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5.0  Scope and Recommendations 

The following study of t h e  energy requirements of  the  U. S. pulp and 

paper industry t r i e s  t o  e s t a b l i s h  order-of-magnitude data.  .In view of t h e  

g r e a t  divergency o f  products,  processes,  p l a n t  designs t h a t  r e f l e c t  on 

s p e c i f i c  energy consynption r a t e s ,  it is not  poss ib le  t o  provide g r e a t e r  

d e t a i l .  

Some o f  these  cons idera t ions  have been recognized by t h e  indust ry ,  

which is now at tempting t o  improve t h e  da ta  base,  using a systems ana lys i s  

approach, thoroughly t o  inves t iga te  the  energy implicat ions of t h e  d i f f e r -  

e n t  processes and products.  

No attempt has been made t o  recommend s p e c i f i c  process modificat ions,  

and the  study r e s t r i c t s  i t s e l f  t o  point ing  out  how pub l i c  pol icy  can help  

t o  channel the  indus t ry ' s  e f f o r t s  i n t o  l e s s  energy-intensive p rac t i ces .  

Most of  these cons idera t ions  have been developed i n  Section 5.2.1, 

Energy and the  Paper Indust ry ,  which a l s o  o f f e r s  t h e  following recommenda- 

t i o n s  : 

* Government should sup,prt improved mater ia ls  e f fec t iveness  i n  t h e  pulp 
.and.paper indust ry  which w i l l  a l s o  r e s u l t  i n  s u b s t a n t i a l  f u e l  economies, 
e spec ia l ly  by promoting recycl ing  atld "whole tree harvest ing" 

* Disallowance of s p e c i a l  t a x  treatment f o r  c a p i t a l  gains on standing 
timber w i l l  e l iminate,  in future, preference f o r  v i rg in  raw mate r i a l ,  
and w i l l  s t imula te  the  use of  recycled paper 

* Support should be given t o  indust ry  t o  make f u l l  use of a l l  values con- 
ta ined i n  t imber,  including t h e  harves t ing  of t h e  e n t i r e  t r e e ,  thereby 
maximizing power generation. by pulp m i l l s  from wood values now frequently 
wasted 

* Support should be given t o  munic ipal i t ies  t o  promote source separa t ion  
of paper t o  improve recycl ing  and a l t e r n a t i v e l y  use o f  paper a s  supple- 
mental f u e l  i n  power generat ion (it is of g r e a t  importance t h a t  this mat ter  
be f u l l y  and promptly inves t iga ted  and discussed before  a commitment is 
made by munic ipal i t ies  t o  burn t he  e n t i r e  municipal s o l i d  waste without 
requi r ing  source separa t ion  of  po ten t i a l ly  recyclable paper,  such as 
newsprint, magazines and s t a t i o n e r y )  



* Studies might be needed t o  determine why the U. S. had considerably 
b e t t e r  recycling r a t e s  in  fonner decades and what action foreign govern- 
ments have taken t o  improve the reuse of waste paper 

* Further study is suggested to  develop the  concept of using low-grade 
steam, e.g. ,  from power plants o r  geothermal sources, t o  supply the  needs 
of paper mills f o r  process heat requirements. This approach might well 
need government stirmilation t o  e f f ec t  energy savings, in view of i n s t i t u -  
t ion a1 inhibi t ions  

* Encouragement now provided through industry e f f o r t s  t o  expand its "in ' 

house" energy base through increased power and steam generation from waste 
products, through greater  energy economy, through conversion from c r i t i c a l  
t o  m r e  expendable fue l s ,  through research i n to  energy-saving process 
modi fica.l;io~l--should be f Wther expanded 

Technology transfer from bench sca le  research and p i l o t  p lant  operations 
t o  commercialization should be f a c i l i t a t e d  by government underwriting 
some of t he  f inanc ia l  r i sk s ,  eith.er by d i r e c t  funding or  specia l  t ax  
incentives.  



5 .1  In t roduct ion  

A reedy p l a n t ,  Papyrus,  from which t h e  Egyptians produced a w r i t i n g  

m a t e r i a l ,  gave i t s  name t o  pape r ,  which was then  produced as a s h e e t  f o r  

w r i t i n g  by l a y e r i n g  t h e  reed ,  we t t i ng ,  compacting and drying it. 

I n  essence t h e  na tu re  o f  paper  has n o t  changed. It  i s  s t i l l  def ined  

as a matted o r  f e l t e d  s h e e t ,  produced from a suspension o f  f i b e r s  i n  a f l u i d  

medium by r e t e n t i o n  on a s i e v e  o r  wi re  mesh, followed by dry ing  and f in i sh -  

i n g  .. 

Modern papermaking seems t o  have o r i g i n a t e d  i n  China, where vegetable  

f i b e r s  were combined with t e x t i l e .  waste .  This invent ion  t r a v e l l e d  slowly 

westward and reached Europe i n  t h e  four teenth  century . ( j u s t  i n  t ime f o r  t h e  

invent ion  o f  t h e  p r i n t i n g  p r e s s )  . 
Rags were t h e  p r i n c i p a l  raw m a t e r i a l  f o r  paper  through t h e  e ighteenth  

century. Then, work i n  France, B r i t a i n  and Germany brought about t h e  de- 

velopment o f  mass product ion of  paper based on wood pulp. 

Since t h e  middle o f  t h e  n ine teenth  cen tu ry ,  paper  and pape r ' boa rd  have 

been made by f e l t i n g  wood f i b e r s ,  i .e .  c e l l u l o s e .  Cel lu lose  is obta ined  

from wood which c o n s i s t s  o f  about one h a l f  wa te r ,  t h e  o t h e r  h a l f ' b e i n y  

three-quar te rs  c e l l u l o s e ,  which is bonded by l i g n i n  (about one-quarter) . 
Wood a l s o  conta ins  s o n  2% o f  " e x t r a c t i v e s ,  " p i t c h ,  o i l s ,  t u rpen t ine .  

Wood pulp  is made by removing t h e  bark from t r e e s  (debarking) and 

then genera t ing  t h e  f i b e r s  e i t h e r  by mechanical o r  chemical means o r  a 

combination o f  t h e  two. Chemical pu lg ing  can be a c i d  ( s u l f i t e )  o r  a l k a l i n e  

(soda o r  s u l f a t e )  - Mechanical pulping y i e l d s  much more f i b e r  (95%) , com- 

pared t o  chemical (45%) , b u t  is  of  lower q u a l i t y .  

Wood pu lp  must be  processed by washing, sc reerung,  th ickening ,  and, 



f r equen t ly ,  bleaching. In  paper manufacture, the  pulp is suspended i n  

water ,  perhaps beaten and f u r t h e r  t r e a t e d  by such means a s  loading with 

chemicals,  and then f e l t e d  i n t o  a paper through removal of the  water by 

f i l t e r i n g ,  press ing ,  drying and r o l l i n g ,  and possibly f i n i s h i n g  the  

paper t o  confer des i red  p roper t i e s .  

There is a 'wide  'range o f  p roper t i e s  i n  papers,  depending on the  t r e e  

species ,  pulp ing method, chemical t reatments by bleachi.ng o r  addi t ions .  

Process adjustments a r e  needed t o  supply t h e  vas t  v a r i e t y  of  paper prodects ,  

bu t  they a l s o  r e s u l t  in a g r e a t  v a r i e t y  of paper-making p l a n t s .  Fig. 

5.1A provides an .overview of the  s t e p s  involved i n  paper making. 

In t h e  U.S., production o f  one ton of p a y r  and board required in 

1977 . 7 /  tons  of pulpwood, .I tons  o f  o t h e r  f i b e r s ,  and .21 tons  o f  re- 

cycled waste paper. The pulpwood represented an average input  of about 

2.2 tons o f  debarked wood, which i n  turn  came from 2.5 tons o f  timber. 

Thus t o  supply the 60 mi l l ion  tons  of paper and paperboard cur ren t ly  

consumed in the  U.S .  , 150-160 mi l l ion  tons of timber must be cut, o r  

more than ha l f  the I.T,S. .timber production. 

A s  a r e s u l t  o f  t h e  wide range of  p o s s i b i l i t i e s  with respect  t o  t h e  

age of pulp and paper p l a n t s ,  t h e i r  s i z e  and design,  the  raw mater ia l  

mix used for the paper, the  in teg ra t ion  beeween pulp aad pdyer produceion, 

and the ul t imate  product ,  it is not  poss ib le  t o  provide general ized energy 

consumption da ta  f o r  s p e c i f i c  products ,  industry-wi.de. The U.S. Bureau 

of the  Census and the  American Paper I n s t i t u t e  (API) o f f e r  f igures  and 

energy consumption f o r  the  U.S. pulp and paDer indust ry  (which a r e  i n  

f a i r  aqreement) . 
To produce one ton of  paper and board, 4 3  mil l ion  BTU a r e  consumed, 

of which 18  mi l l ion  were generated from recycled o r  i n t e r n a l l y  generated 

energy, r e s u l t i n g  in a n e t  energy consumption of 25  mi l l ion  BTU o r  about 



1 ton o f  coal  equivalent .  In  t h e  aggregate t h i s  n e t  energy need aqounts 

t o  1.5 b i l l i o n  mi l l ion  BTU o r  about 60 mi l l ion  tons of coal  equivalent ,  

equal t o  10% of t o t a l  domestic coal  production. 

The value of industry shipments is  i n  the  $ 10 b i l l i o n  range f o r  

paper and paperboard. 
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 he bas ic  parameter f o r  the descr ipt ion of pager i s  i ts  weight per 

uni t  area as follows: 

Pa-per Grade 

Blot t ing paper 
Br i s to l ,  postcard 
Cover Stock, f i l e  folders  
Book, coated two s ides .  
Mu1 t iwal l  bag stock 
Newsprint 
Book, uncoated 
Bond 
Greaseproof, g lass ine  
Envelopes 
Manifold t i s s u e  ( a )  
Facial  t i s s u e  
Tea-bag t i s s u e  
Carbonizing t i s s u e  (b)  
Kraft wrapping 

*weighed a t  7S°F, 50% re l a t i ve  
480 sheets  cu t  t o  24 x 36 in .  

Weight, lb./ream* 

114 - 266 
135 

66 - 216 
45 - 109 
40 - 70 
30 - 35 
27 - 91 
25 - 60 
20 - 50 
16 - 40 
10 - 20 
9 - 10 
8 - 12 
5 74-25 

25 - 80 

humidity 

'(a) for  making several  carbon copies 
(b) fo r  making carbon paper 

The above t a b l e  provides only a small sample of the range of gapers 

t ha t  are a r t i c l e s  of commerce. Thickness and density can vary widely (e .g .  

from a spec i f i c  g rav i ty  o f  .1 t o  1 .4) .  Strength depends on the scrength of 

the individual f i b e r  (which can vary with the type of f i be r  and with the 

treatment it has undergone), its length,  the  bond between the f i b e r s ,  and 

the  s t ruc ture  and formation of the shee t ,  the addition agent used, and the 

aftertreatment gf ven by physi,c,al means o r  chemical agents. 

The s t rength of t he  paper is  expressed by defining the  breaking length, 

i . e .  the length of a s t r i p  t h a t  can j u s t  support i t s e l f  without rupturing. 

Another def in i t ion  of s t rength is the  burs t ing strength,  which i s  important 

for  other appl icat ions  (e. g. f o r  paperboard) , and it gives the ' force needed 



t o  rupture  a defined c i r c l e .  

Wet s t r e n g t h ,  combined with m i m u m  absorbency f o r  water ,  is needed 

i n  s a n i t a r y  o r  f i l t e r  papers o r  paper towels. Ordinary paper s u f f e r s  con- 

s i d e r a b l e  degradation when w e t ,  while t r e a t e d  papers can r e t a i n  almost ha l f  

t h e i r  s t r eng th .  Resistance t o  l i q u i d  penet ra t ion ,  e. g. of  o i l  - o r  grease ,  

can a l s o  be  prevented by modification of  the  surface  with ros in  o r  s i z e .  

S t i f f n e s s  is  demanded i n  some papers,  so f tness  i n  o thers .  These 

p r o p e r t i e s  can be modified depending on compactness, bonding, and su r face  

treatment.  

Much depends en t h e  degree t o  which the pulp is  beaten before  process- 

ing.  The hydrophyl l ic  na ture  o f  c e l l u l o s e  can b e s t  be r e t a ined  by l i g h t l y  

beating the raw r n a t ~ r i a l -  t h i s  produces an absoxbcne material. A l ow-  

po ros i ty  s tock  can be obtained by extens ive  bea t ing  ( leading i n  the  extreme 

t o  a grease-proof paper ) .  

Opt ica l  p r o p e f i i e s  a r e  defined by co lo r ,  br ightness ,  opac i ty ,  and 

g loss ,  and t h e r e  a r e  d e f i n i t i o n s  and measurements f o r  each. 



5.1.2 Uses of Paper 

Table 5.1.2A: Apparent Consumption of Paper and Paperboard i n .  the  U. S. , 
1960 t o  1977, i n  Millions o f  s h o r t  tons 

1960 1965 - - - 1975 1970 1976 - 1977** - 
Tota l ,  paper & board 39.2 49.2 58.1 55.5 64.6 60.8 

Paper 20.6 25.2 30.1 28.4 32.7 27.3 
Newsprint 7.3 8.4 9.8 9.2 9.9 5.2 
Coated p r i n t ' g ,  etc . .  2.1 2.8 3.2 3.2 3.9 4.3 
Bookpaper, uncoated 1.6 2.1 2.7 2.5 2.9 3.0 
Other p r i n t  ' g, w r i t  ' g 3.2 4.3 5.3 5.3 6.4 5 .O 
Packag ' g & i n d u s t r i a l  4.2 4.8 5.3 4.5 5.5 5.7 
Tissue & creped 2.2 2.9 3.8 3.8* 4.0* 4.1 

Paperboard 15.2 19.7 23.4 22.3 26.5 27.9 
Unbleached k r a f t  4.8 6.9 9.9 10.4 12.1 13.4 
Bleached f i b e r  1.7 2.2 3.3 3.1 3.3 3.7 
Semichemical 1.7 2.6 3.4 3.5 3.7 3.8 
Combination furnish  7.0 8.0 6.9 5.5 6.4 7.0 

Wet machine board .2 . 2  .1 .1 .1 .I 
Const. paper & board .3 4 . 1  4.4 4.7 5.3 5.5 

Source: S t a t i s t i c a l  Abstract of the United S t a t e s ,  1974, updated. 

* Recycled Furnish 
**From Table 5.2.2A, preliminary 



Table 5.1.2A s e t s  fo r th  the  major uses of  paper and shows the  s t a t i s -  

t i c a l  record f o r  t h e  p a s t  few years .  (More d e t a i l e d  information .is pro- 

vided below. ) 

The p r i n c i p a l  uses f o r  paper and paperboard a re  as  follows: 

(1) Newsprint ( o r  groundwood) paper is  made from ground pulp with a 

small  amount o f  chemical wood pulp ( f o r  b e t t e r  s t r eng th  and d u r a b i l i t y ) .  

This grade is a l s o  used f o r  some magazines, paperba'dc books, ca ta logs  and 

general  commercial p r in t ing .  It tends t o  y e l l =  i n  l i g h t  or under aging. 
. . 

(2 )  Coated o r  uncoated book papers a r e  made from combinations of  

chemical wood pulp ,  b u t  lower grade papers a r e  a l s o  used. These papers can 

be l i g h t l y  o r  heavi ly  f in i shed  (e. g. by calendering,  i.e. r o l l i n g )  , they 

can be pigmented (by "loading" with t i tanium dioxide o r  o the r  compound~j, 

o r  they may contain s p e c i a l  long f i b e r s  and/or bonding agents.  

( 3 )  Bond paper has  g r e a t  s t i f f n e s s  and d u r a b i l i t y ;  it is b r i g h t  and 

clean.  There are t w o  grades based either on rag content  o r  chemicals- 

containing pulps.  They a re  used f o r  important appl ica t ions  such as currency, 

l e g a l  documents, q u a l i t y  s t a t i o n e r y ,  t r a c i n g  paper,  and c i g a r e t t e  paper. 

( 4 )  B r i s t o l  is  used f o r  postcards o r  such products as computer punch 

cards.  I t  is made from combinations of  chemical pulp which is  beaten and 

well a i , z c ~ l ,  

5 San i t a ry  papers a r e  used i n  towel l ing ,  t i s s u e ,  napkins, e t c .  ; 

they are made from s u l f i t e  o r  bleached k r a f t  pulps with l i t t l e  t reatment 

t o  preserve absorbency. The paper can be "creped." Wet s t r eng th  is im-  

p o r t a n t  f o r  t h i s  appl ica t ion .  

(6) Paperboard is over .012 i n .  th i ck  and made from wood pulp ,  waste 

paper,  straw, s ing ly  o r  seve ra l ly :  (a) box board is used i n  food boards,  

t r a y s ,  p l a t e s ,  paper boxes; (b) conta iner  board goes i n t o  corrugated o r  

s o l i d  f i b e r  shipping conta iners ;  and (c) s p e c i a l t i e s  a r e ,  amng o the r s :  



bui ld ing,  e l e c t r i c a l  and a u t o m t i v e  boards. 

This o u t l i n e  bare ly  skims the  surface  of the  sub jec t  of paper products .  

There are l i t e r a l l y  hundreds of cses and grades f o r  most of them. Differ-  

ences can be the  r e s u l t  of  the  use of d i f f e r e n t  raw mate r i a i s ,  t r e e  s p e c i e s ,  

w e  of  recycle ,  admixture of  chemicals o r  t e x t i l e  f i b e r s ,  as wel l  as  

va r i a t ions  i n  processing. 

Domestic. production suppl ies  abolit 90% of  apparent U. S . gaper cons&- 

t i o n ;  t h e  balance is made up by imports from Canada. Actual production,  

expor t s ,  imports a re  shuwn i n  Table 5.1.2B, below. 

Table 5.1,2B: U. S. Paper and Board Production, Imports,  Exports and 
Consumption, 1899-1977, i n  Ki l l ions  of Tons 

Year Production Imports Exports Apparent lb. / cap i t a  
Consumption 

Source: S l a t i n ,  B . ,  Economic S t ruc tu re  o f  the  Paper Indust ry ,  TAPPI, 58: 7, 
July 1975--updated by Census data. 

Paper production and consumption i n  the  U.S. grew according t o  the  

above record a t  a compound r a t e  o f  about 4.8% over a per iod  of  80 years .  

This does not  appear t o  be very impressive u n t i l  it is  r e a l i z e d  t h a t  during 

t h i s  time t h e  U.S. population grew approximately th ree fo ld  and y e t  per  

cap i t a  consumption o f  paper expanded by an order  of  magnitude fzom about 



60 t o  over 600 lb. p e r  cap i t a .  

I f  paper production continues a t  the  p a s t  growth r a t e ,  then consump- 

t i o n  w i l l  be i n  the  order  of  about 220 n i l l i o n  tons by the year  2000, o r  

around one ton per  capi ta .  This prospect  appears both formidable ant! un- 

l i k e l y  . 
The geographical  d i s t r i b u t i o n  of  important papermaking a c t i v i t i e s  

is  presented i n  t h e  following t a b l e .  



Table 5.1.2C: S t a t e s  Leading i n  the  Production of  Wood Pulp,  Paper and 
Board, and in the  Number o f  Mills; Consumption of Raw 
Materials  by the  Paper Industry.  

Leading Woo6 Pulp Producing S t a t e s ,  1974, Willion tons- 

Georgia 
A 1  ab ama 
Washington 
Louisiana 
F lo r ida  
o re  gon 
Maine 
Mississippi  
South Carolina 
Virgin ia  2.0 - 

31.7 =' 65% of U.S. output  

Leading Paper and Board Producing S t a t e s ,  1974, Million tons 

Georgia 4.6 
Alabama 3.8 
Louisiana 3.7 
Wisconsin 3.6 
Oregon 3.1 
Maine 2.8 
Washington 2.6 
Flor ida  2.5 
Michigan 2.5 
Pennsylvania - 2.5 

31.6 = 53% of U.S. output  

Leading S ta tes  with Number of Paper & Board Mi l l s ,  1974 

Number Production, Million tons 

New York 
Pennsylvania 
~ a s s a c h u s e t t s  
Wisconsin 
Ohio 
Ca l i fo rn ia  
Michigan 
New Jersey  
Oregon 
I l l i n o i s  

O f  U.S. To ta l  56% 35% 

Raw Materials  C o n s ~ c i o n  by Pulp 6 Paper Mills Was i n  1975 65.7 mi l l ion  
cords p u l p m d ,  42.6 mi l l ion  tons wood pulp ,  11.7 m i l l i a n  tons  waste 
paper,  712,000 tons cotton l i n t e r ,  r ags ,  s t raw,  hemp, e t c .  

Source : Lockwood's Directory,  1977. 



The foregoing t a b l e  shows t h a t  the re  i s  a concentrated region o f  

wood pulp production i n  the  southern s t a t e s ,  where the  rapid  growth of  

timber provides a good raw mate r i a l ,  a s  well a s  i n  the P a c i f i c  Northwest 

and Maine, where l a r g e  timber opera t ions  o f f e r  oppor tuni t ies  fo r  wood pulg 

manufacture. Subs tan t i a l  paper and paperboard _olants have located  c lose  

t o  t h e  raw mate r i a l  source,  according t o  the  second.port ion of  the  t a b l e ,  

i n  t h e  South and Washington, Oregon and Maine, bu t  a l s o  i n  Michigan and 

Pennsylvania. 

The l a r g e  nurnber o f  gaper and board mills i nd ica tes  that t h e r e  a r e  

poss ib ly  many smaller  p l a n t s  operatirig, because they were es t ab l i shed  c lose  

t o  market on a raw mate r i a l  base t h a t  may have dwindled over t h e  years .  

It w l l l  be seen enat the  t en  leading s t a t e s  produce two-thirds o f  the  

country ' s  wood pulp and one-half o f  the paper and board. Georgia and 

Alabama a r e  the  leading s t a t e s ,  responsib le  f o r  19% of the wood pulp and 

14% of the  paper and board i n  1974. By c o n t r a s t ,  t h e  t h r e e  s t a t e s  with 

the  l a r g e s t  number of paper and board mills, which t o t a l l e d  23% of the  

t o t a l  producing u n i t s ,  cont r ibuted  only 9% to the output  of papcr and 

board of  the  country. 

The most important growth i n  timber and pulp production has occurred 

i n  the  South (where land has been convetted from cotton t o  t-er--southern 

p ine ,  a fast-growing. wood t h a t  i s  a good raw mate r i a l  f o r  pulping) and i n  

the  P a c i f i c  Northwest. Production i n  the  Northeast has genera l ly  decl ined 

(with only t h e  s t a t e  o f  Maine holding its own), a s  it has i n  the  North 

Centra l  region. 

The o v e r a l l  p i c t u r e  is presented by Lockwood's Directory f o r  1971 as  

follows: i n  Table 5 - 1 . 2 D :  



Table 5.1.2 D - Nunber of Pulp and Paper Mills by Pulping Process 

Uni ted ,  S t a r e s  412 953 

New England 146 

Middle A t l a n t i c  213 

East North C e n t r a l  212 

- West North C e n t r a l  31 

. ,outh A t l a n t i c  108 

&st South C e n t r a l  5 3 

West South C e n t r a l  59 . 

Mountain 

P a c i f i c  

' ~ t r b s i d i a r i e s  and autonomous d i v i s i o n s  of parenc companies a r e  counted a s  s e p a r a t e  u n i t s .  T o t a l  r e f l e c t s  
e l i m i n a t i o n  of d u p l i c a t i o n  of  names i n  more. than one s t a t e .  

tne ludcs  m i l l s  m n u f a c t u r i n p ,  paper and /or  paperboard, rcgardluss of t h e  number nf paper n;lcl l inss .  and 
r e g a r d l e s s  of whether one o r  more pulp m i l l s  a r e  locaced a t  t h c  s i t e .  

3 ~ n c l u d e s  s team and hot  wa te r  d e f i b r a r e d ,  exploded, shredded, c o l d  soda, and chemi-mechanical wood pulp m i l :  

'1ncludes de ink ing ,  .rag,  soda. rope,  f l a x ,  bagasse ,  and c o t t o n  l i n t e r s  pulp  m i l l s  

Source: L o c b o o d ' s  D i r e c t o r v ,  1974 



5.2 The S t r u c t u r e  of  t h e  Industry 

The paper and a l l i e d  products  indust ry  (SIC 26) is a major indust ry  

in  the  U.S. The value cont r ibuted  by it is about 1% of  the  a?. I n  i t s  

opera t ions ,  power is a major inpu t ,  and the  indus t ry  ranks four th  a f t e r  

Chemicals, S t e e l  and Petroleum, consuming 11% of  the  t o t a l  energy used by 

t h e  manufacturing s e c t o r  (see  Table 5.2.l.A)--requiring twice as much power 

and f u e l  as the  next  most important consumer, aluminum. 

The r a t e  o f  expansion of  t h e  indust ry  has slowed considerably s ince  

1970. In t h e  f i f t i e s  and s i x t i e s  capaci ty  i n  a l l  s e c t o r s  o f  the paper 

indust ry  grew a t  an average of 4% per year. In t h i s  dasade, growth has 

decl ined t o  2.5%, in l i n e  with a l e v e l l i n g  o f f  of  demand. 

The paper and a l l i e d  products  indust ry  c o n s i s t s  of th ree  major sec to r s :  

pulp production, paper and paper board manufacture,and converting these  

products i n t o  end-use i tems,  such as s t a t i o n e r y ,  envelopes, t i s s u e ,  boxes, 

newsprint. Ninety per  cent  o f  the  pulp produced i n  the  U.S. moves throuqh 

in tegra ted  opera t ions  from pulp t o  paper m i l l s  within companies o r  under 

long-term con t rac t .  OnLy ahout 10% is  s o l d  i n  the  market. Recycling is 

much l e s s  important,  c o n s t i t u t i n g  only about 20% of  the  input  i n t o  new 

paper and board. 

Considerable economies~~can:.however be expected, if the  p o t e n t i a l  
. ,. 

of fe red  by increased recycling' 'and u t i l . i z a t i o n  o f  low-grade h e a t  sources 

i.s e e l o i t e d .  

The indust ry  is genera l ly  v e r t i c a l l y  in teg ra ted  from woodlands t o  

pulp production, paper and paper board manufacture and t o  conversion t o  

end products. .  About 70% of the t o t a l  output  comes from in tegr s t cd  opera- 

t i o n s  (excepting conversion).  This is shown i n  some d e t a i l  i n  Table 5.2A 

f o r  1972. Concentration is  l i k e l y  t o  have f u r t h e r  increased s ince  then.  

Loc.hood's Directory f o r  1976 lists 406 companies i n  t h e  Faper 



Table 5.2A: Concentration Ratios (1972) 

Percent  of Shipments Accounted For 9y: 
4 Larges t  8 Largest  20 Largest  513 Larqes t  

? l i ipi l ls  . - + 2 6 i 35 3 9 
Pap=rmil is ,  exc. Building Paper 25 40 5 5 86 
Paperboard ~ i i l  Products 26 4 1 6 7 9 2 
Paper Coating & Glazing 2 6 3 7 56 7 7 
Envelopes 2 7 41 6 2 8 1 

Bags, exc. Tex t i l e  Bags 2 1 
Die-cut Paper & Board 3 7 
Pressed & Molded Pulp Goods 7 5 
Sani tary  Paper Products 6 5 
S ta t ionery  2 6 

Other Converted Paper Products 14 24 4 2 6 4 
Bending Paperboard Products 20 32 49 a 68 
Setup Paperboard Boxes 10 16 29 46 
Corrugated So l id  Fiber  Boxes 19 3 3 58 76 
Sanitary Food Containers 41 58 80 9 0 

Fiber  Cans, D r u m s ,  e t c .  5 2 67 80 90 
Building Paper & Board M i l l s  4  7 6 6 9 5 99. 

- ~ - - 

Source: U.S. Department o f  Commerce, Census o f  Xanufactures, 1972. 

Table 5.2B: General S t a t i s t i c s ,  1976 Census : Pulp, Paper and Board M i l l s  

Employees 
N u n -  Pay- 

Industry Total# b e r  r o l l  -- 
000 $ B  -- 

Pulp X i l l s  41 3 15.7 .26 
Paper Mills* 127.5 1 9 8  
Paperboard 

!?ills 759 64.7 1132 
Building 

Paper L 
Soard 
M i l l s  9 . 4  .11 

* Except Building Paper 

Cost,  Value New Gross 
Mater- of  Capi ta l  Value, 

Value i a l s ,  Ship- Expen- Fixed 
Added Fuels ments d i t u r e s  Assets --- 

S B $ B  S B  $ B $ B --- 
-97 1.09 2.06 -38 2.45 

4.88 6.94 11.77 1.04 10.33 

Source: U.S. Department of Commerce, Bureau of the  Census, Census of  Manu- 
f ac tu res ,  1976, Washington, 1977 M 76 (AS) -1 and -5 

$Uckwood's Directory of the  Paper and Al l i ed  Tra2es f o r  1976. 



18 

indus t ry  with 935 e s t a b l i s h m e n t s ,  having 413 p u l p  and 759 pager  m i l l s .  

The following t a b l e  shows t h e  companies a c t i v e  i n  t h e  i n d u s t r y ,  according 

t o  the  1972 Census o f  ?4z~ufac tu res :  

Pulp Paper  Paper Board Const ruct ion  
M i l l s  M i l l s  P i l l s  Paper & ~ o a r d  T o t a l  

1972 46 194 135 45 4 20 
1967 45 203 148 4 3 4 39 
196 3 34 186 146 33 399 

Table 5.2B o f f e r s  o v e r a l l  s t a t i s t i c s  from t h e  1976 Census of Manufac- 

t u r e s  concerning p u l p ,  paper  and board m i l l s .  According t o  t h e s e  d a t a ,  

AF! r a t i o  of p a y r o l l  to value  ctdhed In 197s w a s  .364,  much below t h e  (1975) 

n a t i o n a l  average o f  -475. By a l l  t h e  c r i t e r i a  p r e s e n t e d ,  paper  m i l l s  a r e  

t h e  most impor tant  i n d u s t r y  branch,  followed by paper board m i l l s .  Payro l l  

contained i n  t h e  v a l u e  o f  shipments ranges between 13% (pulp  m i l l s )  and 

21% (board, e t c . ,  m i l l s ) ,  f o r  t h e  four  indus t ry  s e c t o r s .  C a p i t a l  in ten-  

s iveness ,  a s  measured by t h e  value o f  a s s e t s  (gross book value  o f  deprec iab le  

a s s e t s )  a g a i n s t  annual  shipments v a r i e s  more widely,  a s  it ranges from 71% 

f a r  bui ld ing pa-per and board m i l l s ,  through 88% f o r  paper  mills, 103% f o r  

board and t o  119% f o r  p u l p  m i l l s .  

The h ighly  c a p i t a l - i n t e n s i v e  n a t u r e  o f  t h e  paper  and a l l i e d  products  

indust ry  is i n d i c a t e d  by f i g u r e s  in Tables 5.2B and 5.2C. Table 5.29 

shows f ixed a s s e t s  t o t a l l i n g  about  $ 20 b i l l i o n  vs. va lue  o f  shipments o f  

$ 21 b i l l i o n ,  a  p a y r o l l  of $ 3 . 4  b i l l l ~ n  and m a t  of iidterialg af 5 12 

b i l l i o n .  In terms o f  r a t i o  t o  shipments, t h e  t h r e e  c r i t e r i a  compare a s  

95%, 16% and 57%, c l e a r l y  i n d i c a t i n g  the  s i g n i f i c a n c e  o f  c a p i t a l  investments.  

The e x t e n t  o f  con t inu ing  c a p i t a l  expenditures is i n d i c a t e d  i n  Table 

5.2C, which l is ts  paper  a f t e r  only  petroleum and chemicals i n  t e r n s  of 

new investment a s  p e r  cen t  o f  s a l e s ,  again empnasizinq t h e  i n d u s t r y ' s  

c a p i t a l  in t ens ive  n a t u r e .  



Table 5.2C: New Investment a s  a Percentage of  Sales ,  1965-75 

Product Pe r cen tage  

Paper 
Food 
Tex t i l e s  
Chemicals 
Petroleum 

Rubber 6 :2 
Stone, Clay, and Glass 6 .O 
Primary Metals 5.5 
Machinery, except E l e c t r i c a l  5.0 
E l e c t r i c a l  Machinery 4.1 
Transportat ion Equipment 3 . 2  

Source: U.S.  Department o f  Commerce, Bureau of Economic Analysis,  and 
Bureau of  the  Census. 

According t o  industry sources,  gross ind ica t ions  f o r  investment re- 

quirements f o r  pulp and paper mills and minimum economic - s i z e  a r e  a s  

follows : 

$ / t  d a i l y  capacity minimum econ. s i z e ,  t / d  

~ e c ~ c l i ; l ~  and paper m i l l  
Groundwood and paper m i l l  
Kraft pulp and paper m i l l  

Therefore, the  cos t  of  a minimum-size p l a n t  is  $135, $200 and $250 mi l l ion ,  

respect ive ly .  

Paper a l s o  ranks with o the r  b i g  indust ry  on t h e  b a s i s  of  wages: it 

is s i x t h  in out lays  per  emloyee  a f t e r  o i l ,  t r anspor ta t ion  equipment, 

chemicals, primary metals and machinery. 

A s  shown i n  d e t a i l  i n  Section 5.2.3 below, gaper product p r i c e s  have 

r i sen  very s u b s t a n t i a l l y  i n  recent  years ,  a f t e r  a period o f  s t a b i l i t y  up 

t o  1972. In 1973 and 1974 they increased an average of 16% per  yea r ,  then 

holding in  1975, only t o  go up again i n  1976 and 1977--much in  l i n e  with 

o ther  i n d u s t r i a l  mater ia ls .  Figure 5.2A presents  the  record through the  

f i r s t  ha l f  of  1978. 



FIGURE 5 . 2 A  Wholesale Prlce Index, Pulp, Paper an3 Allled Products 

-. 
Index 

.. . 
F I G . S . l R  All :' , P  & P 

1.8 - 
19 76 183 ' "179 
1977 194 ' ;'.196 - .  - 4 of 1978 205 -191 .. 

1.6 - 

1.5 - 

1.4 - 

1.3 - 

1.2 - 

1.1 - \ 

I I I I I I I I I I I' I I! I 1 I I I 
Year 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76(1st;(alf) g 

SOURCE: Bureau ol bbor  ~ l a l b l l c s  



Rising p r i ces  have generated p r o f i t  margins adequate t o  a t t r a c t  new 

c a p i t a l  t o  permit i n d u s t r i a l  growth i n  l i n e  with expansion i n  demand. 25 

Aithough some c a p i t a l  (about 15 t o  205) was absorbed by investment in 

po l lu t ion  cont ro l  equipment, these  c a p i t a l  requirements do not  seem t o  

have a f fec ted  investment p rac t i ces .  R e t r o f i t t i n g  abatement machinery i n t o  

e x i s t i n g  p l a n t  has been very c o s t l y ,  bu t  fu tu re  addi t ions  t o  capacity w i l l  

be brought on stream together  with t h e  requi red  po l lu t ion  con t ro l s  a t  

s u b s t a n t i a l l y  lower cos t .  

The c a p i t a l  investment requi red  f o r  a pulp m i l l ,  Har r i s12  gives the  

following cos t s  f o r  a 1,000 tons  per  day k r a f t  pulp m i l l :  

Table 5.2D: 

Direct Costs 
I n s t a l l e d  Equipment 

Wood preparat ion 
Pulping 
Washing, screening 
Bleaching 
Drying, bal ing,  
Recovery b o i l e r  
Auxil iary b o i l e r  
Power generation 
Recausti.cizing 
Evaporation 
Eff luent  treakment 

Services 
Water supply 
rene ra l  services  
Nonprocess bui ld ings  
S i t e  preparat ion 

Tota l  Direct  Cost 
I n d i r e c t  Cost 
Total  Plant  Cost 

$ Million 

These cos t s  r e f l e c t  January 1974 p r i ces .  In a l l  l ike l ihood ,  these  

f igures  should be almost doubled t o  r e f l e c t  current  c a p i t a l  needs, without 

cos t  of  land,  r a i l road ,  e t c .  f a c i l i t i e s .  The same paper provides an idea  

of k r a f t  pulp production cos t s  appl icable  t o  e a r l y  1975, a s  follows: 



Table 5.2E $ / a i r  dried ton 

Wood ( $  35/cord) 
Chemicals 

Pulping 1-18 
Bleaching 13.95 

Labor 
Fuel 
Depreciation 
Repair & Maintenance materials  
Property taxes & insurance 

The above data  r e f l e c t  order of magnitude da ta ,  which were somewhat 

conjectural  (Author's Communication) a t  the  time when the  paper was pre- 
. . . . .  

sented. 

Table 5.2F shows the  f inancial  performance during 1976 of the leading 

- 38 U.S.  and Canadian paper companies, having sa l e s  ranging from $ 140 

mill ion t o  $ 3.5 b i l l i on .  It  w i l l  be seen t h a t  the  f inancial  r e su l t s  have 

varied widely, a s  par t i cu la r ly  indicated by the  per cent re turn on equity 

and the debt-to-equity ra t io .  

The Table a l s o  provides an ins ight  in to  the timberland holdings of 

the gaper companies.  

There has been a trend for  paper m i l l s  t o  in tegra te  back t o  timber 

resources, and f o r  lumber m i l l s  t o  move forward i n t o  paper. The reason 

for going ','basicN or,  fo r  expanding the range of wond products marketed 

has been sh'&'to be the cap i ta l  gains treatment fo r  timber. 

On the basis  of the  figures obtained from Moody's, it has been shown 

tha t  the  leading 38 paper companies hold a t  l e a s t  43 mill ion acres of U.S.  

timberland, a s  w e l l  a s  48 million acres i n  Canada. In  addit ion,  the  

companies are  reported to have leased about 10 million acres i n  the U . S .  

and 25  million acres in  Canada. One Canadian company owns 2 . 4  mill ion 

acres and leases 12.5 mill ion acres i n  Canada alone. 



Table  5.2F: C h a r a c t e r i s t i c s  o f  Major Pu lp  & Paper  Companies 

S a l e s  P r o f i t s  Return Debt: .Land Holdings 
S 9 i l L  S M i l l .  % Equi ty  Acres M i l l .  

I n t e r n a t i o n a l  Pap. 3.5 254 15.2 5 8% 8 .5  12.9* 
Georg ia -Pac i f i c  3.0 215 15.9 33 4.6 1 .4* 
Champion-Intern ' 1 2.9 1 0  3 11.0 73 11.7 4.8* 
Weyerhaeuser 2.9 30 6 15.4  6 2 5 .7  4.8* 
Crown-Zellerbach 2 .1  9 8  11.7 51  3.4 

Boise  Cascade 1 .9  9 7  10.3  4 6 2.2 3.8* 
S t .  Regis  1 . 7  9 1 10.6 40 2.5 2.9* 
M e  a d  1 .6  89 .14.9 54 1.4 .4* 
Kimberly-Clark 1.6 1 2 1  15 .O 2 9 c o n s i d e r a b l e  
MacMillan Bloede l  1.5 2 3 4.6 7 5 c o n s i d e r a b l e  

S c o t t  Paper  1.4 7 3 9 .3  4 5 c o n s i d e r a b l e  
Union Camp 1.0  119 18.2 3 2 1 .7  
Westvaco .92 5 7 13.4 48 c o n s i d e r a b l e  
A b i t i b i  .88  1 3  4.2 79 c o n s i d e r a b l e  
Domtar .90 11 3.2 5 7 c o n s i d e r a b l e  

Gt Northern Nekoosa .84 58 13.5 39 2.7 
Consol. B a t h u r s t  - 7 5  1 8  7.0 6 8 2.4 12.5* 
Hammermill - 6 9  2 3 9 .3  6 3 ? ? 
P o t l a c h  .62 48 14.3  46 1 .3  
Southwest F o r e s t  - 5 5  8 5 . 8  1 3 3  c o n s i d e r a b l e  . 

Wil lamet te  .55 42 n .a .  47 ? ? 
~ e e d  Paper  .43 .4  .2 7 3 p a r t i c i p a t i o n s  
I n l a n d  C o n t a i n e r  ' -40 2 7 15.9 31 some i n t e r e s t s  
F e d e r a l  Paper Board .39 2 3 13.5  5 8 some i n t e r e s t s  
B C F o r e s t  P roduc t s  .39 2 6 16 .1  6 8 ? ? 

O l i n k r a f t  .34 3 3 15.0 2 8 . 7  
Conso 1. Papers  .29 2 2 13.2 4 s e e  Cons. Bathuzst  
Longview F i b r e  .26 2 4 15.5 0 ? 
Stone C o n t a i n e r  .25 1 3  14.8 77 no d a t a  
Sonoco Produc t s  - 2 4  19 15.3  5 ? ? 

Alton Box Board .24 6 7.3 5 4 ? (Will iams C o ' s )  
F o r t  Howard - 2 3  4 1  24.0 0 no  d a t a  
F ib reboard  .19 (34)  177 no  d a t a  
Sou th land  Paper  .19 1 8  12.2 5 7 ? ? 
F r a s e r  .18 11 10.7 42 no d a t a  ( a l s o  lumber) 

~ a n a d i a n  C e l l u l o s e  -18 IS 13.9  39 no  d a t a  ( a l s o  lumber) 
Hudson Pu lp  & Paper  .16 7 8.5 5 3 .  - 5  
Chesapeake Corp. .15 12 n.a.  36 .35 
Great  Lakes Paper  .14 5 7.5 35 no d a t a  ( a l s o  lumber) 

Source:  Pu lp  & P a ~ e r ,  J u n e  1977 Moody's I n d u s t r i a l s  - ? = Co. n o t  l i s t e d  
No d a t a  = Moody's p r o v i d e s  no i n f o r m a t i o n ;  ( a l s o  lumber = company 
~ r o d u c e s  lumber p r o d u c t s  o t h e r  than p a p e r ,  e t c . ,  no d a t a  on h o l d i n g s  
o f  t imber land ;  * = f o r e i g n  (a lmos t  always Canadian ) h o l d i n g  



Unfortunately, i n  many cases Noody's does not quaritify the  land hold- 

ings,  but indicates  them t o  be considerable. In other  cases the  Handbook 

provides no data ,  b u t  shows t h a t  the companies are a l so  in t he  lumber 

business, permitting the  conjecture t h a t  adequate fores t  lands a re  i n  com- 

pany hands. 

The s ignjf icance of wood as a feedstock for  paper production is  i l l u s -  

t r a t e d  by t h e  fo l lowiq  order-of-magnitude data: 

To produce one ton ~f paper by Requires tons of timber 

the Kraft  process 
the  Groundwood process 
the  NSSC* process 

from recycled paper 

The U.S. produced about 60 mill ion tons of paper and board i n  1977. 

The recycle r a t e  das  21.5%, leaving about 50 mill ion tons t o  be supplied 

from pulp. 

This then represents:  Million tons of timber 

35 mill ion tons of k r a f t  pulp 122 
4.5 mill ion tons of groundwood pulp 7 
4 mill ion tons of NSSC* pulp 8 
6 - 5  million tons of other  pulp 

"NSSC = Neutral ~ u l f i t e  SemiChemical 

C. M. cosman3 s t a t e s ,  "The la rges t  paper manufacturer produced 91 of 

the t o t a l  U . S .  output. It a l so  owns o r  controls some 23 million acres of 

woodlands. The ten top paper companies produce 45%, and the  leading 

twenty companies 65%, of a l l  the paper and paperboard made in the  country. 

"Among the  major U . S .  producers of recycled boxboard ( in  which recycle 

supplies the  major ?ort ion of the feed) ,  only one company ha i  major timber 

holdings.. . . out of a t o t a l  of nine com~anies." The significance of t h i s  

point  w i l l  become more evident within the context of the energy needs of 

vi rgin  vs. recycled paper. 



For an understanding of  t h e  indust ry  s t r u c t u r e ,  t h e  p r e f e r e n t i a l  

t a x  trea.tment accorded t o  t h e  timber indust ry  must be a ~ p r e c i a t e d .  I t  has 

determined the  s t r u c t c r e  cf t h e  t i n ~ e r '  and r e l a t e d  i n d u s t r i e s ,  and it has 

r e s u l t e d  i n  t h e  neglect  of recycling o f  waste paper and i n  t h e  expansion 

of v e r t i c a l  in tegra t ion .  S i g n i f i c a n t  energy savings can be made by in- 

creased recycl ing,  whish has  i n t r i n s i c a l l y  lower.therma1 needs. Also, 

since such opera t ions  a r e  i n  urbanized a reas ,  waste, low-grade steam can 

be used f o r  adciitional savings. 

E m i l  Sunley , in 'a paper prepared f o r  the  J o i n t  Economic Conanittee of 

t h e  presents  h i s  f indings  of  the  e f f e c t  of t h e  s p e c i a l  tax  

t reatment on the  timber and a l l i e d  industr ies. .  H e  points  ou t  t h a t  t h e  

timber indust ry  receives t a x  subsidies  in the form of  th ree  benef i t s :  

(1) Capi ta l  gains treatment of incone derived from growing timber 

( 2 )  Mismatching of income and expenses 

i 3 )  Conversion of ordinary income t o  c a p i t a l  gains. 

Cap i ta l  gains t r ea taen t :  under t h e  Revenue Act of 1943, income derived 

from t h e  increase  in the  value o f  s tanding timber can be t r e a t e d  a s  c a p i t a l  

gains.  For corporat ions,  long-term c a p i t a l  gains a r e  taxed a t  30%. Since 

most corporat ions pay 48% on taxable. income, t h i s  presents  a g r e a t  oppor- 

t z n i t y  t o  t r e & t  s i g n i f i c a n t  income a t  t h e  laser r a t e .  Also, it is  per- 

mit ted t o  o f f s e t  n e t  losses  in timber operat ions i n  f u l l  aga ins t  ordinary 

incone (as  d i s t i n c t  from mst o t h e r  such s p e c i a l  tax t rea tments) .  

Mismatching of income and expenses a r i s e s  ou t  o f  the  allow'ance t h a t  expenses 

incurred i n  growing and carrying timber (brush con t ro l ,  th inning,  ? r m i n g ,  

shaping t r e e s ;  i n s e c t  m d  disease  control ;  property taxes and i n t e r e s t  on 

' .  mortgages) z r e  current ly  aeducriSle (though many of  these  items should 

properly be ca2 i t a l i zed  and added t o  t h e  b a s i c  cos t  of t imber ) ,  while 



income is only recognized a t  the  t i m e  o f  s a l e .  

Conversion of  ordinary  income t o  c a p i t a l  qains extends the  p r e f e r e n t i a l  t a x  

treatment t o  income from logging o r  manufacturing, e .g.  pulp and paper 

manufacture. 

The program favors l a r g e  corpora t ions ,  e spec ia l ly  those  in teg ra ted  

i n t o  v e r t i c a l  opera t ions ,  and o f f e r s  "almost nothing" t o  t h e  small  woodlot 

farmer. To der ive  an advantage from t h e  30% c a p i t a l  gains r a t e ,  t h e  taxable 

corporate inaolne m u s t  be' above 3 25,000 (accurding t o  Sunley i n  1912; now 

it would s e e m  t o  l i e  a t '  $ 59,000) . This f a c t  has enabled l a r g e  companies 

t o  outbid  small  ope ra to r s  in buying timberland. 

When a paper company cu t s  its own t imber,  the  determination of t h e  

f a i r  market value of t h e  s tanding, t imber  d iv ides  t h e  t o t a l  taxable  income 

between c a p i t a l  gains and ordinary income, a s  shown i n  t h e  following th ree  

examples : 

(1) Assume t h a t  t h e  corporate taxpayer is  i n  t h e  50% c l a s s ,  c u t s  its own 

timber and merely s e l l s  t h e  loqs ,  and t h a t  there is  no capi.ta1. g?.ins 

t reatment,  then: 

Cost base i s  $ 5M f o r  t h e  timber 
Logging c o s t s  a r e  7 M  
Sales p r i c e  is . 2 OM 

Without c a p i t a l  g a g s c ,  \ p  

Gross i n c n m ~  i s  $ SM 
Tax is 4 M  
Net p r o f i t  is  4 M  

( 2 )  M S m e  t h e  corpora te  taxpayer cu t s  and s e i i s  its own timber, and t h a t  

the  f a i r  market value of the  timber is  $ 9 M ,  bu t  t h e  taxpayer uses 

t h e  c a p i t a l  gains allowance: the  c a p i t a l  qain is  $ 4 M (9-5) and t h e  

ordinary income is $ 4 M (20 -1 -9 ) .  Then: 

Capi ta l  gains of  $ 4 M a r e  taxed a t  30% = $ 1.2 M 
Ordinary income of $ 4 M is taxed a t  50% = $ 2 M 
Net p r o f i t  is $ 4.8  M 
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(3)  Assume t h a t  the  taxpayer can claim a f a i r  market value o f  $ 13  X, 

r e s u l t i n g  i n  a c a p i t a l  gain of  $ 8 M. Then: 

Capi ta l  gains of $ 1 3  :.I are taxed a t  30% = $ 2 . 4  M 
Ordinary income is 0 
Net p r o f i t  is $ 5.6 M 

In t h e  case of  in teg ra ted  opera t ions ,  t h e  s e l l i n g  p r i c e  of  timber 

going i n t o  pulp and paper production is a t r a n s f e r  p r i c e  (not  an arms length  

t r a n s a c t i o n ) .  Therefore t h e  company can s e t  an a r t i f i c i a l l y  high p r i c e  f o r  

the  raw mater ia l  t r a n s f e r  (and o f t e n  has extended arguments about t h i s  

with t h e  I R S )  . 
As is implied i n  the  above cases ,  sometimes on adjacent  p ieces  of 

land, an in teg ra ted  l a rge  company with high p r o f i t s  from l a t e r  manufacturing 

operat ions may claim a high f a i r  market value f o r  i t s  timber t o  minimize 

the  proport ion o f  taxable  income r e s u l t i n g  from l a t e r  a c t i v i t i e s .  A t  t h e  

same time, i t s  neighbor, a s i n g l e  product company with low p r o f i t s ,  may 

claim a much lower f a i r  market value f o r  its i d e n t i c a l  t imber,  t o  lower i t s  

t a x  l i a b i l i t y .  

The following t a b l e  shows reported c a p i t a l  gains a s  . a percentage . of 

taxable  income f o r  1964 t o  1969 a s  d i s t i l l e d  by sunleyZ6 from four l a rge  

timber companies. This "average l a rge  firm" has obviously minimized i ts  

t a x  l i a b i l i t y  by having almost 100% of i t s  taxable  income reported a t ' t h e  

p r e f e r e n t i a l  ' c a p i t a l  gains r a t e .  

Year (1) Taxable (2) Capi ta l  
Income, $ M Gains, $ M 

(3 ) Proportion 
(2)  a s  % of (1) 



The foregoing b r i e f  review of t h e    referential t a x  treatment o f  

t h e  timber and paper indust ry  w i l l  he lp  t o  expla in  the  indust ry  s t r u c t u r e .  

Increasing v e r t i c a l  in t eg ra t ion  has brought timber companies i n t o  the  

paper indust ry ,  and induced paper manufacturers t o  move i n t o  pulp produc- 

t i o n  and timberland acqu i s i t ion .  It  is a l s o  t h e  l i k e l y  roo t  cause of  t h e  

neglec t  of waste paper a s  a resource Csee a l s o  Section 5.2.4) . 
The i n i t i a l  i n t e n t  o f  t h e  Congress i n  allowing s p e c i a l  t a x  treatment has 

Lee11 converted in to  a bonanza f o r  t h e  timber and a l l i e d  i n d u s t r i e s ,  while 

the aim of t h e  congress t o  maintain an adequate timber resource has become 

an obvious ob jec t ive  o f  enl ightened s e l f  i n t e r e s t  of t h e  indust ry ,  not  

r equ i r ing  t h e  prod o f  t a x  benef i t s .  

The foregoing S c s ~ ~ i ~ L i u ~ l  uf U L ~  lndus t ry  sceucture mi ghti suggest  

t h a t  it is highly p r o f i t a b l e .  However, d a t a  given by t h e  CWPS study 
25 

i n d i c a t e  t h a t  p r o f i t  margins and re tu rn  on shareholders '  equi ty  have no t  

been b e t t e r  than those . - fo r  a l l  manufacturing, except  i n  t h e  most recen t  

p a s t  (which a l s o  saw a decl ine  i n  p lan t  expansion). The poor perfom- 

ance with respec t  t o  r e tu rn  on equi ty  may well  be a t t r i b u t a b l e  to  heavy 

investments made, while low p r o f i t a b i l i t y  was l a r g e l y  due t o  the  e f f e c t  

of  p r i c e  con t ro l s  1970 through 1972. Figures 5.2B and 5.2C show the  

earnings record i n  comparison witha..the record f o r  a l l  manufacturing indus- ' .  

t r i e s ,  



F I G U R E  5.2B 

Return on Shareholders' Equity for 
the Paper and Allied Products Industry VS. All Manufacturing 

. . .  - . .  
F I G U R E  5.2C ' . ___. _ _  _- 

Profit Margins for the Paper and . . . .  

. . Allied Products Industry VS. All Manufacturing 

NOTE: FTC changed Its accounting methods In the fouflh quarter. 1973. 
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5.2.1 Energy and the  Paper Indust ry  

According t o  t h e  American Paper I n s t i t u t e  (API), the  paper industry 

is the f i f t h  l a r g e s t  consumer of  purchased energy i n  the  US.  and the  

l a r g e s t  consumer o f  f u e l  o i l .  Almost one-half o f  t o t a l  energy consumption 

comes from t h e  i n d u s t r y ' s  own process wastes: spent  pulping l i q u o r s ,  bark 

and hogged wood. In 1976 non-fossi l  f u e l s  provided 44.6% of the  t o t a l  

BTU consumption, up from 41.1% i n  1972 and 42.6% i n  1975. (Self-generated 

hydra power and o t h e r  e l e c t r i c i t y  produced from f o s s i l  f u e l  suppl ied  

another  1.5% o f  t o t a l  .needs i n  1972 and 2.1% i n  1975.) 

The industry  ha^ c s t s b l i s h e d  a mechanism f o r  self-policing by sub- 

mit t ing  pe r iod ic  r e p o r t s  on its energy consumption t o  t h e  API. The t a r g e t  

- s e t  by t h e  indust ry  is a 20% saving of  purchased energy by 1980. So f a r  

a reduction o f  about 15% has been achieved, making adjustments f o r  add-ons 

required because o f  environmental regula t ions  and o t h e r  changes vs. t he  

base year  of  1972. 

API's ranking of the  indust ry  a s  f i f t h  most energy-intensive industry 

i n  terms o f  purchased energy i s  supported by data provided by t h e  Annual 

2 7  
Census of Manufactures: 

BTU 
Chemicals and a l l i e d  products 4.0 
Primary metal i n d u s t r i e s  3.4 
Petroleum aqd a l l i e d  products 1.5 
Stone, c lay ,  g l a s s  products  1.4 
Paper and a l l i e d  products 1.3 
Food and kindred i n d u s t r i e s  1.2 

The above f i g u r e  agrees wi th  i n d u s t r j  d a t a ,  r e l a t i n g  t o  gurchased 

energy. When allowance is made f o r  t h e  consumption of self-generated 

energy, t h e  paper indus t ry  is probably the  t h i r d  o r  four th  l a r g e s t  

i n d u s t r i a l  user  of energy ( o i l  and coal  can a l s o  be expected t o  provide 

. considerable in-house supp l i e s ) .  

According t o  a s tudy prepared f o r  t h e  Federal Energy Administration, 



t h e  ranking of  energy consuming i n d u s t r i e s  i n  1974 was a s  fo l lows:  

Table '5.2.1;: Fnerqy Consumption by U.S. Indus t ry  

To ta l  Manufacturing 
Chemicals 
S t e e l  
Petroleum 
Taper 
A 1  urnin urn 
Cement 
Glass  

Source: Energy and Environmental Analys i s ,  I nc . ,  Study f o r  FEA 

Energy consumption and se l f -gene ra t i on  by t h e  paper  i ndus t ry  is pre- 

s en t ed  i n  Table 5.2.1B, which summarizes d a t a  conta ined  in o t h e r  t a b l e s  

i n  this r epo r t .  It w i l l  be  seen t h a t  t h e r e  has  iniieed been a n o t i c e a b l e  

i nc rease  i n  t h e  use o f  i n t e r n a l  energ.] sources .  Much remains t o  be done, 

however, because t h e r e  is very l i t t l e  energy reclamation i n  some o f  t h e  

inore an t iqua t ed  pulp  m i l l s  a s  compared t o  a 95% recovery r a t e  r epo r t ed  

f o r  some o f  t h e  newest i n s t a l l a t i o n s .  

Table 5.2.13 p r e s e n t s  o v e r a l l  t h e  fol lowing power consumption f i g u r e s  : 

T o t a l  Energy, 1015 BTU . 2.357 2.070 2.303 2.402* 
Paper & Board Product ion,  10 t .  59.5 52.4 59.5 60.8* 
Mi l l ion  BTU / t on  39.6 39 - 5  38.7 39.5* 
Purchased Energy, 1015 BTU 1.425 1.210 1.332 1.380* 
N e t  Energy Consumed, Mi l l ion  BTU/t 2 3.9 23.1 22.4 22.7* 

S p e c i f i c  consumption i n  t h e  product ion o f  paFer and board. i n d i c a t e s  

an o v e r a l l  d e c l i n e  through 1976, followed by a s l i g h t  upturn i n  1977-- 

which may be due t o  t h e  d a t a  being only pre l iminary .  

D e t a i l s  on enerqy consumption by t h e  U.S. g u l p  and sapex  indus t ry  are 



given i n  Table 5.2.1C. m e  da ta  show an increase  i n  self-generated power 

power from 39.5 t o  42.5% between 1972 and 1977. The most important change 

i n  fue l  usage was the  dec l ine  i n  n a t u r a l  gas cons&nption, which dropped 

from almost 20%.of t o t a l  energy use t o  about 13%. Consumption r a t e s  of  

coal  and o i l  kept  l e v e l ,  while those  f o r  e l e c t r i c i t y  increased from about 

10 t o  12%, f o r  hogged f u e l  from 2 t o  3.6% and f o r  spent  l i q u o r ' ( i . e . ,  

r ecyc le  in t h e  production o f  k r a f t  pulp) from about 32 t o  33%. 

it should be mentioned t h a t  a t  l e a s t  one knowledgeable indust ry  

observer  expressed s h e  doubts concerning t h e  accuracy of  d e t a i l s  i n  t h e  

energy statistics, a s  presented. While a consmption o f  2.4~ 1015 BTU 

(2.4 quads 1 o r  about 3% of  the  n a t i o n ' s  t o t a l  energy requirements seems 

e n o m u s ,  it is supporcea by C-aaan t i g u r e s ,  which show energy purchases 

o f  t h e  pulp and paper indust ry  t o  be 4.1% and t o t a l  energy use by it t o  

be c lose  t o  7% of a l l  t h q e n e r g y  consumed i n  Canada. In  f a c t ,  paper i s  

the  l a r g e s t  s i n g l e  Canadian i n d u s t r i a l  consumer. 

The p a t t e r n  of f u e l  c o n s m ~ t i o n  is shown i n  Fig. 5.2.1A, which 

analyzes the  regional  d i s t r i b u t i o n  i n  terms o f  f u e l  use by the  U;S .  paper 

industry.  It i s  c l e a r  t h a t  h i s t o r i c a l l y  the  de l ivered  cos t  of fue l s  

d i c t a t e d  the  preference o f  use and the  design o f  p l a n t s  a s  r e f l e c t e d  i n  

t h e  use p a t t e r n  as  .betbeen f u e l  o i l ,  gas,  and coal.  Now t h a t  t h e  economics 
I .  

and na t iona l  perceptions r equ i re  a change, t i m e  w i l l  be needed t o  make 

t he  needed adjustments. 

Subs t i tu t ion  o f  coal or  wood f o r  o i l  and gas is expensive. There 

a r e  modificat ions needed i n  b o i l e r  design and the  r a t i n g ,  i - e . ,  steam 

ou tpu t ,  is l i k e l y  t o  decrease,  p a r t i c u l a r l y  where wood i s  subs t i tu ted .  

When coal replaces o i l  o r  gas ,  environmental concerns requi re  modifica- 

t i o n s  f o r  capturing s u l f u r  and f l y  ash (however, recovery of  S can be an 

a s s e t  i n  a k r a f t  pulp m i l l ) .  Both coal  and wood require  new burner and 



Table 5.2.1C: U.S. Pulp, Paper and Paperboard Indus t ry  Est imated Fuel 
and Energy U s e  

Purchased 

? E l e c t r i c i t y  
Steam 
Coal 
Fuel O i l *  
Fue l  Oil** 
LPG 
Natural G a s  
Other  m e r g y  
Energy s o l d  

T o t a l  1 ,425 60.5 1,210 58.5 1,332 57.8 1,380 57.4 

S e l  f -uenerated 

Hogged Fuel+ 45 1.9 56 2.7 76 3.3 86 3.6 
Bark+ 103 4.4 83  4.0 95 4.1 94 3.9 3 

754 32.7 797 33.2 Spent ~ i ~ u o r  748 31.7 676 32.6 
i 

26 1.1 27 1 .3  28 1 . 2  28 1.1 , . Hydropower ._ 
Other 10  .4 ' 1 8  1 7  .7 -- . 8  -- 1 8  . . 8  -- -- 

Tota l  

To ta l  Energy 2,357 100.0 2,070 100.0 2,303 100.0 2,402 100.0 -- -- -.- -- 
* = Residual  Fuel O i l  

** = Distillate Fuel  O i l  .* r 
.I 

# = I n s i g n i f i c a n t  
+ = 50% moisture  conten t  

1012 is m i l l i o n  m i l l i o n s ,  o r  t r i l l i o n  

Paper m d  Paperboard Production was 53.5 Mi l l ion  fens i n  1972 
52.4 1975 
59.5 1976 
60.8 1977 

Source: American Paper I n s t i t u t e ,  Annual Capaci ty  Survey, New York, 1978. 
Reca lcu la ted  on the b a s i s  o f  1 kwh = 10,000 BTU. 



fue l  preparatior. sy s t em.  

The foregoing discussion r e l a t e s  only t o  +the consumption of energy 

by the  paper a n d , a l l i e d  ind-tries. In addit ion,  snerq: is consumed i n  the 

harvesting of timber. This energy expenditure amounts t o  about 350,000 

BTU per  ton of green roundwood, as is described i n  some d e t a i l  b. Section 

5.3 below. The t o t a l  enerqy requirements a r i s i ng  from t h i s  f ac to r  are  

accordingly in t h e  order  of 55x l0~*~TU,  about 2% of t o t a l  needs of the  

industry. This may compensate f o r  t r a s p o r t a t i o n  and col lect ion enerqy 

requirements involved fn the col lect ion of  w z s t e  paper which may t r ave l  

about 100 miles f o r  an e q i i  expenditure of energy. 

Wood is ranked as t h e  lowest-value fuel ,  bu t  wood waste can be burned 

to recover its heat  value, Simil,arly, waste paper contains some of the  

investment in heat  value made when wood was converted t o  paper. I t  can 

be recycled with a very considerable saving i n  t~nr,s of  scergy con- 

smo t ion  over Faper made from virgin  raw material.  And, of course, . the 

po t en t i a l ' u se  of paper a s  fue l  is  nerelv postponed by mcyclinq.  

The average consumption of purchased enerqv per tgn of paper i n d u s t n  

~ r o d u c t  is shown i n  Table 5.2.1D. The l a rges t  energy consumers a r e  

Pr int ing an& W r l t k g  Papers, and Tisslle, both of which grougs require 

extensivs bieaching; followed by newsprint, which uses energy-intensive 

groundwood pulp, and Combination Board, which requires a l o t  of heat  f o r  

drr inq the heavy stock. Linerboard, Construction Faper and Boaxd, and 

Recycled Boxboard consume r e l a t i ve ly  l i t t l e  energy because they a re  made 

from a heavy input o f  unbleached Kraft  and recycled Gaper. Dissolving 

pulp requires heavy bleaching a t  the  pulp m i l l  and much of it goes i n to  

chemicals, very l i t t l e  i n t o  high-grade paper. 



Table 5.2.1D: Average Consumption of  Purchased Ener9y.i.n t h e  Production 
of  Paper and Paperboard 

Prcduction of  Purchased Enerqj  f o r  Recovered Energy Comments 

Pulp Paper Total  
9 BTU/ t  M BTU/t  M BTU/t M BTU/t 

Newsprint 13 14 2 7 3 
Pr in t ing  & 7 Main 1 y 
Writing Paper e l e c t r i c i t y  

Packaging, Con- 
ve r t ing ,  e t c .  

Tissue 
Linerbowd 
Corrugating 

Medium 
SBS Board 
Construction Pa- 
pe r  & Board* 

Other Combina- 
t i o n  Board 

Dissolving Pulp 
Recycled Box- 
boardf* 

i Usually 
) i n t eg ra ted  

* 35% Wastepaper 
** 100% Wastepaper, 4 M BTU purchased f o r  raw mate r i a l  de-inking. 

15 
Adapted from da ta   resented i n  Arthur D. L i t t l e  

Detailed da ta  f o r  the  con'smption of  f u e l  and energy have been de- 

veloped in t h e  following sec t ions .  A t e s t  has been run i n  A~pendix  A t o  

determine the  approximate accuracy of the  o v e r a l l  n e t  energy consumption 

f igures  adopted, aga ins t  r e a l  world energy s t a t i s t i c s  a s  developed by t h e  

industry.  It was found' t h a t  these  f igures  seem q u i t e  f a i r l y  t o  r e f l e c t  

t h e  reported average energy consumption by U.S. pulp and paper manufacturing. 

The following Table 5 . 2 . B  summarizes the  apparent n e t  energy mri- 

sumption, representing average current  U.S. p r a c t i c e  i n  t h e  paper indus- 

t r y  : 



Table 5.2.1E: ~ p p a r e n t  Met Energy Consumption i n  Pulp and Paper Manufacture 

Pulp * - M BTU/t % ,  Elec- Paper & Paperboard** M B T U / t  
t r i c a l  

Kraft  8 75 Newsprint & uncoated 
S u l f i t e  
Groundwood 
Semi- 

chemical 
Thermo- 

mechanical 
0th er 

Waste Pager 
Preparat ion 

7.5 6 0 groundwood 14 
14 100 Pr in t ing ,  wr i t ing ,  e t c .  18 

Tissue 19 
6.5 80 Packaging & Converting 18 

Line rboard 14 
21 ' 100 Corrugating medium 13  

7 ? S o l i d  Bleached S u l f a t e  Board 14  
Recycle Boxboard 18  
Construction Paper & Board 14 

4 80 

*Pulp: from d a t a  i n  Section 5..3.1 
**Paper & Paperboard: from Section 5.3.2 and Appendix A 

*** Including reagents  

9 
Adapted from Arthur D. L i t t l e  

Individual  p l a n t s  i n  t h e  indust ry  w i l l  have energy consumption r a t e s  

t h a t  a r e  g r e a t l y  a t  variance with the  f igures  given above. Cogeneration of  

power and process steam i s  genera l  indus t ry  p r a c t i c e ,  except  f o r  very o ld  

or vcry small  mi l l s .  The most modem in tegra ted  m i l l s  consume r e l a t i v e l y  

l i t t l e  ou t s ide  (purchased) energy, making maximum use of  f u e l  values con- 

t a ined  in bark and o t h e r  wood wastes, a s  well  a s  t h e  energy ava i l ab le  i n  

: mate r i a l s  streams wi th in  the  pulp and paper-making processes. In  t h e  
. . 

paper-making process the power f requent ly  is a steam t u rb ine  d r ive ,  r a t h e r  

than e l e c t r i c  motors, which is s a i d  t o  r e s u l t  i n  sore  energy economies. 

The modem p r a c t i c e  o f  harves t ing  t h e  t o t a l  t r e e  can f u l l y  cover the  

thermal needs o f  a gulp and paper complex and poss ib ly  produce an excess 

a of e l e c t r i c i t y .  

In  the  p a s t ,  a major impediment t o  the  generat ion of power i n  excess 

of  normal pulp and paper mi l l . requi rements  appears t o  have been the  re lnc-  

tance of  the  indust ry  t o  feed excess power i n t o  the  l o c a l  gr id .  Public  



se rv ice  commissions might then involve the  company i n  l e g a l  t ang les  and 

problems'which t h e  i d u s t r y  would r a t h e r  avoid. This has recent ly  been 
/ 

a l l e v i a t e d  by the  Public  U t i l i t y  Regulatqry Power 4c t  of  1978 ,  which 

exempts non-public u t i l i t y  power. generat ion from the  record-keeping and 

regula t ions  t o  which publ ic  u t i l i t i e s  a r e  subjected.  

A s  pointed out  in  the  sec t ion  on recycl ing ,  energy savings i n  the  

recovery and reuse o f  waste paper a r e  q u i t e  s u b s t a n t i a l .  A major incen t ive  

is a l s o  r e l i e f  f o r  municipal waste d i sposa l  problems. The following cal-  

cula t ion  looks a t  t h e  e f f e c t  of  r a i s i n g  t h e  1977 waste paper recovery r a t e  

from t h e  21.5% a c t u a l  t o  30% and 40% (as  it was in t h e  1940's and a s  it 

applied t o  some countr ies ;  see  Table 5.2.48). These increased recoveries 

t r a n s l a t e  i n t o  a reduction i n  the  demand for '  pulp o f  5 and 11 million-.tons , 

r e spec t ive ly ,  and a corresponding increase  i n  waste paper use. According t o  

est imates shown i n  Section 5.2.4, a 40% recycle  r a t e  is e n t i r e l y  poss ib le .  

The energy implicat ions a r e  on t h e  b a s i s  of a weighted average of energy 

consumption, as  shown above i n  Table 5.2.1D. Consumption of  purchased - energy 

averages about 23 mi l l ion  BTU per  ton i n  the  production of paper from: L v i r g i n  

raw mate r i a l ,  13.5 mi l l ion  BTU per  ton when waste paper i s  recycled. There- 

fore  t h e  following savings can be achieved: 

1977 Paper Industry Consumption of  Purchased Energy i n  101Z8TU (= T BTU) : 

Recycle Rate Waste Paper Consumption Total  Savings O i l  Equivalent 
% M t  T BTU T BTU TBTU M bbl*' 

21.5 12.7 19 0 1,380. 
30 18 258 1,334 46 7.7 
40 24 339 1,279 . l o 1  16.8 

* @ 6 mi l l ion  BTU/bbl. 

It w i l l  be seen t h a t  the  savings w i l l  be q u i t e  impressive. However, 

simply on grounds of  lapd use and mater ia ls  e f fec t iveness ,  it seems in- 

e f f i c i e n t  t o  c u t  150 mi l l ion  ,tons of t r e e  logs when e i t h e r  134 mi l l ion  



(30% recycle)  o r  115 mi l l ion  tons (40%) w i l l  do. 

Another g r e a t  incent ive  t o  recycl ing  could be the  p o s s i b i l i t y  o f  

loca t ing  l a r g e  paper-raking p l a n t s ,  such as  newsprint o r  paperboard m i l l s ,  

c l o s e  t o  market. Such a locat ion  w i l l  s u b s t a n t i a l l y  reduce haulage and 

a l s o  a f fo rd  t h e  oppor tuni ty  f o r  i n t e g r a t i n g  the  opera t ion  of the  paper 

m i l l  with t h e  u t i l i z a t i o n  of  low-grade steam. 

In  essence, a paper m i l l  i s  a l a rge  condenser, and conbining it with 

a pow2 s t a t i o n  a f fo rds  the  p o s s i b i i i t y  of using t h e  low-pressure, t a i l  

steam and re tu rn ing  t h e  condensate to  the  u t i l i t y .  Such an idea  has 

apparently been r e a l i z e d  by Garden S t a t e  Paper i n  t h e i r  Pomona, CA, paper 

mi l l .  

However, such concepts genera l ly  meet with r e s i s t a n c e  by both the 

conventional paper indust ry  and by t h e  p a r t n e r  indust ry .  Government can 

s t imula te  such i n t e r a c t i o n  and provide a i d  i n  eas ing investment a - p l i c a -  

t i o n s  t h a t  a r e  necessary t o  insure  s a t i s f a c t o r y  opera t ions  on both s i d e s  

when such d i spa ra te  pa r tne r s  a s  e l e c t r i c  power and paper manufacture a r e  

i n  hsrncoo. 

Savings can become q u i t e  s u b s t a n t i a l  when such p r a c t i c e  becomes 

widespread. A t  p resen t ,  i n  t h e  production of 1 ton of paper 2,900 ib. of 

6 water a re  removed by h e a t ,  r equ i r ing  about 3 . 7  x 10 BTU. If t h i s  quan t i ty  

were made ava i l ab le  from waste h e a t  from power s t a t i o n s ,  r e f i n e r i e s ,  

chemical o r  me ta l lu rg ica l  opera t ions ,  it would g r e a t l y  ease  the  energy 

econoiuy of paper minufacture. 

I f  the  incremental 5 o r  11 mil l ion  tons of  recycled paper were so  

12 
processed, then an a d d i t i o n a l  1.9 o r  41 x 10 BTU, r e spec t ive ly ,  could be 

saved pe r  year .  The aggregate savings would then be 40 and 88 x 1 0 ~ ~ 8 ~ .  

and i n  terms of  o i l  equivalence 7 mil l ion  and 15 mi l l ion  b b l . ,  respect ive ly .  

Since such savings can accrue a l s o  t o  paper produced from pulp,  the  



Purchased Fossil Fuel and Energy 
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Self-Generated and Waste Fuels 
60 1 

Calendar Year 1977 
FIG. 5.2.1A Data From A.P.!. 

Source: I n s t i t a t e  of P ~ p e r  C h m i s t r y ,  data from A . 2 . f .  



higher f igure  has no t  been used i n  e s t a b l i s h i n g  t h e  energy advantage of 

recycling.  It must however be borne i n  mind t h a t  such arrangements a r e  

?robably more l i k e l y  t o  be made f o r  major paper-making opera t ions ,  pred- 

ida ted  on recyc l ing ,  because of t h e i r  l i k e l y  locat ion .  Conversely, opera- 

t i o n s  based on the  processing o f  pulp might be ab le  t o  make increased use 

o f  low-grade h e a t ,  such a s  is o f fe red  by a geotherma1,source. I f  a l l  

paper production were based on t h e  use o f  low-grade hea t  from byproduct 

o r  waste steam, t o t a l  savings would be equivalent  t o  37 mi l l ion  bbl .  o f  

o i l .  

Large savings o f  purchased energy can add i t iona l ly  be e f f e c t e d  i f  t h e  

industry can be persuaded t o  opera te  its in tegra ted  pulp and paper m i l l s  

under condit ions o f  maximum f u e l  e f f i c i ency .  While it should be understood 

t h a t  Kraft  pulp  q u a l i t y  and energy recycle  a r e  inver se ly  r e l a t e d  t o  pulp  

y i e l d  (i.e., t h e  h ighes t  grade y i e l d s  about 35% from pulp, and t h e  lowest 

only 55-58%, t h e  balance going i n t o  r e c y c l e ) ,  never the less  indust ry  ob- 

se rve r s  be l i eve  t h a t  t h e  process can be made s u b s t a n t i a l l y  energy s e l f -  

s u f f i c i e n t  f o r  a l l  qrades . 
MIWI apparent average eonnuqat;iur~ oP purchased pnc.rgy by U. S .  kraft  

m i l l s  (8 mil l ion  BTU per  ton o f  pulp)  is halved, t o t a l  savings of  energy 
I 

would be 1.4 x 1014 BTU. Transla t ing  these  savings i n t o  t h e i r  o i l  equival- 

ence, they would cont r ibute  i n  t h e  o rde r  of  23  mil l ion  bbl .  o f  o i l  t o  t h e  

U.S. energy economy. 

As implied by this ca lcu la t ion ,  the diacregancy t h a t  exists between 

t h e  fue l  e f f i c i e n c y  o f  the  bes t  p l a n t s ,  even compared with the  indust ry  

average, is q u i t e  s t r i k i n g  (see  Section 5.3.1.4) . Some indust ry  observers 

po in t  o u t  t h a t  g r e a t e r  f u e l  economies pay ou t  we l l ,  b u t  t h a t  in many cases 

. management i s  s a t i s f i e d  with p r o f i t a b i l i t y  a s  it is a t  p resen t ,  and sees  

r i s k s  i n  innovations and changes t h a t  might a f f e c t  near-term earnings.  



Nevertheless, a s  i n  a l l  energy-intensive i n d u s t r i e s ,  a considerable 

e f f o r t  i s  being made t o  reduce energy consumption, and t o  s h i f t  from 

c r i t i c a l  t o  l e s s  c r i t i c a l  fue l s .  The indust ry  has s e t  i t s e l f  an impres- 

s i v e  t a r g e t  fo r  reducing consumption of  purchased energy by 20% i n  1980 vs. 

1972 (with due allowance f o r  incremental consumption of  f u e l  due t o  EPA 

regula t ions .  

1 On the o t h e r  hand, some gbservers (Them-Elec t ron  point  o u t  t h a t  

only one-half of  hogged f u e l  and bark a v a i l a b l e  t o  t h e  indust ry  in 1972 

was used f o r  hea t  generat ion,  the  o t h e r  h a l f  going t o  waste. 

Some misgivings a re  being expressed with the  a c t u a l  da ta  on energy 

requirements a s  p resen t ly  developed, and b e t t e r ,  more r e l i a b l e  energy con- 

sumption data  w i l l  be obtained on t h e  b a s i s  o f  a systems ana lys i s  being 
- )" 

undertaken by the  I n s t i t u t e  of  Paper Chemistry a t  Appleton, Wisconsin, 

so  t h a t  a c t u a l  energy flows wi th in  t h e  indust ry  can be more f irmly deter-  

mined. This p r o j e c t  should begin t o  y i e l d  r e s u l t s  in about two years.  I 

Also, t h e  Pulp and Paper Research I n s t i t u t e  o f  Canada has worked on 

a computer model t o  evaluate  t h e  Canadian pulp and paper indus t ry ' s  

mater ia ls  and energy flows. (Its work has been in te r rup ted  by o t h e r  

problems, bu t  it is  now being resumed. 

Some o the r  approaches taken by the  industry ha've been described i n  

t h i s  and in the  following sec t ions .  I t  has been indica ted  i n  t h i s  study 

t h a t  massive energy savings can be achieved by 

(1) increased recycl ing  of  w a ~ t e  paper , 
( 2 )  use of h e a t  now wasted by o the r  i n d u s t r i e s  (or  from geothermal sources)  

( 3 )  improving t h e  e f f i c i ency  o f  e x i s t i n g  k r a f t  pulp m i l l s  t o  achieve a 

b e t t e r  na t ional  average n e t  f u e l  consumption i n  this highly energy 

in tens ive  process. 



Beyond these  t a r g e t s ,  s e v e r a l  suggest ions have been made t h a t  meri t  

b r i e f  d iscuss ion a t  t h i s  point .  

Whole t r e e  harves t ing  is l i k e l y  t o  o f f e r  s u f f i c i e n t  byproduct fue l  

t o  cover t h e  e n t i r e  thermal needs of a pulp and paper m i l l  complex, with 

o r  without lumber opera t ions .  I f  adequate b o i l e r  capacity is provided 

(wood-fired b o i l e r s  a r e  more expensive than o i l -  o r  coal - f i red  ones) a 

su rp lus  o f  power may be achieved--at l e a s t  i n t e r m i t t e n t l y .  Under new 

l e g i s l a t i o n ,  t h i s  excess can be fed i n t o  the  pub l i c  g r i d  without t h e  l e g a l  

impediments t h a t  formerly applied<-but t h e  p r i c e  that. t h e  pub l i c  u t i l i t y  

is w i l l i n g  t o  pay f o r  t h i s  power i s ' l i k e l y  t o  remain a source o£ conf l i c t .  

A Canadian suggestion r e l a t e s  t o  the  use o f  t h e  pulp  r e f i n e r s  a s  a - I 

s o r t  of  governor t o - a b s o r b  excess e l e c t r i c  power when a v a i l a b l e ,  ins t ead  

of feeding t h e  power i n t o  t h e  g r i d .  This involves over-sizing r e f i n e r  

capacity and providing downstream s to rage  t o  accomrnodate t h e  product 

overrun. (Under U. S. condit ions t h i s  power can now flow i n t o  t h e  g r id . )  

The I n s f i t u t e  o f  Paper Chemistry favors the  savinq o f  thermal energy 

by increas ing the  f i b e r  content  i n  the  Foudrinier  feed,  thereby reducing 

t h e  volume o f  water t h a t  must be recycled under heavy power inputs  f o r  

pumping. %search on t h i s  approach is being pursued by many organizat ions.  

Thc I n s t i t u t e  a l s o  s t r e s s e s  the importance of mechanical removal 

o f ' w a t e r  i n  the  paper-making process. A s  t he  w e t  s t o &  passes through t h e  

f i r s t  s e t s  o f  r o l l s ,  water is  being squeezed o u t  o f  it without. expenditure 

of heat .  Apparently good r e s u l t s  have been achieved on a bench s c a l e  

m d e l ,  bu t  no t r a n s l a t i o n  i n t o  commercial o r  p i l o t  s c a l e  has been poss ib le .  

I f  t h e  experimental r e s u l t s  of reduction of  moisture down t o  33% could 

be achieved by mechanical means, then only - 5  lb .  of  water would have t o  

be removed by drying per  Lb.  of  product,  saving about 2 . 5  mil l ion  BTU per  

ton o f  paper. 



Although converting paper t o  consumer product represents  probably 

only 5% of the  indus t ry ' s  t o t a l  energy needs, some smal ler ,  b u t  not  in- 

considerable savings can a l s o  be achieved by subjec t ing  these  2rocesses 

t o  scrut iny .  The Ins t i tu te  has f o r  example developed a process i n  which 

l inerboard  is converted t o  corrugated boxes without d i r e c t  use o f  heat .  

This is s a i d  t o  save about 1 mi l l ion  BTU per  ton. A t  an annual produc- 

t i o n  r a t e  o f  20 mi l l ion  tons ,  apparent savings would be 2 0 x 1 0 ~ ~ ~ ~ ~  pe r  

year.  

While considerable work is  being done by t h e  indust ry  and research 

organizat ions t o  make the  pulp and paper indust ry  more energy e f f i c i e n t ,  

much mre can be achieved by government ac t ion  t o  provide a cl imate t h a t  

w i l l  s t imula te  indust ry  t o  take the  s t e p s  t o  make the  investments needed 
-* 

f o r  s u b s t a n t i a l l y  g r e a t e r  f u e l  economies. . 

Re cornendat ions : 

* Government should support  improved mater ia ls  e f fec t iveness  i n  t h e  pulp 

and paper indus t ry ,  which w i l l  a l s o  r e s u l t  i n  s u b s t a n t i a l  f u e l  economie.~, 

2,; 
espec ia l ly  by promoting recycl ing  and "whole t r e e  harvest ing" 

* Disallowance of s p e c i a l  t a x  treatment f o r  c a p i t a l  gains on standing 

timber w i l l  c l iminata ,  i n  fu tu re ,  preference for v i rg in  raw mate r i a l  and 

s t imula te  the  use o f  recycled paper 

* Support should be given t o  indust ry  t o  make f u l l  use o f  a l l  values 

contained in t imber,  including t h e  harves t ing  o f  the  e n t i r e  t r e e ,  thereby 

maximizing power generat ion by pulp m i l l s  from wood values now frequently 

wasted 

* Support should be given t o  munic ipal i t ies  t o  promote source separa t ion  

of paper t o  improve recycling and a l t e r n a t i v e l y  use of  paper a s  supplemental 

f u e l  i n  power generation (it is of  g rea t  importance t h a t  t h i s  matter  be 



f u l l y  and promptly inves t iga ted  and discussed before a commitment. is  made 

by munic ipa l i t i e s  t o  burn t h e  e n t i r e  municipal s o l i d  waste without re- 

? r i n t ,  magazines and s t a t i o n e r y )  . 
.. * Studies  might be needed t o  determine why t h e  U. S .  had considerably 

b e t t e r  r ecyc l ing  r a t e s  i n  former decades and what ac t ion  foreign govern- 

ments have taken t o  improve the  reuse o f  waste paper 

* Fur ther  s tudy is suggested t o  develop t h e  concept of  usinq low-qrade 

steam, e -g . ,  from power p lan t s  o r  geothermal sources ,  t o  supply t h e  needs 

of  paper m i l l s  f o r  process heat  requirements. This approach might well 

need government s t imula t ion  t o  e f f e c t  .energy savings,  i n  view of  i n s t i t u -  

t i o n a l  i n h i b i t i o n s .  

* Encouragement now provided thraugh indust ry  e f f o r t s  t o  expand its " i n  

house" energy base through increased power and steam generat ion from 

waste products ,  through g r e a t e r  energy economy, through conversion from 

c r i t i c a l  t o  more expendable f u e l s ,  through research i n t o  energy-saving 

process modification--should be f u r t h e r  expanded. 

* Technology t r a n s f e r  from bench s c a l e  research and p i l o t  p l a n t  opera t ions  

t o  commercialization should be f a c i l i t a t e d  by mderwr i t ing  

some of t h e  f i n a n c i a l  r i s k s ,  e i t h e r  by d i r e c t  funding o r  s p e c i a l  t a x  

incent ives .  



5.2.2 Volume of  Product ion of Puip 

product ion of  pu lp  by major grades from 1920 t o  1977 i s  given i n  

Table  5.2.2A, below: 

Table 5.2.2A: Product ion o f  Pulp i n  t h e  U.S. by Major, Grades,  1920-1977, 
i n  Mi l l ions  o f  Tons 

Year 
- 

K r a f t  Sul- Ground- Semi- O t h e r  T o t a l  . 
- phi t e  wood chemical Pulp . - 

Source: Guthr ie ,  J. A. ,  An Economic Analysis  o f  t h e  Pulp and 'paper  
Indus t ry ,  Washington S t a t e  Univers i ty  P r e s s ,  1972--updated 
from Census date. 

The growth o f  pu lp  product ion i n  t h e  U.S. dur ing  t h e  p a s t  h a l f  cen tury  

has been a t  a compound r a t e  o f  5.5% p.y. The tremendous growth of  Kra f t  

p u l p  product ion (about  9% p.y. 1 is seen a s  a g a i n s t  t h e  r e l a t i v e l y  s t a t i c  
, 

product ion h i s t o r y  o f  v i r t u a l l y  a l l  o t h e r  pu lp  product ion  p roces se s ,  except  

semi-chemical. - 
U.S. paper  product ion has  grown s i m i l a r l y  by about 4.8% annual ly  

over  the past 50 years as is  shcwn i n  Table 5.1.2. 



5.2.3 Markets 

The demand f o r  paper and gaper products has h i s t o r i c a l l y  been r e l a t e d  

t o  real  GNP.  The demand for  paper var ies  d i r e c t l y  with economic a c t i v i t y  

on the na t iona l  l e v e l .  

The s t a t i s t i c a l  record f o r  the  U.S.  market f o r  paper and paperboard 

production, 1961-3977, is presented in Table 5.2.3A. The average growth 

of paper consumption in t h e  U.S. has been about 4.8% p e r  year during t h i s  

century,  b u t  i n  recent  years i t  was ~ n l y  around 38. The most important 

market segments a r e  discussed below, s u b s t a n t i a l l y  following t h e  North 

America P r o f i l e  1978 o f  Pulp & Paper, June 1970. 

5.2.3.1 Nawsprint 

U.S. production of  newsprint has grown from 2.1 mi l l ion  tons i n  1961 

t o  3.5 mi l l ion  tons  i n  1977, an apparent average r a t e  of 2.9% per  year.  

I n  addi t ion  to  newspapers, t h i s  grade is also used f o r  l e t t e r p r e s s  

o r  o f f s e t  p r i n t i n g ,  adver t i s ing ,  government publ ica t ions ,  comic books, e t c ,  

U.S.  newsprint consumption has been in t h e  10 mi l l ion  ton pe r  year 

range f o r  some time, bu t  reached a new high with 10.3 mi l l ion  tons i n  1944. 

I t  is expected t h a t  consumption w i l l  s p u r t  by 4.5% t h i s  year and then con- 

t inue  mare slowly, probably a t  about 3% per year. There has been a re- 

awakening o f  i n t e r e s t  in newspapers and newspaper adver t i s ing  i n  t h e  U.S. 

Prices  have gone up from $ 152 pe r  ton in 1970 t o  $ 305 in 1977, o r  from 

5 138 @a $ 156 in eonstme 1367 dsllara, based on the  wholesale price index. 

The U.S. buys about 63% of its newsprint from Canada, but  U.S. com- 

panies have expanded t h e i r  p lan t s  and t h e  Canadian market share is l i k e l y  
% .  

t o  decrease s l i g h t l y .  Total  1977 North American capacity is 14.3 mil l ion 

tons ,  and the  top five companies have 43.2% and the  top ten 63.3% o f  i t .  



Table 5.2.3A: U.S. Production of  Paper and Paperboard 1961-1977. 
Mil l ions of  sh. tons.  

Total  Paper 

P r in t ing ,  wr i t ing ,  e t c .  
Newsprint 
Groundwood paper 
Coated p r i n t i n g  & c.* 
Book paper, uncoated 
Br is to ls** 
Writing, e t c . ,  nec. * 

Packaging & i n d u s t r i a l  c.* 
Unbl. * Kraf t  pkg* & i c .  * 
Other pkg* & i c . ,  * etc. 
Special  indus t r .  paper 

Tissue & o t h e r  machine c r .  * 
Sani tary  paper 
Other t i s s u e  

Total  Paperboard 

Sol id  woodpulp furnish  
Unbl.* Kraft  pkg* & i c .  * 
Bleached pkg* & i c . *  
Semichemical paperboard 

Combination fu rn i sh  
Comb * S h i ~  ' g Cont* board 
Comb* bending 
Comb * nonbending 
Gypsum l inerboard 
Special pkg* & i c . *  

Wet Machine Board -16 .14 .14 .14 -11 -10 - - - - - -  . l o  - 
Construction papcr r board 

Construction paper 
Insula t ion  board 
Hard pressed wood 

f iberboard 

Tota l ,  A l l  Grades 35.7 44.1 53.3 60.0 52.4 59.5 60.8 ------ - . 
* c. = converting nec. = no t  elsewhere c l a s s i f i e d  

i c .  = i n d u s t r i a l  converting unbl. = unbleached pkg. = packaging 
c r .  = crepe Cont. = conta iner  Comb. = Combination 

** (858 o r  more bleached f i b e r )  

Source: . Bureau o f  Census--1965 da ta  regrouped t o  new 2 e f i n i t i o n s .  
Data courtesy o f  American Paper I n s t i t u t e .  



5.2.3.2 Coated Paper 

The U.S. market f o r  coated paper has gone from 2.1 mi l l ion  tons i n  

1961 t o  4 . 3  mi l l ion  tons in 1977, an average growth r a t e  of about 4 . 4 % .  

Wo-sided coated papers a re  used f o r  p r i n t i n g ,  one-sided f o r  l abe l l ing .  

There a re  f i v e  grades o f  coated p r i n t i n g  paper,  magazine s tock being the  

lowest ,  accounting f o r  53% of coated paper production. ,  Demand has exceeded 

supply during 1978 and No. 5 s tock had t o  be imported. 

P r i ces  have increased from $ 285 ($ 211) p e r  ton i n  1973 t o  $ 490 

( $  .250) in 1977 (constant  1967 d o l l a r s )  f o r  No. 5 grade (34-36 lb.) and re- 

c e n t l y  have gone up f u r t h e r  t o  $ 560 pe r  ton. 

Markets a r e  49% f o r  magazines and p e r i o d i c a l s ,  33% commercial p r i n t i n g ,  

11% l a b e l s  and wraps and 6% f o r  books. 

U.S. 1978 capaci ty  is 4.4 mi l l ion  tons ,  45.7% of which can be supplied 

by f i v e  companies, 76.4% by ten .  

5.2.3.3 Uncoated P r i n t i n 9  and Writing Papers 

The U . S .  market f o r  uncoated p r i n t i n g  and wr i t ing  papers has increased 

from 3.5 mi l l ion  tons  i n  1961 t o  6 .7  mi l l ion  tons i n  1977, i. e .  an apparenc 

average growth r a t e  o f  about 4.0%. 

Uncoated p r i n t i n g  and w r i t i n g  papers should contain no more than 25% 

of mechanical pulp i n  t h e i r  mix, and they include uncoated book and p r i n t i n g  

as w e l l  a s  w r i t i n g  grade,  s p e c i f i c a l l y  o f f s e t ,  t a b l e t ,  envelope, business 

papers ,  (bond, ledger ,  mimeo, dupl ica t ing)  , forms bond, cover and t e x t .  

Although 1977 s a l e s  had improved, they d id  not  reach t h e  l e v e l  of 

1973/74, t h e  record years .  
- 

As shown i n  t h e  graph, U.S. capacity has outpaced demand. Pr ices  are 

complex f o r  t h i s  s e c t o r  and a composite is  used, which shows a p r i c e  'in- 

c rease  i n  cons tant  d o l l a r s  (based on the  wholesale p r i c e  index with a 1967 



b a s e )  . It  went from 113 .1  i n  1970 t o  162 .3  i n  1976 and 169 ( e l  i n  1977. 

The markets  a r e  25% w r i t i n g ,  copying and d ~ p l i c a t i n g ,  21% f o r m  bond, 

5 %  t a b l e t ,  4% ~ i s c e l i a n e o u s  book ani 74 boky s t o c k .  

1978 U.S. c a p a c i t y  f o r  uncoa ted  p r i n t i n g  and w r i t i n g  p a p e r  i s  7.9 

m i l l i o n  t o n s ,  o f  which 5 companies have 36.4% and t h e  10 l a r g e s t  c o v a n i e s  

have 62.9%. 

5.2.3.4 T i s s u e  

The U.S. market  f o r  t i s s u e  h a s  r i s e n  from 2 . 3  m i l l i o n  t o n s  i n  1961 t o  

4 . 3  m i l l i o n  t o n s  i n  1977 a t  an a p p a r e n t  growth r a t e  o f  3.6% p e r  annum. 

I n  r e c e n t  y e a r s  t h e  growth r a t e  has been r a t h e r  s l o w e r ,  i . e .  a b o u t  2.29. 

?he market is  composed o f  f a c i a l  ( 8 % )  , bathroom t i s s u e s '  ( 3 9 % ) ,  paper  

napk ins  ( 1 1 % ) ,  towels  (32%) and (10%) s t o c k  f o r  o t h e r  s a n i t a r y  m a t e r i a l s ;  

wadding, and w i p e r s ,  as w e l l  as waxing,  wrapping and misce l l aneous  t i s s u e s .  

Typ ica l  we igh t s  a r e  14 l b .  p e r  3,000 f o o t  s q u a r e  f o r  t o i l e t  t i s s u e  and 33-39 

Ib. f o r  t o w e l l i n q .  ~ J h o l s s a l e  p r i c e  i n d i c e s  show r i s i n q  t r e n 2 s  from 108.9 - - .  . .-. 

i n  1970 t o  236 (el i n  1977. 

U . S .  c a p a c i t y  i n  1978 i s  4.2 m i l l i o n  t o n s ,  o f  which 5 companies have 

bU. 2 % ,  10 companies 80.70. 

5.2.3.5 Packaging and I n d u s t r i a l  Papers  

The U.  S. market f o r  packaging , a n d  i n d u s t r i a l  p a p e r s  reached  5.6 

m i l l i o n  t o n s  i n  1977 from 4.3 m i l l i o n  t o n s  i n  1961,  an a p p a r e n t  average 

growth of 1:50. Between 1970 and 1977 p r a d u c t i o n  has  grown by o n l y  .7% 

on t h e  average  p e r  y e a r .  - 

T h i s  g rade  comprises  unbleached ( 7 0 % ) ,  b leached  ( 2 0 % ) ,  packaging and 

wrapping,  s h i p p i n g  materials,  s a c k s ,  g l a s s i n e ,  g reaseproof  and parchment 

p a p e r s ,  e t c .  , a s  w e l l  as s p e c i a l  i n d u s t r i a l  p a p e r s  such as a b s o r b e n t ,  



cable ,  e l e c t r i c a l  and vulcanized f i b e r  papers,  con t r ibu t ing  only 10%. 

In t h i s  s e c t o r  s u b s t a n t i a l  inroads a r e  being made by p l a s t i c  ma te r i a l s ,  

s u b s t i t u t i n g  f o r  paper-based products.  

Wholesale p r i c e  ind ices  f o r  t h i s  group of  paper products show an 

increase  from 117.6 i n  1970 t o  214 i n  1977 (e l  f o r  wrapping papers ,  and 

106.9 t o  170 (e  1 , resp. , f o r  bags and shipping sacks. 

U.S. 1978 capacity i s  6.1 m t  p.y. f o r  t h i s  s e c t o r ,  of which the  f i v e  

l a r g e s t  companies con t ro l  42.7% and the  t e n  larsest 61.3%. 

Linerboard 

The U. S. market, including expor t ,  f o r  l inerboard  was 12.6 n i l l i o n  

tons i n  1977, up from 5.6 mi l l ion  tons  i n  1961, an apparent growth r a t e  

of  4.5% per  annum on t h e  average. But s ince  1970, t h e  r a t e  has been a t  

only 2.9% p e r  year .  

Unbleached l inerboard  is  made i n  a wide 'range of  weights,  ranging from 

42 t o  90 lb. per  1,OOOfootsquare. The major end use f o r  t h i s  ma te r i a l  

i s  conta iner  board. A small amount is  made from recycled f i b e r s  (not here 

inc luded) .  

Linerboard p r i c e s  went from $ 117  per  ton i n  1970 t o  $ 205 ' i n  1978, 

i n  current  d o l l a r s .  

The producers of l inerboard  a r e  v e r t i c a l l y  in teg ra ted  i n t o  the  pro- 

duction of corrugated conta iners  and only about 20% of production goes t o  

independent box manufacturers. Corrugated conta iner  production is highly 

. competitive and t h e  l a r g e s t  market share  i s  taken up by Container Corpora- 

t i o n ,  I n t e r n a t i o n a l  Paper and Weyerhaeuser, each of  which has 6%. In the  
- 

U.S. 1977 capacity of  14 mi l l ion . tons ,  the f i v e  l a r g e s t  companies cont ro l led  

37.8%, the  t e n  l a r g e s t  61.7%. 



5.2.3.7 Corrugated Medium 

U.S. production of  corrugated medium cons i s t s  of two grades,  one made 

from semi-chemical pulp and one from recycled f i b e r .  I n  1977 these grades 

weighed as  80% and 20%, respect ive ly .  Since 1970 production has increased 

a t  an apparent average r a t e  of  .2.4% per  year .  

For each 2.2 tons of l inerboard  one ton  of medium is  required,  and 

p r i c e s  f o r  t h i s  mater ia l  a r e  genera l ly  $ 10 below l inerboard.  

U . S .  1978 capacity is  6 . 4  d l l i o n  tons and t h e  leading f i v e  companies 

have 28%, the  f i r s t  t en  47% of t h i s  capacity.  

5.2.3.8 Recycled Boxboard and Paperboard 

There a r e  th ree  major ca tegor ies  i n  t h i s  group, which had a 1977 pro- 
, +. -\ . .* 

duction o f  7.3 mi l l ion  tons :  f i r s t ,  with 50% of the  market, is f o l a n g  
2. s 

boxboard ( m s t l y  c lay  coa ted) ,  followed by se tup  boxboard (general ly un- 

coated) and paperboard. 

Between 1970 and 1977 production increased by -2% per  year .  

U . S .  capacity i s  9.1 mi l l ion  kens , with the  l a r g e s t  f i v e  companies 
v .  *I . . 

having 28.4% and the ten l a r g e s t  42.1% of  it. 

5.2.3.9 Construction Papers and Board 

This group, with a 1977 production of 5.5 mi l l ion  tons ,  includes under 

construct ion papers ( 3 3 %  of the  market f o r  t h i s  group) , shee t ing  papers,  

f e l t s  ( roof ing ,  auto ,  f loor ing ,  e t c .  1 and under board: asbes tos  and asbestos 

f i l l e d  and f l e x i b l e  wood fiber i n su la t ion  and underboard, insu la t ion  boards 

( f ibrous  f e l t e d  for in ter -bui ld ing and wa l l  boards, acous t i c  tile, e t c . )  

and hard pressed boards ( i n s u l a t i n g  boards with 27% of this market - and 

hard pressed boards with 40%) . 
Since 1970 production has Lncreased a t  an average r a t e  of 3.8%. The 

demand f o r  these  grades v a r i e s  wi th  t h e  housing market. 



There i s ' h e a v y  i n d u s t r i a l  concent ra t ion  among the  producers  o f . i n -  

s u l a t i n g  and ha rd  boards i n  which 5 companies c o n t r o l  710 and 6 2 %  of the 

p roduc t ion ,  r e s p e c t i v e l y .  

The capac i ty  e s t ima te  f o r  1978 i n d i c a t e s  2 .4  m i l l i o n  t o n s ,  of xhicn 

the f i v e  majors have 61%. 



5 . 2 . 4  Recycling 

Recycled paper is  2resent ly  used nainly  in t h o ,  ~ r o d u c t i o n  of  r2c,-cle5 

boxboard and ~ a p e r b o a r d  (1977 production: about 7.5 mi l l ion  tons 1 , cor- 

rugat ing  medium (1977 production: about 4.2 mi l l ion  tons ,  containing about 
- .. 

20% recycle.  A q u a r t e r  of t h e  c e l l u l o s e  in t i s s u e ,  a small porport ion o f  news- 

print. consulned, and a t i n y  mount  ~f w r i t i n g  paper comes .from recycle .  S 

I n  1977 ' t he  U.S. recycle  r a t e  w z s  21.5%. This r a t e  is brouqht i n t o  a 

world-wide context  i n  Table 5.2.4A, which co-ares t h e  fore ign t r a d e  sur-  

p luses  and apparsnt  consumgtions of  _ozger and. board a wel l  as pu lp ,  a d  

s h w s  t h e  waste paper recovery r a t e  f o r  s e l e c t e d  c o m t r i e s .  Countries wit!! 

a high waste paper recovery r a t e  sucn as Aus t r i a ,  the  Sermanies (DDR and 

FRG) , France, J q a n  8 the ~ e t s e r l a n d s ,  and t h e  UK have qenertilly a narr3w 

raw mater ia l  bass  and a r e  t r a d i t i o n a l l y  gcod housekeepers ; o t h e r s ,  such.  

as Mexico, Spain a d  I t a l y ,  have a goor resource base and cheap l abor ,  

while Finland and Sweden a r e  g rea t ly  aware of  t h e  in?ort&?ce of woo6 and 

paper t o  their  economy, ar.d t r e a t  t h i s  mater ia i  with considera t ion .  

A t  t h e  o t h e r  end 'of the  spectrum a re  Canada, Norway, the U.S.A. and 

t h e ,  U.S.S.R., a l l  countr ies  r i L i  i n  f o r e s t s  and g i f t e d  w i t h  e i t h e r  --or 

housekeeping o r  high labor  c o s t s ,  o r  both.  (It is  s i g n i f i c a n t  t h a t  j u s t  a 

few years  ago Sweden and Finland had very much lower recycl ing  r a t e s .  

Since then t h e i r  qovernments have taken cc t ion  t o  i rq rove  t h e  paper-wood . 

economics. Canada does not  even i n d i c a t e  any use of waste paper. 1 

However, t h e  reasons given fo r  t h e  d i f fe rence  i n  r ecyc l ing  - a re  by no 

means conclusive. The r a t e  is g r e a t l y  va r i ab le  and s u b j e c t  t o  t h e  ac t ion  

o f  economic forces and government manipulation. Before World War 11' and 

during the 194O9s, the  recycle  r a t e  i n  t h e  United S t a t e s  was a l so  i n  the  



Table 5.2.4A: Apparent Consumption and Foreign Trade i n  Paper and 
Paperboard, and Pulp, and the Waste Paper Recycling 
Rate i n  Se lec t ed  Countr ies  i n  1977. 

A ~ ~ a r e n t  Consumption I m p o r t / ( E q o r t )  Surplus Waste Paper 
Country Paper & Board Pulp Paper & Board Pulp Recovery 

Mil l ion  m. tons  Mil l ion m. t ons  Sa te ,  % 

A u s t r a l i a  1.7 .87 .51 -28  2 7 
Aus t r i a  - 7  1.11 ( .68) - 6 1  
B r a z i l  2.5 1.6 .24 - 30 
Canada 4.5 12.1 (8.22) (6.0) 
CSR . 1.2 -94 - .08 2 6 

DDR 1.3 .79 
FRG 8.4 3.7 
F in land -60 4 .1  
France 5.6 3.1 
I t a l y  4.2 2.1 

Japiur 15.3 10.1 ' ( -37) 1.0 4 3 
Mexico 1.45 .89 . - .1 55 
Elothcrland3 1. '36 -75 . 3 3  .57 4 5 
Norway .55 1.1 (.68) ( .37) 15 
Poland 1.54 1.0 .17 .18 30 

South Af r i ca  .99 ; 70 - ( .18) 
Spa hn 2 . 1 1  1.4 14 .13 
Sweden 1.61 4.3 (3.56) (3.30) 
UK 6.91 2.3 2 . 8 3  . 2.0 
TISA 59.05 46.3 3,94 1.1 
USSR 9.58 8.8 ( -42)  ( .35) 

Determination A B C C 

A = Calcula ted  by pe r  c a p i t a  consumption x populat ion 
B = Pulp Production + Imports - Exports 
(2 = Imports - Exports;  Export Surplus is shown i n  ( 
D = Wastepaper used / Apparent Consumption of paper  and board 

Source : Pulp and Paper, June 1978 



30% t c  40% range. 

There is i n  theory no reason why paper cannot be recycled i n d e f i n i t e l y .  
. . 

Used gaper is j u s t  a s  capable of  beinq reduced t o  i t s  c e l l u l o s i c  cons t i tuen t  

a s  is the  o r i g i n a l  mater ia l .  However, recycled waste paper is repulped by 

a g i t a t i o n  i n  hot water with chemicals t h a t  a s s i s t  i n  the  d ispers ion  of  t h e  

f i b e r s .  To remove t h e  ink from the  paper, the  pulp is t r e a t e d  subsequently 

and sometimes subjec ted  t o  bleaching agents t o  improve its whiteness. 

There is obviously a limit o f  recyclings t o  which t h e  c e l l u l o s e  can be  

subjected.  The f i b e r s  u l t imate ly  become too  s h o r t  t o  be s t rong  enough b u t  

would then probably be s t i l l  su i t ab le '  f o r  s p e c i f i c  app l i ca t ions )  ; however 

considerable q u a n t i t i e s  of s h o r t  f i b e r s  u l t imate ly  a r e  l o s t  i n  water d i s -  

charges. Under p resen t  operat ing procedures, c e r t a i n  mixes between pulp .and 

recycle a r e  e s t ab l i shed  f o r  d i f f e r e n t  app l i ca t ions .  

De-inked recycled pulp can be used in mst app l i ca t ions ,  bu t  t h e r e  

a re  d i s t i n c t  l i m i t s  in each case ,  inherent  i n  t h e  product and Zependent on 

the  techniques and opera t ing  procedures o f  the  m i l l .  

Waste paper is gzaded by t h e  dea le r  on t h e  b a s i s  of  o r i g i n  and intended 

use: the re  a r e  four major c l a s ses  and a l a rge  number of subclasses t o  

, i den t i fy  i t s  s u i t a b i l i t y  f o r  one of  the  many paper o r  paperboard products.  

Jus t  over one ton of combined pulp and recycle  is  needed t o  produce 

a ton o f  paper. Hi s to r i ca l ly  i n  the  U.S. the  consumption of  wood pulp has 

been encroaching upon waste paper. Whereas during t h e  1940's waste con- 

t r i b u t e d  about .35 tons t o  a ton  o f  paper products ,  it suppl ies  around 

6 
.2 tons a t  present.  

Table 5.2.4B shows the  consumption h i s t o r y  of paper,  pulp anq r e ~ z c l e  

fo r  the  United S t a t e s  s ince  1950. Paper consumption has more than doubled 

and t h a t  of wood pulp almost t r i p l e d  between 1950 and the  mid-1970 'S  , but 

waste paper consmption has increased merely by a facto; o f  1.6 (other 
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f i b e r s  r e f e r s  t o  rags.  This is r e f l e c t e d  i n  the  sha re  o f  recycl ing  i n  

paper production which decl ined from 28% i n  1950 t o  a r a t h e r  cons i s t en t  

l e v e l  of  20% during Lhe p a s t  ten years .  

The performance o f  the indus t ry  i n  1973/74 as shown i n  the  t a b l e  i s  

i n t e r e s t i n g :  paper m i l l s  were opera t ing  a t  f u l l  capacity and the re  was an 

apparent shor tage  i n  t h e  supply of  pulp ,  with the  r e s u l t  t h a t . t h e  demand 

f o r  and supply of w a s t e  paper increased by near ly  10% i n  volume between 1972 

and 1973; t h i s  is  r e f l e c t e d  i n  the p r i c e  h i s t o r y ,  given below, although 

it does no t  show c l e a r l y  i n  t h e  recycle  r a t e .  In this per iod  the  secondary 

mate r i a l  was used to expand production of  the paper industry.  

Table 5.2.4B: U.S. consumption of  Paper and i t s  Raw Materials  (mi l l ion  tons)  

* 

Tota l  papera ~ u l $  Waste p a p e p  Other ( 3 )  as % of (1) 
(1) (2) ( 3 )  (4) (5)  

a Apparent 

Actual ( f iqtlrcs d i  f fer sl i ght l  y f rnm those i n  Table 5.2.2A, which 
r epor t  production) 

Sources : Dcpartmtnt of Cannnerce, Current I n d u s t r i a l  Re~orts ,  Pulp, 
m - x  and Board, Annual Repart..s - 

Waste Paper 1969: I n s t i t u t e  of Paper Chemistry 

Waste Paper 1970-77: American Paper I n s t i t u t e  

Data i n  Table 5.2.4C show an approximate one-year l a g  between the  

r i s e  of p r i c e s  f o r  t h e  ( s e l e c t e d ,  t y p i c a l )  wood and t h a t  of paper, the  



Table 5.2.C: Pr ice  History of Paper, Waste Paper and Wood, 1960-1975; 
1976 = 100 

Year - ? a m r  - :Jaste Paper Wood - . Sources : 

Sources 

ia). 2aper: 3-asau sf L&cr 
S t a t i s t i c s ,  ~Zio lesa l s  ?risns 
c Price  Indexes (Cade 29-i3: 
Pager) 

- Cefini t ion:  Paper = Xews- 
p r i n t ,  Coated Pr in t ing ,  Book 
Paper, Bond, Uncoated Index, 
Wrapping, Shipping Sack, 
Unbleached Kraf t , Butc4er ' s 
Paper, Waxing Paper, Grocery 
Sack 

(b) aureau o f  Labor S t a t i s t i c s ,  
Wholesale Pr ice  ,Index 
(Code 09-12: N a s t e ~ a ~ e r )  

( c )  Wood: :4isc. P-&l'n No. 1315, 
USDA Fores t  Ss rv i  ce . ..-Souti?- 
e a s t e r n  Pine se lec ted  as 

. "  
rearesenta t ive  . e .. 

- *Prom: American Paper I n s t i t u t e  Monthly S t a t i s t i c a l  S u m n a r y ,  Acgust 1978. 

Fig. 5.2.4R 

m e  Wastepaper 'dholesale Price Index, 1950-1974 

(Eourcc : Rcsourcc. iiccovcry and Xzstc 
Rehc t ion ,  Third Report to 
Congress, EPA, Washington, 1975 



pr ice  development f o r  waste paper is d i f fe ren t .  It is re la ted  t o  gluctua- 

t ions  i n  the  demand f o r  paper, and is  apparent i n  Figure 5.2.4D, which shaws 

pr ice  developments from 1950 t o  1974. Prices jumped i n  1973-74 &?d in 

1951 under the impact o f  the Korean War. 

The l i f e  cycle of paper is  generally l e s s  than one year. Therefore, 

subtract ing the  recycle from consumption with an allowance of 15% ( fo r  

long-lived products) w i l l  provide an approximate indicat ion of t he  discard 

which en te rs  the  waste stream. For example, EPA shcrws r e s iden t i a l  and 

commercial postconsuner waste of paper t o  be 44.2 million tons f o r  1973. 

Total paper oon~umption fot *at year w a s  67 million twns. ~ u b t r a c t i n ~  15% 

from this f igure  leaves 57 million tons. When the  14 mill ion tons of re- 

cycled waste paper .are subtracted,  the  est imate of 43 mill ion tons of unre-. 

covered discard checks qui te  wel l .against  the  EPA f igure.  

. What happens to  the  discard? 

In  l i n e  with its increased use, the  amount of paper enter ing the s o l i d  

waste stream has increased through the  years. Some grades of paper are  

recycled more than others .  The most desirable f o k  of scrap gaper i s  the 

prompt i ndus t r i a l  waste t h a t  occurs i n  t he  processing of paper products. 

As t he  market f o r  these products has grown, so has t!!e volume of the  recycle, 

even though proportionately there  has been no improvement in the recycle 

rate.  However, there  are  indications t h a t  a t t i t udes  are changing: high- 

grade paper waste is now being col lected i n  o f f i ce  buildings through source 

separation programs. 

The EPA and other  agencies aze attempting to expand recycling. An 

i n t e r e s t i ng  breakdown of the  po ten t ia l  i n  t h i s  area has been gf fe r ed  for  

7 
the  year 1973 by EPA as follows : 



Actual  Disposal  P o t e n t i a l  Recovery 
Ty2e o f  Wastepaper Recycle T o t a l  Urban Areas Percent  Million'  tons  

( m i l l i o n  t o n s )  

Newsprint 2.6 8.0 6.2 5 5  - 65 3.4 - 4.0 
Corrugated 5.3 11 .8  9.2 55 - 65 5.1 - 6.0 
P r i n t i n g / w r i t i n g  3.2 9 .7  7.6 3 0 - 4 0  . 2 . 3 - 3 . 0  
Packaging, e t c .  - 3.4 - 14.7 11.5 5 - 10 .6 - 1.2  - -- 

14.4 44.2 . 34.5 . 11.4 14.2 

The above t a b u l a t i o n  shows, f i r s t ,  t h e  a c t u a l  r e c y c l i n g  f o r  1973 i s  

14.4 m i l l i o n  t ons .  It may b e  noted t h a t  from an aggregate  c o n s u p t i o n  o f  

about 10 m i l l i o n  t o n s  o f  newsprint  on ly  2.6 m i l l i o n  t ons  were r ecyc l ed ,  ( i n  

a y e a r  o f  a high u t i l i z a t i o n  o f  w a s t e  p a p e r ) .  The fo l lowing  columns i n d i c a t e  

t h e  d i s p o s a l  problem faced  by U . S .  m u n i c i p a l i t i e s :  44 m i l l i o n  t ons  o f  .% 

paper  products  were d i s ca rded  i n  t h e  r e f u s e ,  o f  which EPA es t ima te s  34.5 , 

mi l l i on  t ons  t o  be "reachable"  because t h e  d i s c a r d  occur red  i n  urban a r e a s .  
7c 

An a r b i t r a r y  assumption ( o r  an educated guess )  is then  made t o  e s t i m a t e  

how much f r o m ' t h i s  urban m a t e r i a l  might p o t e n t i a l l y  b e  recovered, ,  and t h e  

r e s u l t a n t  f i g u r e  i n d i c a t e s  a p o t e n t i a l  doubl ing o f  t h e  r ecyc l e  r a t e  t o  +out  

40%. This  g r e a t e r  re'covery would then be accompanied by a corresponding 

dec l ine  i n  t h e  demand f o r  v i r g i n  f i b e r .  

What a r e  t h e  impediments i n  t h e  way o f  r e a l i z a t i o n  o f  such an o b j e c t i v e ,  

which appears  d e s i r a b l e  on e c o l o g i c a l  and s o c i a l  grounds, a s  w e l l  a s  from 

t h e  p o i n t  o f  view o f  fuel economy? 

The p re sen t  o rgan iza t ion  f o r  c o l l e c t i n g  waste paper  seems i n e f f i c i e n t ;  

it w i l l  have t o  be  improved i n  o r d e r  t o  expand recovery. Source s epa ra t i on  

has  t h e  p o t e n t i a l  f o r  g r e a t l y  i n c r e a s i n g  recovery r a t e s .  

The secondary paper-  i n d u s t r y  c o n s i s t s  o f  "scavengers" who c o l l e c t  

secondary m a t e r i a l s  and s e l l  t o  d e a l e r s  who s o r t  and b a l e  t h e  m a t e r i a l  

be fo re  sh ipping  it t o  t h e  mills. 



I n  1970 t h e r e  were some 1,300 waste paper dealers  i n  t h e  United S t a t e s ,  

The l a r g e s t  of  them have e i t h e r  c lose  connections wi th ,  o r  a r e  owned by, 

paper companies, but  the  vas t  majori ty a r e  m a l l  businessmen. ?or a nwber  

of yea r s  the  dea le r s  payed i n  the  $4 t o  $10 per  ton range ( f o r  low-grade 

s t o c k ) ,  and it was n o t  s u f f i c i e n t  t o  b r ing  out  much mate r i a l ,  s ince  the  

cos t  of  the  pickup was g r e a t e r  than the  o f fe red  p r i c e .  

The p r i c e  is influenced l a r g e l y  by the  demand f o r  paperboard ( t h e  

largest market for waste paper) ,  which is highly responsive t o  changes in 

t h e  economy. Consequently t h e  ups and downs o f  t h i s  product are r e f l e c t e d  

and considerably accentuated i n  t h e  demand f o r  recycled paper. A s  a r e s u l t  

waste paper c o l l e c t o r s  and dea le r s  are exposed t o  the  economic swings and 

must guard themselves by paying a minimum p r i c e .  

Col lec t ions  can perhaps be improved by expanding the  m r e  s t a b l e  

markets (such as newspr in t ) ,  by providing a backup use f o r  waste paper a s  

f u e l ,  and by e n l i s t i n g  t h e  e f f o r t s  of  t h e  munic ipa l i t i e s  t o  a g r e a t e r  

e x t e n t ,  e spec ia l ly  with regard to  "source separa t ion .  " 

On the  demand s i d e ,  r e l a t i v e l y  Pew paper i l l i l l s  are predica ted  on the  

use o f  recycled paper,  the  "dedicated" mills. Most of the  p l a n t s  a r e  

"supplemental use" m i l l s ,  and waste paper represents  only a small  f r ac t ion  
" ,  

of the  mater ia ls  input .  Also, the  l a r g e s t  producers a r e  in teg ra ted  i n t o  

pulp production, a c a p i t a l - b t e n s i v e  opera t ion ,  and Wage-Rent must and w i l l  

keep these f a c i l i t i e s  opera t ing ,  t o  t h e  d e t r m n t  of using recycle.  

The composition o f  the  feed rests t o  some ex ten t  on t echn ica l  con- 

s idera t ions .  Only in banner years , .  such a s  1973-74, does recycle encroach 

upon the  use of virgin mate r i a l  ( w h e n  pulp capacity f a l l s  s h o r t  of  require- 

ments) ,  showing i h a t  more waste paper could be absorbed by t h e  indust ry .  

This f a c t  is a l s o  ind ica ted  by the  feedstock m i x  o f  o t h e r  i n d u s t r i a l  . 

countr ies ,  which consume a range o f  paper products similar t o  t h a t  marketed 
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i n  t h e  United S ta tes .  

One l a rge  user8 bel ieves  t h a t  the  minimum "door p r i ce"  ( i . e .  a t  the  

d e a l e r ' s  yard) should be $ 20 g e r  ton ,  and he t r i e s  t o  maintain t h a t  l e v e l  

by paying accordingly f o r  the  de l ivered  mater ia l .  The del ivered  cos t  of  

recycle is $ 40 t o  $ 60 per  ton ,  depending on locat ion .  

I t  is a l s o  suggested t!!at,, given the.enerqy c r i s i s ,  t he  h e a t  value 

be used t o  provide a f l o o r  under t h e  p r i c e  o f  waste paper. A t  12 mi l l ion  

BTU per  ton ,  a p r i c e  o f  $ 18  would furnish  a base which would (1) make 

co l l ec t ion  ( a f t e r  source separa t ion)  and processing worth while f o r  municip- 

a l i t i e s  and/or waste processors;  ( 2 )  enable u t i l i t i e s  t o  provide. f o r  the  

necessary equipment t o  prepare paper f o r  e f f i c i e n t  use under b o i l e r s ;  and 

( 3 )  allow the  paper indust ry  t o  accept  properly prepared mate r i a l  by  pro^ 

viding the  dea le r  with the  t a rge ted  'door pr ice ."  

In  the  l a s t  few years t h e  expor t  market has emerged a s  a new f a c t o r  

i n  t h e  determination o f  the  s a l e s  p r i c e  of recydled newspapers. Only about 

5% of the  t o t a l  a r e  involved, but  the  foreign buyer s e t s  a f l o o r  p r i c e ,  

a t  l e a s t  a t  major shipping points .  This d i s t u r b s  some domestic ?rocessors ,  

who p r e f e r  s t a b l e ,  long-term p r i c e  cornmitments in buying raw mater ia l .  

Newsprint made from recycled paper is offered  i n  the  market a t  a 

discount of $ 10 below the  o f f i c i a l  pr ice .  Its a c c e p t a b i l i t y  is a t t e s t e d  

by t h e  f a c t  t h a t  producing mills a r e  always opera t ing  a t  capacity even 

though on ocdasion p r i c e  concessions br ing  t h e  cos t  of  newsprint from pulp 

wel l  below t h e  discount  p r i ce .  

The economics, then,  would seem t o  favor t h e  secondary raw mate r i a l ,  

bu t  the  industry w i l l  no t  be a t  t h e  mercy of  the  secondary industry ( l i k e  

the s t e e l  makers, it w i l l  no t  i d l e  its " b l a s t  furnaces" unless absolute ly  

necessary) .  

On the  o the r  hand, the  munic ipal i t ies  car ry  a much heavier  burden, f o r  



7 they have t o  pay fo r  the disposal  of mountains of paper. EPA shows. 

t h a t  paper represents j u s t  under 40% of the  municipal s o l i d  waste (m.s .w.)  

generation. I t  now costs $ 2 5  t o  $ 30 per ton to  co l l ec t  and to  dispose P 

of t h i s  refuse. The share i n  t h i s  disposal t h a t  can accordingly be a l located 

t o  paper is $ 11 pe r  ton of n.s.w. . The po ten t ia l ly  recyclable portion is  

40% t o  50% of the t o t a l  paper. I t  therefore costs  $5 per ton of m.s.w. 

t o  dispose of the  recoverable paper, i .e .  it has t h a t  much of a negative 

value. 

Two approaches t o  u t i l i z a t i o n  have been established: burning a l l  

refuse--including the  po ten t ia l ly  recoverable paper--and recycling. The 

. price  of paper and paperboard, waste paper, and energy are  var iables ,  and 

a re la t ionship between these factors  cag be established t o  determine the  

economics. 10 

The base is provided by the  heat  value of paper which i s  12 million 

- BTU per ton. Production of newsprint from virgin material requires 24 

million BTU ger  ton, n e t ,  while according t o  actual  energy consumption data,  

production of newsprint from 100% recycle requires 13.5 mill ion BTU per 

ton, i . e .  an energy saving of 10 million BTU without loss  of energy content. 

. Recycling, while extending the  service provided by the material ,  

postpones i ts  use as a 'fuel; It is therefore uneconomic t o  burn paper, i f  
, , ,  

it can be sold  f o r  more than about $ 18 per ton ( a t  present $ 2 is a typ ica l  

pr ice  for  1 mill ion BTU--$ 48 per ton of 2 4  million BTU coal--depending on 

loca t ion) ,  making allowance fo r  d i f f i c u l t i e s  i n  and costs  associated with 

p lan t  modifications for  burning paper. 

Therefore a "door pr ice"  a t  the  yard of $ 30 would provide the  proper 

margin t o  a t t r a c t  waste product i n to  the  recycle stream ra ther  than in to  

disposal  by burning without preparation. 

The only reason why anyone would consider using waste paper a s  fue l  



is  i ts negative value a s  u n ~ e g r e g a t e d ' m u n i c i ~ a l  s o l i d  waste. However, 

segregation of usable paper is  q u i t e  a simple matter  a t  the  source,  and a 

s u i t a b l e  sub jec t  f o r  government ac t ion .  Both encouragement of paper seg- 

, regation a t  the  source and discouragement of use of  the  primary raw 

mater ia l  can be e f f e c t i v e l y  undertaken by the  agencies o f  government. 

It is a l s o  a matter  f o r  government ac t ion  t o  induce pub l i c  u t i l i t i e s  

t o  use the  cheap BTUs provided by paper, even though such economies.must 

be r e f l e c t e d  i n  t h e  b i l l i n g  t o  customers. (It is a l l eged  t h a t  t h i s  f ea tu re  

i n h i b i t s  the  use o f  waste paper by the power indust ry  more than do engin- 

ee r ing  considerat ions.)  

Like t h e  s t e e l  indus t ry ,  which enjoys t h e  deple t ion  allowance f o r  

its i ron  ore  and coal  raw mate r i a l s ,  the  paper indust ry  has t h e  capital%.. 

gains treatment f o r  timber t o  favor t h e  primary supply stream. In review- 

i n g  the  industry s t r u c t u r e ,  we  have shown the  v a s t  t imber holdings o f  t h e  

f o r e s t  products companies i n  t h e  U.S. and Canada, and the  considerable 

influence t h a t  t a x  allowances have had on the  s t r u c t u r e  of  t h e  timber and 

thereby the  pulp and paper indust ry .  r : 

A s  shown above i n  Section 5 . 2 ,  t he re  is  a tendency f o r  paper companies t o  

in teg ra te  backwards t o  the  source o f ~ v i r g i n  raw mate r i a l ,  and conversely 

f o r  timber companies t o  go forward i n t o  paper. About one-third of t h e  paper 

companies with major timber holdings were o r i g i n a l l y  lumber opera t ions .  

The U.S. Treasury, i n  a study1' prepared f o r  Congress, . po in t s  o u t  t h a t :  

In.1965 there  were 13,251 corporate r e tu rns  f i l e d  i n  t h e  lumber 
and paper indus t r i e s . .  O f  t h e s e ,  t h e  16 corporat ions with a s s e t s  
over $250 mi l l ion  reported 64.8 percent  05 t h e  long-term c a p i t a l  
gains. The 63 corporat ions with a s s e t s  over $50 mi l l ion  reported 
80.4 percent  of the  long-term c a p i t a l  gains.  In  f a c t ,  f i v e  
companies reported 51.3 percent  o f  the  long-term c a p i t a l  g a b s .  

Although wood is a renewable resource, current  r a t e s  of  c u t t i n g  a r e  

approaching l e v e l s  of  sus ta ined y i e l d ,  and b e t t e r  economies in the  use of 



wood products a r e  des i rable .  Bet ter  pub l i c  r e l a t i o n s ,  p u b l i c i t y ,  and 

education aiming a t  pub l i c  awareness o f  the  need f o r  conservation and 

recycling a r e  needed. 

On the  recycl ing  s i d e  o f  the  i s s u e ,  t h e  Swedish example may be c i t e d :  

t h e r e  t h e  e x p l o i t a t i o n  o f  timber resources has a l s o  been excessive,  and 

t h e  recycl ing  o f  paper has been poor. The Swedish Government has now 

given munic ipal i t ies :  f i v e  yea r s  t o  organize the recyciing of a l l  ava i l ab le  

f i b e r .  

I n  l i n e  with t h e  Treasury f indings  ,it would seem t h a t  pub l i c  i n t e r e s t  

r equ i res  ac t ion  by t h e  U.S. Governmmt t o  discourage ehe use of primary raw 

material, and one of the  means f o r  accomplishing t h i s  might be t h e  repeal  

of  c a p i t a l  ga ins  t rea tment  f o r  t h e  use of wood in paper production. 

St imulat ingthe most cons t ruct ive  use o f  waste paper is another  a r e a  

f o r  Government ac t ion :  here it can lend i ts au thor i ty  t o  promote recycling,  

t o  support munic ipa l i t i e s  in t h e i r  e f f o r t s  t o  requi re  segregation o f  t h e  

useful  waste a t  t h e  source. 

I t  is no t  i n  t h e  American t r a d i t i o n  t o  adopt mandatory measures such 

as those undertaken i n  Sweden, but  we can examine how t h i s  country achieved 

much b e t t e r  paper u t i l i z a t i o n  30 o r  40 years  ago, and endeavor t o  reestab- 

l i s h  t h e  indust* p a t t e r n  that aperated then. We can a l s o ,  re~wgfiizfr9q t he  

new resource e t h i c ,  develop new p a t t e r n s  o f  s o c i a l  ac t ion  and husband o u t  

resources f o r  b e t t e r  ma te r i a l s  and energy u t i l i z a t i o n .  ' 



5.3  Process Description--Stages from Wood t o  Pulp t o  Pager 

The paper making process cons i s t s  of  th ree  s t ages :  

(1) The harves t ing  o f  wood o r  o t h e r  ce l lu lose  source;  

( 2 )  The conversion of  wood t o  pulp;  

( 3 )  The processing o f  pulp i n t o  paper. 

The c e l l  wall  o f  a l l  p l a n t s  contains ce l lu lose .  I t  is  a f ibrous  

mater ia l  which the  chemist c a l l s  l i n e a r  polysaccharide. The c e l l u l o s e  is  

he ld  together  by l i g n i n ,  and there  a r e  o the r  compounds present  i n  the  wood - 
i n  varying anounts. In perennia l  p l a n t s  ce l lu lose  represents  one-half of 

. V 
t h e  s t r u c t u r e ,  but  i s  only one-third i n  annuals. I t  is  highly hygroscop"ic, 

absorbing water ,  b u t  possesses high s t r eng th  a t  t h e  same time as wel l  asa 
I 

g r e a t  s t a b i l i t y .  

While paper can probably be made from almost any p l a n t ,  t he  non-fibrous 

cons t i tuen t s  impair the  s u i t a b i l i t y  i n  many cases.  Trees a r e  outstanding 

i n  t h a t  they contain a minimum o f  non-cel lulosic cons t i tuen t s .  They are  

c l a s s i f i e d  i n  a f i r s t  order  i n t o  softwoods (coniferous)  and hardwoods 

(deciduous). Sofzwcwds' f i b e r s  o f  ce l lu lose  a re  about one-eighth inch i n  

length ,  while hardwoods' ce l lu lose  f i b e r s  a r e  only about one-third as long. 

The development of t h e  pulpmaking process during t h i s  century has ex- 

panded t h e  range of  woods t h a t  can be used, and now softwoods a re  used i n  

papermaking t o  supply s t r e n g t h ,  hardwoods, smoothness of  su r face  and body. 

For paper o f  maximum s t r e n g t h ,  snoothness , body and permanence , 
- 

f i b e r s  of  cot ton and l inen (wastes f r o m  t e x t i l e  m i l l s  and f a c t o r i e s  o r  

r a g s ) ,  f l a x  o r  l i n t e r s  (from processing of  cot ton seed) a r e  used. The 

reasan f o r  the  b e t t e r  proper t ies  is  seen i n  the  g rea te r  length of t e x t i l e -  

derived f ibe r s .  



Actually, only a small portion of the t r ee  is  used for  pulp produc- 

t ion:  the biomass of 

Roots 
Branches 
Foliage 
S t w  
Tops 
Trunk 

(bark on trunk 

the t r ee  is as  follows: 

12% 22% excluded - 
9 t3 10 
7 22 8 
7 23 8 
5 21 6 

60 25, 6 8 
7 k l )  

The above tabulat ion shows the  t r e e  both with roo t  and without, giving the 

r e l a t i ve  importance of  t he  d i f f e r en t  par t s .  

The .scale of values f o r  wood and wood products is: lumber (highest 

va lue) ,  pulp, and fuel .  (The economics f o r  the  use of wood' a s  a chemical 

feedstock in the  displacement of o i l  o r  coal-byproducts are  poor. Even 

wood-derived sugars 'are  prohibi t ively  expensive.) 

AS a r e s u l t  timber, lumber, pulp and paper operations a re  increasingly 

coordinated, and v e r t i c a l  in tegrat ion of these industr ies  permits optimiza- 

t ion  of  the timber resource. The sawmill produces cu t  lumber from the core 

of the  t r ee  trunk, while the  sawdust and leavings are pulped. Under a more 

recent development, under whole-tree harvesting, the t r ee  tops , branches , 

foliage and branches are  chipped a t  the  s i t e  and can be burned t o  supply 

supplemental power and steam fo r  the' pulp m i l l .  In  some cases d i f fe ren t  

' 

types of pulp are produced in  one f a c i l i t y ,  and the power plant  can supply 

the  bulk of t he  energy needs fo r  the  en t i r e  operation. 

. Pulp is  produced from wood by mechanical o r  chemical means. Mechan- 

i c a l  pulping abrades the  wood t o  pulp. This can be done by pressing the  

wood against  a grinding wheel o r  shredding wood chips. In t h i s  process the  

binder, l ign in ,  is  broken, and the cel lulose  is  obtained by comminution. 

Chemical wood oulp is  made by cooking wood chips in  a digestor under 

pressure,  e i t h e r  with s u l f i t e  s a l t s  and SO o r  in caust ic  soda and sodium 
2 

su l f ide  ( the  k r a f t  process).  Lignin is dissolved by the  reagents, and the 



ce l lu lose  i s  s e t  f r e e  a s  whole f i b e r s .  Further  p u r i f i c a t i o n  is achieved 

by bleaching (and a l m s t  one-half o f  k r a f t  pulp is  s o  t r e a t e d ) .  The h ighes t  

grade c e l l u l o s e ,  prepared by bleaching and a l k a l i n e  e x t r a c t i o n ,  is ca l l ed  

alpha o r  chemical pulp (and represents  genera l ly  around 2% of t o t a l  k r a f t  

production).  It goes i n t o  rayon o r  c e l l u l o s e  f i lm o r  chemicals, such a s  

c e l l u l o s e  n i t r a t e  o r  ace ta te .  

Semi-chemical pulp is made by p a r t l y  d issolv ing t h e  l i g n i n ,  sof tening 

t h e  wood chips and mechanically producirig t h e  f i b e r s .  The pulp is then 

shipped t o  t h e  paper mills. I f  t h e  pulp must move over any considerable 

d is tance ,  it is dr i ed  and shipped i n  bales.  (It  is  then recons t i tu ted  i n  

a pulper . )  In e i t h e r  case,  t h e  ce l lu lose  must be prepared f o r  conversion 

t o  paper, ,  depending on the  product and grade t o  be made. This is achieved 

by mechanical pounding o f  the  f i b q r ,  and t h e  g r e a t e r  the  degree of  mechan- 

i c a l  ac t ion ,  the  g r e a t e r  the  s t r e n g t h  o f  t h e  paper and t h e  lower t h e  por- 

o s i t y .  During t h i s  s t e p ,  s i z i n g ,  f i l l e r s ,  dyes, bonding agents ,  can a l s o  

be added o r  the  stock can be continuously washed. Af ter  proper p repara t ion ,  

the  pulp is  suspended i n  water i n  which it represents  only one-half p e e c e n t ,  

and is  then fed t o  the  paper machine. There a r e  e s s e n t i a l l y  two types of 

paper machines: the  Foudrinier ,  and the  drum type. 

The Foudrinier  machine rece ives  the  s l u r r i e d  pulp  from a "head box" 

on a t r a v e l l i n g  wire mesh which dra ins  o f f  one-f i f th  of  the ,wa te r .  The 

drum type cons i s t s  of a cyl inder  which is  covered with a screen and dips 

i n t o  the  pulp s l u r r y .  In e i t h e r  case ,  as t he  screen moves t h e  dens i ty  

of  the s l u r r y  increases ,  and when it reaches between 10% and 25% s o l i d s ,  

it can be removed. The wet mass is fu r the r  consolidated by press ing  and 
I 

drying on drums u n t i l  t he  water content  reaches .65% t o  70%.,  In a f i n a l  

f in i sh ing  s t e p ,  the  shee t  can be "calendered" by being passed through a 

s tack  of r o l l s  which pol ish  t h e  su r face  of  the  paper. 



It w i l l '  be seen t h a t  t h i s  process is  q u i t e  energy in tens ive ,  ' requir ing 

considerable inputs  of  e l e c t r i c  a s  wel l  a s  thermal energy t o  break down . 

'he wood t o  f i b e r ,  t o  prepare the  f i b e r  i n  a water suspension, t o  ca r ry  

the f e l t e d  mate r i a l  through progressive drying s t ages  through the  paper 

machine, and t o  supply t h e  hea t  needed f o r  drying t h e  wet pulp t o  produce 

a paper. 

Figure 5.1.A, Basic Papermaking Operations (page 3 )  shows t h e  schematic 

of  t h e  papermaking process.  Subsequent sec t ions  of  t h i s  chapter  descr ibe  

t h e  process i n  g r e a t e r  d e t a i l  and develop the energy requirements for each 

s tep .  Overal l  e l e c t r i c  and thermal energy requirements have been discussed 

above i n  Section 5.2.1. 

The environmental impact o f  pulp and paper mills was repor ted  by 

K a ~ l a n . ~ '  H e  i nd ica tes  t h a t  conventional waste t reatment techniques a r e  

employed t o '  c o r r e c t  f l u i d  e f f l u e n t s  f o r  d issolved and suspended mat ter ,  

cooling ponds o r  towers f o r  hea t  d i s s ipa t ion .  

The energy consumed i n  con t ro l l ing  discharges i n t o  the  atmasphere 

goes i n t o  e l e c t r o s t a t i c  p r e c i p i t a t o r s  and small  gas scrubbers. Present  

s tandards r equ i re  about .25 t o  1 mil l ion  BTU per  ton o f  product.  These 

energy expenditures a r e  of course contained i n  t h e  da ta  presented above and 

below. However, proposed t ightening of s tandatds  may r a i s e  these  energy 

,expenditures by a f a c t o r  o f  2 t o  2.5.  S imi la r ly ,  l i q u i d  discharge con t ro l s  

w i l l  impose a need f o r  an incremental 100,000 t o  300,000 BTU per  ton.  



5.3.1 Pulp Production -- 
A s  ou t l ined  above, there  a r e  three  b a s i c  methods f o r  producing pulp 

from wood f o r  the  manufacture o f  paper and pulp. 

However, before t h e  wood can be t r e a t e d  t o  produce f i b e r ,  it has t o  

be co l l ec ted  a s  timber and shipped t o  the  pulp m i l l .  

The energy required t o  f e l l  and load a cord of  roundwood has been 

estimated both in  the  O.S. and Canada,12 and in both it can be shown that 

requirements in gasoline f o r  

f e l l i n g  a r e  .7 ga l s ;  
skidding a r e  1.2 ga l s ;  
loading a r e  ' . 6  ga l s  ; - 

2.5 gals/cord; 

1.25 gals/green ton. 

Therefore t h e  harves t ing  expenditures o f  energy a r e  about 200,000 BTU per  ton  

o f  roundwood a s  cu t .  

Yield from roundwood from standing timber is reported t o  be i n  the ,  

order  of 60%. The balance is wood i n  the  form of branches and t r e e  tops., 
A 

disregarding the  roo t  system. . In  . t he  p a s t  t h i s  mater ia l  was e i t h e r  l e f t  

on the  cut-over s i t e  &r it was gathered a f t e r  drying and burned under super- 
, . 

vision t o  prevent a f i r e  from spreading. 

There is now an increas ing t r end  t o  u t i l i z e  t h e  whole tree ( i n  some 

ins tances  including t h e  r o o t s ) .  This is accamplished by chipping t h e  waste 

mater ia l  on the  s i t e  and shipping it t o  the  m i l l  t o  be used a s  f u e l  or-- 

under some practices--feeding it t o  the  pulp m i l l .  However, a f t e r  some 

i n i t i a l  success,  t h i s  approach is  now being reconsidered because of d i f f  i c u l -  

t i e s  a r i s i n g  from corrosion problems i n  the  pulp m i l l .  It seems t h a t  d i r t  

and dus t  adhesing t o  the  feed causes complex s ide  reac t ions  i n  the  d iges t ion  



process and scbsequent opera t ions .  

Considezable work is being done t o  co?e wi th  t h i s  problcn and. 

al t i rnately t h i s  " t o t a l  ch&_cingt1 nay be sdooted i n  pul,-ing cpera t ions .  

wet t ing  the  ch ips ,  followed by a g i t a t i o n  i n  weter and screening out  d i r t ,  

f o l i a g e  and bark. It is claimed t h a t  a clean feed t o  t h e  pulp m i l l  and 

a separa te  s tream has been provided which can be used a s  f u s l .  

Bazed sn a Canadian owvoy aonduobod by Middbobcn X 6 & 0 o i l t f 3 ~  
12 

roundwood o r  wood res idues  t r a v e l  ?A average o f  50 miles t o  a pulp m i l l .  

These data  a r e  csns idered  tc be a l s o  v a l i d  :or U. S. cpe ra t ions .  ;<$st fre- 

quent ly  such a movenent is e f f e c t e d  by truck.  In  a r r i v i n g  a t  t o t a l  energy 

associa ted  w i t 3  a ton-mile t r a v e l ,  ~Yiddleton ass;lmes a f a c t o r  o f  1.4 t o  . 

a r r i v e  a t  an assessment o f  t h e  BTO c o n t t n t  in equipment, se rv ice  and nain- 

tenance above the  consungtion of £ce l l  as follows : 

E;lerqy Cost f c r  Transcor ta t ion ,  3Tii / ton-mile 

Truck 
R a i l  

Dk-ect To kai/Di-ec' -- Total 

2,500 1.4 3,5CO 
560 1.7 950 

n e s e  f igures  a re  na t ior ia l  averages,  taking i n t o  accoTXt f % z t s r s  snch as 

incomplete loadicg ,  empty Sack h a u l ,  e t c .  Conversely, they do not  ailow 

f o r  t h e  s p e c i a l  heavy duty trucks o r  d i f f i c u l t  lumberin9 roads associa ted  

with the  lumber indus t ry .  

\ 

Allowing f o r  an average t r i p  of  50 miles ,  then t h e  t o t a l  e n e r 9  re- 

qu i red  t o  g e t  a ton o f  wood t o  a pulp m i l l  is  i n  the  o r&er  o f  175,000 BTU. 

Accordingly, t h e  ton of green roundwood delivered t o  the  cul?  m i l l  

' c a r r i e s  an energy investment of W u t  375,000 BTU. 

The roundwood a r r i v e s  a t  the  m i l ;  i n  fu l l - l eng th  logs c r  as b o l t s ,  



about four  f e e t  long, t o  be charged d i r e c t l y  i n t o  l a r g e ,  revolving drums 

i n  which the bark (amounting t o  12-15% of t h e  feed) is removed by tumbling 

ac t ion .  

Barking drums a r e  s tandard 22 f t .  6 i n .  lonq by 1 2  f t .  diameter (but 

l a r g e r  u n i t s  a r e  a l s o  i n  s e r v i c e ) .  They can process 10 cords of softwood 

o r  5 - 7 1 / 2  cords o f  hardwood per  hour (o r  20-25, and 10-19 t o n s ,  res-  

p e c t i v e l y ) .  These drums can be placed end-to-end up t o  t h r e e  u n i t s ,  t o  

increase  output.  The bark goes t o  b o i l e r s  as fue, l ,  and the  debarked logs 

a re  s e n t  on t o  chipmaking o r  groundwood machines. 

Power consumpti'on by barking drums is 13.5 kwh / ton of green round- 

wood as  given by Middleton;12 ~ o r d i a n ' ~  gives 16.2 kwh / ton f o r  f r i c t i o n  

drum barking,  25 kwh / ton f o r  hydraul ic  barking. 
' 

5.3.1.1 Mechanical Pulp Production -. 

A s  the  t e r m  implies,  mechanical pulp production i s  t h e  physica l  com- 

minution of wood t o  pulp. 

There a re ' two  methods: e i t h e r  grinding the  debarked roundwood aga.inst 

a s tone grinding wheel (stone roundwood), o r  chipping it f i r s t  and then 

feeding t h e  chips i n t o  a " re f ine r"  i n  which they a r e  t u n e d  i n t o  a pulp 

("refiner groundwood" i s  c o n s i d ~ r ~ d  s i ~ p e r i o r  t o  the  stone-ground qrade) . 

The moisture content is important,  both f o r  grinding and product qua l i ty .  

It should be a t  l e a s t  30%, b u t  preferably  cl'ose t o  50%, and may require  

pretreatment o f  the  wood. Stone gr inding wheels a r e  made from s i l i c o n  
J 

carbide o r  alumina .gra ins  b f  con t ro l l ed  s i z e )  in a b inder  matrix. The 

"stone" is  connected t o  an e l e c t r i c  motor, o f t en  r a t e d  a t  a s  much as 

10,000 hp. The pulpstone tu rns  a t  360 rpm, i . e .  pe r iphera l  speeds of 

between 4,000 and 4,500 f e e t  per  minute. The wood i s  pressed aga ins t  the 

stone e i t h e r  by weight o r ' b y  a hydraulic  pressure f o o t ,  arid each stone 



produces as much as 150 tons of pulp per day. Yield from wood t o  f i be r  

is very high (94%-96%), as  the l ignin is not removed in  the  a t t r i t i o n i n g  

Refiner pulpwood is f i r s t  chipped t o  about one by one-half by one- 

fourth inch against  a flywheel with cu t t e r  bars. Large chippers with a 

capacity of 110 t o  180 tons pe r  hour require mul t ipleadr ives  with 750 t o  

2000 KW. : Power oonstrmption is about 100 kwh / ton of chips. Chips are 

then fed t o  "ref iners  ," consist ing of two d i sc s ,  having a l t e rna t e  ridges 

and depressions on facing surfaces. Clearance between them is adjustable,  

as they ro t a t e  opposite .each other  and grind up . the  wood chips. Several 

of these un i t s  are working together t o  process the pulp i n  stages leading 

up t o  a screen, with t he  oversize being recycled fo r  reprocessing. (There 

. arb a t i m e r  of designs of re f iners ,  some of which have only one disc.)  

. Rotation ismuch f a s t e r t h a n  in s tonewhee lpu lp ing ,  reaching12,OOO-30,000 

f e e t  of peripheral t r a v e l  per minute. 

Overall y ie ld  from debarked wood i s  high and ranges between 94% and 

96%, and also power consumption, which is 1 , 5 2 7  kwh per a i r  dried ton (ADT) 

14 
o r  1,967 kwh per bone d r y  ton of pulp produced. (This report  assumes 

t h a t  t h i s  f igure  is meant t o  be comprehensive, and tha t  it includes the 

enerqy expended i n  chipping as well a s  t h a t  required for: refining.  It is 

however found t h a t  power requirements vary widely, depending on the  type of 

wood processed and on possible pre-treatment,' such a s  soaking, "pressafining" 

o r  "impressafining.") In terms of the& values t h i s  power requirement 

15 
represents 16 mill ion BTU. This compares with figures given by EPA of 

15.1 M BTU/ADT for  r e f ine r  mechanical and 13.3 mill ion BTU/ADT of ground- 

wood pulp. 

Other invest igators  give a range of 10 t o  17 million BTU per ton of 

tlgroundwood pulpingrv16 without defining the  parameters surrounding t h i s  



wide range. Again, ~ a t t e l l e ' ~  gives a power consumption of 11.4 million 

BTU per ton of pulp. 

I t  has been pointed out t h a t  there is a wide range of parameter sur- 

rounding power consumption i n  the  manufacture of mechanical pulp. Since 

the present study aims a t  order-of-magnitude determinations, it may be 

appropriate simply. ' to average the figures quoted above and t o  assume a 

power consumption of 14 million BTU per ton of a i r  dried wood pulp. It 

is t o  be understood t h a t  the  e n t i r e  energy is required a s  mechanical o r  

e l e c t r i c a l  energy, i .e .  1,400 kwh. 

5.3.1.2 Soda o r  Sulfate Process 

Soda pulp (by the  or ig ina l  chemical pulping process) is obtained by 
, .,Cr "5. 

cooking wood chips with two-thirds caust ic  soda and one-third sodium 
. . 

su l f ide  a t  an elevated temperature under pressure. A reaction between the 

reagents and l ignin converts the  wood in to  separate f ibers .  (The k r a f t  

process evolved from t h i s  chemistry and has superseded it almost en t i r e ly . )  

The Process is now limited t o  the production of f i l l e r  pulps from hardwood, 
_I. i- 

as the material is r e l a t i ve ly  low in- s t rength-  18 

After completion of the operation,  the  cel lulose  produced is washed 
i 

t o  remove remaining impurit ies,  and then bleached. Soda is largely re- 

covered and. recycled. 

The significance of the  process has declined, owing t o  the poor qua l i ty  

of the product (it is included under "other" i n  Table 5.2.2A, "U.S. Produc- 

t ion  of Pulp"). Only two verf old  mills continue t o  use t h i s  obsolete 

technology i n  the  U. S. 

5.3.1.3 Su l f i t e  Pulping 

The s u l f i t e  pulping process accounts f o r  74 t o  8% of t o t a l  U.S. pulp 

production (see Table 5.2.2A) ,. more in  former years. 



S u l f i t e  cooking l iquor  contains 4% t o  8% f ree  SO a s  well  as 2% t o  
2 

3% Na, Ca, Mg, o r  NH4 b i s u l f i t e  i n  an aqueous solution.  This l iquor  is i. 

pumped in to  a pressure vesse l  which is loaded with wool! chips. The reactor  

is commonly about 16 f e e t  in diameter, 50 fee': hiqh, and has a capacity of 

12 to 15 tons  of pulp per batch, but much la rger  un i t s  have been used. 

S u l f i t e  pulping prac t ice  great ly  varies,, depending on the  chemistry 

and design employed i n  any given plant ,  There are  many var ia t ions  of the  

Frocess used i n  t he  41 s u l f i t e  m i l l $  t h a t  a re  now i n  use i n  the  U.S.--a 

considerable decl ine  from the  96 plants  operating i n  1920. 29 There is no 

new technology i n  view t h a t  might revive the  process, and no new s u l f i t e  

mi l l s  are being b u i l t  o r  considered. It is d i f f i c u l t  t o  generalize about 

t he  power requirements i n  these mills. 

Raw mater ia l  f o r  s u l f i t e  pulping is general>/ a low-resin conifer ,  such 

a s  spruce. The product is c l a s s i f i ed  i n to  f ive  grades of unbleached sul- 

f i t e  pulp, depending on the degree of cooking, and two major grades of 

bleached s u l f i t e  pulp : bond, for  strong, bright papsrs,  and book ~ r a d e  , 

clean and br ight  but  no t  as  strong. 

the  d iges te r  t o  f i l l  it completely; then the ho t ' a c id  solut ion is  pumped 

in ,  and steam heac is provided,. . A t .  the end of the "cook, " the d iges te r  
. . . .  

discharges rapidly  in to  a "bl'bw p i t , "  and the  blow def ibers  t he  chips. 

Unwanted knots, uncooked chips, d i r t ,  bark, f i be r  bundles, e tc . ,  a re  

screened out.  

The temperature of t he  cook is i n  the order of 150°C, and the  time 

about f ive  hours. 

Yield is 44% t o  46% typical ly  for  wood holding 2 %  to  5% l ignin.  The 

pulp is r e l a t i ve ly  l i g h t  in color and can be used without bleaching, par- 

t i cu l a r ly  when mixed with grounbood pulp. For applications requiring 



g r e a t e r  whi teness ,  a d d i t i o n a l  b leaching  may be needed. 

The process  r equ i r e s  more f u e l  f o r  pulping,  l e s s  f o r  b leaching  than 

s u l f a t e  pulp ing ,  and t o t a l  f u e l  consumption is  7 t o  8 m i l l i o n  STU e r  

ton ,  inc luding .  washing, r e f i n i n g  and bleaching.  19  



5.3.1.4 S u l f a t e  Pulping---aft Process 

About two-thirds of the  pulp produced i n  t h e  U.S. is made by the 

s u l f a t e  o r  k r a f t  process. In. t h i s  process wood chips a r e  cooked i n  a 

l i q u o r  of  c a u s t i c  soda,  sodium carbonate and sodium s u l f i d e  f o r  about 3 

hours a t  340°F under pressure.  

Lignin is $ 0 1 - b i l i z c d  and t h c  sol lu looe  is  set f m ~ ,  The cooking 

liquors are re~ruved recovered, whilc  t h e  pulp i s  washed, h l ~ a c h e d  (if 

required)  and sent t o  t h e  paper mill. In  o rde r  t o  show the  complexity of . 

t h e  opera t ions  involved,  the  following descr ibes  i n  some d e t a i l  the many 

s t e p s ,  reac t ions  and c i r c u i t s  needed i n  t h i s  process.  

In t h e  s u l f a t e  o r  k r a f t  process,  chips a r e  d iges ted  i n  "white l iquor , "  

which contains NaOH and Na S ( t h e  r a t i o  o f  sodium i n  these  compounds i s  
2 

2 : 1, respec t ive ly )  . The l iquor  a l s o  contains sodium carbonate and sul- 

f a t e  i n  s i g n i f i c a n t  arrpunts and minor q u a n t i t i e s  o f  o the r s .  

The r e a c t i v i t y  0.f the  l i q u o r  i s  s t a t e d  i n  terms of  the  Na20 equivalent ,  

s l r i C i !  m e  Na2S hyclruly z r j  , one-l iuf  being availirljlo as c a i r ~ t  i c, one-half 

as hydrosulphide (NaHS) , which i s  t h e  c r u c i a l  reagent i n  s t a r t i n g  de l ign i f -  

i c a t  ion. 

F i f t een  t o  s i x t e e n  lb .  of e f f e c t i v e  Na 0 a r e  used pe r  100 lb. of  dry a 
weight o f  spruce,  f o r  exanple. About 3.1 lb. go t o  de l ' igni f ica t ion ,  .9 Ib. 

r e a c t  with the a c e t i c  aela forn@d and 6 . 8  lb, are eonsurned by hemicelll.alnse 

byproducts. Some 4 t o  4.5 lb. a r e  l e f t  i n  t h e  spent  liquor. 

In batch opera t ions ,  t h e  d i g e s t e r  is heated t o  170°C (338OF) i n  one 

and one-half hours and held a t  temperature f o r  one and one-half hours. 

The l iquor  t o  wood r a t i o  is  4 : 1, and 16 Lb. of e f f e c t i v e  a l k a l i  w i l l  

produce a bleachable pulp. A valve a t  t h e  bottom of  the  tank empties the  



contents  i n t o  t h e  "blow. tank. " 

Most modern mills operate continuously, frequently employing the  

K q r  d iges te r :  chips a r e  f i r s t  continuously steamed, then brought up t o  

the  pressure of  t h e  d iges te r  (about 150 p s i )  and then mixed with the  white 

l iquor  while flowing through the  d i g e s t e r  f o r  one and one-half hours while 

heat ing  t o  170°C. The mass is  held  i n  a second zone f o r  another one and 

one-half hours a t  temperature. 

Digestion having been completed, chips e n t e r  a counter-current washing 

and cooling zone i n  the  reac tor .  While the  l iquor  leaves from the  top  o f  

the  zone, d iges ted  and washed chips go from t h e  d iges te r  through a blow. 

valve i n t o  the .  blow. tank. 

Fig. 5.3.1.4A shows the  schematics o f  the  recovery system: the  chemical 

. a  recovery cycle importantly involves t h e  separa t ion  o f  the  black l iquor  

r e s u l t i n g  from t h e  , react ion with t h e  chips ,  by washing on ro tary  f i l t e r s ,  

i t s  evaporation i n  two s t ages ,  and combustion t o  recover the  inorganic 

chemicals. 

Oxidation o f  the. black l iquor  is requi red  t o  prevent escape of de le te r -  . . 

ious conpounds. When concentza'tion o f  black l iquor  reaches 65% t o  70%, 

it goes t o  the  recovery furnace. 

The recovery furnace is p a r t  o f  a b o i l e r .  .Combustion o f  organic  matter 

r a i s e s  steam ( e i t h e r  a t  200 p s i  f o r  process steam only ,  o r  a t  1200 p s i  t o  

generate power as weJl), ,  and the  sodium carbonate and s u l f i d e  a r e  recovered 

i n  t h e  ash,  c a l l e d  "smelt," which flows from t h e  hear th  i n t o  t h e  d issolv ing . 
tank ( a t  990'-1200°C) . The furnace is of  q u i t e  an exceptional  design 

. ( e spec ia l ly ,  s ince  se r ious  explosions occur i f  water leaks inso  the  hear th)  

to insure  both maximum thermal and chemical recovery efficiency . 
.In the  d issolv ing tank "green l iquor"  is generated, the  color  being 

due t o  an insoluble  residue, t h e  "dregs,"  i . e .  minor cons t i tuen t s  of  wood, 



. ,  
F i g .  5 .3 .1 .4A:  The 'Cjrclic Recovery System for the Kraft Process 

Source : Encyclopedia of Chemical ~echnology 
"Pulp" p. 708. 
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water o r  corrosion products. This l iquor is pur i f ied by decantation, and 

"white l iquor" i s  reconsti tuted f o r  reuse- a f t e r  adjustment of analysis.  

ayproducts recovered a r e  turpentine (from digester  gases,  about 20 l b .  

per ton of pulp for  pine, much l e s s  fo r  spruce) , t a l l  o i l  (."salted out" 

from l iquor  a t  25% t o  28% concentration a s  a soap-it must be t rea ted  t o  

recover the oil :  y ie ld  i s  20 Lb. per  ton and may be a s  high as 200 lb. pe r  

ton from pine. Tal l  o i l  is an important raw material  f o r  soaps, and for  

res ins  used i n  the  s iz ing  of paper) ,  and l ignin (can be obtained from black 

liquor. I t . c a n  be the  feedstock f o r  the  production of p l a s t i c s .  Economics. 

a re  determined by the  pr ice  of phenol). 

The description of the  k ra f t  pulping process shows not only the com- 

plexi ty  of the  process (which has only been barely ou t l ined) ,  but  it also 
I 

indicates t h a t  a considerable portion of the  thermal and e l e c t r i c  power 

needs of the  pulp and paper industry is supplied from in-house generation 

from byproduct sources. 

The yield from debarked roundwood t o  dr ied pulp varies with the grade 

of pulp produced. Pulp fo r  linerboard is r e l a t i ve ly  low-grade and has a 

y ie ld  of 55-58% pulp vs. feed, while a bleachable pulp has about 46 and 

high-grade alpha o r  chemical grade 35-36% yield.  I t  i s  easy t o  achieve a 

high thermal efficiency f o r  a low-yield mater ia1, 'as  it generates a large 

volume of black 'liquor. A considerable excess of power and steam can be 

achieved for  the  b e t t e r  grades. A t  50% yield  I ton of pulp generates 1 ton 

of waste.plus 270 lb. o f  hark, i . e .  a thermal po ten t ia l  of 10 mill ion BTU. 

The quantif ication of the  gross and net  power requirements is qu i te  

complex, and the d i f fe ren t  s tudies  seem t o  diverg;, because they r e l a t e  t o  

plants of d i f fe ren t  e f f ic ienc ies ,  they of ten do not sgecify the  grade of 

k ra f t  pulp being discussed, and they are  sometees based on d i f f e r en t  

assumptions for  power conversion factors  which are  not always defhed .  



(Throughout t h i s  s tudy,  we have t r i e d  t o  use 10,000 BTU per  kwh.) . 

Overal l  energy requirements a r e  given by l ' h e r m o - ~ l e c t r o n ~ ~  a s  7 t o  9 

mi l l ion  BTU (ne t  1 per  ton of s u l f a t e  pulp,  including washing and r e f i n i n g ,  

p lus  3 t o  4 mi l l ion  BTU per  ton f o r  bleaching. 

A much more d e t a i l e d  evaluat ion by E P A ~ ~  quotes Arthur D. L i t t l e  a s  

follows ( f o r  a ton o f  bone dry pulp)  : 



Steam - Pow.er T o t a l  

Mil l ion BTU Mil l ion  BTU Mi l l ion  BTU 

;.:ccd ;re_sarat icri --- 1.1 1.1 
4 .9  1.2 Puls ing 6.1  

Chemical Secovery 4 .9  1.5 6.4 
Liquor Preparat ion.  .9 - 3  1.2 
Environmental --- - 7  .7 

Miscellaneous .7 . 2  -9 
Lime Reburning - --- - --- 1.4  . - -  

11.4 5 . O  * 17,8 

Bleaching 9.1 1.0 10.1 

I n t e r n a l  Generation : 
from spen t  l i q u o r  16.0 
from bark and sawdust - 1.0 

* = 500 kwh 17.0 

The p l a n t  e f f i c i e n c y  is  95%, i . e .  the  c a l c u l a t i o n  r e l a t e s  t o  t h e  most 

modern p l a n t s ,  o f  which t h e r e  a r e  only  a  very few i n  t h e  country. However, 

I 

t he  thermal requirements f o r  b leaching  a r e  sho& t o  equal  approximately t h e  

sum of  s u l f a t e  pulp ing  and.bleaching thermal requirements a s  shown by 

T h e m  Elec t ron .  

~ a r r i s ~ ~ .  c l e a r l y  de f ines  h i s  parameters  and of ' ferr  t h e  fol lowing d a t a :  

E n e r e  Consumtion i n  Kraf t  Pulping 

Steam & Fuel  E l e c t r i c i t y  
Mil l ion BTU/ADD Kwh/ ADT 

Wood p repa ra t ion  
Pulping 
Washing, sc reening  
Bleaching 
Drying, b a l i n g  
Rcaoveq b o i i c r  
Auxi l ia ry  b o i l e r  
Power generat ion 
Recaus t ic iz ing  
Evaporation 
Ef f luen t  t rea tment  

* = 450 kwh (without b leaching ,  dry ing  and b a l i n g )  

Har r i s  s t a t e s  t h a t  conbustion of  bark and waste.  f i b e r  account f o r  9% 



of t o t a l  f u e l .  needs, and black l i q u o r  f o r  63%. According t o  a telephone 

interview, Harris  used 4,000 BTlj/kwh. Accordingly , t o t a l  thermal require-  

. .  . T . ~ T . ~ s  ; , ~ 2  20 .3  m i l l i c ; n  3TU, and. 7 2 4  of  t h i s  cr 1 5  n i l l i o n  9 ' 3  a r e  su?ai l sc  

i n t e r n a l l y ,  s a t i s f y i n q  f i r s t  a l l  of  the  power needs. This leaves only 3 

mil l ion  BTU t o  be suopl ied  from the  outs ide .  However, on the  b a s i s  of  

10,000 BTU/kwh, i . e .  t he  t rue  thermal value o f  e l e c t r i c  power, t o t a l  energy 

requirements a r e  25 rai l l ion BTU, o f  which 15 mi l l ion  a r e  suppl ied  i n t e r n a l l y ,  

leaving a n e t  f u e l  requirement of 10 mi l l ion  BTU, of w h i c h  bleaching regre- 

s e n t s  3 . 4  and drying,  ba l ing  4.7 mi l l ion .  Actual ou t s ide  f u e l  requirements 

a r c  two n i l l i o n  BTU and the  thermal e f f i c i ency  Ear t he  pulping grocess i s  . 

88%. 

According t o  wel l  informed indust ry  sources,  an optimum energy e f f i c i ency  

of  k r a f t  pulping of  15-20% is the  b e s t  operat ion t h a t  has been achieved on 

a continyous b a s i s .  This would ap,oear t o  sup-&rt Har r i s '  da ta .  It does 

however ind ica te  t h a t  t h e  present average industry-wide recovery rate nf 

about 50% of energy can well  be improved and a f u r t h e r  saving o f  4 mi l l ion  

BTU per  ton of  k r a f t  pulp should be a t t a i n a b l e .  

In our ca lcu la t ions  we have used a n e t  energy requirement of  8 mi l l ion  

BTU $er ton of  k r a f t  pulp as  the U . S .  average. E l e c t r i c  power needs o f  

about 500 kwh a r e  included i n  the  o v e r a l l  energy requirements. 

5.3.1.5 Other Pulping Processes 

mst impol-tant amng otlier. pulpicrg procusses is the production 

o f  semi-chemical pulping,  which con t r ibu tes  about 8% t o  U. S. production. 

In  t h i s  process wood chips a r e  cooked with sodium compounds t o  remove 
' 

a por t ion  of  t h e  l i g n i n .  The process app l i e s  p a r t i c u l a r l y  t o  hardwoods 

(which do no t  produce s a t i s f a c t o r y  groundwood pulp f o r  paper manufacture).  

The chemical t reatment swells  the  wood and reduces i ts  t e n s i l e  s t r eng th .  



The f ibers  a re  preserved thereby and l e s s  power is required i n  the. re- 

f i ne r ,  with consequent lower heat generation and degradation of the f ibers .  

There are  a number of forms for  practicinq the semi-chemical sulping 

process : 

(1) Hardwood neutra l  s u l f i t e  semi-chemical (NSSC) , using sodium 
carbonate and sulfite-produces yie lds  of 70-80% pulp from 
wood, and is used i n  corrugating medium. I n  yie lds  of 
60-65% pulp play be bleached fo r  the  production of f ine  
papers. 

(2)  Softwood b i s u l f i t e ,  high y ie ld  (60-65%) pulp is used f o r  
newsprint and board. 

( 3 )  Softwood s u l f i t e  high-yield (55%) pulp is used fo r  l i ne r -  
board. 

A range of  sodium chemicals is used, similar t o  chemical pulp manu- 

.;. facture,  but reaction is stopped before de l ign i f ica t ion  occurs. 
. ., 

The t rea ted  chips are  pressed and washed fo r  removal of l iquor ,  and 

passed on t o  d i s c  re f iners  for  pulping. The washed pulp is  once more 

refined and cleaned and then goes t o  papermaking. 

Power consumption i s  somewhat higher i n  e l e c t r i c i t y  (200 t o  500 kwh 

per ton of f i be r s )  , lower in fue l  . ( 3  million BTU) . Total requirements 'ire' 

2 3 
5-8,million BTU per ton, including washing and refining.  

In the production o f  fibers from sags,  the raw material is clipped 

t o  small pieces and t rea ted  with caust ic .soda in a digester  a t  2 3  ps ig  

fo r  3-4 hours. As t he  cel lulose  is degraded, the  product breaks down i n  

the  mechanical action of the beater ,  which produces the fibrous pulp. 

After bleaching and washing, the  pulp is ready f o r  papermaking. 

Cotton l i n t e r s  (short  s t ap l e  cotton remaining a f t e r  the  ginning of 

cotton seed) is pulped and used as  a subs t i tu te  fo r  regular pulps. 

Flax straw, cooked with caust ic  soda and sodium su l f ide ,  is made in to  

a pulp for  the  production of c igare t te  paper, o r  banknote o r  other specia l ty  



stocks. Many other raw materials have been and are,being used, if.not in 

the U.S., then elsewhere in the world. 



. . 
5.3.2 Paper Prodacrion 

Pulp goes from t h e  pulp  m i l l  t o  paper , e l l s  i n  zhe 20,- of  a s l u r r y  

when t h e  mills a r e  nearby, as dry s h e e t s  ( l a p s )  when such shipment i s  uq- 

economic. D r y  s h e e t  pu lp  must be made i n t o  a s l u r r y  aga in ,  "slushed" before  

use. 

All pulps a r e  "beaten" ( o r  "ref ined")  be fo re  process ing .  I n  t h i s  

ope ra t ion  t h e  c e l l u l o s e  f i b e r s  a r e  swollen,  c u t ,  macerated and " f i b r i l l a t e d "  

--subjected t o  p h y s i c a l  change. An un t r ea t ed  pulp  produces a l i g h t ,  f l u f f y ,  

porous,  weak s h e e t ;  a well-beaten one,  a dense hard  and s t r o n g  paper .  The 

u l t ima te  o f  pu lp  r e f i n i n g  i s  t h e  g l a s s i n e  shee t .  Refining causes changes 

i n  t h e  pulp  t h a t  i nc rease  t h e  a b i l i t y  of  t h e  f i b e r s  t o  bon2 t i g h t l y .  

Equipment used i n  t h i s  process ing  s t e p  i s  v a r i e d  ( b u t  i s  much l i k e  

t h a t  used i n  t h e  p repa ra t ion  o f  r e f i n e d  p u l p ) .  I t  i s  mostly based on t h e  

"hol landei"  o r  on t h e  " r e f i n e r .  " The ho l l ande r  i s  an e longated  tuS with a 

c e n t r a l  p a r t i t i o n .  Rol l s  ho ld ing  knives c i r c u l a t e  in t h e  ' t r e n c h '  i n  which 

is s e t  an opposing group o f  knives.  Clearance between t h e  two c o n t r o l s  

t h e  s e v e r i t y  o f  t h e  bea t ing .  The r e f i n e r  accomplishes the same e f f e c t  

e i t h e r  i n  a con ica l  s h e l l ,  ho ld ing  knives  ope ra t ing  aga ins t  a r o t a t i n g  p l u g ,  

o r  i n  machines i n  which spring-loaded d i s c s  with r idges  a r e  used t o  work 

on t h e  pulp. 

P rope r t i e s  o f  t h e  r e f ined  c e l l u l o s e  s tock  a r e  a f f e c t e d  by many f a c t o r s ,  

. 
depending on t h e  t r e e  spec i e s ,  pu lp ing  p roces ses ,  t h e  b l end ,  feed  r a t e ,  

s e t t i n g ,  res idence ,  type  and condi t ion  o f  machine used. - 
Pigments and f i l l e r  a r e  added t o  t h e  pulp  a l s o  a t  t h i s  p o i n t .  They 

can range between 2% and 40% o f  t h e  f i n a l  weight o f  t h e  product .  

Additives inc lude :  f o r  f i l l i n g  a d  coa t ing ,  k a o l i n ,  . t a l y  and t l e a n i a  



( fo r  f h e  papers ) ,  calcium carbonate (book and c igare t te  papers) ,  zinc 

su l f a t e  and lithopone ( fo r  res is tance t o  wetting, especial ly  of wri t ing 

and wrapping papers) ; s i z e  is needed, such as  ros in ,  glue,  starch., wax, 

casein, e tc . ;  f o r  colors other than white, pigments, which a re  generally 

introduced i n  the form of water-soluble synthet ic  organic dyestuffs. 

The cel lulose  s lu r ry ,  mixed and ready fo r  _oapermaking, is ca l led  

"furnish," and oonsists  of a d i l u t e  suspension of f i be r s  and addit ion 

agents. It is prepared in the "stock chest" a t  a consistency of 2% t o  4%,  

and then is cleaned, screened and deaerated. The furnish is then fur ther  
. . 

di lu ted  with recycled "white water" from the  paper ~rtaclliae, to hold 

one-half of a percent of so l ids  (199 lb, of water per lb .  1 .  

The paper sheet  is formed by catching the  suspended f i be r s  on a moving 

f ine  mesh screen. Enough water is drained from the so l id s  so t h a t  a co- 

herent wet sheet  can be l i f t e d  of f  t he  screen a t  a l a t e r  point  of t rave l  

f o r  fur ther  drying t o  paper. Tho major types of papermaking machines are  

in  use: the  Foudrinier and the  cy l indr ica l  type. 

'l'he voudrinier machine consis ts  ul: a long, continuous sereen t h a t  

t rave ls  horizontally between two main r o l l s .  The furnish is fed on t o  it 

through a flow spreader t o  provide a uniform constant flow of s l u r ry  

(99.0%-99.5% water) t o  cover the  f u l l  width of the  machine. The s lu r ry  is  

discharged in to  a "headbox" which controls turbulence and provides the  

proper hydrostatic head t o  make the  slurry flow a t  a proper r a t e  and pressure 

through the  "s l i ce"  onto the moving screen a t  an appropriate r a t e  (which 

may i n  the case of newsprint t r a v e l  a t  speeds of up t o  5,000 f t .  per minute, 

o r  about 60 m.p.h. 1 .  

The screen (made of bronze o r ,  nowadays, p l a s t i c )  moves between two 

r o l l s ,  the breast  r o l l  a t  the  head box, and the  couch r o l l  a t  the  discharge 

end. m e  screen used to  be supported by a considerable nutnber of " table  r o l l s "  



but  a re  now going over "hydrofoils"  and polyethylene "suction boxes? and 

o the r  devices. a s s i s t i n g  in t h e  formation and drainage o f  the  paper shee t .  

A s  t h e  s lur ry .  is deposi ted,  .water passes through the  screen.  Although 

the wet shee t  leaving the  couch r o l l  s t i l l  contains over 80% water ,  it can 

now be : l i f t e d  o f f  f o r  f u r t h e r  treatment. 

Foudrinier  machines produce a l l  s o r t s  of  paper and board, while 

cyl inder  machines are more extens ively  used i n  t h e  manufacture o f  heavy, 

multi-ply board. See Fig. 5.3.2A. 
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Cylinder machines d ra in  the  water through a wire mesh drum a s  it 

r o t a t e s  i n  the  s l u r r y .  When mul t ip le  drums a r e  used, the re  i s  a poss ib i l -  

i t y  of feeding d i f f e r e n t  furnishes a t  d i f f e r e n t  s t ages  onto them and com- 

bining t h e  s t r i p s .  Thereby a number o f  p l i e s  with d i f f e r e n t  p roper t i e s  

can be combined t o  produce a multi-ply product. There a re  many s p e c i a l  

f ea tu res  modifying the. bas ic  designs of  these  papermaking machines. 

A t  the  po in t  where the  wet c e l l u l o s e  shee t  leaves t h e  machine, t h e  

s t r i p  passes  through presses  which renpve water by mechanical ac t ion ,  i . e .  

by press ing  t h e  w e t  sheet .  Such p resses  a r e  l i k e  r o l l i n g  mills with the  

rolls being e i t h e r  s o l i d  o r  perfora ted  (with i n t e r n a l  suct ion  drawing off 

t h e  water ) .  The shee t  is c a r r i e d  between the  r o l l s  on f e l t  bands which 

support it and b l o t  o f f  moisture. 

A t  t h i s  s t a g e ,  t h e  water content  is  reduced t o  a l e v e l  o f  65% t o  70% 

(1 lb .  of  dry substance loses  2.5 lb., a s  moisture drops from 80% t o  60%, 

o r  from 5 t o  1.5 lb.1--and t h i s  is t h e  present  limit of  mechanical water 

removal i n  commercial operat ions.  Fig. 5.3.2B i l l u s t r a t e s  water removal. 

The wet sheet  must now be d r i ed  by hea t  (about one-half of  t h e  heat  

required i n  papermaking is consumed he re )  . Drying is accomplished by 

passing the  mass between a s e r i e s  of  steam-heated cyl inders  which hea t  

a l t e r n a t e  s ides  of the  wet shee t ,  a s  it passes from one t o  t h e  o the r .  

Again, c l o s e  contac t  between r o l l s  and t h e  w e t  s t r i p  is insured by f e l t  

bands t h a t  ca r ry  and smooth . i t f i  and improve the  physica l  p roper t i e s  of 

the  f i n a l  paper. Steam from t h e  paper is captured by a hood t h a t  covers 

the  e n t i r e  dryirig sec t ion ,  and in some. p l a n t s ,  hea t  is recovered. 

Taking i n t o  account a l l  t he  forms i n  which water is used and recycled 

i n  the  opera t ion ,  n e t  consumption is 8,000-10,000 g a l s  (37 tons )  p e r  ton 
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of  paper. 





There a r e  many va r i a t ions  i n  the  b a s i c  concepts described above, in- 

cluding t h e  use of s p e c i a l  drums f o r  the  production of  creped papers,  hot- 

a i r  and in f ra red  drying. 

The process is very e f f i c i e n t  and f i b e r  losses  a r e  only i n  the  3% 

range. ,The "white water ,"  containing most of  t h e  f i b e r s  l o s t  i n  the  f e l t -  

forming s t e p ,  is recycled. 

The energy requirenents  of t h e  gaper-making process per  se are mechan- 

i c a l  o r  e l e c t r i c a l  and thermal. Energy is needed f o r  s tock prepara t ion  

(beat ing) and f o r  moving t h e  ma te r i a l  from t h a t  po in t  a t  the beginning t o  

t h e  r e e l  a t  t h e  end o f  the  process ,  f o r  recycl ing  water  from t h e  Foudrinier  

and the  presses ,  and f o r  moving a i r  and steam above the  r o l l  sec t ion .  Heat 

is required f o r  evaporating 1.5 lb .  of  water pe r  lb. of  f i b e r .  I t  is 

supplied in the  form of low-pressure steam. 

The mechanical energy i n  most paper mills is a mix of e l e c t r i c a l  and 

steam dr ives .  I t  is the re fo re  d i f f i c u l t  t o  ass ign  an e l e c t r i c a l  value t o  

it. I t  a l s o  va r i e s  a g r e a t  deal  with the  type and grade of  product,  the  

s i z e  of the  opera t ion ,  the  locat ion  and design of  t h e  mi l l .  

Arthur D. Little1' gives steam consumption as  10 mi l l ion  BTU and power 

a s  350 kwh pe r  ton of  bleached k r a f t  paper and board. Since t h e  heat  re- 

quired f o r  e v a ~ o r a t i n g  the  water a f t e r  t h e  press  r o l l s  is only i n  t h e  order  

of  4 mi l l ion  BTU, the  balance of  t h e  steam consumed c l e a r l y  went i n t o  

mechanical appl ica t ions  in this p a r t i c u l a r  est imate.  

It has been suggested in Section 5.2.1 t h a t  considerable energy 

savinys could be e f fcc ted  if t h e  paper indust ry  would make use of  low-grade 

steam o r  o the r  hea t  now wasted i n  power s t a t i o n s ,  chemical o r  meta l lurgica l  

p lan t s  (o r  indeed ava i l ab le  from geothermal sources ) ;  such steam w i l l  

probahay not contain enough res idua l  mechanical energy t o  dr ive  machinery, 

but  it could c e r t a i n l y  supply t h e  thermal energy f o r  drying paper. 



In one mil l  in which such waste steam is used--processing 100%'waste 

paper in to  newsprint--total power requirements work out as  680 kwh ,plus 

purchased steam a t  6 . 7  million BTU per  ton of product. This operation 

o f f e r s  some indication of ac tua l  mechanical energy needs. The incremental 

s teps  of handling waste paper, of repulping and de-inking, require probably 

about 280 kwh and 3.0 million BTU of steam-which a re  not needed when the  

raw material  is pulp. 

Accordingly, the paper-making process ( for  newsprint) requires 400 kwh 

of mechanical plus 3.7 million BTU of thermal energy. 

Prac t ica l ly  a l l  paper i s  converted by fur ther  processing: embossing, 

impregnating, laminating, coating, e tc .  

Pigment coatings (kaolin, mica,. t i t a n i a )  ~ r o v i d e  a b r igh t  and--as re- 

quired--glossy o r  du l l ,  ink-receptive surface. They are  applied as  ex- 

tremely f ine  pa r t i c l e s  i n  a water-suspension, followed by drying. In modern 

planes, at l e a s t  the  i n i t l a 1  coating is applied d i r ec t l y ,  as the  paper 

passes through the  paper-making machine. 

~ d h e s i v e s  a re  added t o  bind piqment pa r t i c l e s  t o  each other and t o  

the  surface of the  paper. Surface properties are great ly  affected by the  

amount and type of adhesives used, and several  are often combined t o  achieve 
. .  , . 

desired character is t ics .  Among su i tab le  materials  are  glue, casein,  s ta rch ,  

various forms of l a tex ,  ac ry l ics ,  ,p lyv iny ls .  

Special coatings a re  frequently needed t o  es tabl ish  a barri.er againmt. 

water, vapors, e tc .  This is achieved by coatings and fi lms,  using a wide 

range of organic and inorganic materials. A t  various stages i n  the  en t i r e  

paper-making process other  c h e ~ i c a l s  are  needed t o  modify or  control  reac- 

t ions  such a s  foaming, dispersion,  microbial ac t ion . ,  

Paper surfaces are fur ther  imgroved by calendering o r  super-calen- 

dering by passing paper between r o l l s  under' high pressure, thereby 



burnishing,  improving its shine and dens i ty .  

. .  The production o f  various grades of  paper- and paperboard conprises 

t h e  following r0ug.h parameters: 



Newsprint and uncoated groundwood: usually more than 50% groundwood 

pulp  i n  the  f i b e r  furnish .  These papers a r e  used uncoated and where the re  

i s  no need f o r  t h e  paper t o  maintain i t s  color  and s t r eng th  over any 

length  of time. Newsprint is genera l ly  80% unbleached groundwood and 20% 

semi-bleached k r a f t  o r  unbleached s u l f i t e  pulp. Only th ree  mills i n  the  

U. S. make newsprint from 100% recycled paper. Uncoated groundwood paper 

i s  based on 30% t o  50% bleached chemical and 50% t o  70% groundwood pulp. 

I t  is used f o r  telephone d i r e c t o r i e s ,  ca ta logs ,  e t c .  

Average energy requiremend5 i n  t h e  production of a ton of newsprint 

and uncoated groundwood a r e  12.7 and 14.4 mi l l ion  BTU of  purchased energy, 

r e spec t ive ly ,  f o r  the  requi red  pulp and f o r  conversion t o  product i n  the  

paper m i l l .  To ta l  recycled energy is  3 . 3  mil l ion  BTU p e r  ton. 

P r i n t i n g ,  w r i t i n g ,  e t c .  , papers a r e  marketed i n  four  grades : coated,  

uncoated, convert ing and wr i t ing  papers. These grades a r e  made from 

bleached pulp. Coated stock goes i n t o  magazines (50-50, groundwood- 

chemical pulp)  and textbooks , brochures (100% chemical pulp)  . Uncoated 

paper is made i n t o  bo.oks , commercial _orlntLng s t o c k ,  envelopes, pads, e t c .  , 

containing usual ly  a maximum of  25% groundwood. Writing pads include 

"forms bond" f o r  a l l  business forms. Computer p r i n t i n g  is  the  l a r g e s t  

s e l l i n g  grade i n  t h i s  group, making up over 25% of lt. 

Energy requirements f o r  t h i s  gmup of papers a r e  e s t ima te i s  a t  an 

average o f  11.3 mi l l ion  BTU contained i n  t h e  purchased pul_o, and 18.1 

mi l l ion  BTU in the  production o f  paper on the  b a s i s  of a ton of  product. 

(Energy recycle  i n  pulpmaking is 12.7 mi l l ion  BTU. 1 

Tissue is made from a combination of various bleached s g f i t e  and 
- 

k r a f t  pulps,  sane gmundwood and de-inked o r  high-grade waste paper. 

Sani tary  t i s s u e  accounts f o r  over 90% of the  market of t h i s  sec to r .  

N e t  thermal neecis per  ton o f  t h i s  mater ia l  a re  as, t y p i c a l l y ,  



10 mi l l ion  BTU f o r  the  pulp mix used p lus  19 mi l l ion  BTU f o r  turning it 

i n t o  product ,  about 11 mil l ion  BTU a r e  recovered during pulping. 
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k r a f t  f o r  wrapping papers,  grocery bags,  shipsing sacks ,  e t c .  

Paper bags can be s i n g l e ,  double, o r  mult iwall ;  they a r e  made on 

nachines from continuous paper s t r i p s ,  bleached o r  unbleached. The k r a f t  

bag is the  most usual  type. It is made pr imar i ly  from unbleached k r a f t  

Pulp 

Multiwall shipping sacks a r e  f l e x i b l e  i n  mode o f  cons t ruct ion  and 

highly adaptable t o  the  shipping of a va r i e ty  of mater ia ls .  They can 

absorb energy without ruptur ing  and a r e  made i n  one t o  s i x  p l i e s .  Impact 

r e s i s t ance  is. b e t t e r  with more l aye r s  of  l i g h t e r  paper than w i t h  fewer:: 

p l i e s  of heavier  paper,  while heavy paper is  more r e s i s t a n t  t o  puncturing. 

Special  coat ings and p l i e s  a r e  needed f o r  s p e c i a l  requirements. - .  

Bleached k r a f t  goes i n t o  s p e c i a l  wrappings, bags,  food car tons ,  

includino g lass ine ,  greaseproof and vegetable parchment t o  l i n e  packages 

made from bleached ox unbleached k r a f t  and s u l f i d e  pulps.  . .. .- 

Third,  o the r  converting paperboard includes a wide ar ray  of  s p e c i a l  

hndnst r ia l  gapers f o r  such purposes as abrasive papers,  i n s u l a t i o n ,  c d l e s  ; 

within this group tube ,  can and drum paperboard, wound from two o r  more 

p l i e s  of board glued toge the r ,  is  made from paper waste i n  any number of 

15 shapes and s i z e s .  

Average U.S. n e t  BTU requirements a re  given f o r  t h i s  s e c t o r  as  5.6 

mil l ion  f o r  the  pulp  and 17.8 mi l l ion  f o r  papermaking, with 13.2 mil i ion BTU 

being. recovered i n  pulp production. Gross thermal .requireme,n.ts a re  36.6 

mi l l ion '  BTU per ton o f  product. 

Containers a r e  ma'de from, paperboard o r  a. combinatial-t of paperboard 

and paper,  and the  furnish i s  e i t h e r  unbleached k r a f t  pulp o r  waste Paper 



o r  a blend of  t h e  two. 

Set-up boxes must have good s t i f f n e s s  and looks f o r  shoe o r  candy 

boxes, e t c .  They a r e  made from s i n g l e  p l y ,  non-bending paperboard. Fold- 

ing cartons a r e  f i l l e d  o r  s o l i d  boxboard, and a r e  made from eiL5er (1) 

bleached paperboard o r  s o l i d  bleached s u l f a t e  board (from bleached s u l f a t e  

o r  k r a f t  pulps ,  coated with c lay  o r  polyethylene) o r  (2)  recycled paper- 

board (usually from prompt industrial recycle)  . Bleached b r i s t o l  ( f o r  

ca rds ,  f i l e - f o l d e r s ,  e t c .  is  s i m i l a r  t o  bleached pagerboard, b u t  usual ly  

has  same waste paper admixtur&-. 

Sol id  f i b e r  boxes a r e  made from bui l t -up  (combined) conta iner  board. 

Corrugated boxes have a c e l l  s t r u c t u r e  between facings of  high-strength - 
conta iner  board'and combine high compressive s t r eng th  with low weiqht. 

They are  made from unbleached k r a f t  o r  waste paper o r  a combination o i  the  

two. Corrugations contain waste paper with o r  without  seni-chemical gulp.  

Corrugated and s o l i d  f i b e r  boxes a r e  shipping containers .  

Construction paper and paperbeard, gypsum l inerboard are generaaly 
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Paperboards have t h e  following n e t  power requirements: 

Purchased, M BTU f o r  Recovered, 
Pulp Papennakinp M BTU 

- Linerboard 4.0 13.7 
Corrugating Medium 11.2 13.3 
So l id  Bleached 

Sulfate Board 12.0 14.0 
Recycle Board 4.0 18.0 
Construction Paper 

& Board 4.0 14 .O 

Gordian ~ s s o c i a t e s l ~  have a l s o  evaluated energy requirements i n  the  

production o f  paper and paperboard. It w i l l  be seen t h a t  t h e i r  f igures  

f o r  r e q u i r e m n t s  f o r  purchased e l e c t r i c  power and steam depar t  from 

those  presented above and a r e  s u b s t a n t i a l l y  lower. 



According t o  Gordian, power needs range between 300 and 400 Kwh per  

ton of product. 300 Kwh is  s a i d  t o  be a good approximate value,  and 400 Kwh 

a maximum. The following schedule i s  given f o r  d e t a i l s :  

Newsprint 300 Kwh per  ton 
Writing paper 350 
Linerboard 325 , 

Folding boxboard. 375 

Steam requirements appear t o  diverge more widely: 

Newsprint requi res  4,500 lb./ton o r  5.1 M BTU/ton 
Bleached papers 10,  QOO 11 
Linerboard 9,000 10 

Small q u a n t i t i e s  of  energy are consumed i n  "convert ing,"  i . e .  i n  

making a f in ished product ,  such as cu t  paper f o r  s t a t i o n e r y ,  corrugated 

. . 
con ta ine r s ,  e t c .  For example, 80 Kwh per  ton a r e  required i n  making 

.%+. 

wri t ing  paper,. and 80 Kwh plus  1.7 M BTU p e r  ton f o r  converting board t o  

. . 
corrugated containers .  

In view of t h e  f a c t  t h a t  the.A. D. L i t t l e  d a t a  check s o  well  agains t  

o f f i c i a l  indus t ry  d a t a ,  the  foregoing divergent  da ta  have' been neglected. 



5.4 New Processes 

In  recent  yea r s  t h e  research e f f o r t  of t h e  pulp and paper indust ry  

has dwelt heavi ly  on improvements i n  pulp production i n  order  t o  save energy, 

reduce emissions,  inc rease  pulp y i e l d  while maintaining pulp q u a l i t y .  Among 

t h e  more promising technologies developed a r e  t h e  following: 

Oxygen Pulpins.  The a1lralin~-nrjgen pulp process (AO) i s  a variant 

on t h e  k r a f t  cycle ,  cons i s t ing  o f  an a l k a l i n e  treatment under pressure  of  

wood chips,  followed by d i s c  r e f in ing  while maintaining pressure ,  washing, 

and black l i q u o r  separa t ion .  The pulp is then t r e a t e d  with oxygen under 

a l k a l i n e  condit ions a t  250°P and 10 a t .  pressure ,  f i n a l  washing, and then 

bleaching. 

Advantages a r e  s a i d  t o  be a s impler  recycl ing  of  t h e  black l iquor  

without  t reatment and e l iminat ion  of s u l f u r  emission problems. There i s  

only a small reduction i n  ne t  f u e l  consunqtion: on the  b a s i s  of  Arthur D. 
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L i t t i e  da ta  (p. 87-80) the  A 0  process requi res  about 10 mi l l ion  BTU/ADT 

(47% y i e l d )  vs. 11 mi l l ion  BTU ' ( 45% y i e l d )  f o r  the  corresponding k r a f t  

operat ion.  Oxygen requirements are  5 lb. /t of pulp charged.. 

The process was found t o  b e  s u f f i c i e n t l y  i n t e r e s t i n g  t o  bu i ld  a commer- 

c i a l  p l a n t ,  and t h e r e  a r e  ind ica t ions  t h a t  t h e  investment cos t  is  substan- 

t i a l l y  below t h a t  of  a conventional f a c i l i t y .  The q u a l i t y  of  the  product 

is l i k e l y  t o  be comparable t o  s tandard  k r a f t  pulp ,  once experience has been 

gained i n  opera t ing  the new process. 

Rapson ~ f f l u e n t - f r e e  W a f t  Process.. The Rapson process -also attempts 

t o  improve the  e f f i c i e n c y  of the  k r a f t  opera t ions ,  e spec ia l ly  with regard 

t o  t h e  environment and energy conservation. This is achieved by replacing 

70% of  the  chlor ine  t y p i c a l l y  used i n  the  f i r s t  chlor ina t ion  s t e p  with 



&lor ine  dioxide.  Water requirements a r e  c u t  from 25,000 t o  4,000.gal lons 

p e r  ton ,  and only make-up f resh  water is  needed. Al l  bleach p l a n t  e f f l u e n t s  

a r e  recycled t o  gulping,  which introduces them inzo t h e  recovery f c n a c e  

feed. Sodium chlor ide  is recovered from the  wLhite l i q u a r .  

A s p e c i a l  process is employed f o r  chior ine  d ioxids  generat ion.  The 

only by-product, sodium s u l f a t e  ( s a l t  cake) , is produced a t  t h i s  g o i n t ;  it 

is c r y s t a l l i z e d  from the s u l f u r i c  a c i d  which goes i n t o  the  dioxide generator .  

S a l t  cake is  fed  t o  t h e  k r a f t  cycle,  the  excess being .sold o r  discarded.  

Adjustment3 i n  the s tandard  k r a f t  p l a n t  are needed t o  cope with changes i n  

t h e  ma te r i a l s  flow. 

Advantages are higher pulp y i e l d  (by 1%) , L r i g h t ~ e s s  and s t r eng th .  New 

savinqs i n  steam use a r e  considerable (&out 2,500 lb. / t  compared with t h e  A 

conventional k r z f t  opera t ion) .  Recoveries from j i each ing  a r e  260 lb. of  . 

organics  (probably i n  t h e  o r d e r . o f  4 n i l l i o n  BTU) per ton of  bleached pulp ,  

and conseqtlently o v e r a l l  energy savings a r e  conside:able: n e t  purchased 

o n e r w ,  using X,-r,huz D. L i t t l e  dataL5 ( p .  101, 102) , mnvertsd on t h e  b a s i s  

. . 
o f  10,000 BTU/Kwh, i s  6.3 mil l ion BTU, almost h a l f  that r e q a i r e z  i n  c2n- 

vent ional  p rac t i ce .  

Them-mechanical Pulpina ( T E P ) .  Mechanically prodzce2 Z A a r  13 

usually. combined with chemical pulp and used i n  cheap paper t!!at h a  only 

a s h o r t  l i f e  expectancy ( c o s t  o f  mechanical pulp i s  i n  t h e  $ 80-90, chemical 

15 
in the. S 150=180/t range (p. 98) .  I n  a departure from r e f i n e r  mechanical 

pulping (RMP 1 , wood particles a r e  preheated in t!!e nlP process t o  130°C 

and then ground i n  a pressurized disc r e f i n e r .  This  p r a c t i c e  has r e su l t ed  

i n  a broadening o f  t h e  raw material  base t o  include wood resi-dues which 

have h i t n e r t o  been wasted. The process is q u i t e  enerqy in tens ive .  



5.5 Outlook 

I n  a recent  presenta t ion  t o  the  Financia l  Analysts Federat ion,  

Benjamin  lat tin^^ of t h e  American Paper I n s t i t u t e  presented some i n t e r e s t -  

i n g  da ta  on t h e  growth perspect ives  f o r  t h e  paper indus t ry ,  which he ex- 

p e c t s  t o  expand as f a r  as he can see  i n t o  the  fu tu re .  

S l a t i n  r e l a t e s  t rends  i n  t h e  consum?tion of pwer and hnari! to t he  

t o t a l  economy through t h e  r e a l  GNP (i .e. i n  constant  d o l l a r s  . I n  t h e  paper 

industry t h e  m&ikel  11at;. been a functldn of t h e  GNP, as shown i n  5.5A f o r  

1947 t o  1978. The r e l a t i o n s h i p  i n d i c a t e s  a function of 53,000 tons o f  new 

supply of paper and board ( i . e .  Pro-duction + Imports - Exports) per  $ mil l ion  

of  r e a l  GNP. The dip  i n  1975 and the  lower l e v e l s  s ince  a re  r a t h e r  prob- 

lemat ic ,  and t o  explore the  underlying reasons a more d e t a i l e d  evaluat ion 

is  undertaken. 

The indus t ry  is  broken i n t o  l a rge  s e c t o r s  i n  5.5B and 5.5C. 

The f i r s t  segmenz reviewed is  t h a t  of  newsprint,  which has been on a 

downtrend s ince  1967, i n  p a r t  a t t r i b u t a b l e  t o  a s h i f t  from 32 to 30 Lb. 

weight paper i n  1974. However, S l a t i n  expects n ~ w s p r f n t  t o  grow at the Game 

r a t e  as real GNP, about 3.5% t o  4% per  year  through 1980. P r in t ing  and 

wr i t ing  is charac ter ized  as a s t rong  growth s e c t o r  ( the  only dip r e l a t e s  

t o  inventory adlustment i n  1975)--it  is g rea t ly  supported by the  demand 

f o r  computer p r i n t o u t  and o t h e r  business papers. Packaging and i n d u s t r i a l  

grades have been slow: they se rve  by and l a rge  slaw-growth markets and 

have t o  meet increas ing competition from p l a s t i c s .  Also, t h e  -demand fo r  

t issw is expected t o  grow m r e  slowly than t o t a l  economic a c t i v i t y ,  but  

is considered sub jec t  t o  promotional e f f o r t s  and t o  poss ib le  expansion 

through t h a t  o f  average p rosper i ty .  



Fig. 5.5C explores t h e  paperboard grades. The f i r s t  two grades re- 

viewed depend on t h e  demand f o r  corrugated shipping containers  and suggest 

t h a t  on the  whole,. use of unbleached k r a f t  paperboard is  s t a b l e  within t h e  

economy and w i l l  continue t o  t r ack  it. The t rend o f  bleac!ed paperboard 

peaked a t  the  end o f  the  1960's and grew m r e  slowly than r e a l  G l P  (plas-  

t i c s  made inroads i n t o  milk containers  and drinking cups) . Recycled paper- 

board has long been decl in ing vs. r e a l  GNP , b u t  now t h e  indust ry  f e e l s  the  

pressure t o  improve u t i l i z a t i o n  o f  recycled mate r i a l  t o  he lp  cope with the  

s o l i d  waste problem, and is beginning t o  r e a l i z e  t h a t  waste paper may be 

swallowed under the  b o i l e r s  o f  waste-fuelled generat ing s t a t i o n s .  

It seems t h a t  D r .  S l a t i n ' s  near-term fo recas t ing  is l i k e l y  t o  be cor- 

r e c t ,  and t h a t  growth i n  the  use of paper w i l l  continue t o  t r ack  the  ecpn- 

omy i n  approximately t h e  r e l a t ionsh ips  shown by him. He does po in t  t o  t h e  

s ign i f i cance  o f  the use of paper i n  business communications and i n  comput- 

ing.  It is he re ,  however, t h a t  changes a r e  l i k e l y  t o  occur which over t h e  

long term w i l l  reduce the. demand f o r  paper. Elec t ronics  have merely begun 

t o  make themselves f e l t ,  and the  f u t u r e  use o f  paper w i l l  be q u i t e  appre- 

c iably  af fec ted .  Technologic &ang= f i r s t  preserves the  appl ica t ion  of o l d  

devices, designs and resources,  then changes t o  a more e f f i c i e n t  mode (How 
d 

many TV s e t s  a re  s t i l l  concealed i n  "sideboards?") . 
P l a s t i c s ,  i n  s p i t e  o f  t h e i r  petrochemical base,  continue t o  encroach 

upon the  markets o f  the  paper indust ry .  The fu tu re  w i l l  probably see much 

more o f  t h i s ,  and t h e  long term e f f e c t  of  such t rends  remains t o  be analyzed. .. 
Fina l ly ,  demographic trends--the slowing of  populat ion grcnjth. i n  t h e  

U.S.--must be evaluated i n  terms. o f  t h e i r  long. term e f f e c t s  o_n the  demand 

f o r  pulp and paper products.  
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Appendix A 

Arthur D. L i t t l e ,  as reported i n  footnote 15 , provide t h e  a t tached 

t a b l e ,  which describes t h e  approximate pulp mixes t h a t  went i n t o  the  1974 

production of major paper products and paperboard. 

I t  w i l l  be. seen t h a t  column A describes the  product grades and t h e  

type of pulp i n  t h e  furnish  which a r e  q u a n t i f i e d  i n  terms of  product i n  

column B. The next  two Columns, C and D, show t h e  recovered and purchased 

hea t  u n i t s  t h a t  were- r e q u i r e d . t o  produce the  pulp needed t o  make one ton 

o f  paper o r  board, as spec i f i ed .  Columns E and F s i m i l a r l y  provide d a t a ,  

on the  conversion o f  pulp t o  paper and the  t o t a l  purchased h e a t  u n i t s  p e r  

ton o f  product. F ina l  columns G I  H ,  and I mult iply production with t o t a l  

recoveries and purchases, and give a grand t o t a l  f o r  t h e m 1  requirements 

i n  the  production o f  paper and paperboard ca tegor ies .  

The purchased energy d a t a  a re  i n  agreement with the foregoing sec- 

t i o n s  i n  which thermal requirements a re  given f o r  the  d i f f e r e n t  pulping 

processes dnd f o r  the  production o f  d i f f e r e n t  grades of paper and paper- 

board. (Allowance. must be made f o r  bleaching xaw pulp. ) 

By averaging hea t  requirements f o r  the  product groups given,  and 

applying them t o  1977 production da ta ,  the  following Table A has been 

s e t  up. Table A provides a ca lcu la ted  t o t a l  purchased BTU requirement 

of 1,427 mil l ion mi l l ion  BTU f o r  t h e  U.S. paper indust ry  i n  1977, and 

comes t o  within 3% of  da ta  presented i n  Table 5.2.lA. I t  the re fo re  
- 

would appear t h a t  t h e  da ta  used by A.D.L. a r e  s u b s t a n t i a l l y  cons is tent  

with industry i sage .  ( In  f a c t  t h e  f i t  is s o  good as t o  r a i s e  chicken- 

and-egg type of  ques t ions ,  as between the A. D. L i t t l e  study and 



Table 5 . 2 . U ,  which is based on American Paper I n s t i t u t e  da t a .  ( 1 n . f a c t  

t h i s  conclusion,  developed independently through t h i s  t e s t ,  was confilmed 

by an indus t ry  observer  who i n d i c a t e d  t h a t  A. D. L i t t l e ' s  f i nd ings  were 

p red ica t ed  on API da ta . )  

The t a b l e  a l s o  provides a t e s t  fo r ,  t h e  d a t a  accepted i n  t h i s  r epor t .  

Table A: Energy Requirements o f  t h e  U.S. Paper Indus t ry  i n  1977. 

Production Purchased Energy T o t a l  Purchased Energy 
19 77 Pulp Paper Pulp Paper ~ o t a l  
M t  M BTU/t M BTU/t T BTU T BTU T BTU -- 

Newsprint, etc. 5.0 12.7 14.4 6 4 72 136 
P r i n t i n g  & Writ ing 

Papers 12.3 11.3 18.1 139' 22 3 362 
Packaging, e t c  . 5.7 5.6 17.8 3 2 101 133 
Tissue 4.1 10.0 19.0 4 1. 78 119 

Linerboard 13.3 4.0 13.7 5 3 182 235 
Corrugat ing Medium 3.7 11.2 13.3 4 1 4 9 90 
S o l i d  Bleached 

S u l f a t e  Board 3.8 12.0 14.0 46 5 3 99 
Recycle Board 7.0 4.0 18.0 2 8 126 154 
Construct  ion Paper 

& Board 5.5 4.0 14.0 2 2 7 7 99 - 



TABLE 111-10 

TOTAL ENERGY USAGE. BY MAJOR PROCESS AND PRODUCT GRADE 
' '6 

Energy Uenge,(lO BtuLton) 
1974 

Production 

. Product Cradc and Pulping Proceae (OoO Inns) 

A 3 
1. Nevsprint and Uncoated Croundwood 

(801 Crounduood) 

Intejirated to Kraft d Croun~lwood 2,700 
Intcgrsted to Sulf ite 6 (;rot~~~dwood 600 
Integrated to Croundwood only 1,000 
Uaete Peper 500 

12 Annual Total,( 10 Bttr) 

- Total 
7- - 
81 
18 
36 
11 

146 

226 
35 
4 3 
27 
110 

Recovcrcd 
. .... /. 
... 

10 
2 
4 - 
16 

8 3 
10 
7 - 

48 

. Purchased - 
\.: 

7 1 
16 
32 
11 
P 

130 

163 
25 
36 
27 
122 

Slunh Pulp 

Drying ' 

(incl. 
).(kt. Pulp) 
Furcla. 

p. 

12.7 
12.7 
18.3 
16.7 

148 

5 
59 - 
14 

Recoved. 
C. 

3.6 
2.8 
3.6 - 

Total 
Purch. 

1:: 

26.2 
26.3 
31.9 
21.2 

r(l.3 

14.0 
14.0 
19.5 
18.0 

. 26.0 - 
16'11 

Purch. 

'1 

1 3 .  
13.6 
13.6 
4.5 

113 

12.0 
11.0 
13.3 
4.5 
12.0 

TOTAL 4,800 

2. Printing b Writing Papers 

Integrated to Kraft 5,500 
Integrated to Sulfite 1,000 
Integrated to Croundwood (652 Cud) 1,100 
Waste Paper 1,200 
Nonintegrated (market pulp) 3.200 

27.1 

26.0 
25.0 
32.8 
22.5 
38.0 

29.4 TOTAL a \ l B 3 ,  

3.3 

15.0 ' 

10.0 
6.0 

;.:.a - .  
15.0 

35 3 

8 
80 
12 
3 5 

21.0 
19.0 
23.0 
39.0 

23.4 

24.5 
21.5 
21.0 
36.5 

501 

13 
139 
12 
4 9 

.- 

-3. Packaging. Converting 6 Special 

Integrated to Bleached Kraft 300 15.0. ' 12.0 15.0 
Integrated to Unblee.ched Kraft 4,200 14.0 4.0 i 15.0 

TOTAL loto :5*0 29,O 

5. Linerboard I 

Inte~rated to Unbleached Kraft 12.800 14.0 4.0 11.5 17.5 
Waste Paper 

TOTAL 17.7 

213 

32 
17 
19 
88 

.- 

156 

b03 
9 

. -- -- 
412 

78 

12 
5 - 

26 

4 3 

179 - 

179 

19.0 
27.0 ' 

1 1.4 

12.5 
12.5 
16.5 
24.5 

I35 

20 
12 
19 
62 

- 

113 

224 
9 

- - - . . 
233 

Waste Paper 500 - 4.0 
Nonintegrated 900 15.0 12.0 

TOTAL 5.900 

4. Ttanue and Toveling 

lntegrated to Bleached Kraft 800 
lntegrated to Sulfitc 500 
Waste Paper 900 
Noninte~rated (market pulp) 1,700 

~ 

13.2 

15.0 
10.0 - 
15.0 

---. 
C.b 

12.0 
11.0 
4.5 
12.0 



Source: Tables 111-7, 8. and 9 

, 



Appendix B 

Table B ,  which follows, shows t h e  findings. f o r  energy consumption 

a s  developed by t h e  major s t u d i e s  used i n  t h i s  evaluat ion .  It w i l l  be 

seen t h a t  da ta  vary considerably among the  l i t e r a t u r e  sources consulted. 

Owing t o  the  good agreement found f o r  data.  developed by EPA - A. D. 

L i t t l e  with API energy consumption s t a t i s t i c s ,  a s  ind ica ted  i n  Appendix 

A ,  these  f igures  have been r e l i e d  on more heavi ly  in t h i s  r epor t  than 

have the others .  



Tabld 8 : Comparison of Ener,gy Consumption Dat,a f o r  t h e  Pulp & Paper I n d u s t r i e s ,  
as Gevelopcd b y  DFf2erent L i t e r a t u r e  Sources. 

Repor ts  : Bat - t e l l e  Gordian EPA (A.D. Little) Middleton Therrno-Electron 

j 
I 
i 

! 

1 - 

1000 - 1700 k w l l / t  

50 - 100 kwh/t 
+ 4 - 5 x106 l j l lU 

(Total .= ~ - O X ~ O ~ I ! T U )  

50  - 100 kw] /t 
+ 3 - 3 . 5 ~ 1 0  2 ETU/t 

( T o t a l -  7-9x10613~~,/ t )  

200 - 500 wh/t 
+ 1.8 - 2x10 f D T U / ~  

~ - ' )  

UO - 120 kwh/t 
+ 1 - ~ X ~ O ~ B Y U / ~  

12 

-a. 

1 5  

110 kwh/t 
p r e p a r a t i o n  f o r  
Icraft Pulping , 

1330 - 153.0 
1:~h  /t 

21 - 2 8 x 1 0 ~ ~ ~ ~  
1 

320 kwh .t t + 12 * U X ~ C )  U%'U/t 

Paper and 
Paperboard 
Product ion 

- 
Reference 
k'ootnote 

,!ood 
P r e p a r a t i o n  

'.:cch rrriical 
Groundwood 

:x r i f l :  pu lp  

Recovery of c ~ ~ c r g y  
at 1 3 . 2 ~ 1 0 ~ ~ 3 ' ~ / 1 :  
.of bl.ack-licjuor 
.sol . ids  

i 17  13  

i 
:Debarlcinr,l 

!chipping 1.6 I;uh/t 
t 2 6 kwh / t: 

1.140 kwh/t 1527 ktil.i/t 
1367 kul-t/t 

i 

2 .8x10C 1350 - 4oi1) EUII,/L 

Bl'u/t + 10.7~10~li~I'11/t. 
Recovery of energy 

1 7  x l 0 6 f i ~ ~ / t  ! 

300 - 400 k ~ h / t  
+ 5 . 1 ~ 1 0 ~ ~ ~ ~ / t  . . 

to 1 0 ~ 1 0 ~ ~ ' 1 ' ~ , ~ t  
n a i s p r i r ~ t  - l i n e r -  
board 

12.5 - 10x106 !31-;O6BTU 3oo - 400 twh,t 
82'U/t t o t a l  130 - 4 9 ~ 1 0 6 B T ~  + 5 - 9x10 mu/t 

forming &'drying (net') 
Newsprint t o  
S t a t i o n e r y / T i s s u e  

* 

liSSC Pulp 

g lcach ing  

I 
I 

500 kuli / t  I 5 . 7 x i o ~ ~ ~ r u / t  1 

Grbundwood p r ~ l  
001 kwh + 24x10giYrUA 
Graf t :  ?12 kwh + 

4.* l x l . ~ " l r r u / t  - 

9 5  kwh/t ! 
d- s . ' ~ x ~ o ~ B T u / ~  1 

1 
r 
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