources fibers can be used effi ciently on the 
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high- speed systems , such as open-end spinning and 
shuttlel ess looms . Additionally , regul atory and capital 
incentives are needed to assure that adequate new invest­
ments in plant capacity are made . 

END-PRODUCT QUALITY REQUIREMENTS 

The capabi lity of f ibers to fulfill the functional and 
aesthetic de sires of consumers and to enable end products to 
meet the requirements of governmental regulations have great 
influence on the proportion of fibers used.  

The impact of no- iron texti les on interfiber competi- . 
tion , for example , is unparallel ed in recent hi story . These 
durable-pres s blends , many of which contain cotton, are 
consumed primarily in markets th at were once dominated by 
1 0 0  perc ent cotton . competition from durable-pres s fabrics 
has cost cotton about 2 mil lion bales (annually ) of the 
domestic market . 

Technology to impart high-quality durable-press 
properties to 1 0 0  percent cotton fabrics would improve 
cotton ' s  competitive position in the domestic market . The 
poten tial gain might wel l  approach a million bales . 

Presently , a high quality no-iron finish is being 
marketed f or heavy-weight cotton fabrics . This should help 
cotton hold major markets for heavy fabrics , such as denims 
and corduroys , and perhaps make some marginal gains . But 
similar technology wil l  have to be developed for medium and 
liqhtweight fabri cs if a real competitive impact i s  to be 
made . 

Flammability may wel l  be to interfiber competit ion in 
thi s decade what durable press was i n  the previous one. The 
Consumer Product Safety commission has promulgated flame 
retar dance standards on a number of textile products , and by 
1 9 8 5 ,  most appare l and home furnishings and many industrial 
textiles will come under such standards .  

When standards were promulgated for chi ldren ' s 
sleepwear (sizes 0 - 6 X) , cotton ' s  market share plummeted from 
6 6  percent to 6 percent in one year . What happens when 
standards are s et for other textile end uses depends on the 
following : 

. . 

\ 

1 .  Specific requi rements of stan dards 
2 .  Timing o f  standards implementation 
3 .  State of flame retardance technology-- by  fiber or 

fabric type--at time of implementation 
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Flame retardance techno logy-- regar dle s s  of fi ber-- i s  in 
it s infancy . Demand for the property , whether manda tory or 
voluntary , wil l  a lmost certainly become enormou s . 
outst anding success or compl ete fai lure of a fiber in the 
dome s tic ma rketpl ace may wel l hinge on how wel l the fiber 
can compete in thi s  one funct ional requ irement . continuing 
re sea rch on f lammabi li ty i s  essenti al to maintaini ng cotton 
as a vi abl e ren ew able resource . 

FEATHERS , FURS , AND LEATHER 

Introduction 

Fibrous mater i al s  produce d by animal s incl ude f eathers , 
furs and hide s .  These raw materia l s , with the exception of 
furs , ar e the by- products of the meat and poultry 
industri es . Thi s  f ac t  inf l uences the geogr aphic location of 
production and leads to a l a ck of re sponse of supply to 
changes i n  demand , with fluctuation in price s .  

Leather i s  s kin o r  hide th at i s  combine d with a tanning 
ag ent that renders its f ibrous protein (co l l agen) system 
immune to bact eri al and enzyme attack . The tanning agent 
also prevent s  the col lagen fibers from g lue i ng  together on 
dryin g ,  s o  that the leather remains sof t , porous and 
flexibl e .  The pri ncipa l  commerci al tannin g agents include : 
( 1 )  vegetabl e tann ins ( from wood , bark , leaves , fruit) , ( 2) 

miner al agents (compl ex sal t s  of chromium , a lumi num , and 
zi rconium) ( 3 )  aldehyd e s , ( 4 )  oxidi z ation o i ls and ( 5 )  
syntheti c compoun ds ( " syntan s " ) . 

In thi s  g roup of materials , hides and l eath er pl ay by 
far the ma jor rol e in production o f  end uses . FUr s are of 
secondary importa nce , and f e athers ar e u s ed ma i n ly a s  a 
protein source in animal fe ed . 

Feathers 

over 1 bil lion pounds o f  chicken and turkey f eathe r s  
were produced in the u . s . i n  1 9 7 2 ,  which i s  about current 
average annual production . Most of the se are converted into 
a protein source for animal feed . Minor amounts of 
wat er fowl feathers and down are us ed in pi l l ows , qui l ted 
apparel , etc . , of which ove r 80 percent is imported .  Data 
are s hown in Tabl e 8 .  
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Table 8 

SOME PRODUCTION , EXPORT AND IMPORT STATISTICS 
FOR H IDES , LEATHER , FURS AND FEATHERS 

YEAR 197 2  

Hides 

Cattle 
H09 
C a l f  & Kip 
Goa t & Kid 
Sheep & Lamb 

Total 

Leather 

Leather Stock ( 2 ) 
Tr immed Scrap ( 3 )  
Leather < 4 >  

Hai r  & Wool from 
Slaughte ring 

Pul led Wool 
Cattle Ha i r  Ava it�fle 
Cattle Ha ir Used 

Furs 

Mink 
Rabb i t  
Wild P e l t s ( 6 )  

Feathe rs 

Chicken 
Turkey 
Water fowl Feathers & Down 

u . s .  Production 

1000 
pieces 

36 , 080 

} 

3 , 000 
1 0 , 000 est . 

9 , 000 

Mi l l ion 
lbs . 

2 , 706 
5 

289 
3 , 000 

1 , 37 5 
200- 300 

898 

8 
7 5 ( 5 ) 

7 

920 ( 7 ) 
187 ( 7 ) 

1 . 8 ( 8 ) 

Exports 

1000 Million 
pieces lbs . 

17 , 07 2  
2 , 07 2 

5 1 87 2 
2 5 , 016 879 (1 ) 

143 

1000 
pieces 

292 

261 
3 , 355  

16,852  
20 , 760 

8 . 2  mil . lbs . 

( 1 ) A 7 5  lb . rawh ide , f l e shed , tr immed and brine-cured yields 50 lb . cured hide . Other 

hides conver ted to cattle hide equivalents on the ba s i s  of leather area . 

( 2 )  Dry ba s i s , tr immed . Leather stock i s  tr immed , f l e shed , dehaired hides , ready for 

tanning . 
( 3 ) Tr immed sc rap , partly used for ferti l i zer and animal food , but is mostly wasted . It 

could be a grea ter pro tein source . 
( 4 ) Tanners Counc i l  Pro j ec t ions ( 4/5/7 5 ) . 
( 5 ) Of a tota l of 7 5  mi l l ion lbs . ava i l ab l e  at s laughter houses ,  only 7 mi l l ion lbs . were 

used in 1972 for indu stria l products , such as ru9 pads , furniture padd ing , etc . The 
res t is wa s ted and adds to s tr eam po l l u t ion . 

( 6 )  A l l  k i nd s ; 1969-70  data . 

( 7 )  Conver ted and u sed a s  a sourc e  o f  protein i n  anima l  feed . 
( 8 )  An e s t imated 10 mi l l ion lbs . were consumed i n  1972 , o f  which 8 . 2  mi l lion lbs . were 

impor ted . 
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Furs 

FUrs , exotic hides , and skins together account for 
about a thi rd of the world trade in a ll hide s and skins . 
See Table 8 for production f igures . 

Animal Hair 

Animal hair (mostly cattle) and pulled wool are by­
products of the tanning and l eather industries . Pulled wool 
from sheepski ns amounted to 8 mill ion . pounds in 1 97 2 or 4 . 8 
percent of the tota l grease wool production of the country . 

Cattle hair was produced to the extent of 7 5  million 
pound s in 1 9 7 2  of which only 7 million pounds were used , 
mainly for industrial products , such as felts , furniture 
padding a nd insulation . This represents a wastage of over 
90 percent of available cattle hair compared to only 1 6  
percent in 1 9 58 . Competition by synthetic materials , such 
as polyurethane foam and filaments , has caused the decline 
in use of animal hair . 

The hair remova l proce s s  by caustic soda resu lt s  in a 
waste ef f luent that contributes to stream pollution . 

Hides and Leather 

Hides and skins a re used in a wide var i ety of end 
products and rank first among the by- products of the cattle 
industry .  cattle hides are the ma jor source of leather for 
shoes , uphol stery , luggage , belting , athletic equi pment ,  and 
harness wear . ca lf ,  goat, and sheepskins also provide 
l eather for garments and a wide variety of products . 

Despite a steadil y expanding supply of hides ,  some 
subst itut ion has occurred in most o f  its end uses , 
parti cularly for shoe sole s . As f ar back as 1 9 5 8 ,  only a 
third of the shoe soles in the u . s .  came f rom l eather , the 
ma jority being made from synthetic polymers (vinyl types) . 
FOotwear uppers remains the present major end use for 
leather and is st ill l argely unaffected by synthetics . How­
ever, the re i s  now a challenge by a new synthetic product 
termed poromerics . 

Present Status of Leather Industry 

The 1 97 2  status of the hide and leather industry i s  
s hown in Tables 8 and 9 .  Bide production i n  1 97 2  was 30 00 
mi llion pounds , leather stock 1 , 37 5  mil lion pounds , and 
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Table 9 

Hide and Leather Production , Exports and Imports1 

with Proj ections to Year 2000 

(Millions of lbs )  

1972 1974 1980 1985 2000 

Cattle Hide Production 2 , 706 2 , 8 3 5  3 , 4 50 3 , 750 4 , 5 75 
Hoq Hide Production2 s 3 15 3 so 100 500 
TOtal Hide Production4 3 , 000 3 , 058 3 , 650 4 , 000 5 , 2 2 5  

Exports , Cured Hides 5 , 6 879 922 1 , 075 1 , 178 1 , 539 
Leather Production6 898 757 1 , 000 1 , 096 1 , 4 3 2  
Leather Exports6 14 3 210 338 370 484 

(Expressed in millions of $ value ) 

Leather Exports6 67 101 180 300) 500) 

Leather Imports6 1 3 2  111 100 100 100 
Leather Production7 1 , 059 890 1 , 180 1 , 2 9 3  1 , 690 

1 
Proj ections for hide production , based on cattle and hoq slauqhter by Dr . Harold M .  Taylor , USDA , ERS , 
stationed at ERRC . 

2 Pullinq of hoq skins for leather started in 1972 and is predicted to qrow . Alternate practice is to 
leave most of hoq skin on meat with balance to qelatin manufacture . Proj ections by J .  w .  Harlan , USDA . 

3 Literature and industry sources .  
4 Includes equivalent of sheep , qoat , horse and miscellaneous hides which are in static or decl ininq 

production . Based on data from Tanners • Council Statistical Workshop , 04/0 5/75 . 
5 Basis : A 75 lb . rawhide , fleshed , trimmed and brine-cured yields SO lbs . cured hide . Other hides 

converted to cattle hide equivalents on the basis of leather area . 
6 Data for 197 2 , 1974 and 1980 from Tanners • Counci l  Proj ections ( 04/0 5/75 ) . Proj ections for 1985 and 

2000 made usinq 1980 ratios of total supply of hides . This assumes a static situation of slow qrowth . 
u . s .  and/or foreiqn qovernmental and environmental activity could shift export/import ratios qreatly . 

7 From 1972 Census of Manufactures . 1972 ratio of $/lb . used in proj ections . 
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leatber 8 9 8  million pounds . Exports amounted to 8 7 9  mil l ion 
pounds of cured hides and 1 43 million pounds of leather . 
Since 1 97 2  there ha s been a drop in imports and a rise in 
exports . The future indicates further gains in leather 
exports . 

Energy and the Environment 

The total energy consumption in 197 2 in the manufacture 
of salt- cured hides to fini shed leather was 7 , 4 1 7  Btu/lb raw 
hide or 30  M Btu/ton leather . To meet 1 97 7  pollution 
standards , an increase of 2 7 0  Btullb is estimated and for 
1 9 8 3  standards , 5 3 6  Btu/lb. Additional treatment for 
dissolved solid ( salt) would require an additional 7 , 20 0  
Btu/lb , for an overall energy increase o f  1 0 7  percent. 

Despite the. increased energy required for pol lution 
treatment , the future costs for fuel and improved technology 
will bring about a decrease in future energy requi rements to 
2 5  M Btu/ton leather in 1 9 8 5 and 2 0  M Btu/ton in 2 0 0 0 . The 
minimum energy atta inable by current technology is estimated 
to be 22 M Btu/ton leather . 

Demand for Leather 

Cattle and calf slaughter is expected to increase in 
the immediate years ahead due to increasing population and 
meat demand, which wil l  result in an increased supply of 
hide s . The following figures by the Tanners • counci l of 
America ( 1 97 5 ) are for the present and near future : 

1 9 7 2  

1 974  

1 97 5  

1 97 8 

1 9 80 

39 . 2  million hides 

4 1 . 0  million hides 

4 5 . 0  million h ides 

4 8 . 5  million hides 

50 . 2  million hides 

The domestic production of shoes ( 4 44 . 6 mil lion pairs 
in 1 974)  is now considered to have ebbed and is ex pec ted to 
increase .  The percentage o f  shoe imports jumped sharply 
from 1 9 6 5  to 1 970  and has now levelled off at about 3 9  to 4 0  
percent of the total market . Leather footwe ar consumption 
in the u . s .  on a per capita basis is approaching saturation 
and, cons equently ,  consumption will keep pace with 
population g rowth . Greater quantities of cattle hi des may 
be us ed in leather garments . 
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I f  technical improvements are made in the quality of 
synthetic materials and if production costs are lowered . 
then the se materials might make inroads into the l eather 
market . Thi s would be parti cularly true if a shortage of 
hides should deve lop. which i s  not expected . once 
synthetics penetrate the l eather market . it might be 
diff icult for hides and skins to regain more than a part of 
the lost ground even if fal l ing prices would make hides and 
skins more competitive again . Thi s is because machinery 
developed for using synthetics does not lend itself to the 
process ing of leather. 

FUture Predictions 

Tota l hide production i s  expected to increase by a 
third in 1 9 8 5  and by 7 4  percent in 20 0 0  (see Table 9) • 

Leather production . however • will increase l es s . namely by 
2 2  percent in 1 9 8 5  and by 6 0  percent in 2 0 0 0 . Exports of 
both cured hides and of leather will increase appreciably. 
Imports will decl ine to a f airly constant leve l .  
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CHAPI'ER 8 

CHEMICAL USE OF LIGNOCELLULOS IC MATERIAL 

INTRODUCTION 

In 1 974 the total u . s. production of plast ics ,  noncel­
lulos ic fibers , and synthetic rubber amounted to 37 bil l ion 
pounds (over 1 8  mi l lion ton s ) . About 9 5  percent of these 
mater ials are conceptual ly (but not necessarily econo­
mical ly) derivable from cellulos e ,  hemi cel lulos e ,  and l ig­
nin .  The amount of wood necessary to produce these plastics 
and chemi cals approximate s 60 percent o f  that annually used 
by the pulp and paper industry . Table 1 categori z es these 
plastics and chemi cal products and shows the estimated 
amount of cellu lose or ligni n that woul d be requ ired to pro­
duce the 1 97 4  volume of these plastics.  

The potential exi sts to expand the production and 
appl icat ions of cel lulose derivatives . Figure 1 shows a 
schematic potenti al flow of wood and agricultural , munici­
pa l,  and feedlot residues for chemical use . consi deration 
of the potential expanded use of lignocellulosic materials  
as a basi s  for the chemical industry involves the relative 
long-term cost ef fectivenes s ,  environmental impact , use of 
capital , ene rgy con sumption in production , and dif f icul ties 
in overcoming technologi cal barri ers . currently ,  about 6 
percent of the nation ' s  total availabil ity of oi l and natu­
ra l gas i s  used a s  a raw material for chemical s  that form 
the base of the u . s .  plasti cs and chemicals industry . u . s . 
domestic petroleum consumpti on for the manufacture of petro­
chemi cals amounts to 9 00 , 00 0  barrel s  of crude oil per day . 

The argument may be made that petrochemical s  should 
have a high priority becaus e energy needs can be d erived 
relatively read i ly from other sources , e . g . , coal . Al so , 
the chemical in dustry has a tremendous amount of capital 
used in petrochemi cal plants . I f  such an argument i s  accep­
table , petrochemicals will be produced for many years to 
come- -but their price wi ll be considerably higher as the 
cost of petroleum escalates . coal i s  obviously an alterna­
tive raw material for the manufacture of chemical s .  

u . s .  coal re serves comprise 8 0  percent of the nation ' s 
proven fossi l fue l reserves and can , together with shale oi l 
reserves , provide a continuing source of energy for 200 to 
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Table 1 

1 9 7 4  P roduction of Plastics , Synthetic Fibers , and Rubber 

and Est imated Lignoce l l ulose Raw Material Base 

PLAST I CS 

Thermose t t i ng Res i n s  
Epoxies 
Polyesters 
Urea 
Mel a•i ne 
Phenol ic and othe r  tar acid resins 

Thermop l a s t i c  Resins 
Po ly-ide 
Pol yethylene 

Low-density 
H igh-dens i ty 

Polypropyl ene & copoly.ers 
Styrene & copolymers 
Polyvinyl Ch loride 
Othe r vinyl res i ns 

Total P l a s t i cs 

SYNTHET IC F I BERS 

Ce l l ulosic 
Rayon 
Ace tate 

Non-ce l l ulos i c  
Nylon 
Acry l i c  
Po lyester 
O l e f i n  

Total Non-ce l l ulosic Fibers 

SYNTHETIC RUBBER 

S tyrene-butad i ene 
Butyl 
Ni tri l e  
Polybutadi ene 
Pol y i soprene 
Ethylene-propy l ene 
Neoprene and others 

Tota l Synthe t i c  Rubber 

Total P l a s t i c s , Non-cel l u l o s i c  
F ibers a n d  Rubber 

Obta inable f r� Lignoce l l ulose 

Ce l l ulose De r i ved (C ) 
Lign i n  De r ived ( L )  

Thousands 
of Tons 

1 2 5  
4 5 5  
4 2 0  

8 0  
670 

1 00 

2 , 985 
1 , 4 2 0  
1 , 1 2 5  
2 , 505 
2 , 4 2 5  

1 7 5  

1 2 , 4 85 

410 
1 90 

1 , 06 5  
3 2 0  

1 , 500 
2 3 0  

3 , 1 1 5  

1 ,6 1 5  
180 

95 
360 
100 
140 
280 

2,  7 7 0  

18 , 3 7 0  

1 7 , 490 

Tons of Lignocellulose Raw 
Material Required (Thousands ) *  

3 5 5  (L)  

1 2 2 0  (L)  

1 , 91 5  (L)  

285 (L)  

1 1 , 940 (C) 
5 , 680 (C) 
4 , 500 (C) 
7 , 44 5  (L)  

4 , 2 2 5  (C) 
440 (C) 

3 , 04 5  ( L )  
6 4 0  ( C )  

4 , 020 (L)  

920 (C ) 

5 , 7 00 (C) , 1 , 920 (L)  

1 , 060 (C) 
190 (C) 

2 , 1 20 (C) 
825 

58 , 44 5  

3 8 , 240 (C )  

2 0 , 205 ( L )  

* Es t i mated f r� opt i • i s t i c  approximate yields o f  .ono.ers obta i nabl e .  
(C )  Ce l l ulose De r i ved ; ( L )  Lignin De r ived . 
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3 0 0  years at anti cipated rates of consumption . However , 
probl ems with coa l producti on are serious in t erms of strip 
mining soil deter iorat ion e f fects and in water pol lution in 
some area s . Much of the u. s .  coal wi ll require a con si der­
abl e amount of energy to extract , which in s ome ca ses could 
amount to a net los s of ene rgy. Additionally, much of the 
coal reserves are located in regions where process water i s  
i n  short supply . The signi f icant sul fur content of the ma­
jor ity of u . s .  coal poses major cost and technical probl ems 
in the economical use and processing of coal . Fina l ly , coal 
chemi cal technology has be en neglected in a manner simi l ar 
to that f or l ignocellulosic materi als because of the more 
cost- effective pe trochemical s technology. It is apparent 
that coal uti l i zati on  for energy generation should have a 
hiqh pri ority in the nation ' s  s earch for energy sources . 
The costs of deriving chemi cals and plastics from c oal 
should be compared with costs of obtain ing them fr om 
lignocel lulos i c  mat erials to ascertain feasibl e  options . 

CONVERS ION OF CELLULOSE 
TO MODIFIED HIGH POLYMERIC DERIVATIVES 

As cellulose is a naturally occurr ing high polymer , i t  
can be used in that form without degradation and r epolymeri­
zation. Cel lulose is currently used to the extent of about 
50 mi llion ton s per year--a quanti ty gr eat er than the total 
of al l synthetic polymers combined . u . s .  production in 1 97 Q  
of ce llulose derivatives consumed approximately 2 mi l lion 
tons of dissolving pulp. These der ivat ives are primari ly 
rayon and ce l lophane (both regen erat ed cellu los e) , cellulose 
ac etate along with the co-esters of cel lulos e acetate-propi­
onate and ce llu lose ac etate- butyrate ,  and smal ler amounts of 
ethyl ce llulose a nd carboxymethyl- cellulos e . 

Excluding fi ber use ,  cellulose derivatives are used 
primarily in packaging , per sona l products ,  protective 
s heet ing, eyeglas s frame s ,  decorat ive automotive part s ,  and 
in a vari ety of pha rmaceutical appl i cat ions . As plasti c s ,  
these products ar e  characterized by high cl arity , gloss , and 
aesthetic va lue . However , they have generally been mor e 
costly than a number of plastics derived from such fossil 
fuels as pol yethy lene , polypropyl en e ,  polyvinyl ch loride , 
and polyester . As a result , cel lulose derivatives are 
showi ng slow growth and little penetrat ion of the markets 
held by petrochemical ly based polymers . They are 
handi capped in proces sing by the rel atively high capita l 
intensivenes s  o f  existing d i ssolving pulp mi ll s , the 
relative ly low yi eld of alpha ce llulos e  (approximately 2 5  
percent o f  cellulose i s  lost) , and the capital intensiveness 
of th e regenerati on and der ivatization proce ss and 
a s soc iated pol lution control . There is , theref ore , a n eed 
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to develop new, l ess capital intensive proce sses with higher 
yields of alpha cel lulose to improve the overal l  com­
petitiveness of cel lulose derivatives . Additional ly ,  their 
uti lity and appl ication coul d  be substantial ly expanded by 
structure and property modi f ication processes .  

The production of compl etely n ew  cellulose derivatives 
should also be encouraged . Another technologica l need for 
expanded production of these cellulosics i s  to develop pro­
duction processes that are less sensitive with regard to 
purity of the raw material . Cellulosics off er a real chal­
lenge as a substitute for many petrochemical ly derived plas­
tics and polymers . 

CONVERS ION TO MONOMERS OR FEEDSTOCKS 
FOR CONVENTIONAL POLYMERS OR PLASTICS 

Of the 1 8  mil lion tons of synthetic polymers listed in 
Table 1 ,  95 percent are der ivable from ethylene (471) , buta­
diene ( 1 2 1) , and phenol (361 ) . These building blocks are 
all obtainable in good yield s  from wood .  Ethylene and 
butadiene can be made from ethanol , which in turn can be 
made by fermentation of glucose ,  the product of cellulose by 
hydrolysi s : 

hydrolysis fermentation 
cellulose glucose ---------+ ethanol 

/ '\. 
butadiene ethylene � l 
synthetic thermoplastic 
rubbers polymers 

Phenol and related compounds are obtainable from the hydro­
genat ion or hydrogenolysis of liqnin : 

l ignin --+ phenol s ------+ phenoli c resins , polyesters , etc . 

wood hydrolysis , the conversion of the carbohydrate 
polymers in wood to simple sugars by chemica l reaction with 
water in the presence of aci d catalysts , has been known for 
1 50 years and was practiced on a commercial scale in this 
country during world war I,  in Germany during worl d war II , 
and is still in u se in the USSR . The s imple hydrolytic 
cleavage to sugars is compli cated in the cas e of cellulose 
by its crystall in e  organization , which restricts the 
accessibi lity of the dilute acid to the bonds to be 
hydrolyzed . This resi stance to hydrolysis requires the use 
of temperatures �nd acid concentrations that cause 
decomposition of  the r esulting sugars .  Processes must 
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balance rate of hyd rolysi s against r ate of decompos ition of 
th e desired product s .  Glucose yields o f  approximately 50 
percent of the we ight of the cellulose have been attained . 

Increasing thi s  yield by r endering the cellulose more 
acces sible to the hydrolyzi ng reagent would provide great 
economic ben efits and warrants a high level of technical 
activity . The na ture of the lignin residue is affected by 
the catalyst used and the operating temperatures in the hy­
drolysis . I t  would be desirable to end up wit h the most re­
active lignin poss i ble to a l low its facile conversion to 
other useful produc ts .  The Udic-Rheinau process utiliz ing 
strong hydrochloric acid as the catalyst does provide such a 
reactive l ignin . 

Ferment ati on of the glucose solutions to ethanol is 
readi ly accompli shed in yields of 85 to 9 5  percent using 
commercially proven techniques .  The further conversion of 
ethanol to ethylene in 96 percent yi eld and to butadiene in 
7 0  pe rcent yiel d are also straightforward and were practiced 
on a commercial scale in the u. s . during world War II in 
pl ants that requi re much lower capital costs than those 
ba sed on hydrocar bon conver s ion . 

Biochemical conversion of sugars obtained from both 
hemicellu loses and cel lulose by fermentation can produce a 
larqe number of compounds , such as acetic,  butyric , and lac­
tic acids and glycerol . conversion of cellulose to glucose 
by enzymatic hydrolysi s using an enzyme from Trichoderma 
viride is receiving much attention and suggests that sugar 
may be produced at approximately S . 1 5/lb by thi s method . 
Other microbiological conversions may be entire ly possible .  

Phenolic products have been obtained from t he lignin 
component of wood by various hydrogenolysis techniques . 
Yields i n  the neighborhood of 4 0  percent of monomeric 
phenols have been reported in pilot plant experiments , but 
verif ication on a commercial scale has not been attempted 
because of unfavorable economic compari sons with phenol 
producti on f rom petrol eum . 

PRODUCTION OF SUGAR FROM LIGNOCELLULOSE 

The calculated maximum yield o f  ethano l per ton of lig­
nocellulosic material is approximately 80 gallons . The 
ma jor deterrent to attainment of such yields in practice is 
in st ep 1 of the two- step conversion proces s --hydrolysi s of 
cellulose to suga r . I t  i s  here , al so , that the ma jor 
probl ems with process economics are encountered . 
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All known process es for cellulose hydrolysi s  may be 
qrouped i nto th ree categori es : strong acid , dilute aci d,  
and enzymatic .  

1 .  strong acid . only one strong-acid s accharifica­
tion process , the Bergius fuming hydrochloric acid process , 
has ever attained industrial signi f icance . The Rus sians 
have investigated many vari ation s of a strong su lfuric acid 
method. The Bergius process was used at a full - scal e  plant 
in Germany during world war I I  to produce some 5 00 metric 
tons per month of yeast, al though ethanol could have been 
the primary product if so desired. 

2 .  Di lute acid. Because of lower plant costs , di lute 
acid process es have received much gr eater attention than 
strong-acid methods .  Sugar yi elds , hence ethanol yield s ,  
are m arkedly lower , however ,  ranging from about 2 0  gallons 
of ethanol per ton of wood for a s ingle-stage batch process 
to about 50 gal lons per ton for the Scholler or the Madi son 
percolation proce ss , a l l  based on the use of  di lute sulfuric 
acid . 

The rea son for the lowered sugar yields is  in the ex­
treme hydrolytic resistance of cellulos e ,  a resistance as­
cribed to the high molecular packing of its crystal line re­
gions . Under comparable conditions , the rate of hydrolytic 
conversion of cel lulose to glucose is only a minute fraction 
of that obtainable with a relatively amorphous carbohydrate , 
such as starch . Since sugar yi elds are governed by the 
relative rates of sugar production to sugar destruction , 
sugar yie ld s  are high from starch and l ow  from cellulose.  
Discovery of an effective , yet inexpens ive pretreatment for 
di srupting cellulose crystal lini ty would constitute a ma jor 
breakthrough in the us e of cellulosic materials for chemical 
conversion. 

3 .  Enzymatic .  With f ew  exceptions , the carbohydrates 
of whole-wood res idue or of newsprint , which i s  a ma jor con­
stituent of municipal trash and is largely whole-wood fiber ,  
are essentially immune to attack by cellulolytic enzymes . 
This immunity apparently stems f rom the clos e physical and 
chemi cal association between cellulose and lignin. Any 
pretreatment that can "open up" this lignin-carbohydrate 
compl ex would thu s provide access to the carbohydrate con­
stituents . 

Lack of acce ss i s  not the sol e det errent to the large­
scale enzymatic conversion of lignocellulosic materials to 
sugar s ;  however , as  with di lute- acid hydro lysis , the rate of 
enzymati c hydrolysis of cel lulose i s  only a fraction of the 
rate of enzymatic hydrolysi s of starch, the current indus­
tr ial process for glucose solutions . Here agai n ,  an eff ec-
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t i ve ,  economi cal pretreatment for d i s ru pti ng ce � l u l o s e  
cryst a l linity wou l d  b e  of m a j or ben e f it . 

Pre treatments 

A wi de var iety of phys i cal an d chemi cal pr etr eatmE!nts 
may be u sed to mak e  wood car bohydrates more acce s s i bl e  and 
incr e as e  the i r  re ac tivi ty .  Some o f  the s e  pretreatmentn 
yi eld only mode st benef i ts ;  oth ers ar e capable of radi<:a l ly 
alterin g the chemi cal structure of the raw materia l . 

ca rbohydrate acce s s i bi l ity is comp lete fo l l owi ng 1:ota l 
del igni f i cati on by any of th e commerci a l  pu l ping procef; s e s ,  
but comm erci al pu lps are expensive substrates f o r  enzymatic 
conve rs i on .  Extensive swel l ing induced by a l ka l ine reCLg ents 
prov i des modest ben ef i ts . A mor e intr iguing approach , how­
ever , involves di sruption o f  the l i gnin- car bohy drate compl ex 
in situ . Tr eatment of mois t  wood parti c l e s  wi th g a s eous 
sulfur d i oxide ha s be en shown to r esult in a product th a t  i s  
quantitat ive ly converti ble by cellul o lyti c  enzymes fol lowing 
neutralization . Good prospects exist f or further explora­
tion of opti mum proces sinq conditions and use o f  other reac­
t ive agents , maki nq thi s  a rewar ding ar ea f or addi tiona l 
re sea rch . 

Reduction of cellulose crysta l li n i ty wi th m arked en­
hance ment of both enzymatic and di lute-acid hyd rol ytic reac­
tivity ha s been ach ieved in the laboratory through the use 
of certai n physica l pretreatments . Vibratory ba l l  mi ll ing 
wa s very ef f ectiv e  with certain ha rdwoods , but en ergy costs 
ma ke transla ti on of laboratory results into commerci al oper­
at ion doubtful . High- energy irradiat ion is a s i mple way to 
in creas e cellulose reactivi ty , but , aga in , pract ica l appli­
cation i s  dependent on reduc ing irradiation cos t s .  

Other Areas for Hydrolys i s  Res earch 

Addit iona l areas for d evelopment i nclude : 

1 .  New techniques f o r  modi f i cation o f  ce l lu los e f ine­
structur e with re�listic cos t  analysi s .  

2 .  New techniques for del ign i f icati on or di s ruption 
o f  the l i gni n-carbohydrate compl ex with rea l istic cost anal ­
yses . 

3 .  Up-to-date a s s es sment of previou s l y  stud i e d  
strong- a nd weak- acid sacch ari f i cation proc e ss e s .  
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4 .  Development of techniques for fractionation of 
lignocel luloses for complete use of major components .  

sugar Production by Pyrolysi s 

Another method of producing sugar (glucose) from ligno­
cellu los e has been less developed technical ly ;  it i s  by 
pyrolysi s .  control led heating of the lignocellulose 
decompos es the ce l lulose to levoglucosan . This volatile 
anhydride can be collected and readily hydrolyz ed to 
glucose . 

conversion of Glucose to Other Chemi cals 

The glucose obtained from hydrolys is of cellulose,  in­
stead of bei ng fermented into ethanol , can be converted i=to 
56hydroxy626furfura ldehyde, whi ch in turn is readi ly conver­
ted to l evulinic acid. Thi s material could wel l- serve as an 
intermediate for a new fami ly of polymers . Levulinic acid, 
pr imarily for processing into diphenolic acid,  was produced 
commercia l ly for a time in the 1 960 s . The r e-introduction 
of levul inic acid into the chemical industry wil l  require 
extensive development work . 

POTENTIAL OF LIGNIN AS A SOURCE OF AROMATIC CHEMICALS 

Lignins consist of aromatic compon ents calculated as 
approximately 40 percent benzene and almost 50 percent phe­
no l .  Although actual yie lds of simple phenols from lignin 
degradat ion have been somewhat lower , projected yi elds of 3 5  
percent pure phenol have been suggested . Benz ene has been 
isolated as a component from lignin hydrocracking , and could 
be obtained in 2 5  percent yield on lignin by .dehydroxylation 
of phenol . Conventional petrochemical technology produces 
phenol from benzene ,  but if ben z ene should become unavai l­
able from other sources , the reverse process could be used 
to provide benz ene as an intermedi ate for styrene and 
phthalic acids . 

In  1 974 , u. s .  production of phenol was 2 . 3 2  bi llion 
pounds and of cresylic acids about 0 . 20 bi ll ion pounds, for 
a total of 2 . 52  bi llion pounds . About hal f  ended up in phe­
nol ic res ins , 20 percent in caprolactam for nylon, and 1 0  
percent f or epoxy resins . u . s .  benz ene production in 1 97 4  
amounted to 1 1 . 07 bill ion pounds ( 1 . 5  bil lion gallons) . 
This includes that used in the production of phenol , leaving 
about 9 billion pounds for such other uses a s  styrene ( 1 97 4  
production-- 5 . 94 billion pounds) , cyclohexane ( 1 97 4  produc­
tion- - 2 . 3 4  billion pounds) , etc . 
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Cons idering that , in con junction with the 3 8  mil lion 
tons of chemica l pulp produced annual ly ,  approximately 1 9  
million tons of lignin are obtained in soluble form and are 
burned or otherwi se di sposed of , a lmost the entire amount of 
liqnin required f or conversion to phenol and benzene would 
be available without a need for addi tional wood , but an 
alternate fuel for recovery boil ers would be required . 
Another lignin source would be the residues obtained from 
hydrolys is of lignocel l ulosic materials . 

The primary reason that production of phenols from 
liqnocellulosics has not be en commerciali zed i s  that until 
recently , they have been more cheaply obtained from petro­
leum than the proj ected cost of obtaining them f rom lignin . 
Research should be directed toward process deve lopment to 
increas e  yield of useful components and to optimi ze the 
compositi on of the products obtained . Additionally , co­
products chemi stry and appl ication should be initiated . 

Another use of lignin needs a cons iderable research in­
vestment ; that is the development of technology to use l ig­
nin in as high a polymeric state as possible , for example as 
a rig id plastic , filler,  or adhesive or additive , in lieu of 
carbon black , for strengthening rubber . Lignin could a l so 
be a source of activated carbon. 

currently , vanil lin is produced to the extent of ap­
proximat ely 1 2  to 1 5  mil lion pounds from lignin sulfonates.  

CONVERSION OF HEMICELLULOSES TO CHEMICALS 

The components of hemicelluloses-- pentoses , such as xy­
loses , and hexose s , such as mannose, glucose , and gal.ac­
tose--are simple sugars readily obtainable by hydrolysi s . 
These materi al s  can also be obtained by prehydrolysis of 
lignocellulose prior to any other operation . The hexoses 
can be processed simil arly to the glucose derived f rom cel­
lulose .  The pentoses can be converted to furfural by acid 
treatment.  

Because of  the great abundance of  xylan avail able from 
agricultural residues and wood resources ,  the potential for 
furfural is inexhaustible . Furfural is now being produced 
in limited quantity (from corn cobs and bagasse) because its 
current price level limits the large-scale use of furfural 
as a chemical intermediate . Until 1 9 6 1 , furfural was used 
for the manufacture of nylon when butadiene became avai lable 
at a lower cost and replaced it . Today , however ,  furfural 
may well  replace petrochemi cal intermediates if its produc­
tion cost can be lowered and the technology of col lecting 
and storing seasonally produced raw mat erials  perf ected . 
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Updat ing of costs to produce furfural from hardwoods should 
a l so be done . 

Establishment of an integrated process ing scheme for 
using a l l  of the components of lignocel lulose so that raw 
mater ial costs can be spread over several prod�cts i s  a pro­
mis ing approach to substanti ally r educe the overall produc­
tion cost of each chemical produced. Kraft black liquors 
conta in ma jor quantiti es of carboxylic acids ( 1 6  million 
tons) , which are now burned for fuel . Research i s  needed to 
capture thes e materials for a higher valued substitutional 
use than for fuel . Poss ibl e approaches are fermentation 
treatment or use as chemical intermediates after i solation . 
SUl fite waste liquors contain approximately 2 million tons 
of free sugars , principally hexoses , which cou ld be also 
used for fermentation to ethanol or yea st production . 

PRODUCTION OP SYNI'HESIS GAS 
PROM LIGNOCELLULOSE AS A FEEDSTOCK SOURCE 

Lignocellulose can yield large quantiti es of synthesis 
qas (CO + H) by high-temperature heating . 

Synthes is gas can be converted to methanol , ammonia ,  
methane , and to hydrocarbon s  by th e  same t echniques as 
synthesis gas from coal . The choice of lignocellulose or 
coal as a substrate for synthesis gas will depend on local 
economics .  The most l ikely appl ication s  of lignocellulose 
are use of combustible urban solid waste and possibly ,  use 
of l arge acr eages of puckerbrush ( low valued wood 
veqetation) . 

An Integrated Lignocellulosic Chemica l Plant-­
A Pos sible Production System 

An approach that wi l l  al low lower unit product cost is 
the use of a multi-product manufacturing process that uses 
all of the components of the avail able lignocellulosic raw 
material .  Obvious examples of similar total use are the 
oil , meat packing , and coal for chemica ls industri es.  Ap­
pl ied to lignocellulosic materials , a s ample scheme of an 
integrated plant i s  shown in Figure 2 .  I t  is r ecommended 
that in-depth engineering and economic analyses be made of 
such schemes and evaluated in comparison with chemical pro­
duction from coal and petro l eum over a range of raw material 
costs . If such a compari son shows potential uti lity , then 
it i s  recommended that a pi lot plant study be made . 

- 2 1 1-

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


Ugn;n } 
Cel lulose 

F iber 

+ 
L ignin 

L ign in __ .,. 

Hydrogenation 

Pyrolysis 

Phenols 

Carbon 

F uel 

L ignocellu lose 

Prehydrol ysis 

G lucose 

Levul inic Acid 

Mannose 

Fermentation 

Ethanol 

Yeast 

Dehydration 

Condensation 

Ethylene 

Butad iene 

F igure 2 Schematic F low Chart of a Sample Lignocel lulosic Chem ical P lant 

· 2 1 2 -

+ X ylose 

I 

F urfural 

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


CHAPI'ER 9 

FUEL FROM BIOMASS 

INTRODUCTION 

The recent oil embargo and subs equent dramatic increase 
in the price of petroleum has rekindl ed an interest in the 
potenti·al of biomass ,  particularly wood , for use as fuel . 
Fuel is one of the oldest uses of wood and , in f act , about 
balf of the wood harvested in the world today is  used for 
fuel (Food and Agriculture organization of the United 
Nations 1 973 [ referred to after this as FAO ]) .  Original ly 
wood was the most important fuel material used in the u . s .  
until it was largely supplanted in this use , first by coal 
and then by petroleum and natural gas . Annual consumption 
of wood for fuel increased from the ear ly colonizing period 
until 1 8 8 0  when i t  reached a maximum consumption of about 
1 2 . 4 bill ion cubic feet (Panshin et al . 1 9 62) . Per capita 
consumption of wood for fuel had peaked earlier at about 3 8 2  
cubic feet in 1 86 0 . use of wood for fuel in the u . s .  has 
decl ined since 1 8 80 to about 1 . 2 billion cubic feet in 1 970 . 

Even though wood has declined as a general fuel in the 
u. s. , it i s  not necessarily true that it is unimportant in 
industrialized countries . sweden now gets 8 percent of her 
energy from wood and Finland 1 5  percent . In the u. s . , wood 
and wood-based materials are used by industry to generate 
more power than i s  produced by nucl ear power stations . Thi s 
is becaus e seqments of the wood products industry are larqe 
consumers of power and use wood residue s including bark as 
fuels to meet the se power needs . For exampl e, the American 
Paper Institute reported that the paper industry annually 
consumes 2 .  3 5 quad s  [ 1 quad (q) = 10  t s Btu ) of enerqy of which 
37 percent i s  provided by the burning of wood and its 
const ituents . In 1 97 2  the southern paper industry obtained 
about hal f of its energy from process waste.  Enerqy sources 
in u. s. pulp and paper manufacture for 1 97 1  are shown in 
Table 1 .  
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Table 1 

Energy Sources in u . s .  Pulp and Paper Manufacture , 1971 

Source 

Spent cooking liquor (recovery 
furnace ) 

Bark and wood (power furnace )  
Natural gas (power furnace )  
Oil (power furnace )  
Coal (power furnace )  
Pur�hased electricity2 

Total energy 3 

1 1 quad = 10 1 5  Btu 

Energy 
Equivalent 

( ads ) 1 

0 . 667 
0 . 197 
0 . 569 
0 . 440 
0 . 374 
0 . 094 

2 . 34 1  

2 Equivalent to 27 . 6  billion kWh at 3 , 41 3  Btu/kWh 

Percent 
of Total 

28 . 5  
8 . 5  

24 . 0  
19 . 0  
16 . 0  

4 . 0  

100 . 0  

3 Equivalent to near ly 4 3  mil lion Btu of energy per ton of paper produced 
(or 27 mil lion Btu of purchased energy , 

·which amounts to about 2 percent 
of the u . s .  total ) 

Source :  Grantham, T . B .  ( 1974 ) Status of Timber Uti lization on the Pacific Coast ,  u . s . Department of Agriculture Fore st Service . 

Simi lar ly ,  the s awmi l linq indus try u s e s  wood to generate a 
portion of i ts required energy . Res idues developed in the 
manufac ture of softwood and hardwood lumber and s tructural f l akeboard , 
however , can produce more than suf f i c i ent energy to sati s fy pro­
duc tion energy needs . Hi s tor ical ly , at the turn ot tne century 
wood-bas ed indu s tries depended pr imar i ly upon wood mater ial s to 
generate power for plant operation , chi e f ly through s team produc-
tion u s ing fuelwood . Wi th the advent of relatively cheap electri­
c i ty , coal and oi l , these manufac tur ing plants sub s t i tuted fos s i l  
fuel power . Now the trend back to power generated from wood and 
agr icu l tural res idues i s  rec e iv ing added emphas i s . 
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I f  thi s trend in use o f  wood for fuel i s  to accel erate , 
it is likely to be in response to a significant change in 
the pri ce of wood relative to competitive fuel material s . 
AS the oi l embargo demonstrated , the u . s .  does have a 
serious problem wi th respect to present and future supplies 
of fuel . Whether substantial increase in the use of wood 
for fuel constitute s a rati onal respons e to this materials 
supply problem was the subject of study by CORRIM. During 
periods of cri tical shortage of fossil fue l s , the industrial 
countries have often turned to wood as a substitute . This 
occurred , for example , in several European countries during 
world war II . After the cri sis , the normal pattern was for 
the fossil fuels to again substitut e for wood . OORRIM' s  
examination of the opportuni ties for substitution of wood 
for fossi l fuel focused on the prospect s for long-term 
continui ng substi tution rather than short-term emergency 
substitution . There i s  clear evidence that the supply of 
petroleum and natural ga s i s  a long-term rather than a 
short-term problem . As Ris ser ( 1 970)  has pointed out , 
•a lthough the pre sent energy crisis and related 
environmenta l problems may appear to have arise n quite 
suddenly , they have ac tually been in the making for many 
years , an d  their solution , too , wil l  require time. • 

The u . s .  i s  the greatest consumer of process energy 
among the nations of the world. According to NCMP ( 1 973) 
the flow of energy through the u . s .  sys tem originating from 
fuel and other sources was of the order of 6 5  quads in 1 970 . 
Nonenerqy us es of fuel s ,  primarily for petrochemical s , 
brings this figure up to about 6 8  quads . Of this quantity 
about 7 6  percent was based on petrol eum and natural gas and 
an additiona l 20 percent was based on coa l .  Hydropower 
accounted for about 1 . 5 percent , as did burning of fuelwood 
and waste product s in the forest industry. Nuclear power 
sources accounted for about 1 percent of energy production . 
Projections of energy requirements for the year 2 0 0 0  suggest 
consumption on the order of 1 67 quads . 

The potentia l substitute s for petrol eum and natural ga s 
as fuel s are coal , oil shal e ,  tar sands , nuclear power 
sources , and biomass.  Nonfuel sources of energy that might 
be substituted for petroleum and natural gas for energy 
supply are hydro, geotherma l ,  solar , and wind power . 

NONBIOMASS SUBSTITUTES FOR PETROLEUM AND NATURAL GAS 

Coal 

Coal looms as an important prospect for substitution in 
the u . s . ene rgy system .  It already provide s a substantial 
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fract ion of the nation ' s  fuel requirements . u . s . reserves 
of coal are so la rqe that they off er the opportunity to 
delay the problem of critical raw material shortaqe for many 
decades . According to Schmidt ( 1 97 2 ) , about 3 70 bi llion 
tons of the remaininq coal reserves are recoverable usinq 
current technoloqy . Usinq a heat value of 1 3 , 0 0 0  Btu per 
pound it is estimated that this material wil l  yiel d 9 , 6 0 0  
quads . Thi s i s  approximately 1 4 8  years of enerqy 
requ irements ba sed on 1 970  consumption rates . Coal i s ,  
however , a nonrenewabl e resource . 

Coal deposits are concentrated ,  but the principal coal 
reserves are located west of the Mississippi River far f rom 
the major population concentration s  and centers of enerqy 
use . coal exploitation also involves critical environmental 
problems that may inhi bit i ts use under today • s laws , 
problems related both to extraction and to use . I n  the 
domain of extraction, the di sorgani zation o f  land either in · 
subterran ean mining or surface mining and the pollution of 
streams flowinq f rom the mi ning sites are often in conflict 
with curr ent envi ronmental l aws an d regulations . In use , 
coal often develops se rious atmospheric pol lution ; it is  a 
ma jor source of sul fur oxide emi ss ions into the atmosphere. 
Eastern coal , whi ch i s  most access ible,  is a lso much higher 
in sulfur content than the remote western coal . coal i s  
al so an important source of emission of particl es and 
nitroqen oxides .  

Oi l Shale 

Oi l shale ,  like coal , i s  a nonr enewabl e fu el resource 
with very large reserves . Oil can be recovered from the 
important deposits of oi l shale in colorado , utah , and 
Wyominq . According to Abel son ( 1 9 7 6 ) the tota l potential 
yield of oi l from the shale deposits of the Rocky Mountains 
" i s  consi derably greater than the known reserves of the 
Middle Ea st. " Schmi dt ( 1 972)  estimates 1 . 8 tri l lion barrel s ,  
but notes that al l of this i s  not r ecoverable with current 
technology . The Na tional Petrol eum council estimates the 
currently recoverable reserves to be about 8 0  billion 
barre ls . The cost of recoverinq oi l from shale using 
curr ent technology is fa r g reater than the cost of 
recovering l iquid petrol eum from exi sting well s .  Oil shale 
development i s  inhi bi ted by environmental problems that are 
the s ame or simil ar to those that confront coal exploita­
tion . The land d i sorganizati on probl em is greater . Abelson 
( 1 9 7 6)  points out that the amount of shale processed per 
unit of oi l output is very l arge , about 1 . 3  tons of shale 
for every barrel of oi l produced.  In addit ion to the land 
disorganization probl em, there i s  a water pollution problem 
a ssociated wi th the di sposition of spent shale . water 
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flowing through these shale wastes is highly akaline . The 
oi l produced from shal e has the same ai r pollution problems 
in use as doe s pe troleum and the other fossi l fuel s .  

Other Nonbiomass Sources 

Unlike Canada , the u. s .  has rel atively modest recov­
erabl e reserves of tar sands . Nuclear power , geothermal 
power , and sola r  power are all processe s with uncertain 
potential in terms of the current level of technoloqy , long 
development lead time s ,  and , in the cas e of nuclear power, 
very severe environmental limitations due to uncertainty 
concerni ng generation plant safety and feas ibility of safe 
large-scale waste disposition . 

BIOMASS SUBSTITUTES FOR PETROLEUM AND NATURAL GAS 

Biomass as a fuel can originate from several di fferent 
sources . The se sources are : 

1 .  Nonused resi dues from pl ant and anima l production 
activitie s  

2.  Pl ant crops grown specifically for fuel 

3 .  Re sidue s of plant and animal material s that have 
already provided for their primary use . 

Nonused Resi dues from 
Pl ant and Animal Production Activiti es 

Nonused residues are by-products of the production of 
pl ants and animal s for food and fiber . These include such 
resources as timber harve st re si dues in the form of limbs , 
tops , stumps , etc . left in the woods following logging ; 
sta lks , husk s ,  straw and other similar residues of 
agricultural field crops ; and manure from livestock 
feedlots . 

According to Grantham and Ellis ( 1 97 4) , logging 
residue s  from growing stock in 1 97 0  represented 1 . 5 9 5  
billion cubic feet . According to the Outlook Study (USDA 
1 9 7 4d) , residues from nongrowing stock are approximately 
equa l  to that from growing stock . Exce ss of growth over 
harvest , a potential fuel pool , was 1 . 1  billion cubic feet 
for softwoods and 3 . 5  bi llion for hardwoods . Logging 
residues from excess of qrowth over harvest woul d be 0 . 1 1  
bi llion cubic fee t  for softwoods and 0 . 3 5  bi llion cubic feet 
for hardwoods . Residues from manufacturing in the fo� of 
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bark and wood amount to 1 . 5 2 bil lion cubic f eet . Thi s 
yi elds a total of nonused re sidues from forestry production 
of 9 . 87 bill ion cubic feet ,  which would convert to approx­
imate ly 2 quad s of energy. This production would be an 
annual yi eld ba sed on 1 97 0  l evel s of forest management and 
use e fficiency . 

As noted in Chapter q ,  over 3 0 0  mi llion tons ( dry 
we ight) of plant crop residues are left in the field and 
could be made available for fuel . In addit ion, some 26  
mi l lion tons of dry manure soli ds are produced annually from 
the largest poultry and hog production operati ons and from 
cattl e  feedl ots of at l east a thousand head . The total 
production of animal waste s ,  principally from cattle,  
poultry , and hogs , is  on the order of  3 56 mi llion tons (dry 
weight) , but only the above quantiti es are produced at l arge 
operat ions where coll ection may be feas ible . It i s  
estimated that another 2 3  mi l lion tons of organic residues 
are generated in the l argest processing facilities , such as 
canneries ,  mi l l s ,  slaughterhous es , and dairies . 

The total of resi dues from agricultural and f orest 
operations at 1 97 0  levels of production and use efficiency 
would be of the order of 6 . 7 q  quads . Thi s would repres ent 
1 1  percent of 1 97 0  energy requirements . Green ( 1 97 5) has 
sugge sted that , ba sed on Wi ttwer ' s  calculations , u . s .  food 
production could be doubled in the next 20 years and that 
this would re sult in a doubl ing of agricultural residues 
that could be used as fuels . 

The OUtlook Study (USDA 1 97 qd) indicat es t hat current 
fores t production represents only half of the biological 
potentia l  of u . s .  forest land at current low level s of 
s ilviculture . The outlook Study defines the biological 
potential of fore st land s  i n  terms o f  normal ly stocked 
natural stands an d current u se standard s .  The production 
potential could be substantially increa sed under intensive 
silviculture and more compl ete use of the trees produced .  
The addition o f  a substanti al fuel mark et that was 
relatively indiscriminate with respect to tree species and 
wood qua lity migh t contribute to the economic incentives to 
pract ice intensive si lvicul ture and thus increa se f orest 
productivity and accordingly residues available as fuel . 

Plants Grown Specifical ly for Fuel 

The bioma ss fuel sources di scussed so f ar have 
represent ed either the resi dues of production proce sses 
whose primary obj ective is to obtain other food or fiber 
crops or the natural growth of unused pl ants on wild lands . 
Under favorable economi c ci rcumstances , it i s  enti rely 
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feasi ble to grow pl ant crops del iberately f or the production 
of fu el . This is the essence of the propos als recently 
advanced (Remp et al . 1 9 7 5 . Evans 1 97 4 )  for the development 
of •energy plantations• or " biomass plantations . • The 
deliberate production of wood for fuel is not a new concept . 
The coppi ce method of si lvi cul ture wi dely pract iced in 
Europe during the l ast century was a form of energy 
plantation . In many areas o f  the tropics mangrove has been 
cultivated and managed as a fuel pl antation species . 

Annual crops , such as grasses . can be grown for fuel . 
Remp et a l . ( 1 9 7 5) have examined a variety of fiel d  and 
forest crops as candidates for energy plantations . Thei r 
studi es o f  biomas s fuel production were based on data 
obtained from the production records of field crop and 
forest plant ations grown for other products .  These data 
suggested that annual field c�ps had a product ion advantage 
over forest pl antat ions .  They noted that "the cost of fuel 
va lue produced by coni fers appears to be nearly three times 
that from annual crops such as corn or sorghum . •  The se 
authors nonethe le ss conc luded that : 

The advantages offered by perennials over annuals .  
however ,  a �  crucial to the feasibi lity of Energy 
Plantations.  Perennial s can be ha rvested 
essentia lly throughout the year in response to the 
demand for fuel , whereas annual s must be pl anted 
and harvested on nature ' s schedule . This means 
that in those localiti es where only one annual 
crop per year is possi ble , which i s  the cas e for 
most of the United States , a harve sted product 
inventory equivalent to at least a year • s  supply 
of fuel wi ll have to be establ ished at harvest 
time if the Btu Bushe s  are annual s .  Storing and 
preserving such an inventory would be a 
substantial and costly p�position . Perennial s , 

on the other hand preserve thems elves unti l they 
are reaped . 

Most of the energy plantation analyses reported in the 
literature have been directed at providing the fuel for a 
thermal electric power plant . As noted by Scholl et al . 
( 1 97 6 ) , costs of land ,  harvesting ,  and transport ation of 
fuel are crucial to the economic feasibility of energy 
plantations . In mo st biomas s  for energy analyses emphasis 
has been placed on the determination of the number of acres 
of land required to provide a continuous supply of fuel for 
a plant of a prescribed capacity. 

These calculations can be made usi ng the following 
formu la derived f rom the procedures of Evans ( 1 974 ) 
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where 

A = K CL 
"BEY 

c = capacity of energy instal lation , 

L = installation average load factor , 

B = heat value of fuel Btu/00 ton , 

E = ins ta lla ti on  conversion e ff iciency , 

Y = plant ation yi eld, OD tons/acre/year , and 

K = constant Btu/MW year = 2 . 9 9 x 1 0 1 0 . 

Evans ( 1 974 )  studied the potential for energy 
pl antations in canada on thi s basis . Be evaluated 
production options in terms of the land area requi red to 
fuel a 1 50 MW thermal- el ectric power plant . on the basi s of 
his analysis he concluded : 

On the bas is of available forest-productivity 
(bi omass) da ta , the energy-plantation concept has 
dubious promi se for most regions of North America . 
On short rotation , productiviti es o f  s ix or less 
dry tons per acre per year for most wood species 
would require management of very substanti al 
plantation a reas to provide continuous fuel f or a 
power plant of reasonable siz e .  

However , red alder on the Pacific Coast appears to 
have exceptional productivity, averaging somewhere 
between 4 and 3 3  dry tons per acre per year . 

using a simi la r  analysi s ,  Resch ( 1 975)  concludes that 
40 squar e mi l es ( 2 5 , 60 0  acres)  of red alder plantations 
would provide the fuel required to supply a 1 50 MW 
thermal- electric power plant.  

Kemp et al . ( 1 97 5) , bas ing their calculations on 
estimates of solar energy conversions to fuel value , 
conclude that an area of about 2 24 , 0 0 0  acres would supply a 
400 MW thermal-electri c power plant on a continuing basis . 

The factor that accounts for most of the variabi lity 
among the estimates of land requirements per unit of power 
production is the assumption concerning land productivity. 
As noted earlier in this report , most of the information 
available on forest productivity on a macro-area basis 
derives from normal yi eld tables and include use 
assumptions.  Data on wood production from intensively 
managed forest pl antations in terms of whole stem volumes 
are not available f rom the f orest survey. Experimental 
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evidence provides some gui dance in estimating large-scal e 
plantation produc tion of fue l . but it i s  inconclus ive . 

The evaluations of energy plantation potential have 
usua l ly a ssumed single product (fuel) objectives of the 
cropp ing operation and have been bas ed on the growth of a 
sing l e  pl ant type . FUrthermore . the ma jority of these 
studi es have been based upon the assumption that bi omass 
would be used to generate el ectricity . The options 
avai labl e are much more exten sive. FUel can represent one 
of the products in a multi- product agricultural or forestry 
enterprise . Re si dues of farm and forest production and 
aqricultural and forest product manufactur ing operations can 
be combined with partial output of integrated pl ant 
production and th e  yi eld from singl e-crop operations to 
provide the raw materi al for a fuel supply enterpri se . The 
biomass can be di rectly fired or modi fi ed into a more useful 
sol i d , liquid .  or gaseous form . Urban wastes that commonly 
consi st very la rgel y of alr eady used biomas s products can be 
combined with new biomass production . such integrated 
systems are much more compl ex and di f ficult to ana lyz e than 
the singl e-crop biomas s for fuel operation , but they may be 
more economically feasible in the long run . Such com­
binat ions of fer the possibil iti es of combining the high 
biomass productivity of annual plants with the storage 
characteristics o f  perennial plants . They also may obtain 
needed energy whi le contributing to the solution of 
environmental probl ems rel ated to waste disposal . Methanol 
produced from bioma ss used for fuel ing internal combustion 
engines may reduce harmful emissions , even though it is more 
expensive th an ga soline . 

Pl ant and Animal Solid Wastes 

Refuse from discarded material s after t hey have 
performed their primary function is another large potential 
source of biomass materi al for fue l . A major source of this 
mater ia l  is urban and municipal sol i d  waste . Commonly urban 
solid waste ha s be en used as landfill , but landfi l l  
opportunities are rapidly dimini shing and costs o f  thes e 
operati ons are increasing . Concurrently , systems are being 
developed to segregate metal s ,  ceramics and mineral s ,  and 
paper and other biomass components of solid waste .  More 
than hal f of urban sol id waste is composed of biomass 
materials , such as building material s ,  paper and packaging 
products , and other vegetation matter . This bioma s s  
material represents about 1 6 0 mi llion dry tons per year . 

Biomass soli d waste probably i s  the lowest cost 
material of its type and . in the l arger urban areas . should 
be available in quanti ti es to support feasible scale 
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operation . Initia lly it may be avail able at negative cost 
because i t  costs the city to dispose of it , but undoubtedly 
its value wi ll ri se as technology evolves efficient 
separation and sorting processes , as recycling of material s 
gains momentum. a nd its use for energy production becomes 
more financially attractive . 

CONVERTING BIOMASS FOR FUEL 

Of all of the pl ans for the use of biomass for fuel . 
the one that i s  ea sie st to i mplement i s  that o f  us ing 
forest-based material to provide the fuel for processing 
forest products . There is a long history of use of wood for 
fuel by the forest industri es . Many of them are now sub­
stantially energy i ndependent , and since the oil embargo 
there is a growing effort to achieve energy independence on 
the part of many others .  An increasing number of such 
factories may be able to meet their own needs for proce ssing 
energy and provide surplus quantiti es to other u sers . The 
wood-using industries are pa rticularly well- adapted to the 
use of wood for f uel . Often the collection system that 
provides the raw material for primary products can quite 
easi ly be adapted to the col lection o f  more material for 
fuel . The combination of energy uses that characterize wood 
processing industries are well-adapted to the use of biomass 
energy. As Grantham and Ell i s  ( 1 974)  have pointed out , 
" Large manufacturing centers .  such as pulpmi lls . use much 
process steam and electricity . Thus steam generated from 
wood or bark can power a steam turbine-electric generator 
set and exhaust to process steam rather than to a conden ser . 
when an industry ha s such a desirabl e  combination of steam 
and electrical power demand , the relative efficiency of heat 
recovery f rom steam can be almost 7 5  percent compared to the 
3 8 percent at a modern f aci l ity generating e lectricity . " 

Biomass may be used in a variety of ways to convert 
solar energy . Among these conversion methods are the 
following : 

1 .  Direct combusion of biomass 

2 .  Ga sification to produce low Btu gas and/or 
methanol 

3 .  Pyrolysi s to form low Btu gas and charcoal 

4 .  Liquification to produce oil and hydrocarbon fuel s 

s .  Anaerobic fe rmentation to produce methane 
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6 .  Enzymatic or acid hydrolys is to sugars for fermen­
tation to ethanol . 

On a dry weight bas i s  the heating va lue of bi omass is 
subst anti ally les s than that of the fos sil fuel s .  According 
to Green ( 1 9 7 5) , corn , wheat , oat , and other f i e ld residues 
yiel d 7 , 50 0  Btu per pound . 

The higher calorific value for woo d and bark range s 
from 8 , 0 0 0  to 1 0 , 0 0 0  Btu pe r  pound oven dry . This compare s  
t o  1 8 , 0 0 0  for No . 6 fuel oi l ,  1 3 , 500  for bituminous coal , 
and 1 8 , 5 5 0  f or na tural gas . Bioma ss is much lower in 
dens ity t han coal and therefore mor e vo lume must be moved to 
provi de the same heating value . Biomas s in it s or iginal 
natur al form is u sual ly high in moi sture content , although 
it i s  of ten ai r dry at the time of u s e .  A pound of wood 
with a higher cal orific value of 8 , 6 0 0  Btu/ lb would yield 
6 , 0 1 1 Btu at 1 5  percent moi s ture content . Some agricultural 
res idues hav e much higher original moisture cont ents than 
wood , and some wood s have higher ca lori f ic values than 
other s because of their extr act ive cont ents . Th e resinous 
coni f ers and wood s wi th signi ficant oil cont ent , such as the 
cedar s , are in th is l atter category . Resch ( 1 9 7 5) gives a 
higher heating va lue for Ponderosa pine of 9 , 1 0 0 Btu per 
pound and for wes tern red cedar of 9 , 70 0  Btu per pound . 

wood is usua l ly used in di rect combustion in the form 
of sawdust , shaving s ,  chips , or hogged parti cle s .  

By partial combustion in th e presence of li mi ted 
quantiti es of oxygen , lignocellulosi c mater ials can be 
converted into gas streams consi sti ng chi efly of carbon 
monoxide and hydrogen (synthesis gas) . Thi s can be burn ed 
directly a s  a l ow  Btu gas ( 1 5 0 to 30 0 Btu per cubic f oot) or 
converted to methanol after correcti ng the B1 to co ratio. 
Ga sif ication of wood requires less oxygen than gasi f ication 
o f  coal , has e s sentially no steam r equirement , l ower shi ft 
cost requirements , and appre ciably lower desul furiz ation 
costs . This syst em could have appl ication , not on ly for 
munic ipa l  energy generation , but a l so for indu stri al 
consumpt i on .  

It has been e stabli she d in Europe an d  i n  t he u . s .  that 
methanol can be bl ended to the extent of 1 0  percent in 
gasol ine in unmodi f ied automobil es . It can be u sed in 
modi f ied interna l c ombusti on engines as the sole fuel . At 
curr ent pr ice l evels , methanol i s  sti ll more expen s ive than 
ga sol ine as an automotive fuel . But when used as a 1 0  to 1 5  
percent blend with gasol ine , there i s  no mi leage penalty at 
all on a ga l lon ba sis becau se of higher effi ciencies . 
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The distinctive distillation of lignocellulose in 
smal ler quantit ies of oxygen than for total gasi fication , 
provides lower yi elds of synthes is gas but about 2 0  percent 
yield of charcoal . Charcoal could be used industrially in 
place of coal ,  especially i n  metallurgical operation or for 
the production of activated carbon . 

Lignoce llulose may be converted into high viscosity 
liquid fu els by two routes : the material may be reacted with 
c o  and water at high temperature and pressur e to give oil 
yields of 40 to 50 percent . A current economic study 
produced for the Bureau of Mines indicated with 1 97 3  costs 
that production costs would approximate $7/barrel (Blaw-Knox 
1 97 3 ) . I f  wood costs we re $ 2 0/ton , the cost per barrel 
would inc rea se to $ 1 6 .  Therefore, current economi cs are not 
now attractive . A second l iquefaction route i s  the Fischer 
Tropsch conversion to hydrocarbons of the co and H produced . 

Large-scale methane production f rom plant material s , 
agricultural wa stes , and sewage is economically attractive 
because a great many biologi cal organic compounds are 
microbially converted to methane with a theoretical fuel 
energy recovery of over 90 percent . The fermentation can be 
carr ied out on almost any scal e ,  depending on the amount of 
organic materia l available . 

Di sadvantages in using biological methods for methane 
production include the foll owing : 

1 .  Highly l ignified wood and possibly some other 
plant materials cannot be readily used 

2 .  The rat e  o f  methane formation from some polymeric 
substrates i s  rel atively slow and relatively l arge 
fermentation vessels and l ong holding time s are 
required . 

In general , methane fermentation i s  most suitable for 
organic mate rials of high water content or for relatively 
small -sca le operati ons . Knowledge of methane-producing 
bacteria using va rious substrates under a variety of 
condi tions is still  fragmentary . FUrther biological and 
phys iological studies of methane-producing bacteria are 
needed to determine the range of existing types and the 
possibility of finding type s that can produce methane from 
various substrates at higher rates . 

Ethanol ha s al so been suggested as an additive to 
gasol ine to augment avail able supplies . A f leet test in 
Nebraska using 10  percent ethanol has been very sat isfactory 
at the mi llion mi le mark. 
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The conversi on of cell u los e into ethanol involves a 
two- step proces s :  ( 1 )  hydrolysis o f  cel lulos e to g lucose by 
enzymes or acid . and ( 2 )  fermentation of glucose to ethanol . 
The hydrolysi s step is limiting with present technology be­
caus e of the di ff icul t acce s s ibility of ac id or enzymes to 
the c rystall ine or ligni fied cellulose . Increa sing the 
yield of g luco se by enhancing accessibi lity would 
signi f icantly improve the economi cs and warrants a ma jor 
re s ea rch effort . 

Int ernat iona l Aspect s  

Sinc e  the supply o f  fue l  i s  a world problem a s  wel l as 
a u . s .  probl em. it i s  appropriate to examine the u se of 
biomass for fue l in an inte rnation al context . As already 
noted . such count ries as SWeden and Finland that are 
important producers of forest products r ely much more 
heavi ly upon wood a s  a fuel than do es the u .  s .  In most of 
the worl d the pri ce of fos s i l  fue l s  i s  much higher than in 
the u . s .  Surplus wood .  however . i s  a common worldwi de 
phenomenon . Whereas softwood i s  in gre at demand i n  the 
industria lized countri es hardwoo ds ar e in long supply a lmost 
everywher e .  Many o f  the tropical countri e s  have huge stands 
of ha rdwood s that are unuse d . In many of th ese countri e s .  
the r atio o f  bi oma s s  in the forest t o  b ioma s s  that i s  
merchantable i s  o f  the orde r o f  1 0 - 1 to 40- 1 .  The s e  use 
efficiencies apply to fores ts being exploite d. There are 
many bi l l i on s  of acre s  of tropi cal fo re sts that are not us ed 
for material s a t  a l l . 

According to S anchez ( 1 9 7 3 ) . the total biomas s  of the 
ind igenou s  tropical fore st i s  in the ra nge of 8 0  to 1 60 tons 
per acre and that 9 0  percent of the total jung le regrowth 
occurs within e ight year s of clearing . Johnson ( 1 9 7 6 )  
reports biomas s growth i n  tropical fore st pl antations on 
eight year rotation s  that are cons istent with sanchez • 
observation s  on natura l tropi cal forests . For forests of 
thi s  type about 3 2 5  mil lion acres would annual ly produc e the 
1 9 7 0  tota l u . s .  con sumption o f  energy from all sources .  

Environmental Aspect s 

Wood and some agricultural re sidue s have some unique 
advantages over f os sil fuel s and nucl ea r power s ource s in 
terms of environmenta l  impact . Among thes e are : 

1 .  SUl fur content i s  low or nonexi stent 
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2 .  Harve sting o f  biom ass does not cau s e  the land 
di sorganization a s soci ated wi th extraction of coa l 
or oi l shale 

3 .  Residue s from wood fu el combustion are ea sily 
di sposed of ; wood a sh can be used as a f ertilizer . 

T.he burning of bi omass fue l s  i ntroduce s  some 
environmenta l i mpacts . 

1 .  Part i cul a te emi ssion is often high 

2 .  Ha rve sting of bi omass caus es chan ge in th e appear­
an ce of the land area 

3 .  Organic residues increas e BOD in receiving water 
re servoi rs . 

In genera l , the e nvi ronmen tal impacts associated wi th 
the production an d use of biomas s  for fuel are much l es s  
severe than a re tho se resul t ing from th e u s e  of fos sil fuel s 
and nucl ear power in terms of durat ion of impact or eff ect 
upon human hea lth or welfare . Environm ental laws and 
regul ation s , however , rarely evaluate e nvi ronmenta l impact 
with any obj ec tive mea sure of comparative severity of 
impact . In the pa st several years the ga seous discha�es 
f rom wood-burning f urnace s h ave been re stricted much more 
than th e gas eou s  di scharges from hydrocarbon burning 
interna l combus ti on engines . 

CONCLUS ION 

The uncertai nt ies a s sociated wi th the future price of 
petro leum and i ts avai l abi l i ty and simi lar consideration s 
r elat ed  to coal , oi l shale , and nucl ear power source s  
di scourage large- scale i nve s tment i n  faci lit ies to produce 
and convert biomass for fue l . I f  it is in the national 
interest to undertake a l arger s ca le bi omas s  for en ergy 
progr am, the opportunities are ava il abl e  but government 
intervent ion wi l l  probably be n eed ed to prov ide incentives . 
These incentives might take the form of : 

1 .  Support of res ear ch and resource i nventory 

2.  Pi lot scale experiment s  o n  bi omas s  production on 
federal for est lands 

3 .  Support of capital investment s in conversion 
facilities 

4 . Guara ntee of a market fo r fuel at an adequ ate 
price . 
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CHAPTER 1 0  

EXTRACTIVES AS A RENEWABLE RESOURCE FOR INDUSTRIAL MATERIALS 

INTRODUCTION 

In addition to l ignoce llulosic materi al s and proteins , 
most plants and animals contain smal l amounts of 
extract ives , which in the past have been extensively used as 
components in the manufacture of industrial goods . 
Oleoresins and fatty substances belong to this group. They 
are obtained in l arge part as by-products from the chemical 
process ing of wood or the production of food , f eed , or non­
wood fibers . Their supply i s  thus contingent upon the 
production of such commodit ies as paper , bee f ,  f ish meal , 
and certain animal crops . Production and consumption for 
industria l materia l s  i s summari zed in Table 1 .  In 1 972 , 
production amount ed to approximately 2 3  bil lion pounds . with 
the bulk (70 1) coming from vegetable oi ls , followed by 
tallow ( 2 21) , and wood ( 6 . 4 1) . Imports and stocks carried 
over from 1 97 1  increased this amount to 2 5  billion pounds , 
the total avail able for export an� domestic consumption . Of 
this, about 2 5  percent ( 5 . 9  bil l ion pounds ) as processed 
into industrial material s ;  the rest was exported or consumed 
for food and feed applications .  Assuming a n  average value 
of about 8 cents per pound , the market for oleoresin& and 
fatty materials consumed for industrial uses amounted to a 
total of about $4 50 mi llion . Roughly 5 0  percent of these 
materials came from tallow, and 2 5  percent each from naval 
stores and vegetable oil s .  The analysis o f  current trends 
in production and consumpti on of renewabl e extractives has 
led to th e proj ections summarized in Table 2 .  

The availabi l i ty of vegetable oils for use in 
industrial materi a l s  wil l  increase sl ightly fol l owi ng 
population increa se s expected for 1 9 8 5  and 2 0 0 0  (Table 2 ) . 
The increases arise from the fact that most of the products 
devoted to i ndustri al uses are from soapstock,  which is a 
by-product of ref ining processes for making edible oil s  and 
which represents 4 to 6 percent of edible oi l production . 
I f  pe trochemical prices accelerate more rapidly than do 
those for extractives . industrial usage of extractives can 
be expected to grow more sh arpl y .  
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Table 1 

u . s .  Production from Domestic and Imported Materials , and Disappearances 
for Nonfood Uses of Extractives in 19 72 ( In 1 , 000 lbs . ) 

Material 

I .  Bark 

II . Turpentine , total 
Gum 
Wood 
Sulfate 

Rosin , total 
Gum 
Wood 
Sulfate 

Tal l  Oil Fatty Acids 
Citrus Peel-Limonene 

I I I . Vegetable Oils 
Soybean Oil 
Cottonseed Oil 
Coconut Oil2 

Corn Oil 
Linseed Oil 
Peanut Oil 
Castor Oi l 
Others 

IV. Inedible Animal Fats 

v. Fish Oils 
Seaweeds 

Production 

4 5 , 000 , 000 

203 , 900 
9 , 500 

27 , 400 
167 , 000 
846 , 2 00 

46 , 200 
364 , 000 
4 36 , 000 
4 28 , 874 

1 0 , 4 571 

8 , 084 , 000 
1 , 3 5 5 , 000 

2 1 5 , 000 
507 , 000 
440 , 000 
258 , 000 

-
3 

5 , 187 , 000 

5 , 076 , 000 

188 , 000 
2 , 205 

Disappearance for 
Nonfood Products 

446 , 000 
110 , 000 
4 34 , 000 

38 , 000 
2 2 3 , 000 

1 2 , 000 
140 , 000 
174 , 000 

a. 1 , 6 50 , 7 00 

100 , 000 

Total 
Nonfood Uses , 

1 , 489 , 4 31  

1 , 577 , 000 

a. 1 , 650 , 700 

102 , 000 

1 Includes approximately 1 mill ion lbs . estimated for Cali fornia ; rest 
Florida ; 1971- 7 2  growing season . 

2 Oil produced from imported copra . 
3 Include s oil equivalent of exported domestic oi l seeds . 
a. From "Current Industrial Reports , Fats and Oils"  Serie s M20K ( 7 2 ) -13  

u . s .  Bureau of the Census , 197 3 ,  excludes animal feed . 

Source : Navel Stores Annual Report ,  USDA, April 19 73  - March 1974 ; 
Statistical Reporting Service , USDA (1974 ) ; Floride Canners 
Ass .  Statisical Summary 19 73-74 . Kromer , G . W .  1974 "Economic 
Aspects of the Vegetable Oils and Fats Industry in the u . s . , "  
paper presented at the International Trade and Development 
Conference , u . s .  Economic Commission for Asia and the Far 
East , Seattle Washington June 10 , 1974 . 
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Table 2 

Proj ected Use of Extractives for I ndustrial 
Materials in the u . s .  for the Years 1985 and 2000 

( In million pounds ) 

Used for Pro j ection Proj ection 
Industrial for 1985 for 2 000 

Purposes 
1972 hiqh low hiqh low 

Turpentine 1070 . o1 2 55 . 0  1 30 . 0 2 03 . 9  5090 . 0
1 Rosin 846 . 2 3210 . 0 5 55 . 0  15270 . 0 44 . 0  

T . O .  Fatty Acids 428 . 9  515 . 0  4 5 0 . 0 5 50 . 0 480 . 0 
Cottonseed Oil 1 10 . 0  1 50 . 0 1 3 5 . 0  200 . 0 1 50 . 0 
Soybean Oil 446 . 0  600 . 0 500 . 0 7 00 . 0  560 . 0 
Coconut 4 34 . 0  600 . 0  5 10 . 0 7 00 . 0  575 . 0  
Corn Oil 38 . 0  4 5 . 0  43 . 0  50 . 0  48 . 0  
Linseed Oil 2 2 3 . 0  260 . 0 2 50 . 0 300 . 0 280 . 0 
Peanut Oil 1 2 . 0  1 5 . 0  1 3 . 0  17 . 0  1 5 . 0  
Castor Oil 140 . 0 1 7 5 . 0  1 57 . 0  200 . 0  176 . 0  
Others 174 . 0  200 . 0 19 5 . 0  2 2 5 . 0  219 . 0 
Citrus Peel Limonene 1 0 . 5 2 5 . 0 1 5 . 0  60 . 0  3 0 . 0 
Tallow 1650 . 72 3500 . 0 3 1900 . 0

2 
4 3 00 . 03 2100 . 02 

Marine Oils and Fats 4 2 . 0  5 0 . 0 35 . 0  35 . 0  7 . 0  
Seaweed 1 . 0  4 . 0  2 . 0  8 . 0  4 . 0  

Total 4767 . 1  1 0000 . 0  5000 . 0  27000 . 0 5000 . 0 

1 In case paraquat treatment is approved and widely applied . 
2 Does not include animal feed . Proj ection based on population increases . 
3 Includes animal feed . Proj ection based on article in Fats and Oils 

S ituation , FOS- 260 , November , 1971 , p . l7 ,  Economics Research Services ,  
u . s . o . A .  and on the assumption that 50% o f  tallow produced qoes into 
industrial uses . 
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The que stion of whether or not there wi ll be ma jor 
increases in ta llow supplie s i s  problematic and it i s  not 
resolvable for th e present . 

Production of inedible tallow and greases more than 
doubl ed in  the period 19 50- 1 9 7 1 . This rate is not likely to 
continue as more cattle are range fed to produce lean meat 
and as meat consumption decreases along with increased 
consumption of vegetable protein products . Probably the 
best estimate i s  that tallow suppl ies will a lso follow 
population increa ses .  

Naval stores availability will increase gradually with 
the kraft pulp industri es • heavi er reliance on pines as 
pr incipal raw material s ,  as well as through whole-tree use 
and shorter storage times of unprotected chips . The 
recently dis covered stimulation of oleoresin formation of 
pine trees by inj ecting small amounts of a herbicide into 
the cambium of the standing tree may create up to a twenty 
fold increase of nava l  store s  over 1 9 7 2  supplies .  However, 
too littl e i s  as yet known about the cost of thi s  treatment 
to be certain tha t its use wil l  be commercialized. 

CUrrently , extractives are used for an almost endl ess 
list of products,  some of whi ch are manufactur ed in very 
small quantities . TUrpentine i s  used mainly for pine oils 
(4 81) and to a le s ser extent , for polyterpene resins for 

adhes ives ( 1 6 1) and insecticides ( 1 61) . Rosin currentl y has 
three ma jor use s :  rubber addi tives (401) , paper si z e  (3 61) . 
and resins for adhesives , coatings , and printing inks ( 2 01) .  
It should be emphasized that consumption of rosin i n  the 
u . s .  has not exceeded production and , in fact, t he u . s .  has 
always been a major net exporter of rosin. 

Nonfood uses of fats and oils i s  i n  fatty acids  (4 0 1) , 
an imal feeds (2 1 1) , soaps ( 1 21 ) ,  drying oils ( 1 1 1) , and 
others ( 1 61) . Fatty acid production has nearly doubl ed 
during the pa st two decades . I nedible tallow and tall oil 
compr is e about 90 percent of the total raw material s  used in 
fatty acid production ; coconut oil and vegetabl e oi l foots 
and soap stocks account for the remainder . Fatty acids and 
their chemical de rivatives are used in almost every segment 
of today 1 s  industry in a wi de array of products , such as  
soaps and detergents, protec tive coatings , textile 
processing ,  rubber manufacture , lubricants , pharmaceuticals , 
cosmetics ,  pla sti cs , and many chemical intermediates . In 
addit ion to fatty acids , many oils as such ( e . g • •  soybean , 
linseed,  and tung oils) go into industrial uses . For 
example , 57 5 mill ion pounds of drying oil s  were us ed in 
1 97 2 . Another example i s  epoxi dized soybean oi l ,  a valuabl e 
pl ast iciz er/stabi li zer ,  production of which has doubled in 
the l ast 1 0 yea rs to 85 mi l l i on  pounds . In spite of the 
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inroads made by petrochemicals into end uses formerly 
dominated by fatty acid-derived products ,  the latter still 
occupy significant portions of some ma j or markets ;  40 
percent of binders for coat ings , 38 percent of surface 
activ e agents , and 1 5  percent of plasticizers . The use of 
industrial fats and oils in animal feeds has grown from 0 . 1 
billion pounds in 1 954 to 1 . 1 bi llion pounds in 1 9 7 2 .  
Tallow and grea ses are the major suppli ers of this market.  
However , it must be recogni zed that about half (471 in 1 97 2 )  
o f  the avail abl e inedibl e tallow is exported. Much of this 
materia l  is ref ined overseas , and used for food products . 
Japan and western Europe are major consumers . 

Extr actives from plants and animal s wi ll continue to be 
avai lable a s  by-products and co-products from the processing 
of forest , agricultural , and marine products . Thei r overall 
supply wil l  large ly be tied to the product ion of paper, 
cotton and flax ,  vegetable protein , pork , be ef ,  and the 
harve st of marine animals .  In order to insure thei r 
continued and expanded use for industrial material s ,  certai n 
consi derations wi l l  have to be emphasized. 

EXTRACTIVES AS FUTURE RAW MATERIALS 

Industrie s  considering replacement of depleting 
nonrenewable re sources by r enewabl e resources a s raw 
materials have certai n constraints . The most crit ical i s  an 
as sured .supply . This means that many corporations will try 
to obtain a captive supply by ownership or contract, as 
paper companies do now with trees . Chemical companies will  
also pref er suppl ie s with littl e  waste for both env iron­
mental and economic reasons . Natural products are rarely 
pure . Often thi s impurity i s  useful as in fats , where a 
mixture of triglyceride& has a lower melting point than a 
pure compound, or i n  rosin , where the mix r emains tacky and 
does not crystalliz e .  For new chemical uses , however , 
purif ication may be more important .  Thi s  puts a potential 
premium on source s that have high concentrations of single 
compounds .  At the lea st , s tandardization of properties , 
including properties not now considered important ,  will be 
necessary . In the case of annual crop seed oi l s , such 
standardiz ation i s  partly an agronomic problem, but it will 
also affect the choice of sources and the processes adapted 
to new sources . 

Supply and use 

New ways to supply and use natural oils and fats need 
to be found . New crop screening should be accelerated ;  the 
pres ent effort is quite smal l  and slow. Only a few crops 
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have successful ly been introduced ; soy is the most prominent 
example. crambe . j ojoba . and kenaf are nearing intro­
duction . New crop introduction is  complicated and time 
consuming ; domestication and breeding efforts are needed to 
aid adaptati on to particular soi ls . climates . and hazards . 
Probl ems include pests . poor see d  handl ing. uneven seed 
maturing . and inadequate yi elds . Basic res earch could be 
fruitful in findi ng ways to accelerate desirable geneti c 
changes . 

For any crop . research i s needed on all by-products .  
Risks must be taken by innovators in the f ield . Plants wil l  
not be buil t  unti l a supply i s  assured; and crops a re not 
pl anted unles s an outlet exi sts . some corporat ions could 
as sume the entire risk . but government may need to help if 
the scheme i s  to succeed.  Tax credits on poor quality site 
l ands for growing raw materials might be useful . 

Tallow 

Tall ow  suppl i es will continue to advance with beef 
production . Re search shoul d be conducted with the aim of 
us ing modified tal l ow  f atty acids s ince tal l ow  will  continue 
to be in suffic ie nt supply as the cheapest fatty material 
worl dwide . The l arge quantities currently exported seem to 
guara ntee excel lent opportunities for domestic conversion 
into industrial products . 

By-products from Wood 

Extractive by- products from wood sources hold promise 
for expanded use in industrial materials as wel l .  Sulf ate 
turpentine from the kraft pulping of pines has been in short 
supply for many years . Rosin and fatty acids recovered from 
tall oil skimmings of the black liquors of kraft pulp mills 
could serve a s  chemical raw materials for a wide variety of 
products . Effort s aiming at the optimization of tall oil 
recovery should be intensified through technologica l 
refinements and modifications of the recovery process . and 
through reduction of the storage time of harvested wood .  
especially i n  the f orm o f  open chip pil es . Direct delivery 
to mi lls . and immediate use of forest-chipped whole trees 
may be the most promising approach to an increased recovery 
of ta ll  oil .  

Although increased supplies o f  unsaturated fatty acids 
from tal l oil ref ining are expected to find ready acceptance 
by markets for industrial products . such expanded markets 
wil l  first have to be developed for res in acids (rosin) . 
Increased research efforts should be carried out to find new 
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uses for rosin that show advantage from the unique chemical 
characteristics of these diterpenes . 

Therefore, when one considers how ros in can be st be 
used to replace products from nonrenewable resources , one 
must examine rosin ' s  ma jor uses and the possibi lity of 
expanding them at the expen se of the low-molecular-weight 
hydrocarbon resin s with whi ch they are more or less 
interdbangeable and directly competitive . Thes e petroleum 
resins ar e l argely der ived as by-products from the cracking 
of petroleum. In spi te of an almost unl imited supply . the 
market for these products h a s  never been as high as SO 
percent of the rosin consumption . 

The major use of rosin is in rubber production , 
espec ially in SBR polymerization , which accounted f or about 
20 0 mil lion pounds per year . Here , ros in has little 
competition and therefore very l imited opportunity ,  except 
where rosin and/or hydrocarbon resins are used as softeners 
or pl ast iciz ers . In paper si z e ,  the second ma j or use , rosin 
consumption has been declining .  TO a minor degree, thi s has 
been the result o f  replacement of rosin by synth etic sizes , 
such as styrene-maleic anhydride resins . When thi s has 
occurred , speci al properties obtained from these much more 
expensive , but yet much more efficient , siz es has been the 
predominant factor . The ma jor cause of decreas ing rosin 
consumption ha s been the more efficient use of rosin si ze by 
the paper industry and the great decrease in the consumption 
per ton of paper.  Despi te a great deal of  effort over many 
years . hydrocarbon resins have not been at all successful in 
replacing rosin in paper si z e .  

This leaves the general area o f  resins , used princi­
pally in adhesive s ,  coating s , and inks , as opportunities for 
rosin to repl ace products from nonrenewable resources . In 
recent years , parti cul arly in 1 974 , when rosin pri ces 
re-ached an all-time high , the revers e  was true ; the usually 
cheaper hydroca rbon re sins were replacing the more expensive 
rosin-bas ed products . With few exceptions , rosin-based 
materia ls could replace all the hydrocarbon resins used 
here . Whether they wil l  depends primarily on demand , 
supply,  and price . In orde r to mak e serious inroads in 
hydrocarbon resin use , more rosin would have to be 
avai lable . Wi thout innovative harvesting technology, there 
seems to be l ittle chance of increas ed domestic production 
of gum or wood rosins .  The refore,  the increas e must come 
from other sources . For a variety of r easons,  production of 
ta ll oi l rosin � � has not increased in recent years . 
Better technology i n  the recovery o f  tal l oil soap, the 
precursor of tall oil rosin , from kraft pulping i s  possible 
and i s  being studi ed in both industry-wide sponsored work 
under the au spice s of the Pulp Chemicals Associati on and by 
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producing companies . some modest increase,  possibly 1 0 0 , 00 0  
tons could result . Thes e efforts shoul d be supplemented by 
resea rch aimed at achieving constant and upgraded rosin 
quality .  

A second pos sibility for obtaining greater ta l l  oi l 
yi elds presents itsel f  through the " paraquat" induced 
stimulation of ro sin in living trees . Although thi s 
tr eatment is unde r  intensive investigation , much i s  a s  yet 
specu lation as to the potenti al of this development . A 
conservative estimate is that increased rosin from pulp wood 
(some of which might be recovered in wood rosin extraction 

pl ants)  could equal that of curr ent domestic ta l l  oi l 
production , or about 4 0 0  to 500 mil l ion pounds . Some very 
optimistic estimates indicate the potential is several times 
as great . 

Another opportuni ty to replace oil -derived hydrocarbon s  
i n  industria l products i s  the greater r ecovery and use of 
non-pinene monoterpenes ,  such as 3 -carene and phell andrene 
which are principal ly found in western coni fer speci es. The 
curr ent low use potential of these hydrocarbons ha s 
generally kept we st. coast pulp mil l s  from optimizing their 
sulfate turpentine recovery systems . 
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CHAPTER 1 1  

INTERNATIONAL TRADE IN RENEWABLE MATERIALS 

INTRODUCTION 

The pos it ion of t he u . s .  with respect to internationa l 
trade in renewabl e material s var ies with the commodity. The 
pr imary agricu ltu ra l  materi als , such as cotton and wool , 
move acro s s  interna tional boundari es either as raw materia l s  
o r  fi nished products i n  rath er l arge volumes .  Secondary 
agr icultural. mate rial s , i . e . , the by-pr oduct s  or residue s of 
food production h ave little international mobility ,  normally 
being used i n  the coun try o f  origin . Forest products move 
in internationa l trade extensively . Ju st a s  the se products 
represent the overwhe lming tonnage o f  r enewabl e  mat eria l s  
domestical ly , s o  do th ey al s o  represent the ma j or component 
of renewable mate ri al s  in world trade . 

INTERNATIONAL TRADE IN TEXTILE MATERIALS 

wor l dwi de , the consumpti on of textil e f iber s has in­
creased very rapidly over the pa st severa l decades . Most of 
this incr eas e in texti l e  us e has been provided for through 
expansion of the produc tion of f i ber s from nonr enewable 
re sources . Non et heles s ,  the world consumption of cotton ha s 
conti nued to i ncre a se by 1 to 1 1/2 percent in recent years . 
Historically ,  cot ton has be en a most important commodity in 
world trade . 

The u . s .  has been and continues to be a net exporter of 
cotton. Thi s export ha s be en important to the u . s .  balance 
of tr ade and , in addi tion , has supported some 5 mi l l i on 
peopl e  involved i n  producti on , proce ssing , and manu fac­
turing . 

The volume o f  export s from the u . s .  depend s on the 
levels of production and con sumption in many cotton produc ­
ing a nd cotton consuming countries . Fr equently , deci si ons 
on the import or export of cotton by other countri e s  i s  made 
politica l ly to enhance the e conomi c opportun it i es of the 
countries involved .  In thi s domain , efforts are commonly 
made to channel re sources into production of commodities 
that wil l  generate foreign exchange earn ings or save foreign 
exchange costs . Foreign po l i ti cal deci sions and economic 
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circumstances can considerably change the levels of cotton 
and textile exports . 

Ma j or restrictions on the importation of cotton from 
the u . s . by large textil e-consuming countries could induce 
short-term economic stre s s .  Since much of the land devoted 
to cotton production can be used for the production of food 
or timber and since cotton i s  an annual crop , shi fts in l and 
us e between commodi ties woul d probably rel ieve thi s stress 
in the long run , a lthough not wi thout some s er ious short­
term economi c dis locations . 

On the other hand , increases in the availability and 
price of fos sil materi als could substantial ly increase the 
demand for renewable textile materi al s in both u . s .  and 
foreign markets . The potential for reversing the trend from 
nonrenewable to renewabl e  materi als in the dome stic market 
may depend upon a varie ty of technologi cal and institutional 
factors .  consumer acceptance of cotton as a substitute for 
nonrenewable textile fibers may depend substanti ally on the 
development of technologies that permit maintenance of 
durable pres s properties in all cotton fabr i cs  or in fabrics 
with greater cotton fractions . Rapid development of flame 
retardance technology may al so signi ficantly inf luence 
consumer acceptan ce of substitution . Government mandated 
environmenta l restrictions can influence the direction and 
rate of substitution between renewable and nonrenewable 
texti le fibers . Such restri ctions can influence both 
renewable and nonrenewable fiber production . Since such 
restr ictions ar e typically proce ss- specific and developed ad 
hoc without serious evaluation of environmental trade-offs , 
their potent ia l introduces important el ements of uncertainty 
into materials supply analysis.  

INTERNATIONAL TRADE I N  FOREST PRODUCTS 

The situation with respect to internat iona l trade in 
forest products i s  diffe rent . worl d trade in wood involves 
a mixtur e  of the products of natural and managed forests in 
the international market .  Products originat ing in natural 
forests usua l ly do not refl ect the costs of growing the 
trees . on the ot her hand , extraction , tran sportation , and 
conversion costs are sometimes very high for natural forest 
products . The ma tch between the forest resource and the use 
system for natura l forests i s  usually much poor er than for 
managed forests . A larger fraction of the biomass of 
managed fore sts i s  marketabl e as material than is the case 
for natural fores ts . These trade-offs between natural and 
managed fore sts output commonly influence the direction of 
flow of forest products in the world market . This cost 
directed f low i s ,  however , biased by nationally imposed 
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protective tariff s and other forms of institutional 
constraints . 

The u . s .  has been active in international trade in wood 
throughout i ts hi story. or iginally a supplier of wood to 
the world . the nation has been a n et importer of wood for 
over 60 years .  I t  continue s to be a net import er s ince it 
uses and maintains a r elatively inefficient forest pro­
duction system in terms of achievement of anything like its 
forest-based materi al s •  potential . Whi le its forest-ba sed 
materials • potentia l i s gre at . its supply of concentrated 
and cheaply exploitable nonrenewable re sources has also been 
great . I n  the short run . exploitation of domestic nonrenew­
abl e resources has presented more attractive investment op­
portuniti es than exploitation of domestic forest resources . 
The easy availability of nonrenewable resources encouraged 
ma jor investment in the technology associated with the 
conversion of the se resources to ess ential material s .  As 
the f irst order supply of the se resources became limiting , 

it was easier and cheaper to seek inexpensive foreign 
sourc es of the nonrenewable resources than to create the 
technology required to shift to domestically available 
sources of a lternative renewabl e resources . These decisions 
stemmed very largely from an assumption that the trade-off 
was essentia lly an economic one within the context of 
worldwide free trade. 

The u . s .  has had some self-imposed restrictions on the 
use of  its forest-based ren ewable resources that encouraged 
this trend . Its most productive forest land i s  located in 
the southeast and the Northwest . Its greatest populati on 
densities are in the Northea st ,  the southwest and the 
northern Midwest . Movement of its forest-based material 
resource f rom production centers to consumption centers 
requires an effective and in expensive transportation 
infrastructure . The nation ' s  long haul rai lroad trans­
portation system. originally imaginative in its development 
ha s degenerated in the past 3 0  years . The quality of its 
roadbed and rolling stock f aciliti es has dec lined . The 
federally regulated rai lroad rate structur e has not 
encouraged long haul transportation of wood . Alternative 
water transportation of wood from production site to 
consumption site has been inhibited by the Jone s Act . 
regardless of its social val ue . Thi s l egal restri ction has 
essentially eliminated what was once a flourishing 
intercoastal waterborn e  timber trade . It has di scouraged 
the movement of southern wood to the markets of the 
Northeast and the movement of northwest wood to the markets 
of the southwest and the Northeast . It has effectively 
denied to the markets of the contiguous 4 8  states of the 
country.  on an economic basi s .  the materials of the forests 
of Alaska . 
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Thi s country has engaged in i ntern ational trade in 
fore s t  produc t s from the ea r ly days o f  its colonial hi story . 
Timber from the east coast was one o f  t he commoditie s 
expor ted to Europe during the seventeenth an d eight eenth 
centuries . The f irst sawmi l l s establ ished in the Northwest 
produced wood products not on ly for domestic markets but for 
the mar kets of we stern south Ameri ca , Austra lia , a nd China 
as we l l . Federa l legi s lati on impli es t hat it i s  nationa l 
pol i cy to achi eve a ba l anced wood budget . R ef e r ences to a 
ba lanced timber budget in the McSWeeney -McNary Act impl y 
such a nat iona l pol icy [ 1 6 usc 5 8 1  ( 1 97 0 )  ] .  I t  i s  not clear 
whether these ref erence s  to a bal an �ed timber bu dget inf er 
an intern al l y  bal an ced budg et or an external ly bal anced 
budget . In any ca se , since the Act was pas sed i n  1 9 2 8  the 
country has never achi eved a bal an c ed t imber budge t  ei ther 
interna l l y  or externa l ly nor has i t  made s igni f icant ef forts 
to move towar d either type o f  budge t ba l ance . 

Tab l e  1 f rom the PAPTE ( 1 9 7 3 )  indicates the l evel of 
u . s .  product ion ,  consumption , and l evel of net export or 
impor t annua l ly s i nce the beginning of this century . Since 
1 9 1 4  the n ation has been a net importer of wood and the 
percentage of nationa l cons umption r epresented by i mports 
incr eas ed from 0 to 1 2 . 2 th rough 1 9 7 1 .  

U . S .  IMPORT AND EXPORT OF WOOD 

Accordi ng to Cli f f  ( 1 9 7 3 ) , in 1 97 1  the u . s .  importa tion 
o f  wood a nd wood products amounted to 2 . 7 5 bil l i on cubi c 
feet roundwood equival en t  whi le export s  totaled 1 . 1 8  bi l lion 
cubic fee t  on the same basi s . Thi s yie lded a n e t  impor­
t at ion of 1 . 57 bi l l ion cubi c  feet roundwood equiva lent . 

The Forest Service ( US DA 1 9 7 4 d) , estimates that the 
nation wi l l  conti nue to be a net import er of wood and t hat 
it wi l l  c onti nue to parti cip ate in the wor ld wood market as 
bot h an import e r  and an exporter . Given the tra ns porta tion 
probl ems tha t i nh ibit match i ng wood pro duct ion with wood 
consumption intern a l ly it wou ld seem that it i s  more 
feasible to set as a nat ion a l  ob j ective an externa l ly 
ba l an ced wood budget r ather than an interna l ly bal anced wood 
budget . 

Tabl e 2 shows th e i mport/export status of individual 
fores t produc t  commodi ti es for 1 9 7 2  in roundwood 
equival ents . In hardwoods wher e the u . s .  produces 
substanti a l l y  more than it h arvests , th e on ly commodity tha t 
shows a substanti al excess o f  import s over exports i s  
har dwood veneer and plywood , almos t ent ir e ly i n  the f orm of 
tropi cal hardwood s shipped in from Southeast As ia . Thi s is  
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Yr11r Produrt lon 

Table 1 

u . s .  Production, Consumption, ard Net Imports 
of Irrlustrial l� Produ:::ts ,  1900-1971 

[Volunes in billions of cubic feet] 

Nrl. l m porl K  r'OIISIIInJll lon 
Net I m port s 
a.� r .rn•t• l l t  or 
t•OJL�ti i11 ( Jt iOI I  

Yrar l'rodurt lon Nnt l mports 

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

1 900 _ _ _ _ _ _ _  7. 3 I 0. 1 7. 1 I J . 4  1 937 _ _ _ _ _ _ _  6. 4 . 6  
1 90 1 _ _ _ _ _ _ _  7. 6 I . 1 7. !i I J . :J 1 938 _ _ _ _ _ _ _  5. 6 . 5  
1 902 _ _ _ _ _ _ _  7. 9 I . 1 7. 8 1 1 . 3 1 939 _ _ _ _ _ _ _  6. 4 . 5 

1 90::, _ _ _ _ _ _ _  8. 2 I . 1 8. 1 1 } . 2 1 940 _ - . - - - - 7. 0 . 4  
1 904 _ _ _ _ _ _ _  8. 5 I, 2 8. 3 1 2. 4 194 L _ _ _ _  . _ 8. 1 . 7 

190:L - - - - - 8. 6 I . 1 8. !i 1 1 . 2 1 94 2 _ - - - - - - 8. 1 . 7  

1 906 _ _ _ _ _ _ _  9. 2 I , 1 9. 1 1 } . 2  1 94:J _ - - - - - - 7. 6 . 6  

1 907 _ _ _ _ _ _ _  9. 5 I . 1 9. 4 1 1 . 2 , 
1 9 44 _ - - - - - - 7. 5 . 6  

1 908 _ _ _ _ _ _ _  8. 7 I . 1 8. 6 1 } . 2  1 945 _ _ _ _ _ _ _  6. 6 . 7  

1 909 _ _ _ _ _ _ _  9. 3 I . 1 9. 2 1 } . 2  1 9 i6 _  - - - - - - 7. 7 . 8  
1 9 1 0  _ _ _ _ _ _ _  9. 3 I . 1 9. 2 I } . 1 1 947 _ _ _ _ _ _ _  8. 1 . 8  
1 9 1 1 _  _ _ _ _ _ _  9. 0 I . 1 8. 9 I } . 1 1 948 _ _ _ _ _ _ _  8. 4 1 . 1 
1 9 1 2  _ _ _ _ _ _ _  9. 3 I . 1 9. 2 I } . 1 1 949 _ _ _ _ _ _ _  7. 4 . 9  
1 9 1 3  _ _ _ _ _ _ _  9. 2 I, 2 9. 0 I } . 1 1 950 _ _ _ _ _ _ _  8. !i 1 . 4 
1 9 1 4  _ _ _ _ _ _ _ 8. 6 0 8. 6 0 1 95 1 _ _ _ _ _ _ _  8. 7 1 . 2 
1 9 1 5  _ _ _ _ _ _ _  8. 0 . 2  8. 2 2. 4 1 952 _ _ _ _ _ _ _  8. 8 1 . 2 
1 9 1 6  _ _ _ _ _ _ _  8. 5 . 2 8. 7 2. 3 1 953 _ _ _ _ _ _ _  8. 8 1 . 2 
1 9 1 7  _ _ _ _ _ _ _  8. 0 . 2 8. 2 2. 4 1 9!1 4 - - - - - - - 8. 8 1 . 2 
1 9 1 8  _ _ _ _ _ _ _  7. 3 . 2 7. 5 2. 7 1 9.')1) _ _ _ _ _ _ _  9. 2 1 . 3 
1 9 1 9  _ _ _ _ _ _ _  7. 7 . 1 7. 8 1 . 3 1956 _ _ _ _ _ _ _  9. 6 1 . 3 
1 920 _ _ _ _ _ _ _  7. 8 . 2  8. 0 2. 5 1 957 _ _ _ _ _ _ _  8. 6 1 . 2 
1 92 1  - - - - - - 6. 6 . 1 6. 7 1 . 5 1 958 _ _ _ _ _ _ _  8. 5 1 . 2 
1 922 _ _ _ _ _ _ _  7. 6 . 3 7. 9 3. 8 1 91)9 _ _ _ _ _ _ _  9. 4 1 . 3 
1 923 _ _ _ _ _ _ _  8. 6 . 3  8. 9 3. 4 1 960 _ _ _ _ _ _ _  8. 9 1 . 2 
1 924 _ _ _ _ _ _ _  8. 3 . 3  8. 6 3. 5 1 96 1 _ _ _ _ _ _ _  8. 7 1 . 2 
1 925 _ _ _ _ _ _ _  8. 4 . 3  8. 7 3. 4 1 962 _ _ _ _ _ _ _  9. 0 1 . 4 
1 926 - - - - - - 8. 2 . 4 8. 6 4. 7 1 963 _ _ _ _ _ _ _  9. 6 1 . 4 
1 927 - - - - - - 7. 8 . 3 8. 1 3. 7 1 964 _ _ _ _ _ _ _  1 0. 2 1 . 3 
1 928 _ _ _ _ _ _ _ 7. 7 . 3  8. 0 3. 8 1 965 _ _ _ _ _ _ _  1 0. I) 1 . 4 
1 929 _ _ _ _ _ _ _  8. 1 . 3 8. 4 3. 6 1 966 _ _ _ _ _ _ _  1 0. 6 1 . 4 
1 930 _ _ _ _ _ _ _  6. 4 . 4  6. 8 5. 9 1 967 _ _ _ _ _ _ _  1 0. 4  1 . 2 
1931 _ _ _ _ _ _ _  4. 7 . 3 5. 0 6. 0 1 968 _ _ _ _ _ _ _  1 1 . 0 1 . 3 
1 932 _ _ _ _ _ _ _  3. 4 . 3 3. 7 8. 1 1 969 _ _ _ _ _ _ _  1 0. 9 1 . 4 
1 933 _ _ _ _ _ _ _  4. 1 . 3 4. 4 6. 8 1 970 _ _ _ _ _ _ _  1 1 . 0 1 . 0 
1 934 _ _ _ _ _ _ _  4. 4 . 3 4. 7 6. 4 197 1 . - - - - - - 1 1.1i 1 . 6 
1 935 _ _ _ _ _ _ _  5. 1 . 4  5. 7 7. 0 

1 936 _ _ _ _ _ _ _  6. 0 . 6 6. 4 9. 4 
• \'alues are net Psports. 

Source : PAPIE (1973) Report of the President ' s hlvisory Panel 
the Envirorlnent, u . s .  Governnent Printi.rxJ Office . 
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Net I m ports 
Consumpt ion L1 IM'I"C'l'llt Of 

consum ption 

6. 6 9. 1 

6. 0 8. 3 

6. 9 7. 2 

7. 9 !i. 1 
8. 6 R. 1 
8. 8 8. 0 
8. 8 6. R 
8. 2 7. 3 
7. 6 9. 2 

8. 3 !1. 6 

8. 6 9. 3 

9. 1 1 2. 0 
8. 6 1 0. !i 
9. 1 J!i. 4 

1 0. 0 1 2. 0 

9. 9 1 2. 1 

1 0. 0 1 2. 0 
9. 9 1 2. 1 

1 0. 5 1 2. 4 

1 1 . 0 1 1 . 8 

9. 7 1 2. 4 

9. 7 1 2. 4 

1 0. 7  1 2. 1 

1 0. 1 I I . 9 

1 0. 0 1 2. 0 

1 0. 4 1 ;, I) 
1 0. 9 1 2. 8 

l l . fi 1 1 .  3 

1 1 . 9  1 1 . 8 

1 2. 1 1 1 . 6 

I I . 6 1 0. 3 

1 2. 2 1 0. 7 

1 2. 3 1 1 . 4 

1 2. 1 8. 3 

1 3. 1 1 2. 2 

on Tinber ard 
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Table 2 

u . s .  Internation al Trade i n  Forest Products , 1972 
( Mi l l ion c ub i c  fee t - roundwood equivalent) 

Import 

Logs softwood 2 . 5  
hardwood 5 

To tal 5 

Lumber softwood 1 , 340 
hardwood 70 

To tal 1 , 405  

Veneer and so ftwood 10 
Plywood hardwood 255  

Total 2 6 5  

Pulp Products softwood 1 , 2 50 
hardwood 115  

Total 1 , 365 

Tota l softwood 2 , 595  
hardwood 4 5 0  

Total 3 , 04 5 

No te : Total s may no t add due to rounding . 

Export 

475  
20  

495  

175  
40  

2 1 5  

20  
5 

2 5  

510 
2 3 0  
740 

l , J. 80 

295 
1 , 4 7 5  

Net Export 

475  
15  

490 

-1 , 165 
30 

- 1 , 190 

10  
250 
240 

740 
115  
62 5 

-1 , 41 5  
1 5 5  

- 1 , 570  

Source :  Phe lps , R. B .  ( 19 7 5 )  The Demand and Price Si tua tion for For e s t  

Products , U . S .  Department of Agr iculture Forest Service , u . s .  
Government Printing Office , Washington , D . C .  
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almo s t  the on ly ma j or item of intern at ional trade in wood 
th at repres ents a commodity that cannot be produced in the 
u . s .  f rom dome sti c  forest products supp ly . The importation 
of tropical hardwood veneer and plywood is responsive to 
price . I t  ref lects u . s .  con sumer pr efer ence for the 
appea rance o f  tropical wood panels a s  c ompared to com­
petitive domestic materi als . Trade across national 
boundar i es in other hardwoo d items i s  relatively mi nor . The 
u. s . is a net exporter of h ardwood logs an d har dwood pu l p  
products , an d a n et importer of hardwood lumber though the 
ba lance of trade in each of thes e commodity items i s  
relatively minor i n  terms o f  value and volume . 

on the softwood s i d e ,  the n ation is a n et  exporter of 
logs and plywood and a n et importer of lumber and pulp 
products . The se i nternational tra de movements refl ect 
economic trade-of f s  that very l argely ref lect u . s .  tran s­
portation re stric ti ons . Th e  larg est import vo lume is 
softwood lumber from C anada in the a mount of 1 . 1 6 5  bi l l ion 
cubic fe e t .  Thi s  was predominantly Dougla s fir from Bri ti sh 
co lumbia moving into the no rthern markets of the mi dwest and 
eastern Unit ed St ates . Doug las fir i s  the principal species 
produced i n  the sta tes o f  washington and Oregon . 

The other ma j or softwood import items is pulp products . 
As in the case of s oftwood lumber , this very l argely 
re flects importati on f rom c anada , with the largest component 
being news print f rom central and eastern Canada . Thi s too 
i s  a commodi ty that i s  produced in the u . s . , where 
preference for imported materials is largely a matter of 
price . 

Logs repre sent th e  onl y ma j or so ftwood export i tem .  
These are shi pped f rom the northwest st ates , Washington , 
oregon , and Al ask a .  They go almost exc l usively to Japan . 
I n  1 9 7 2 , ove r 7 0  percent of this export was from washington . 
Most of t he produc tion of export logs originated f rom forest 
l ands in private- ownership and f rom state owned forest l ands 
in wa shi ngton . Th e federal government and the states o f  
or egon and Alaska have imposed r estr i ct ions upon the export 
of logs orig ina ting from thei r ownerships . This has 
somet ime s resulted in the artifact of spl itt ing logs into 
l a rge cants to avoi d the export restriction s  on log s .  The 
so ftwood logs exported incl ude Dougl as f ir , cedar , and such 
wh i t e  woods as hemlock , spruce , and the tru e fir s . The 
Japan ese log export market i s  attractive to northwest log 
produce rs because of the tr ansportat ion problem s a ssoci ated 
with movement of l umber and oth er softwood f ore st products 
to ma jor u . s . con sumi ng centers and becaus e Japan genera lly 
converts white softwood logs to higher value products t han 
does the u . s . In the pas t ,  Japan has preferred to buy 
softwood logs rather than f in ished products for a va riety of 
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reasons . The Japanese c ons truction indus try us es lumber and 
timber si z es that are di fferent from st andard u . s .  lumber 
sizes . The Japanese l umber indu stry typica l ly obtains much 
l a rger y i elds f rom a log th an does the u . s .  sawmi l l . The 
Japanese con struc tion i ndustry i s  p arti al to whit e  wood s ,  
such as heml oc k , and the true f i rs ; species that in the u . s .  
typ ical ly go i n to l ower valued pul p product s .  

Recently the Ja pa ne se con struction in dustry has moved 
si gni ficantly in the dir ect ion of adopt ing u . s .  stud wal l  
cons tructi on method s .  This makes s tandard u . s .  lumber and 
stru ctur a l  plywood items mor e acceptabl e and competitive in 
the Japanese construction mark et . If this trend continues 
the potential for t he export of we st coast softwood products 
wi l l  improve and curren t re s trict ions on the export of 
so ftwood timber in log form wil l  be l es s  s igni f icant . 

S ince the u . s .  operate s e s s en ti al ly in the context of a 
world woo d budget rather than a nationa l wood budg et , i t  i s  
appropr iat e  t o  ex amin e the potenti al o f  wor ld wood supply as 
it r e la te s  to u . s .  demand and suppl y of woo d in th e long 
run . 

WORLD WOOD SUPPLY 

softwood 

Softwoo d spe ci es are prefer red wor ldwi d e  for many uses . 
They a re the pri ncipal sources of renewabl e structural 
mater ia ls in the f orm of lum ber , plywood , and s uch 
compo sit e s  as structura l parti cl eboar d . The st ructure and 
prope rti es of sof twood s  make them more adaptabl e  to 
stru ctural u s es than har dwood speci es . A s imilar si tuation 
exi st s with respe c t  to f i be r  products . The long f ibers that 
chara ct erize softwood speci e s  make them pre f erred raw 
materia l s  i n  many f iber uses . supplies of the s e  species 
or iginat e primari ly from the temperat e regions of the worl d . 
The principa l sof twood producing areas ar e  t he u . s . , Eu rope , 
Canada , the USSR , and Japan , in the north ern hemisphere . 
Sma l ler quan ti ti e s  of so ftwood originate in Mexico and 
northern Centra l America . Austral i a , New z ealan d, Chile , 
Argentin a ,  an d Br az il ar e the ma jor producers o f  softwoods 
in the southern h emi sphere ,  a lthough these sources are much 
smal l er suppl i ers than are the northern hemi sphere sources . 

Cana da ha s ve ry l a rge areas o f  n atur al so ftwood stands 
l ocated prin cipal ly in British Col umbia . These forests 
carry the ve ry la rg e  standi ng volumes typical of vi rgin 
for ests , but located as they ar e in the northern portion of 
the north tempera te z one , many of them have low production 
potenti al compared to the highly productive forests of the 
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u . s .  in the Southeast or Paci fic Northwest.  Based on i ts 
large timber re serves . Canada is l ikely to be a ma j or 
supplier of softwood to the world for many year s . Only a 
portion of  Canadian . forest land has been inventori ed and 
growth data on much of i t  i s  very sparse .  Nonetheless, 
cons ervative estimates based on thes e l imited data indicate 
that less than half of i ts sustainabl e harvest is currently 
being removed .  Canada is a major exporter of wood. In 1 96 6  
Canada exported 7 0  percent of  its paper production and 6 0  
percent of its lumber production (Manning and Gr innell 
1 9 7 1 ) . Ninety percent of forest products exports are 
shipped to the u. s . , United Kingdom. and Japan . The u. s . is 
the ma jor customer accounting for more than 7 5  percent of 
exports . Historically , wood has moved relatively freely 
across the canadian-u . s . border. canada does , however, 
allocate its resources to i ts own advantage and can be 
expected to serve a s  a rese rvoi r of woo d for the u . s . only 
to the extent that it is perceived to be its most profitable 
market.  The u. s. tariff  position has encouraged importation 
of forest products from canada. The Kennedy round of tariff  
negotiations resulted in ei ther removal o f tariffs or 
sharply r educed tariffs  on all major forest products . This 
position could be modi fied in the upcoming General Agreement 
on Tariffs and Trade (GATT) negoti ation s .  currently, the 
u . s .  so depends on canada a s  a source of softwood lumber and 
newsprint that any major restriction in price or volume 
coul d create a significant materials supply · problem for thi s 
country . Canada' s future relation ships with its former 
commonwealth trading partners and with the European common 
Market may inf luence the availability and price of canadian 
softwood to the u . s .  

A very large reservoir of softwood timber exists in the 
USSR . Like canada , much of its forest land is  in the far 
north where productivity is likely to be low .  Nonethele ss ,  
the large quantities of wood i n  the present natura l  stands 
represent a reserve that is apparently being drawn down at a 
low r ate . Like the u . s . , the USSR does not have a good 
match between its fore st re sources and its wood products 
con sumption areas . Inadequate transportation , l abor . and 
equipment inf ra structure den ies to i ts ma jor popul ation 
centers the resources of it s remote eastern forest s . The 
markets of Japan are much more accessible to these eastern 
forests . 

The USSR has been a net exporter of wood for the past 
20 years . Its ex ports are made to develop foreign exchange 
for the purcha se of othe r commoditi es and to achieve 
political obj ectives . It i s  apparently removing more than 
its sustainable harvest from some of its readi ly accessible 
western forests , and the principal source of its exports are 
these forests . The manufacture of forest products in the 
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USSR has steadily increased over the past several decades, 
although thi s  i nc rease has f al l en substantially short of 
pl anned targets , particular ly in fiber production (Solecki 
1 97 5) .  

One of the problems in wood us e in the USSR for both 
domes tic and export purpose s is that a subst ant i al fraction 
of its forest inventory is larch . This species is pref erred 
neither in the world market nor , apparently , in the domestic 
market . Approximately 3 8  percent of the nation ' s forest 
land is occupied by larch and 5 1  percent of its coniferous 
fores t l and produces l arch . Thirty- six percent of the 
country ' s  timber inventory is larch, and thi s  accounts for 
4 3  percent of its softwood inventory (Medvedev 1 97 0) .  

In its priorities for capital investment the USSR has 
not empha si zed the capital dedication to forest products 
exploitat ion required to develop its inacces sible f orest 
re serves , princ ipa l ly those represented by its eastern 
forests . It has been an exporter of sof twood to Europe-­
pr imarily eastern Europe--and , in  the case of  f i ber 
products , to selected less  developed countries . The USSR 
suppl ies some wood to Japan , its most r apidly expanding 
export market for wood . It i s  not likely to be an important 
source of softwood for the u . s . ,  but if it e lects to develop 
its opportuniti es for export it could become a maj or factor 
in the world softwood market and thus indirectly i nfluence 
the u . s .  position in international trade . 
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Europe i s  a ma jor producer and con sumer of softwood s .  
Most European forests are intensively managed by u . s .  
standards . Eastern EUrope . other than the USSR . t i s  a net 
importer of forest products ; its principal externa l  source 
of supply is the USSR . The most recent European timber 
appra isal indicates that western Europe has a nearly 
bal anced timber budget (Nagle 1 975) . Table 3 shows annual 
consumption and removals for the 1 97 0- 1 97 2  period for 
western EUrope. The western European timber budget though 
nearly i n  balance i s  in fact externally balanced wi th 
substantial imports and exports . It wil l  be noted that the 
EEC countries z produce about q q  percent of thei r require­
ments on a roundwood equival ent basi s . The central European 
countries 3 have an exces s of removals over consumption of 1 4  
percent and the southe rn EUropean countries • a s imi lar 
excess of 66  percent . 

The Nordic countries s h ave a r emoval rate that i s  3 . 7 3  
times their consumption rate . These northern EUropean 
countries are important producers of softwood and manu­
facturers of softwood forest products . Since European 
forests are inten sively managed . for . the most part . they are 
not in the positi on of canada .  the USSR . and western u . s .  of 
drawing down inventories in natural overmature forests . 
Because thei r sil vi culture and forest management i s  much 
more intensive than that of the other ma jor produc ers of 
softwoods .  they a re qrowing forests at mu ch nearer thei r 
bioloqi cal capacity than are the other maj or softwood 
producers . The se countries are ma jor exporters of wood 
products to the rest of Europe and to the u . s .  The re i s  
some evidence that thei r capaci ty for manufactur e exceeds 
their capacity to g row wood .  and they have been agg ressively 
seeking other suppl ies of softwood raw material recently in 
the u . s .  and in other parts of the worl d. 

t The ea stern European countries include Bulgaria.  HUngary. 
East Germany . Pol and.  Rumani a .  and Czechoslovakia . 
z The European Economic communi ty includes Belgium. Denmark . 
France.  west Germany. Ireland.  I taly . Luxemburg . 
Netherlands . and the Uni ted Kingdom . 
3 The centra l European countri es in clude Austria and 
Switz erl and.  
• The southern European countries include Greece . Portugal . 
Spain . TUrkey . and Yugoslavia . 
s The Nordic coun trie s incl ude Fin l an d. Norway . SWeden . and 
Iceland . 
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Table 3 

Western European Roundwood Consumption and Removals , 1970- 197 2  
(Million cubic meters - roundwood equivalent) 

Consumption Removals 

NORDIC 30 1 1 2  

EEC 180 79 

Central 14 16 

Southern 35  58  

Total 2 59 265 

Source : Nagle , G . S .  ( 19 7 5 )  Wood Supply and Demand in Western Europe ; 
Preprint - 66th Western Forestry Conference , Vancouver , B . C .  
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The u . s .  has been able to buy softwood at reasonabl e 
prices from the softwood exporting countries and has been 
content to fill out its softwood needs beyond its own 
production through importation . This i s  a viable position . 
provided that the sources of supply are dependable in the 
lonq run and that the u . s . can affor d a trade deficit i n  
these commodities . Growing demand for softwood worldwide 
sugge sts that thi s po sition needs to be carefully evaluated. 
however .  The per capita use of softwood i s  increa sing in 
all of the industrial nation s of the worl d . Modest 
increases ar e  also apparent in the less developed countries . 

canada and the USSR are the principal sources of 
unexploited natural softwood reserves available to meet 
these greater demands . If  the u . s .  also goe s to these 
sources to meet i ts growing needs as proj ected by the 
outlook Study (USDA 1 9 7 qd) . it will  have to compete with the 
other importing industrial nations for this supply . Thi s  
would pl ace the country i n  a somewhat vulnerable position 
were these foreign sources to change thei r marketing 
polic ies and practi ces in the pattern of the petroleum and 
natur al gas producers . Among the importing industrial 
nations . the u . s .  i s  the only one that has a ma jor 
undeveloped softwood production potential . It clearly has 
the opportunity to avoid sof twood supply vulnerabi lity in 
the l ong run .  but thi s  would require a change in priorities 
for f orest land u se .  particularly at the federa l level . and 
for the development and use of its long haul transportation 
systems . 

Hardwoods 

A ma jor enigma in the future world timber supply 
picture is the role of hardwoods . In most of the industri al 
countri es substantial areas of natural forest are occupied 
by hardwoods and. for the most part . the wood produced on 
these lands i s  underused . In the tropi cal areas of the 
wor ld all but a very small fraction of the forests consi st 
of hardwood stand s .  ove r hal f of the world ' s  standing 
volume of timber is  in tropical hardwood forests . Most of 
these forests are all aged . multi- species stands . In the 
tropics the hardwood forests are extremely diverse with 
respect to tree si ze and quality an d  the properties of the 
wood . They commonly include several hundred tree size 
species i n  a few acres . 

Most production systems for wood processing are ba sed 
on rather rigid requi rements of speci es or general . siz e .  
and quality of raw mat erial . Thus . when the forest resource 
is extremely hete rogeneous . the useful material from a unit 
of land area is likely to be very small . Many tropical 
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hardwood forests- - character ized by high species diversi ty-­
may contain 40 0 0  to 50 0 0  cubi c  feet of biomass per acre in 
the form of trees of whi ch only 1 or 2 percent could be 
converted to industrial materials i n  economi cal 
manufacturing systems . onl y under unusua l site conditions 
ar e natur ally occuring hardwood forests suff ic iently 
homogeneou s to yie ld a high enough percentage of us able raw 
materials  per unit of area for extensive materials 
production .  Stands o f  alder and aspen in temperate North 
Amer ica are examples of thi s condition . In the tropi cs the 
dipterocarp forests of Southeast Asi a  yield reasonably good 
volumes of product per acre and are bei ng used extensively . 
The catixo forests of central and northern south America are 
ot her examples . The use of wood for fu el i s  relatively 
indi scrimina te wi th re spect to species . s i z e .  and tree and 
wood qual ity .  Production per acre from mixed hardwood 
stand s sometimes becomes economically feasible . when harvest 
for fuel is combined with harvest for industria l material s  
supply. Such f ine cabine t woods a s  mahogany. walnut . and 
rosewood are so valuable that it is economically j ustif iable 
to harvest the occasional tree as a high grading s election 
process . The vast ma j ority of har dwoods . however . both in 
temperate and tropical  regi ons . do not command prices that 
justi fy this type of use . The resul t i s  that in many 
ha rdwood f ore sts the majority of trees are weeds from an 
industria l materi al s production standpoint . Th is situation 
leads to the common practice of simply destroying large 
numbers of trees in shifting agriculture or in l arge land­
clearing operations and changing land u se to roads or 
agr icultural crops . It also leads to high grading of 
natural forest stands resul ting in their degradation from a 
mater ial s supply standpoint . 

The solution to thi s probl em seems to be in ei ther 
s impl ifying the forest resource system to achieve a better 
match with the ma teria ls production system or in 
diver sifying the materials conversion system to match the 
diversity of the forest. The first solution i s  the one 
being used in many tropi cal areas where diverse natural 
stands are being replaced by even-aged plantations compri sed 
of singl e species . The teak plantation s  of Java and Sumatra 
and the Monterey pi ne pl antations of Australia and New 
zealand are examples . When this practice is undertaken . the 
speci es selected are f requently exoti cs and as often as not 
are softwoods . Many biologi sts deplore the conversion of 
al l-aged mul ti species hardwood forests to even- aged single 
species plantations on grounds of los s of gene pool s .  
dangers inherent i n  monocul ture . los s o f  game habitat .  
reduction i n  site qual ity . and loss  o f  aesthetic values . 
The evidence in support of many of thes e a l l eged di re 
cons equences is  limited and inconclu sive in most ca ses . In 
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any case the alternatives currently availab le do not seem to 
be generally feasible.  

Efforts to construct a materi al s production sy stem that 
wi ll match the diverse all- aged . mul tispecies hardwood 
forest re source confront some serious problems .  Such a 
manuf actur ing installation must usually be very large and 
costly and be supported by an extens ive and expens ive 
transportation infrastructur e .  The capital required for 
such an i nstallation i s  usually not available in the 
tropi cal countries that have political custody of these 
forests . In many deve loping countri es the natural forests 
are owned by the national governments and l and use and land 
tenure commitment s are nebulous or transitory. Often it is 
not clear whether the l and will be permanently a llocated to 
fores t  production or whether the n atural forest s imply 
constitutes a reservoir of wood on currently unallocated 
land . which ul timately wi ll  be allocated to other uses . 
small and relatively inexpen sive conversion faci lities can 
often be justi f ied on the basi s of natural forest 
l iquidation . but the allocation of large amounts of capital 
to elaborate integrated use manufacturing faciliti e s  usual ly 
depend on an assured long- term wood supply . 

Another factor that inhibi ts the e ffect ive us e of 
tropi cal hardwood resources for industrial material s is the 
lack of i nformati on about the potential uti lity of many of 
the s pecies . The research requi red to illuminate these 
potentials s imply has not been accompli shed . Most wood and 
fiber technology re search i s  performed by scientists in the 
industrial countries of the temperate r egions . and they 
concentrate on endemic species.  wood i s  a bulky material 
that is diff icult and costly to transport long distances ; 
hence there i s  a real advantage to pursuing the required 
wood technology research in the countries of origi n . The 
f inanci al resources required to accompl i sh such research and 
the supply of scientific and technical talent demanded is  
usual ly in short supply in  these r egion s .  Incentives to 
encourage appropr iate ly quali fi ed research manpower to move 
from the industri al countries to les s developed countries 
for this purpose have general ly been lacking . 

Despite these problems . it woul d  be unwise to ignore 
the potentia l role of tropi cal countries in meet ing world 
needs for renewabl e materia ls . In many of the developing 
countries the trend toward conversion from wood and charcoal 
to petroleum as a heating fuel has been reversed a s  a 
consequence of the increased cost of petroleum. The 
conversion of wood residues to liquid and gaseous fuels 
still seems to be a marginal undertaking in most ci rcum­
stances in the u. s. where resi dues . once accumu lat ed .  often 
have higher values for other use s .  such conversion may be a 

- 2 4 9 -

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


much more vi abl e  enterprise in tropical hardwood-rich 
countries that do not have the opt ions of large- scale 
hydroelectric deve lopments . and exploit abl e oil . gas . and 
coal resources . In forests where more than 90 percent of 
the standing bi oma ss is comprised of weeds f rom a material s 
standpoint . such concentrations of raw materia l  may make the 
production of liquid and gaseous al tern atives to petroleum 
feasibl e .  at least during the period of conversion from 
natural  fore sts to managed forests or from natural forests 
to non-forest use . Such processing opportun itie s might al so 
make harvesting the usable portion economically feasibl e .  
Such developments could inf luence u . s .  materials supply 
problems by reducing the worldwide demand for petroleum . 
thus easing the positi on of the u. s .  as it competes in the 
world market for fossil fue l s .  

Another deve lopment that could ease the pres sure on 
softwood timber supply in the long run is the conversion of 
native tropica l hardwood forests to introduced softwood 
speci es .  Such conversion h as be en  success ful in many 
temperate zone hardwood areas in Europe . the u. s • •  

Australia , New Ze aland . Chi le . and Argentina . It i s  much 
more diff icu lt and costly to convert from hardwoods to 
softwoods and to maintain the conversion in the tropical 
regions of the worl d .  but experimentation wi th thi s type of 
convers ion is widespread throughout the tropics . It would 
proba bly be more technically feasi bl e  and l ess expens ive to 
convert more hardwood areas to softwoods in the u. s .  than to 
do the same thing in  the tropics . However . thi s  i s  becoming 
less acceptable f rom a soci a l  standpoint in many industrial 
counries , includi ng the u. s . ,  where hardwood fores ts are 
pri z ed for their recreation and aesthetic values . Thes e 
socia l inhibi tion s  have not yet represented serious 
restr ict ions in most of the l ess  developed countri es of the 
tropi cs . 

. 

U . S .  PROGRAMS 

If the u. s .  i s  to accept long-term dependency on 
foreign s ources of wood . it woul d be wi se to devel op 
re lationships with potential suppl i ers that wi l l  foster a 
favorable long-term climate for trade .  Thi s  may involve 
participa tion in the research essential to the development 
of the utility of the forest resource . Given the great 
potential of the tropics in the long-term timber supply 
pi cture and given that the u . s .  ha s l ong accepted a 
dependency on foreign wood resources . it i s  surpri sing that 
this country has very largely ignored the opportunities for 
bi latera l cooperative programs with potenti a l  wood suppliers 
in the tropi cs .  Many u . s . - based corporation s  are very 
active in tropi cal regions . but the federal government has 
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been inactive . The u . s .  fo reign assistance programs have 
never had a strong forest resource thrust . Those programs 
that have been undertaken at the reques t of les s  developed 
countries have be en ad hoc. intermittent . and-- l acking 
central planning- -often ine f f ective . This is  a mi stake that 
is not beinq made by the other major in dustr ial countri es 
whether exporters or importers . While most bil ateral 
resea rch . development . and education programs have as their 
central purpose the advancement of the recipient country. 
many of the best of the se f oster the mutual interests of the 
two countrie s involved . 
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CHAPTER 1 2  

INCREASIR; THE PRODUCTION AND USE OF RENEWABLE MATERIALS 

INTRODUCTION 

The u . s .  has unique opportunities to increase the use 
of renewable resource s a s  industri al mater ials . These 
resources derive from the growth of living organisms . pl ants 
and anima l s .  using a l arge and very productive land base . 
Withi n u . s . borde rs are included some o f  the most productive 
l ands in the worl d  for the production of biologically based 
resource s .  The nation has elected to emphasize th e use of 
much of this highly product ive l an d  base for the effective 
production of food . I t  has not had the same nat ional 
commi tment to the production of renewable materi al s . 

The renewabl e resources for industrial materi als are 
overwhelmingly forest based . Forests now account f or about 
9 6  percent by weight of the nation ' s  current production of 
renewabl e materia ls . A great variety of renewable materials 
are a lso available as primary or secondary products of agri­
cultural production even though the tonnage of the se i s  
relatively sma l l  compa red wi th the tonnage o f  forest pro­
ducts . Renewable materials can be substituted for non­
renewable mate rial s  in a great many situations . such 
subst itut ion often results in a saving in the requi rement 
for energy added i n  manufacture . It provides opportunities 
to reduce dependence upon foreign material s and to produce 
surpluse s for export. It can be accomp li shed with modest 
environmental impacts . Every recent study of the potential 
for increasing the domestic supply of renewable materia ls.  
including this on e .  has indicated that it i s  technically 
feasible .  What i s  not clear i s  whether it i s  soci ally 
feas ible in the contemporary pol itical climate . La

.
ck of a 

well- defined and aggre ssive l y  impl ement ed national policy 
for i ncreasing production of renewable materials pl aces the 
outcome i n  doubt. National preoccupation with food pro­
duction has re sulted in an agricultural policy that very 
largely ignores materia l s  production . Clawson ( 1 9 7 5) has 
di scussed the def iciencies in national forest policy as 
follows : 

• • • there i s  no organi zation to look at all forests 
in all their uses and in al l their aspects . Forest 
policy i s  an inci dental obj ective or purpose of many 
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organization s ;  i t  commands neither the ful l  time nor 
the full attention of the abl est men . The input on 
forest policy from many org ani zations ,  both public and 
private , is relatively small in many cases and often 
ove rlooked a s  forest pol icies are actually formed . In 
short , it i s a we ak pol i cy- forming process . 

It i s  not the purpose of thi s study to explore the 
soci al or polit ical feas ibi l ity of the development of an 
ef fective nationa l pol icy that wi ll enhance the production 
of renewa ble mate ri als . Cl awson ( 1 97 5) ha s discussed these 
i s sue s as they re late to the forest resource in some detail . 
This study ex amin es the technological efforts that must be 
made if there i s  a deci sion to foster such a national 
policy . They are not unrel ated , however , to the nature of a 
national pol icy i f  it i s  establ i shed . 

AGRICULTURE RESOURCE BASE 

In the agricultural sector , the resource production 
ba se is the land and i t  i s  i n  many thousands of separate 
private ownerships . In recognit ion of thi s  diverse and 
di spe rsed land ownership pattern and of the importance of 
aqr icultural production to the nation , this country has 
developed and maintained a l arge res ear ch an d education 
program in agri cu lture as a cooperative undertaking 
involving the u . s .  Department of Agriculture (USDA) and the 
schools and col leges of agri cultur e of the land grant 
universi ties . This wel l  establi shed cooper ative research 
and education program has been extremely effective in 
providing the technical backup for the most effective food 
production system in the worl d.  Thi s  cooperative program 
has been predominantly devoted , however , to the production 
of primary agri cu ltural products . With the exception of a 
few primary agricultural materials such as cotton , wool , and 
tobacco , this res earch and education effort has been 
primarily directed at food supply. very little research and 
education ef fort has been d evoted to the creation of new 
knowledge or the development of scienti fic and techni cal 
manpower in the area of secondary agricultural products 
useful or potentia l ly useful as industr ial mater ials . As a 
result ,  the fu ll potential of these sources of renewabl e 
materials i s  substanti ally underdeve loped . 

If the poten tial for the development of the se resources 
i s  to be exploited ,  i t  can probably be most efficiently 
accompl ished through an expansion of the exi sting federal­
state cooperative research and education program in 
agr iculture to incl ude signi f icant new efforts devoted to 
the development of methods o f  utili zing agr i cu ltura l 
residues for in dustri al materia l s .  The landowners that 
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produce the primary agricul tural products wi ll also produce 
the s econdary products that are candidates for material s 
production . These represent the natural and traditional 
constituency of the federal - state cooperative agricultural 
proqram. 

FOREST RESOURCE BAS E 

An effective national e f fort to foster an expanded 
forest-resource-ba sed materi als supply system faces more 
di ff i cult probl ems . Lacking a traditional national pol icy 
in th is domain , there is no well organized system that can 
be ut iliz ed to develop and impl ement the essential 
technology. 

As i s  the case of agricultural production , forest­
products- ba sed materials also involve a multipli city of land 
owner ships . Unli ke agriculture , the largest single custo­
dian of forest land i s  the federal government itself . Large 
areas of forest l and are als o  owned and managed by several 
of the state s .  over one quarter of what is currently 
class ified as commerci al forest land is in federal and state 
ownership . The balance between publ ic and private ownership 
vari es widely among regions of the country with the ma jor 
component of publ icly owned commercial forest land located 
in the western states . The fact that federal and state 
governments are the custodi ans of forests as well  as the 
requlators of forests creates a cl imate that is  di f ferent 
from that in which food is produced . 

Federally SUpported Res earch and Education 

There is no real counterpart in the forestry sector to 
the f eder al land grant institution cooperative research and 
education program in agriculture . This results in part from 
the lack of a well-defined national pol icy on forest-based 
materials supply , partly from the hi storical dual role of 
the federal government as a landowner and manager and as a 
regulator and supporter of the who le forest resource enter­
pr is e ,  and partly from the different tradition in forestry 
education . Wherea s agricul tural education at the university 
level emerged very largely in the land grant institution 
tradi tion originall y under the aegis of the Morrel Act, 
forestry education began at the turn of the century in quite 
a dif ferent pattern . Some of the earli est forestry educa­
tion was initi ated at private universities and at .non-land 
grant sta te universities and most of these are sti l l  
important centers o f  forestry research and educati on . In 
some land grant ins titution s ,  forestry education and 
research is fully integrated with agricultural education and 

- 2 5 5-

Copyright © National Academy of Sciences. All rights reserved.

Renewable Resources for Industrial Materials:  A Report of the Committee on Renewable Resources for Industrial Materials, Board on Agriculture and Renewable Resources, Commission on Natural Resources, National Research Council
http://www.nap.edu/catalog.php?record_id=19909

http://www.nap.edu/catalog.php?record_id=19909


research , but at many others the forestry programs are 
independent . The Mcinti re- S tennis program has some of the 
features of the cooperative federal- state research and 
education program in agr iculture , but i t  is a relatively 
smal l  prog ram and becaus e of  the structure of forestry 
education in the universiti es , its support is fragmented 
among many institution s .  Forestry programs in private 
institutions are excluded from the Mcintire- stenni s program . 

The ma jor part of the federal ly supported res earch in 
forest-based mate ri al s  has been con duct ed by the Forest 
servi ce ' s  Forest Products Laboratory at Madison , Wi sconsin . 
While it is one of the l arg est forest products laboratories 
in the world , it ha s operat ed in considerable i solation . It 
is geographical ly remote from the ma jor forest-based 
material s regions of the country . The res earch ef fort at 
this laboratory has been declining in recent years , and its 
thrust ha s been increasingly away from basic materials 
research . I t  has undertaken very littl e  cooperative 
re search effort in col laboration with the centers of 
academic res ear ch in for est-ba sed material s .  

University Res earch and Education 

There is  a long history of res earch and graduate study 
in wood science and technology at a small number of the 
schools and colleges of forest resource s .  The two Forest 
Service fore st product l aboratories precedi ng the FOrest 
Product Laboratory at Madison , Wisconsin, were located on 
the campuses of Yal e  Univer sity and the University of 
wa shington where they were closely associated with academic 
res earch . But when these l aboratori es were closed over SO 
years ago in favor of development of the centra l faci lity at 
Madison , close collaboration with universi ti es became more 
difficult and was gradually reduced to the present status.  
Immed iat ely fol lowing world war II , s everal univer sities 
expanded their re search and teaching activit ies in the field 
of forest-based mat erials . Thi s  small number of school s and 
colleges of forestry have been the principal sources of wood 
and fiber speciali sts in the for est resource field . Wi th a 
few exceptions , these have been smal l programs involving a 
very limited spectrum of faculty talent and limited output 
of students educa ted at the advanced materials level . 
During the past decade several of these universiti e s  wi th  
tradi tions of advanced education in  the field of wood sci­
ence and technology have phased out their programs , pre­
sumab ly due to lack of support . In the judgment of CORRrM 
ther e are no more than eight univer s it i es with programs of 
teaching and research in wood scien ce and t echnology that 
represent suffi ci ent breadth of faculty tal ent and adequate 
physi cal facili ti es to j usti fy identification as important 
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forest-based renewabl e materi als research and education 
centers. 

If there i s  to be any ma jor effort to increase the use 
of renewable resources from the for est base as substitutes 
for nonrenewable resources ,  the inadequacy of an academic 
foundation must be remedied . 

Industrial Research 

The major source of ren ewabl e resources from the forest 
is the research laboratories of the l argest forest products 
corporations . There are only a few firms among the forest 
products i ndustri es that are large enough to justi fy 
signi ficant investment in research . These f ew  do research 
that is comparable to the best in the world . However, 
unlike the s ituation in many of the nonrenewabl e materials 
field s ,  i ndustria l production i s  not concentrated in a few 
large corporation s .  There are more than 1 0 , 00 0  separate 
firms engaged in the manufacture of forest products . Most 
of these are manufacturers of lumber . According to the 
President ' s  Advi sory Panel on Timber and the Environment 
(PAPTE 1 9 73) , "Nationally, the f ive largest firms in 1 97 2  

together accounted for approximately 1 7  percent of total 
production . " Nonetheless , the largest s ingle firm produced 
l ess than 8 percent of the national lumber output .  There i s  
littl e incentive f or most manufacturers to conduct research 
unles s the results can be protected for their exclusive use 
through patents or the e xercise of proprietary secrecy. 
Most of the companies are so small that they cannot justify 
the expenditures required to pursue an effective research 
program. The major part of R&D expendi tures in the wood 
products field represents investment in the fiber component 
an d  by a relatively small number of firms . Accordi ng to an 
NRC ( 1 9 7 4) report Materials and Man ' s Needs , in 1 9 7 0  the 
total of federally financed industrial R&D expendi tures for 
al l  wood products represented about 0 . 0 2  percent of such 
investment in all manufacturing . The total of industrial 
R&D expenditure s for forest products represented l ess  than 1 
percent of national R&D expenditures in the forest products 
f ield , 1 7  percent of the total industrial R&D expenditures 
in the forest products fiel d ,  1 7  percent rel ated to sol id 
wood products and the remainder to pulp and paper.  

Where corporation s are will ing to place the result s  of 
their more fundamental re search in the public domain they 
have contributed substantial ly to advancement of science and 
technology related to production and use of renewable re­
sources . The acti on of the weyerhaeuser company in releas­
ing to the scientif ic communi ty their very extensive soi l 
evaluation res earch is a good exampl e .  If the federal 
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government were wil ling to share in the cost of broadly 
applicabl e industria l re search i t  could broaden the base of 
research l eadinq to general ly available new knowledge . 

RENEWABLE RESOURCE BASE 

The federal government has recently accelerated its 
research efforts in the nonrenewabl e materials field in a 
number of ways , and much of thi s new effort has been 
directed at strengthening university research and education . 
It has provided b lock funding for a significant number of 
mater ial s res earch laboratories and centers in universities 
with a hi story of academic excel lence in materi als science . 
The u . s . Department of Defense, �SA , AEC , and NSF have 
provided this basic and continuing support . No similar 
ef fort ha s been made in the renewable materi als fi eld where 
the nature of the materials production and conversion system 
i s  so di ffused as to make a substanti al non federal research 
program unlikely . 

The development of a strong renewable materials pro­
duction base is peculiarly dependent upon federal government 
action . As previously indicated , the federal government has 
custody over a large fraction of the nation ' s forest land. 
This forest land serves many purposes in addition to 
material s supply . In recent years the management of 
government owned forest l and has been much more responsive 
to pressures for nonmaterials use than to material s use .  
Federal legis lation i s  parti cul arly con fus ing in this 
domain. The Forest service has a federal mandate (USDA 
1 964 ) to manage the property in it s custody in accordance 
with the principl es of a land use policy identi fied as 
multiple use . In spite of thi s general mandate, additional 
speci fic federal l egislation (USDA 1 9 64)  fosters the 
identification of large federally owned forest l and areas 
where mat erial s supply i s  excluded or made infea sible , thus 
excluding them from the gene ral multipl e-us e mandate .  The 
remaining federal ly owned forest land i s  subject to the 
general multiple- use mandate ,  and material s  production 
emphasis is negotiabl e  within the context of a broad 
spectrum of us es . Decis ion s  related to fore st land use in 
the f edera l domain have little relationship to forest-based 
mater ials productivity . over 1 7  percent of the identified 
commercia l forest land of the country that is in Site I I I  
productivity cl as s  and bett er is i n  the National Forests . 
Nonetheless,  there i s  no federal legislation speci fically 
dedicating highly productive federal forest land a s  a 
materials supply ba se where materi al s production has a 
mandated primary qoal comparable to the mandated primary 
goa ls identified wi th  other forms of federal forest land 
use .  In the presence of such indifference to materials 
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supply on the part of the federal government with respect to 
its own forest land,  it is not surprising that forest-based 
materials re search has had a low priority in the research 
proqramming of the federal l and management agencie s or that 
they have been indifferent to the need to foster research 
and education in this field at the universities . 

The Public Land Law Review commission ( 1 9 7 0 )  
recommended a materials production priority identif ication 
of certain area s of public forest l and. PAPTE ( 1 9 7 3 )  also 
recommended a deliberate effort to concentrate material s 
supply production activities on the most productive federal 
forest land . Neither of these recommendations has been 
impl emented by congressional action . 

Recent feder al court decisions invoking a very restric­
tive interpretation of the organic Act establi shing the 
Forest service (USDA 1 9 6 4) have in effect directed the 
Forest Service to return to i ts custodi al role of the turn 
of the century. Thes e legal restrictions apply at this time 
to the national forests of the mid-Atlantic area and Al aska . 
I f  they are extended to the l arge federal forest holdings of 
the west and if they are not modi fi ed by congress ional 
action , the federal forest land , even where it represents 
hiqh . site quali ty ,  is likely to be of minor importance as a 
mater ials supply resource .  

Such a development could substanti ally reduce the 
potential for timber supply projected by PAPTE ( 1 97 3) , the 
outlook Study ( 1 9 7 4 d) , and this study .  The effect of  such 
mater ials supply regre ssion might be modified by a 
deliberate poli cy  of exchanging forest land between federal 
agencies and private industry to concentrate high site l and 
in pr ivate ownership and low site land in federa l ownership. 
Federal support of R&D prog rammed to advance the use of 
forest-based renewabl e  materials would need to refl ect such 
a materials supply pol i cy whether it is implicit or 
explicit . 

Fifty-nine percent of all i denti fied commercia l  forest 
land is in nonindustrial pr ivate ownership. In this owner­
ship class over 3 2  percent of the area is in Site I II land 
and better . This represents over 1 9  percent of all u. s .  
commercia l  forest land and over 57 percent of the national 
pool of Site III  and better forest land . Littl e i s  known 
about the uti li zation obj ectives of these owners . some 
clear ly own the land for speculative purposes . Others own 
the l and for use as private parks for personal recreation . 
Some wil l  sel l  timber from these lands when the pri ce i s  
high or when they have a need to liquidate personal capital . 
Others own and ma nage the l and for the production of timber 
but the incentive for such owners to engage in any forest 
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practice other than harvesting and in some cases l egally 
requi red post-harvest regeneration is very low. Government 
could change these incentives through the use of its taxing . 
zoning . and regulatory powers . but thes e are policy issues 
outside of the scope of this study . It i s  e ssential . 
however.  to consider the potential use of these lands in any 
serious assessment of materi als supply . At a minimum some 
research effort ought to be devoted to an analysis of 
nonindustrial for est l and in terms of ownership obj ectives 
with pa rticular reference to materials supply and to 
incentives and re strictions that in fluence such obj ectives . 
Given the nature of these ownerships . it is highly unlikely 
that the owners wil l engage in much material s research .  If 
it is to be national pol icy to encourage any signi f icant 
fraction of nonindustrial f orest owners to function 
ef fectively in the material s supply base .  the research 
fundamental to such a policy wi l l  need to be government 
supported . 

Many forest products are used in a manner that does not 
encourage materia ls conservation . Dimensions and tolerances 
were establi shed for the most part over S O  years ago when 
basic materials values were low and when raw material supply 
was plentiful . These standards have become established in 
custom and marketing practice.  They are included in count­
les s government speci fications and commercial standards . 
They are refl ected in thousands of building codes .  Since 
the forest produc ts industry i s  made up of thousands of 
independent producers and s ince its standards have been 
highly institutionali zed .  they have remained essentially 
un changed since they were f irst developed . Under the 
restrictions of bui lding code s .  wood us ed in structural 
design usually trades large factors of safety and a low 
level of industry-wide qual ity control for material s 
conservation . Th e  prospective early change from Engli sh to 
metri c units of mea surement wi ll require that the standards 
and codes be modi fied in any case.  Thi s provides an excel­
lent opportunity to make other changes in the cumbersome 
standards sector that could refl ect improved design and 
manufacturing technology which would result in s ignificant 
materials cons ervation provided that the necessary backup 
research has been accomplished . 

The opportuni ties to increase the production and use of 
renewabl e materia ls in the u . s .  are many .  It is a social 
and political decision whether it shoul d be national pol icy 
to exploit the se opportunities .  I f  the nation is t o  main­
tain an option to exploit the se opportunities . it will need 
to develop an appropriate base of research and a supply of 
technical ly educated human tal ent it does not now have. 
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