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The social and economic development of a nation is dependent on a reliable 

supply of materials and energy and on the efficient utilization of these re- 

sources, Decision-making in industry and the formulation of government poli- 

cies require a comprehensive information base encompassing the technical, eco- 

nomic, and environmental factors involved in the flow of materials through pro- 

duction processes and the overall economy. 

The Reference Materials System (RMS) is a network description of the flow 

of materials from resource extraction through refinement, production, and 

transportation processes to the utilization, maintenance, and recycling opara- 

tions. The system has been employed for the assessment of material production 

technologies and for the evaluation of substitution possibilities. 

The RMS provides a framework for integrating engineering and economic in- 

formation into a comprehensive systems framework. The network flow diagram 

is quantified in terms of the mass flow of all renewable and nonrenewable mate- 

rials on an annual basis through each step of the system. A variety of data 

elements including capital and labor requirements may be organized in this 

framework to provide a Materials Policy Data Base. This process description of 

the materials system may also be coupled with economic policy models of the 

input-output or econometric variety to ensure proper analysis of the role of 

materials in the overall economy. 

Under Contract No. EY-76-C-02-0016 with the U.S. Department of Energy. 

Paper presented at Symposium on Renewable Resources. A Systematic Approach, 
Saltillo, Mexico, July 31, 1979. 
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INTRODUCTION 

It is  t r a d i t i o n a l  t o  view t h e  economy of a  n a t i o n  from t h e  p e r s p e c t i v e  

of f i n a n c i a l  i n s t i t u t i o n s  w i t h  production;trade, and consumption expressed 

i n  monetary u n i t s .  Many of t h e  p o l i c y  l e v e r s  a v a i l a b l e  t o  governments a r e  

of a  monetary o r  f i s c a l  n a t u r e ,  s o  i t  is  q u i t e  unders tandable  t h a t  most i n f o r -  

mation systems d e a l i n g  wi th  major s e c t o r s  of t h e  economy s t r e s s  t h i s  type of 

economic d a t a .  A s  r e s o u r c e  problems a r i s e  i n  s p e c i f i c  s e c t o r s  of t h e  economy, 

a t t e n t i o n  must be focused on the :phys ica l  a s p e c t s  of product ion,  t r a d e ,  

and consumption. I n  a d d i t i o n ,  t h e  r e c o g n i t i o n  of t h e  need f o r  long term 

r e s e a r c h  and development t o  s o l v e  r e s o u r c e  supply,  s u b s t i t u t i o n ,  and conser-  

v a t i o n  problems l e a d s  t o  an inc reased  need f o r  a  comprehensive in format ion  

base  t h a t  s t r e s s e s  t h e  p h y s i c a l  and t echnolog ica l  a s p e c t s  of t h e  p h y s i c a l  f low 

of energy and m a t e r i a l s  through t h e  economy. 

Informat ion on t h e  phys ica l  a s p e c t s  of r esource  supply,  convers ion,  

and u t i l i z a t i o n  does n o t ,  of  course ,  r e p l a c e  f i n a n c i a l  and economic d a t a ,  

bu t  i s  complementary t o  such d a t a  i n  providing a  complete p i c t u r e  of t h e  s t r u c -  

t u r e  of t h e  economy of a  n a t i o n .  Th is  paper o u t l i n e s  a  framework t h a t  may be 

employed t o  o rgan ize  informat ion on t h e  phys ica l  f low of m a t e r i a l s  from t h e i r  

ha rves t ing ,  o r  e x t r a c t i o n ,  through t h e  convers ion s t e p s  requ i red  t o  produce 

u s e f u l  m a t e r i a l s ,  t o  t h e i r  u t i l i z a t i o n ,  maintenance, and r e c y c l i n g  i n  s p e c i f i c  

s e c t o r s .  The incorpora t ion  of t h e  u t i l i z a t i o n  s t e p s  i s  of s p e c i a l  importance 

s i n c e  it  i s  t h i s  p o r t i o n  of t h e  m a t e r i a l s  systems t h a t  governs t h e  conserva- 

t i o n  of m a t e r i a l s  and t h e  s u b s t i t u t i o n  of abundant m a t e r i a l s  f o r  s c a r c e  ones.  

While t h e  informat ion system is organized about t h e  phys ica l  f low of m a t e r i a l s  

through t h e  economy, o t h e r  f a c t o r s  of product ion i n  t h e  economy such a s  energy,  

l a b o r ,  and c a p i t a l ,  may be incorpora ted  a long wi th  environmental  e f f e c t s .  - 

The m a t e r i a l s  informat ion system o u t l i n e d  h e r e  i s  compatible w i t h  a  

l a r g e  v a r i e t y  of d a t a  systems and a n a l y t i c a l  models. Coupling of t h e  informa- 

t i o n  system t o  s imula t ion  models and economic models has  been demonstrated 

i n  a  conceptual  way. 

The a v a i l a b i l i t y  of m a t e r i a l s  f o r  housing,  durab le  goods, i n d u s t r i a l  

c o n s t r u c t i o n ,  t r a n s p o r t a t i o n  sys tems,  and energy is  c e n t r a l  t o  t h e  l i f e - s t y l e  

and p r o s p e r i t y  of a  na t ion .  The m a t e r i a l s  system is q u i t e  complex i n  view 

of t h e  e x i s t e n c e  of a  l a r g e  number of n a t u r a l  sources  of renewable and 



nonrenewable c h a r a c t e r ,  and the.:multi tude of t e c h n i c a l  a c t i v i t i e s  o p e r a t i n g  

wit'hin a  complex i n s t i t u t i o n a l  framework. The t e c h n i c a l  a c t i v i t i e s  i n c l u d e  

t h e  e x p l o r a t i o n  f o r  a  wide range of m a t e r i a l  r esources ,  convers ion of t h e s e  

resources  i n t o  u s e f u l  products ,  o p e r a t i o n  and maintenance of t h e s e  p roduc t s  

over  t h e i r  l i f e  span,  and, f i n a l l y ,  recovery o r  r e c y c l i n g  of t h e s e  p roduc t s  

back i n t o  t h e  resource  stream. Although t h e  m a t e r i a l s  system i t s e l f  i s  a  v i t a l  

element of t h e  n a t i o n ' s  economy, t h i s  system has  c l o s e  r e l a t i o n s h i p s  w i t h  o t h e r  

s e c t o r s  inc lud ing  i t s  e f f e c t  on employment, energy needs,  c a p i t a l  requirements 

and t h e  environment. Technical  and p o l i c y  o p t i o n s  designed t o  d e a l  wi th  s p e c i f i c  

i s s u e s  may a1,ter  t h e  t r ade-of f s  among t h e s e  s e c t o r s ,  

While energy problems occupy much of t h e  n a t i o n ' s  a t t e n t i o n  and a r e  

d e a l t  wi th  by a  cabinet- level  agency, t h e  Department of Energy, t h e r e  i s  

no f o c a l  p o i n t  f o r  t h e  formulat ion and c o o r d i n a t i o n  of m a t e r i a l s  p o l i c i e s .  

Supply, demand, and a l l o c a t i o n s  w i t h i n  t h e  U.S. m a t e r i a l s  system a r e  

l a r g e l y  determined by independent f o r c e s  working through t h e  market i n  t h e  

p r i v a t e  s e c t o r .  However, t h e  problems a r i s i n g  from growing environniental 

conc.ern and changing p a t t e r n s  i n  t h e  i n t e r n a t i o n a l  supply  and demand of 

resources  g e n e r a l l y  induce changes i n  r e s o u r c e  markets t h a t  a r e  o u t s i d e  t h e  

scope of t h e  decision-making c a p a c i t y  of t h e  p r i v a t e  s e c t o r .  Government 

support  f o r  r e s e a r c h  and development i n  t h e  m a t e r i a l s  system i s  i n c r e a s i n g  

but  i s  s t i l l  q u i t e  fragmented. Government p o l i c i e s  a s  w e l l  a s  p r i v a t e  sec- 

t o r  d e c i s i o n s  must be based on improved up-to-date knowledge of t h e  t e c h n i c a l ,  

economic, and environmental parameters  of t h e  m a t e r i a l s  system. Th is  

kind of informat ion is a l s o  soughtby  s c i e n t i s t s  and eng ineers  who need 

t e c h n i c a l  d a t a  on m a t e r i a l s  p r o p e r t i e s  and p rocesses ,  and by i n d u s t r i a l  managers 

who seek informat ion on m a t e r i a l s  supp ly ,  demand, and p o t e n t i a l  markets. 

A l a r g e  number of formal and in formal  m a t e r i a l s  in fo rmat ion  systems 

have been devised,  both i n  p r i v a t e  and p u b l i c  s e c t o r s .  Unfor tunate ly  t h e s e  

systems, i n  a d d i t i o n  t o  being q u i t e  d i s p a r a t e  and incompat ible ,  a r e  g e n e r a l l y  

d e f i c i e n t  i n  t h a t  they cons ider  on ly  i s o l a t e d  a s p e c t s  of t h e  m a t e r i a l s  system. 

The need t o  address  t h e  broad ' t echn ica l  and p o l i c y  q u e s t i o n s  i n  both t h e  

p u b l i c  and p r i v a t e  s e c t o r s  p o i n t s  toward t h e  requirement f o r  a  framework w i t h i n  

which economic, environmental ,  and t e c h n i c a l  f a c t o r s  involved i n  t h e  supply and 

u t i l i z a t i o n  of a l l  a l t e r n a t i v e  m a t e r i a l s  may be s imul taneously  considered f o r  

a n a l y s i s  of t h e  m a t e r i a l s  system. The o b j e c t i v e  of t h i s  paper i s  t o  o u t l i n e  a  



comprehensive framework, t h e  Reference M a t e r i a l s  System (-WS), t h a t  may be 

used t o  o r g a n i z e  r e l e v a n t  i n f o r m a t i o n . .  I n  a d d i t i o n ,  t h e  framework is  com- 

p a t i b l e  w i t h  a wide v a r i e t y  of a n a l y t i c a l  methods t h a t  may be employed t o  

a s s e s s  t h e  broad impacts of m a t e r i a l s  p 'o l i c i e s .  The r e p r e s e n t s  t h e  

supply  and demand ba lance  i n  t h e  m a t e r i a l s  system and t h e  t e c h n o l o g i e s  

employed t o  produce and u t i l i z e  m a t e r i a l s .  An important  f e a t u r e  of  t h i s  

framework is  t h e  i n c d r p o r a t i o n  of t h e  u t i l i z a t i o n ,  maintenance, and recy- 

c l i n g  p o r t i o n  of t h e  system a t  t h e  same l e v e l  of d e t a i l  a s  t h e  supp ly  s i d e .  

These p o r t i o n s  of  t h e  m a t e r i a l  system a r e  o f t e n  ignored i n  p o l i c y  a n a l y s i s .  

REFERENCE HATERIALS SYSTEM 

Many s t u d i e s  have been performed on t h e  energy and environmental  

a s p e c t s  of  m a t e r i a l s  product ion.  ~ e r r y '  and Midwest Research I n s t i t u t e  
2 

have publ ished in fo rmat ion  on t h e  energy i n p u t s  t o  t h e  p roduc t ion  of  g l a s s ,  

aluminum, and p l a s t i c  c o n t a i n e r  m a t e r i a l s ,  and AyreP3 h a s  analyzed environ- 

mental  impacts a s s o c i a t e d  w i t h  m a t e r i a l s  product ion.  ~ a n n o n ~  h a s  cons ide red  

t h e  d i r e c t  and i n d i r e c t  energy i n p u t s  t o  m a t e r i a l s  us ing i n p u t / o u t p u t  model- 

ing  i n  t h e  a n a l y s i s  of r e c y c l i n g  p o l i c i e s .  The Reference M a t e r i a l s  System 

format provides  a comprehensive and s t andard  format i n  which t h e  r e s u l t s  of 

such p rocess  a n a l y s i s  of  s p e c i f i c  m a t e r i a l s  and product ion s t e p s  may b e  

d i sp layed .  The methodology i s  s imkla r  t o  t h e  Reference Energy System which 

has  been coupled t o  i n t e r i n d u s t r y  models of the  economy5 and can be  used i n  

a s i m i l a r  manner t o  p rov ide  a g e n e r a l i z e d  coupled p rocess  and economic model 

f o r  u s e  i n  technology and p o l i c y  a n a l y s i s .  The Reference M a t e r i a l s  System 

c o n c e p t . h a s  been employed a s  t h e  c e n t r a l  systems a n a l y s i s  approach by t h e  

Committee on Renewable Resources f o r  I n d u s t r i a l  M a t e r i a l s  of  t h e  Na t iona l  

Research Council (NRC). The t h r u s t  of t h e  NRC s tudy was t o  i d e n t i f y  t h e  

most a r e a s  f o r  s u b s t i t u t i n g  nonrenewables by renewables which i n  

t u r n  would h i g h l i g h t  t h e  Research and Development (R&D) programs needed t o  

overcome t h e  b a r r i e r s  t o  p roduc t ion  and use  of renewable r e s o u r c e s .  The RMS 

approach has  a l s o  been adopted f o r  a s tudy6 i n  I r e l a n d  concerned w i t h  t h e  

use  of biomass a s  a source  of  energy.  Although t h e  s p e c i f t c  emphasis on t h e  

v a r i o u s  p o l i c y  o b j e c t i v e s  w i l l  v a r y  from coun t ry  t o  country  depending upon 

i t s  s t a g e  of development, minera l  base ,  e t c . ,  t h e  RMS, because  of i t s  g e n e r a l  

n a t u r e ,  can be adapted a s  a p o l i c y  and planning t o o l  t o  any n a t i o n a l  s i t u a t i o n ,  



For example, trade-offs between the labor requirements and capital expenditures 

as influenced by a particular technology wi1.l be somewhat different in an indus- 

trialized country as compared with a developing country where the policy ob- 

jectives may differ. Such policy objectives are exogenous to the RMS and may 

be formulated independently. 

The nation's materials system can be thought of as consisting of an 

integrated se,t of technical activities such as exploration, refinement, conver- 

sion, transportation, fabrication of material resources into useful products, 

and finally, the maintenance and recycling of these products. The RMS is a net- 

work representation of the physical flow of materials through all of the produc- 

tion and utilization steps that a resource must go through to be used for a 

specific purpose in.the economy. The scope of the RMS is outlined in Fig. 1. 

At the left-hand side is a listing of resources both renewable and nonrenewable, 

while the products and end uses, defined at the functional level, are listed-on 

the right side. The definition of the use of materials for specific functions 

and purposes is central to the RMS concept. Only at this level can conservation 

and substitution opportunities be analyzed with any technical reliability. 

Engineering properties such as strength-to-weight ratios, corrosion resistance, 

and durability must be considered. 

The completed RMS, involving a network representation of the flow of 

materials from the resource side through all of the "activities" listed along 

the top to a specific end use such as building and construction, and the year 

1977 is shown in Fig. 2. This figure is quantified in terms of the mass of 

material flowing annually through each activity. While the material flows on 

the supply iide were obtained from the Statistical Abstract, and the annual 

statistical reports, put out by various trade associations, the data on 

the demand side were mostly estimated using the product mixes and conversion 

ratios, as they existed in the year 1974, from the Materials Source Book. 10 

The network can also be quantified in terms of energy use, cost, labor, and 

environmental effects associated with each activity. A path from a specific 

resource to a specific end use is called a "trajectory." Each "activity" in 

the trajectory represents a technical process or production step that is 

characterized by both a material flow element (and material losses) and the 

data elements listed, e.g., energy requirements, other material inputs, labor 

and capital needs, and environmental effects. The activity category involving 

"installation, erection, and maintenance," not relevant in the energy system, 

is of special importance in the case of a materials system for evaluating 



l i f e - c y c l e  usage c h a r a c t e r i s t i c s  of m a t e r i a l s .  Oppor tun i t i e s  f o r  r e c y c l i n g  of 

m a t e r i a l s  a r e  i d e n t i f i e d  i n  terms of a c t i v i t i e s  c h a r a c t e r i z e d  by m a t e r i a l  flows 

and d a t a  elements.  Imports and expor t s  of r esources  and p roduc t s  can be ind i -  

c a t e d  by flow v e c t o r s  from and i n t o  t h e  a p p r o p r i a t e  nodes. 

The RMS i l l u s t r a t e d  i n  Ftg. 2 i s  s i m p l i f i e d  and aggregated f o r  pre- 

s e n t a t i o n  purposes on ly .  Addi t iona l  d e t a i l  i s  provided i n  v e r s i o n s  of t h i s  

system t h a t  have been developed f o r  p o l i c y  s t u d i e s .  An example of a d d i t i o n a l  

informat ion t h a t  i s  needed is a l l o y i n g  m a t e r i a l s  such a s  chromium, molybdenum, 

and c o b a l t  t h a t  provide d e s i r e d  s t r e n g t h  and c o r r o s i o n  r e s i s t a n t  p r o p e r t i e s  

f o r  c e r t a i n  a p p l i c a t i o n s .  

It i s  f e a r e d  by many t h a t  r esource  s c a r c i t y  w i l l  l i m i t  f u t u r e  economic 

and s o c i a l  development. Analysis  of t h e  r o l e  of m a t e r i a l s  i n  our  s o c i e t y  

r e q u i r e s  t h e  ex tens ion  of t h e  Reference M a t e r i a l s  System t o  a  g e n e r a l  economic 

framework. The conven t iona l  Input/Output framework p rov ides  a  d e t a i l e d  pic-  

t u r e  of t h e  s t r u c t u r e  of t h e  economy and of i n t e r i n d u s t r y  f lows. While normally 

q u a n t i f i e d  i n  monetary u n i t s ,  Input/Output Tables  have a l s o  been q u a n t i f i e d  

i n  phys ica l  terms (mass f lows,  energy f lows,  etc.) .  The Reference M a t e r i a l s  

System provides t h e  b a s i s  f o r  es t imat ing  t h e  t echnolog ica l  c o e f f i c i e n t s  and 

m a t e r i a l  s u b s t i t u t i o n s  represen ted  i n  t h e  Input/Output Tables.  F igure  3 

shows the format of a modified Input/Output Table. The flow of m a t e r i a l s  

r e s o u r c e s  through t h e  m a t e r i a l s  convers ion p rocesses  i n t o  t h e  o t h e r  non- 

m a t e r i a l  i n d u s t r y  s e c t o r s  and t h e  f i n a l  demand s e c t o r s  i s  represen ted  by 

c o e f f i c i e n t s  r e p r e s e n t i n g  t h e  mass of s p e c i f i c  m a t e r i a l s  r e q u i r e d  per  d o l l a r  

o r  phys ica l  u n i t  of ou tpu t  i n  t h e  i n d u s t r y  s e c t o r s .  The summation of t o t a l  ' 

o u t p u t s  i n  d o l l a r  ,terms r e p r e s e n t s  t h e  Gross Nat ional  Product (GNP) of t h e  

n a t i o n .  This framework then provides  t h e  a n a l y t i c a l  l i n k  between GNP (which 
. . - 

when exh ib i t ed  i n  terms of i n d i v i d u a l  s e c t o r  elements is  r e p r e s e n t a t i v e  of a  

l i f e - s t y l e  p a t t e r n )  and t h e  requirement f o r  s p e c i f i c  m a t e r i a l s .  When presented 

a t  t h i s  l e v e l  of d e t a i l ,  t h e  r e s u l t s  of engineer ing a n a l y s i s  may be represen ted  

i n  a  p o l i c y  framework. This s t e p  of in t roduc ing  t h e  p h y s i c a l  r e p r e s e n t a t i o n  of 

a  t e c h n i c a l  system i n  an  economic framework has  been accomplished f o r  t h e  energy 

system bu t  no t  a s  y e t  f o r  t h e  m a t e r i a l s  system. 

The l o g i c  of i n c o r p o r a t i n g  a  phys ica l  r e p r e s e n t a t i o n  of a t e c h n i c a l  sys- 

tem i n  an economic framework a long wi th  cons idera t ion  of .  r e s o u r c e ,  l a b o r ,  c a p i t a l ,  

and environmental  f a c t o r s  is  i l l u s t r a t e d  i n  Fig.  4.  This f i g u r e  i l l u s t r a t e s  t h e  

way i n  which resources  and technology u n d e r l i e  the  economy of a  n a t i o n  and a f f e c t  

i.ts environment. S t a r t i n g  a t  the  bottom, resources  a r e  employed i n  t echnolog ica l  
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systems t o  produce goods and s e r v i c e s  i n  t h e  economy. Environmental e f f e c t s  a r e  a 

i 
a l s o  produced t h a t  must be balanced a g a i n s t  b e n e f i t s  of product ion.  Po l icy  a c t i o n s  

1 
3 
F 

o r  dec i s ions  taken a t  any l e v e l  can a f f e c t  t h e  need f o r  and use  of t h e  m a t e r i a l s  t' 
t 

and technology employed i n  t h e  n a t i o n ' s  economy. [ 
RMS p r o j e c t s o n s  of t h e  m a t e r i a l  f lows,  compat ible  w i t h  t h e  economic i 

I 

f o r e c a s t s  f o r  t h e  f u t u r e  y e a r s ,  say  1985 and 2000, can be prepared assuming 

a  n a t u r a l  evo lu t ion  of t echnolog ies  and no new f e d e r a l  p o l i c y  i n i t i a t i v e s .  

This p ro jec ted  system can then  be used a s  a  base  c a s e  f o r  t h e  s u b s t i t u t i o n  i 
a n a l y s i s  and technology assessment a s  d i scussed  i n  t h e  fo l lowing  s e c t i o n s .  I 
The RMS can be prepared t o  r e p r e s e n t  t h e  f low of m a t e r i a l s  through an  i n d u s t r y ,  I 

I 
' I  

reg ions .o f  t h e  country ,  o r  t h e  e n t i r e  country .  ' 

ANALYSIS OF MATERIAL UTILIZATION AND SUBSTITUTION 

The RMS and t h e  a s s o c i a t e d  d a t a  can be used f o r  t h e  a n a l y s i s  o f  m a t e r i a l s  i 
! 

u t i l i z a t i o n  and s u b s t i t u t i o n .  Th is  is  done by us ing  t h e  p e r t u r b a t i o n  technique ! 

i n  which incremental  e f f e c t s  of t h e  s u b s t i t u t i o n  a r e  analyzed w i t h  r e s p e c t  t o  
i 

the  m a t e r i a l  f lows and a t t e n d a n t  energy,  economic, and environmental  impli-  i 

c a t i o n s  ind ica ted  on t h e  RMS diagram and backup d a t a  s h e e t s .  . . . ! 
. .  -- . . . .. . . - 1  

The technique of p e r t u r b a t i o n  a n a l y s i s  invo lves  t h e  fo l lowing  s t e p s  

fol lowing the  d e f i n i t i o n  of a  b a s e ,  o r  most l i k e l y  case ,  i n  t h e  RMS format 

1. Analysis  of t h e  s p e c i f i c  end use  involved i n  a  u t i l i z a t i o n  
! 

o r  s u b s t i t u t i o n  problem. 

2. D e f i n i t i o n  of any new processes  t o  be used i n  t h e  a f f e c t e d  

t r a j e c t o r y  from t h e  resource  t o  t h e  s p e c i f i c  end u s e  

( d e f i n i t i o n  of l o s s e s ,  energy,  l abor  and c a p i t a l  r e q u i r e -  

ments, and environmental  e f f e c t s ) .  

3 .  Revis ion of f lows through t h e  a f f e c t e d  t r a j e c t o r i e s  i n  t h e  

RMS t o  r e f l e c t  t h e  r e v i s e d  u t i l i z a t i o n  o r  s u b s t i t u t i o n  of 

m a t e r i a l s  and/or  new. p rocesses .  

4. Accumulation and t a b u l a t i o n  of r e s o u r c e ,  energy,  l a b o r ,  

c a p i t a l ,  and environmental  consequences of t h e  u t i l i z a t i o n  

o r  s u b s t i t u t i o n .  

I n  ana lyz ing  t h e  s p e c i f i c  n a t u r e  of t h e  s u b s t i t u t i o n ,  i t  i s  necessary  

t o  address  t h e  s p e c i f i c  a p p l i c a t i o n .  The mass r a t i o  of s u b s t i t u t i o n ,  e .g . ,  

kg of paper t h a t  would r e p l a c e  a  kg of p l a s t i c ,  depends on t h e  s p e c i f i c  

a p p l i c a t i o n  and t h e  n a t u r e  of t h e  m a t e r i a l .  Thus, one would have t o  focus ,  f o r  

example, on paper bags a s  a  s u b s t . i t u t e  f o r  polyethylene bags.  The 



determinat ion of t h e s e  s u b s t i t u t i o n  r a t i o s  must be  done exogenously t o  t h e  RMS 

and t h e  r e s u l t s  r e f l e c t e d  i n  t h e  r e v i s e d  o r  pe r tu rbed  RMS. I n  c e r t a i n  i n s t a n c e s ,  

mat-rial p r e f e r e n c e s  and s u b s t i t u t i o n  may b e  cons t ra ined  o r  in f luenced  by -- 

such f a c t o r s  a s  e s t h e t i c s  and codes o r  s t a n d a r d s .  

The parameters  of t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  of new p r o c e s s e s  

must a l s o  be  ob ta ined  exogenously t o  t h e  RMS by people  w i t h  a  p r o c e s s  back- 

ground. The i n t e n t  of t h e  RMS format is  t o  c a p t u r e  those  c h a r a c t e r i s t i c s  

of the  technology t h a t  a r e  important  t o  m a t e r i a l s  p o l i c y  fo rmula t ion  because  

it is  no t  a v a i l a b l e  i n  a c o n s i s t e n t  and comprehensive format .  

Following t h e s e  s t e p s ,  t h e  p e r t u r b a t i o n  of t h e  a p p r o p r i a t e  t r a j e c -  

t o r i e s  and t h e  accumulation of in fo rmat ion  on d e t a i l e d  consequences is 

s t r a i g h t f o r w a r d  us ing  t h e  RMS. I n  t h e  c a s e  of a n  a n a l y s i s  of  t h e  s u b s t i t u -  

t i o n  of paper bags f o r  po lye thy lene  bags  f o r  example, t h e  f lows through t h e  

wood t o  paper t r a j e c t o r y  would i n c r e a s e  by t h e  a p p r o p r i a t e  amount w h i l e  t h e  

f low of crude o i l  and n a t u r a l  gas  through t h e  pet rochemical  t r a j e c t o r y  would 

be  decreased.  The f u l l  m a t e r i a l s  sys'tem i m p l i c a t i o n s  may then  be  t r a c e d  

a l l  t h e  way back t o  t h e  f o r e s t  and t h e  source  of t h e  o i l ,  imported o r  domest ic  

The r e s u l t s  of t h e ' a n a l y s i s  may then  b e  used a s  a  b a s i s  of suppor t  o r  r e v i s i o n  

of t h e  o r i g i n a l  u t i l i z a t i o n  o r  s u b s t i t u t i o n  measure. 

When used i n  t h i s  f a s h i o n ,  t h e  RiiS can  be  a  u s e f u l  t echn ique  f o r  t h e  

a n a l y s i s  of m a t e r i a l s  p o l i c y .  It must be recognized t h a t  t h e  t echn ique  

focuses  on t h e  phys ica l  s t r u c t u r e  of t h e  system and i t s  requirements .  Thus, 

a l though s u b s t i t u t i o n  a n a l y s i s  may b e  performed i n  a  r a t h e r  d i r e c t  manner, 

i n  c a s e s  of more g e n e r a l  p o l i c y  a n a l y s i s  t h e  e f f e c t s  of a  p o l i c y  ,ac t ion on 

t h e  supply o r  demand f o r  m a t e r i a l s  u s e  and on t h e  p h y s i c a l  s t r u c t u r e  of  t h e  

system must be developed o r  e s t ima ted  p r t o r  t o  u s e  of t h e  RMS. 

A c a s e  s t u d y  t o  e v a l u a t e  t h e  energy i m p l i c a t i o n s o f  s u b s t i t u t i o n  of 

p l a s t i c s  by paper p roduc t s  f o r  c e r t a i n  k f n d s . o f  packaging and . c o n t a i n e r s  h a s  

been included i n  t h e  Appendix. 

EVALUATION OF NEW MATERIAL TECHNOLOGIES 

The r e s e a r c h  and development p o l i c y  a r e a  i s  of g r e a t  importance t o  t h e  

f u t u r e  development of t h e  n a t i o n ' s  m a t e r i a l s  system. Only through t h e  devel-  

opment of new techno log ies  can t h e  d i v e r s i t y  and f l e x i b i l i t y  be  r e a l i z e d  t o  

a l low t h e  m a t e r i a l s  system t o  adapt  t o  t h e  changes i n  t h e  r e s o u r c e  a v a i l a b i l i t y  

and environmental concerns t h a t  w i l l  occur  over  time. 

The major t h r u s t  of t h e  problem i n  t h i s  c a s e  l i e s  i n  e s t i m a t i n g  t h e  

parameters of t h e  new and a s  y e t  undeveloped technology.  Having done t h i s ,  



t h e  p e r t u r b a t i o n  technique,  a s  i n  t h e  c a s e  of s u b s t i t u t i o n  a n a l y s i s ,  can 

be  used t o  compute t h e  incremental  e f f e c t s  wi th  r e s p e c t  t o  r e s b u r c e  consump- 

t i o n  and a t t e n d a n t  energy,  economic, and environmental  e f f e c t s . ,  The uncer- 

t a i n t i e s  i n  e s t i m a t i n g  t h e  parameters o f  new technology a r e  recognized b u t ,  

by us ing t h e  p e r t u r b a t i o n  technique,  t h e  s e n s i t i v i t y  of p o l i c y  comparisons 

t o  e r r o r s  i n  t h e  f o r e c a s t  i s  reduced. 

Following i s  t h e  l i s t  of p e r t i n e n t  d a t a  on t h e  technology under con- 

s i d e r a t i o n  t h a t  should be  assembled p r i o r  t o  t h e  a c t u a l  technology assessment.  

1. Date o r  d a t e s  of implementation 

2 .  Dcgrcc of implementation a t  t h e  dste, e.g., f r a c t i o n  o f  

t h e  t o t a l  end use  demand met by t h e  u s e  of t h i s  technology 

3 .  Primary m a t e r i a l  input  

4 .  Economic d a t a :  c a p i t a l  c o s t ,  p l a n t  l 2 f e ,  o p e r a t i n g  and 

maintenance c o s t ,  e t c .  

5. Enviromental e f f e c t s  

The p l a c e  of t h e  technology should now be  a p p r o p r i a t e l y  noted on t h e  

RMS f o r  t h e  t ime frame of i n t e r e s t .  The t echnolog ica l  a r e a  being replaced 

should a l s o  be noted and t h e  resource  a l l o c a t i o n s  should b e  checked f o r  con- 

s i s t e n c y .  Knowing t h e  l e v e l  of implementation,  t h e  technology i s  i n s e r t e d  

i n  t h e  RMS. The nex t  s t e p  i s  t o  sum up t h e  resource ,  energy,  c a p i t a l ,  and 

environmental consequences of t h e  pe r tu rbed  system and compare them wi th  t h e  

base  case  t o  a r r i v e  a t  t h e  incremental  b e n e f i t s  (o r  l o s s e s ) .  

It is  c l e a r  t h a t  t h e  system under d i s c u s s i o n  i s  s t a t i c  i n  t ime and 

t h a t  t h e  replacement does no t  occur ins tan taneous ly .  I f  t h e  purpose of t h e  

assessments is  j u s t  t o  a s c e r t a i n  t h e  t echnolog ica l  e f f e c t  o f  t h e  f u t u r e  system 

change, t h e  l a c k  o f  dynamic response i s ' n o t  c r i t i c a l .  However, i f  t h e  assess -  

ment is  t o  be used f o r  resea rch  and development p lanning,  i t  is important 

t h a t  t h e  c o s t  of t h e  r e s e a r c h  and development program b e  compared wi th  t h e  

discounted p r e s e n t  worth of t h e  u l t i m a t e  b e n e f i t s  of implementing t h e  tech- 

nology over t h e  e n t i r e  planning hor izon.  These b e n e f i t s  may b e  es t imated 

wi th  t h e  s t a t i c  system by applying i t  a t  s e v e r a l  p o i n t s  and c a l c u l a t i n g  t h e  

p resen t  worth o f  t h a t  s t ream of annual b e n e f i t s .  With t h i s  informat ion,  a  

cos t -benef i t  r a t i o  can be  computed f o r  t echnolog ies  under c o n s i d e r a t i o n  and 

t h e  corresponding r e s e a r c h  and development a r e a s  can be  ranked accordingly .  

Due account must a l s o  be taken of s e v e r a l  o t h e r  f a c t o r s ,  e .g . ,  u n c e r t a i n t i e s  



involved i n  any c r i t i c a l  r esea rch  a r e a s ,  s a f e t y  a s p e c t s ,  i n t e r n a t i o n a l  

q u e s t i o n s ,  i n s t i t u t i o n a l  f a c t o r s ,  e t c .  b e f o r e  developing f i n a l  r e s e a r c h  and 

development s t r a t e g i e s .  F i n a l l y ,  i n c r e a s e d  s o p h i s t i c a t i o n  i n  t h e  t r e a t -  

ment of environmental  impacts may be i n c o r p o r a t e d  a s  a n  improvement i n  t h e  

above a n a l y s i s .  Regional d e f i n i t i o n  of t h e  m a t e r i a l s  system is  important 

i n  some a p p l i c a t i o n s  but  i s  of extreme importance wi th  r e s p e c t  t o  environ- 

mental  e f f e c t s  a s  they cannot be addressed adequa te ly  i n  systems. r e p r e s e n t i n g  

a  n a t i o n a l  average s i t u a t i o n .  

CONCLUSIONS 

The framework f o r  a  M a t e r i a l s  Management Informat ion System o u t l i n e d  

i n  t h i s  paper'  has  been demonstrated t o  be  f e a s i b l e .  It can provide a va luab le  and 

, e s s e n t i a l  t o o l  t o  ensure  a  proper  base  of in fo rmat ion  f o r  m a t e r i a l s  po l i cy .  

I n  a d d i t i o n  t o  providing a  documented in format ion  base ,  t h e  framework c a n -  

be  used i n  support  of modeling and p o l i c y  a n a l y s i s .  A t  t h e  Federa l  l e v e l ,  

t h e  Reference M a t e r i a l s  System i s . c o m p a t i b l e  wi th  techniques  used f o r  p o l i c y  

a n a l y s i s ,  such a s  input-output a n a l y s i s ,  macroeconomic modeling, and energy 

systems a n a 1 y s . i ~ .  Addi t ional  d e t a i l  can be incdrpora ted  i n  s p e c i f i c  s e c t o r s  

of t h e  m a t e r i a l s  system o r  of t h e  economy. An e s s e n t i a l  f e a t u r e  o f - t h e  

method is  t h e  concen t ra t ion  on t h e  u t i l 2 z a t i o n  of m a t e r i a l s  and t h e  possi-  

b i l i t i e s  f o r  s u b s t i t u t i o n  i n  s p e c i f i c  end u s e  a p p l i c a t i o n s .  

I n  .view of ' t h e  need t o  a s s u r e  adequate  s u p p l i e s  of nonrenewable and 

renewable m a t e r i a l s ,  t o  encourage t h e  e f f e c t i . v e  s u b s t i t u t i o n  of renewable 

resources ,  and t o  ensure  proper c o o r d i n a t i o n  of m a t e r i a l s  p o l i c y  w i t h  n a t i o n a l  

p o l i c y ,  a comprehensive m a t e r i a l s  in fo rmat ion  system is  needed. The m a t e r i a l s  

informat ion system w i l l  a s s i s t  i n  t h e  fo rmula t ion  of f e d e r a l  r esea rch  

and development p o l i c y  i n  t h e  m a t e r i a l s  s e c t o r ,  and i n  t h e  formulat ion of 

p o l i c i e s  t h a t  encourage t h e  s u b s t i t u t i o n  of abundant and renewable resources  

f o r  s c a r c e  ones.  

A comprehensive m a t e r i a l s  in fo rmat ion  system must d e a l  wi th  both 

p h y s i c a l  and economic d a t a  inc lud ing  energy,  l a b o r ,  c a p i t a l ,  and environ- 

mental  f a c t o r s .  Fur the r  i t  must be designed t o  be  compatible wi th  a n a l y t i c a l  

methods used by o t h e r  agencies  a t  t h e  F e d e r a l  l e v e l  inc lud ing  t h e  Departments 

of A g r i c u l t u r e ,  Commerce, Energy, and The I n t e r i o r .  



APPENDIX 

Case Study of M a t e r i a l  S u b s t i t u t i o n  i n  Containers  and Packaging S e c t o r  

Packaging i s  used f o r  t h r e e  major c l a s s e s  of goods: durab le ,  non- 

d u r a b l e ~ ,  and f o o d s t u f f s .  The overwhelming f r a c t i o n  of d u r a b l e  goods is 

packaged i n  cor ruga ted  cardboard. Corrugated cardboard i s  a l s o  most commonly 

used a s  a  packing m a t e r i a l  i n  c a s e  of durab les .  Nondurables c o n s i s t s  of 

c l o t h i n g ,  t e x t i l e s ,  and chemicals and r e q u i r e  a  v a r i e t y  of packaging 

c h a r a c t e r i s t i c s .  Foodstuffs ,  t h e  t h i r d  major a r e a  f o r  packaging, r e p r e s e n t  

about 15% of t h e  product ion a c t i v i t y  of t h e  U.S. economy and account f o r  

60% of t h e  t o t a l  shipment v a l u e  of t h e  e n t i r e  range of goods t h a t  a r e  packaged. 

This  s e c t o r  invo lves  t h e  widest  v a r i e t y  and l a r g e s t  amount of packaging 

m a t e r i a l s ,  a p a r t  from corrugated cardboard,  produced from renewable resources .  

I n  t h e  fo l lowing  d i s c u s s i o n ,  s p e c i f i c  examples have been chosen f o r  which 

both  nonrenewables and renewables can b e  in te rchangeab ly  used t o  meet c e r t a i n  

packaging requirements .  Such examples a r e :  s a n i t a r y  food c o n t a i n e r s  used 

f o r  mi lk ,  b u t t e r ,  margarine,  f rozen  foods ,  i c e  cream, s h o r t e n i n g ,  e t c ;  t r a y s  

f o r  packaging meats,  eggs,  and produce; and f l e x i b l e  c o n t a i n e r s ,  e .g . ,  

bags and sacks .  

Although l a b o r  requirements and c a p i t a l  c o s t s  at-e d l s u  i u l p u ~ t a n t  cull- 

s i d e r a t i o n s  i n  t h e  comparison of a l t e r n a t i v e  m a t e r i a l s ,  a t t e n t i o n  i s  focused 

e x c l u s i v e l y  on energy impl ica t ions  i n  t h i s  c a s e  s u t d y  of m a t e r i a l s  f o r  

c o n t a i n e r s  and packaging. 

I n  connect ion w i t h  s a n i t a r y  food c o n t a i n e r s ,  two RMS t r a j e c t o r i e s  

a r e  shown i n  F ig .  5. These correspond t o  t h e  s p e c i a l  c a s e  of ha l f -ga l lon  

c o n t a i n e r s  made of p l a s t i c  and of paper .  Mass f lows and energy v a l u e s  shown 

i n  t h e  f i g u r e  under each a c t i v i t y  l i n k  r e f e r  t o  requirements  f o r  manufacture 

of one c o n t a i n e r  of each type.  Energy d a t a  a r e  i n  terms of t h e  "gross" v a l u e  

of energy requirement .  Summing a l l  t h e  energy components a long t h e  two t r a -  

j e c t o r i e s ,  one can s e e  t h a t  a  p l a s t i c  b o t t l e  weighing 54 grans  needs about 
6  

8 .4  x  10 j o u l e s ,  whereas an equ iva len t  paper c a r t o n  weighing 64 grams needs 
6  

6.4 x , 1 0  j o u l e s .  Also,  t h e  p l a s t i c  b o t t l e  r e q u i r e s  22 grams and 55 grams 

i of n a t u r a l  gas  and crude o i l ,  r e s p e c t i v e l y ,  a s  chemical  f eeds tock ,  whi le  an  

equ iva len t  paper c a r t o n  needs 130 grams of groundwood. Adding t h e  energy 
I 

i con ten t  o f  raw m a t e r i a l s ,  t h e  t o t a l  energy i n p u t s  t o  a  p l a s t i c  b o t t l e  and 
6 

I 
an equ iva len t  paper c a r t o n  work ou t  t o  11.9 x l o 6  and 7.9 x  1 0  j o u l e s ,  



r e s p e c t i v e l y .  I n  F ig .  6  two t r a j e c t o r i e s  f o r  t h e  manufac ture  of  s i z e  6  

meat t r a y s  from s ty ro foam and from molded wood ~ u l - p  a r e  shown. The energy 

requi rements  i n  t h e  two c a s e s  add up t o  about  t h e  same v a l u e ,  0 .9  x 1 0  6  

j o u l e s  each. Here a g a i n ,  t a k i n g  i n t o ' a c c o u n t  t h a t  2 . 3  grams o f  n a t u r a l  g a s  

a n d  7.3- grams of  c r u d e  o i l  a r e  needed a s  chemical. f e e d s t o c k s  i n  t h e  c a s e  .o f  .. . . 

t h e  ~ o l . y s t y r e n e  t r a y  and 30 grams o f  groundwood i s  needed a s  raw m a t e r i a l  
6 

£01 one pulp t r a y ,  t h e  t o t a l  energy v a l u e s  i n c r e a s e  t o  1 . 3  x 1 0  j o u l e s ,  

r~ma:i.n.;.alg same i n  b o t h  c a s e s .  I n  t h e  c a s e  of f l e x i b l e  c o n t a i n e r s ,  poly-  

ethyl-cne i .s used f o r  p l a s t i c  bags and K r a f t  paper f o r  paper  bags .  The 
1 6 ! .. 

energy c o s t . o f  K r a f t  pape r  i s  ' 4 8  x 1 0  jou l e s /kg ,  and t h a t  o f  p o l y e t h y l e n e ,  
6 

2 160 x 1 0  j o u l e s / k g  o r  3.3 t i m e s  a s  much. But,  because  medium-weight 

po lye thylene  bags weigh o n l y  h a l f  a s  much a s  an  e q u i v a l e n t  pape r  bag ,  t h e  

r a t i o  of energy consumption of  p l a s t i c  and paper bags i s  = 1.65: l . .  

The ;hove comparison i s  n o t  e n t i r e l y  f a i r  t o  p l a s t i c s  i f  t h e r e  is 

t h e  p o s s i b i l Z t y  of '  r e u s i n g  t h e  p l a s t i c  c o n t a i n e r s .  , A s  a n  example,  t o  make 

and f i l l  a  h a l f - g a l l o n  p l a s t i c  m i l k  c o n t a i n e r  a  s j .ngle  t i m e  r e q u i r e s  abou t  
6. 8 . 4  x  1 0  j o u l e s  of  energy .  I f  i t  were reused ,  and t h e  washing and f i l l i n g  . 

6  
c o s t s  remained t h e  same w i t h  each u s e  (' 3 .2  x 1 0  j o u l e s ) ,  t h e n  t h e  c o s t  . 

C ? -- 6 
.rjo1l3~1 drop  t o  5.8 x 1 0  j o u l e s  w i t h  one r e u s e ,  , t o  4 . 9  x 1 0  jou l%s w i t h  

6 
two I-cu:i:,?s, and  t o  4 . 5  x  1 0  joul-es w i t h  t h r e e  r e u s e s .  S i m i l a r l y ,  a l t h o u g h  .J 

a ~ j i 1 ~ 1 . e  use o f  pl;lst.:i.c hags  rc?quj.res more energy than  paper  bags;  t h e  t x o  

bec-ijme comprrr3bl.e i f  .iiore d u r a b l e  po lye thy lene  bags a r e  r eused  once.  These 

r e s u l t s  a r e  suirunarized i n  'Table I. u s i n g  ' t h i s  i n f o r m a t i o n  i n  c o n j u n c t i o n  

w i t h  IUfS w i t h  s u f f i c i e n t  d i s a g g r e g a t i o n  i n  t h e  Con ta ine r s  and Packaging 

SecLor, 'l:lle pe , i - t u rba~ ioz l  Lechrlique can be  a p p l i e d  i n  r a t h e r  s t r a i g h t f o r w a r d  

inanner t o  a s s e s s  t h e  f u l l  m a t e r i a l s  system i m p l i c a t i o n s  i n  t e rms  of energy 

and r e sou rce  r equ i r emen t s  a r i s i n g  from t h e  s u b s t i t u t i o n  measures  cons ide red  

he re .  
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. TABLE I 

ENEEiGY REQUIREMENT FOR TYPICAL C O N ' I ' w  AND PACKAGING 

Energy con- 
Raw material requirmts tent-of raw Total  
Per u n i t  product Energy of manuf9cture materials  Energy 

con tainer/packag- Unit Natural Crude per unit l oU Joules/ pet- unit per u n i t  
ing (product) weight gas o i l  Wood product Kg. of product product 

type (grams) (grams) (9r.an"d (grams) (106 Joules) Product (106 Joules) ( lo6 ~ o u l e s )  
I 

I L d f  -gallon 
Milk Container 

Polyethylene 54 
p l a s t i c  

Paper 

Size 6 Meat 
Tray 

Polystryrene 6.7 2 .3  7.2 ---- 0.9 
p la s t i c  

Flexible 
Container (bag 
or sack) 

Polyethylene 

Kraf t paper 36 ---- ---- 7 0 1.7 48.0 0.8 2.5 

- 

* These values exclude the  energy required fo r  f i l l i n g  the containers. 



Resource 
base  . - 

Rcncuablee 

Scope of Reference H a t e r l e l  Syatem and Aesocla ted  Data Elemente Addl t lonal  
P a b r l c a t l o n  

~ o r e e t  reaourcee  
C r a t i n g  and r e a r l n g  

land r e sou rcee  
- b i r d s  
- c a t t l e  ' 

-eheep 

Crop land reeourcee  
- c o t t o n  
- c e r e a l  end eugar 

cane 
-o the r8  

Other  f o r e e t  reeourcee  
-coconuts  
- c l t r u e  p e e l  

. - 8 m  

. t ia r ine  r eeources  i nc lud ing  
a g r i c u l t u r a l  types  

- a l g a e  
-menhaden e t c .  

Alumlnum 
I r o n  and e t e c l  
Cement and c o n c r e t e  
O i l  and gaa 
Coal 

(e.g., 
Production H a r v e s t l ~  -- T r a n s p o r t a t i o n  Pab r l ca t fon  Product E rec t lon )  6 end uee 

( g r u u l n d  o r  e x t r a c t i o n  Procesalng a r e ~ a t e l  - and r ecyc l ing  l d e n t l f l c a t i o n  ,Ha ln t enance  r ecvc l lng  

- - 
Lend uee 
Energy 
Fertilizer and 

chemlcale , 

Labor 
Environmental 

- s o l i d  waste 
C a p i t a l  Coat 

probleme 

Data Elements t o  be 
l d e n t l f l e i  f o r  each 
r e e o u r c e / n c t l v i t y  

comblnatlon . 

Figure 1 

Lumber 
Plywood 
Yeper 
P e r t  l c l e  board 

and f lbe rboa rd  
Chemlcale 
Fiber8  end woven 

f a b r i c s  
Nonuoven f a b r i c s  
Elastomere 
Puele 
P l e s t i c e  
Aluminum. m i l  1 

producte 
S t e e l  m l l l  

p roducts  
Concrete 

C o m e r c l a l  end 
l n d u s t r l a l  
B L C U C ~ U K O I  . 

lloueing 
Tranapor t e t l on  
Furn l tu re  end 

upholat  ry 
Energy 
- f  ue 1 
-power 

Booke and pub- 
l i c a t l o n s  

Producer goodn 
T e x t l l e e  

- c l o t l ~ l n g  
-eoFt goode 
( footwere)  
-peckugLng . 

Comnunlcotlon 
Dlepoelrble 

producte 
-packrglng 
-o the r  

Recrea t ion 
(competee For 
uee of land) 



Fig. 2 .  Reference n ~ a t c r l n l s  systenls (year 1977) 

END USE SECTOR 

00 
s U, 

RESOURCE BASE/ HARVESTING/ PRODUCT ERECTION & 
EXTRACTION 8 PROCESS 1 NG PRODUCT l ON F""ICArION IOENTIFICATICN MAINTENANCE 

RECYCLE 

1 3 . 7  
PAPER - - - - * 2 4 . 5  

FORESTS 

5 0 0 x 1 0 ~  ACRES 

VENEER, LI.N%ER PLYWOOD, BOARDS 
POSTS, ETC. ETC . - . 

6  5  5 
AGRICULTURAL FOOD 

CROPS .> . 
r * 

FIBER 
O ~ I E R  FOREST 

k 
F 1 . 8 8  

R E ~ E L ~ ~ S ~ M  TURPENTINE L 

M I N E  OIL,RESINS, ETC. F A W  ACIDS 
F F * 

RESOURCES 

- - - 
4 0 . J  

--- 
4 . 7 6  

--- 
5 . 6 5  

--- 
I . 26  

.t 

2 . 5  

54 .5  

-b-- ROLLING g BILLETS, BLDMS 

IRON ORE BENEFECIATING SMELT 1 ffi FINISHING 8 SLABS, ETC, . 
9 5 . 4  r 61.1 - P b  r B . 

5  3  
ALU41NLM ORE ROLLING 8 SIIEETS, RODS, 

(BAUXITE) -- - REF lNlNG a- FINISHING WIRES, ETC, 
6 . 2  b----- r > 4 . 8  

EQSS I LShqCES 

CRUDE OIL/ REFINING/ PETROCHEMICALS , 
NA l U R N  W\S/COAL 3 4 . 4 / 1 7 . 7 / 1 7 . 1  > 

-- lREAI'lNG . -- 770/433/616 770/433/616 ~REF ~ N U )  01 ~ G A S /  
COAL 

0 
- -- TOTAL 

NOTE: 1.111b1111'1~S UE1.OW AC'I'IVI'I'Y LINKS ARE ElA'I'EI<TAI. FI.OWS I N  U l L L I O N  KlLOCHAMS 
24 .5  

--- 
1 . 2  

- - 
I . 8 8  

2 . 2  
--------- 

- 

5 . 2 8  

--- 
7 . 2  

--- 
4 7 . 6  

--- 
2 0 . 5  

--- 
1 . 4  

2 . 2  

- 
78 .9  

--- 
3  

--- 

--- 

- - -- - I 

22 .324 .1  
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REFERENCE HATERlALS TRAJECTORIES 

Ilalf Gallon HIlk Container (Plaatlc Bottle va. Paper cartonl 

Pcoduc tlon 0 r 

Resource (gCoulng) extrnctlon Procee 

Cloaure manufacture 

-T 

Energy Consumption ' 4.93 e c  
, e 

llatural gas 

Pulplng 
Paper for Container Paper and Forest - container - Fllllng Hllk contnlner 

opermakln - carton - manufacture resource - - Wood - - - (ac,o.rr) ' (64,3.19) - (I3O.I.S) l h a B z . 4 z )  ' (--,0.10) - 

- 7 - - 
(20,--1 

Soda ash J 
(15.--1 

Hanu f ecture 

Energy ~ o n e u m ~ t l b n  - .02 
C- L 
Note: Numbera In the parenthesea below the actlvlty llnka refer to moae 

' 

flou In g r a m  and ener~y cequiCement Ln mllllon joules, ~ u p e c t 1 v e ~ y ~  
for the corresponding step. In the nunufacture of one-haif ~ a l l c n  

Plastic 

milk containers. 

Energy content of CeBOUCCc. 

(22,1.01*) 

Figure 5 

- Resin of bottle bottle ~ i l l l n g  , Hllk bottle - .  - - - 
(54,0.20) (54,3.22) (60,--) (--,0*16) 



REFERENCE UTERIALS TRAJECTORY 

Sire 6 Heat Tray (Polyatyrene va. Holded Pulp) 

Intermediate Fabrication llarveating 
Production or Transportation product and Product Additional 

Reaourcea (growing) extraction Proceaaing .(aggregate) identification recycling identification fabrication End uae i 
Etl~ylene 

Proceaein& mo~~ufacture ' Natural gee - 
(2.3,.1*) . 

Polyatyrene Foam tray Polyatyre~le . 
P.S. Reain meat tray - 

(--,.Ol) , - {1,--) 

- - - - - -  I ~ 
Benzene, 

Reflning iaopentene - Iaopentene Crude oil - - 
(6.5, .09) I. 6. --) (7.2,.3*) 

Forest Croundwood . Tray Holded pulp 
resource Crounduood Pulping - pulp - fabrication Molded tray Filling meat tray 

- (30,.36&) (20,.07) - (20,.02) 
- 

(20,---I (20, .45) 

c-~tl'rg~ copsumption - .02- 
PVC overurap manufacture 

(a,--) (--,.36) ' 

Note: Numbere in the parentheaee below the activity link8 refer to mnae 
flow in grame and energy requirement in million Joules;reapectively, 
for the corresponding atcipa'in the manufacture of one Size 6 meat tray. 

* Energy content of reaource. 

Figure 6 




