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ABSTRACT 

A comprehensive systems approach to materials policy analysis, the 

Reference Materials Systems (RMS), has been developed and is described in 

this paper. The RMS provides a systematic approach to organizing diverse 

information corresponding to various materials on all processes ranging 

from extraction of resources.through their refinement, transportation, 

fabrication, installation, and maintenance at the point of end use, as 

well as recycling. This system can be used as an evaluative tool, specific- 

ally, for the assesment of materials, technologies, and policy and has 

been applied to the analysis of renewable materials as substitutes for 

energy intensive nonrenewables. In addition,.the definition of end uses 

on a functional level provides the basis for material substitution analysis. 

The format employed for the RMS is similar to that of the Reference . 

Energy System. As such it provides an engineering process description of 

material flows and related efficiencies, environmental impacts, and costs 

that may be used in conjunction with interindustry models of the economy 

of the input/output variety. 



INTRODUCTION 

The availability of materials for housing, durable goods, industrial 

construction, transportation systems, and energy is central to the lifestyle 

and prosperity of the United states. While energy problems receive much 

attention and have led to the formation of two major Federal Agencies to 

coordinate policies, and research and development, there are no similar 

focal points for materials. The material system is quite complex in view 

of the availability of many natural sources of renewable and nonrenewable 

character, and the multitude of technical activities operating within a 

complex private and governmental institutional framework. The technical 

I activities include the exploration for a wide range of material resources, 

conversion of these resources i.n.to useful products, operation and 

maintenance of these products over their life span, and finally recov- 

ery or recycling of these products back into the resource stream. 

While the material system is central.to the operation of a modern 

society, this system has many other attributes involving its effect on 

employment, energy needs, and capital requirements. Although the material 

system is a vital element of the nation's economy, it also involves en- 

vironmental effects that adversely affect the quality of life. Technical 

and policy uptions designed ro deal with specific issues may alter the 

trade-offs between these conflicting characteristics. The need to address 

these broad implications points toward the requirement for a framework 

within which econ~mic, environmental, and technical faccors involved in 

the supply and utilization of materials may be simultaneously'considered 

for the planning and analysis the materials system. The objective of 

this paper is to fulfillthis need by developing a framework such that 

technical and policy options that will..influence the future development 

of the nations material system, can be evaluated in a consistent and 

unif orm manner . 
Many studies.have been performed on the energy and environmental 

aspects of materials production. Berry and Midwest Research 

Institute (*) have published information on the energy imputs to !he produc- 

tion of glass, aluminum, and plastic container materials and Ayres (3)  

has analyzed enviro&ental impacts associatkd ~'5th materials production. 



( 4 )  Hannon has considered the  d i r e c t  and i n d i r e c t  energy imputs t o  m a t e r i a l s  

using imput/output modeling i n  the  a n a l y s i s  of recycl ing  p o l i c i e s .  The 

Reference Mate r i a l s  System format provides a comprehensive and standard 

format i n  which the  r e s u l t s  of such process 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 production s t e p s  may be displayed.  The methodology i s  s i m t l a r  t o  the  

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  economy (5)and can be used i n  a  s i m i l a r  manner t o  provide a genera l ized  

coupled process and economic model f o r  use i n  technology and pol icy  

a n a l y s i s .  The Reference Mate r i a l s  System: concept has  been employed a s  

the  c e n t r a l  .sys tems a n a l y s i s  approach by the  Committee on ~ e n e w a b l e  Re sources 

f o r  I n d u s t r i a l  Mate r i a l s  of t h e  Natlonal  Research Council. 

The n a t i o n ' s  m a t e r i a l  system can be thought of a s  c o n s i s t i n g  of an 

i~ i tegr i i lrd  s e t  of t echn ica l  accfvf t i e s  such a s  &xplorat ' ion,  refinement, 

conversion, t r a n s p o r t a t i o n ,  f ab r i ca ton  of ma te r i a l  res,  urces  i n t o  u s e f u l  

products ,  and f i n a l l y ,  the  maintenance and recyc l ing  of t h e s e  products .  

The RMS i s  a  network representa ton of the  physica l  flow of ma te r i a l s  

through a l l  of the production and u t i l i z a t i o n  s t e p s  t h a t  a  resource must 

go through t o  be used f o r  a  s p e c i f i c  purpose i n  the  economy. The scope of 

the  RMS i s  ou t l ined  i n  Figure 1. A t  the  l e f t  hand s i d e  i s  a l i s t i n g  of 

resources both renewable and nonrenewable, while the  products  and end uses ,  

defined a t  the  func t iona l  l e v e l ,  a r e  l i s t e d  on the  r i g h t  s'ide. 

A completed RMS p resen t s  a  network represen ta t ion  of the  flow of ma- 

t e r i a l s  from the  resource s i d e  through a l l  of the  " a c t i v i t i e s "  l i s t e d  

along the  top  of f i g u r e  1, t o  a  s p e c i f i c  end use such a s  housing. A path 

from a s p e c i f i c  resource t o  a  s p e c i f i c  end use i s  c a l l e d  a " t ra jec tory" .  

Each "ac t iv i ty"  i n  the  t r a j e c t o r y  repre 'sents  a  t echn ica l  process o r  

production s t e p  t h a t  i s  cha rac te r i zed  by both a me te r i a l  flow element 

(and m a t e r i a l  los ses )  and thedata  elements l i s t e d  (e .g . ,  energy requirements, 

.other ma te r i a l  imputs, l abor  and c a p i t a l  needs, and environmental e f f e c t s . )  

The a c t i v i t y  category involving " i n s t a l l a t i o n ,  e r e c t i o n  and mainenance", 

not  r e l evan t  i n  the  energy system, i s  of s p e c i a l  importance i n  the  case 

of ma te r i a l  system f o r  eva lua t ing  l i f e  cycle  usage c h a r a c t e r i s t i c s  of 

ma te r i a l s .  I n  some ins tances ,  i t  w i l l  be necessary t o  develop data  f o r  

seve ra l  r ep resen ta t ive  s u b a c t i v i t i e s  wi th in  an a c t i v i t y .  This  may be 

required t o  give d e t a i l  on sequen t i a l  o r  a l t e r n a t i v e  processes ,  tech- 

niques,  e t c .  wi th in  an a c t i v i t y .  For example, under the  process ing 

a c t i v i t y  i n  s t e l l  t r a j e c t o r y ,  p i g  i r o n  production and s t e e l  making a r e  



to be considered sequentially while steel making by electric furnace, 

open hearth furnace and basic oxygen furnace etc. will have to be treated 

as alternative processes and represented-by three parallel activity links 

on the RMS steel trajectory. Opportunities for recycling of materials are 

also identified in terms of activities characterized by material flows and 

data elements. Imports and exports of resources and are indicated 

by. flow vectors from and into the appropriate. nodes. 

An aggregate RMS with exhaustive list of renewables and most commonly 

used nonrenewables has been developed for the year 1972. The material 

flows and the corresponding energy requirements for the RMS are shown in 

figures 2a and 2b respectively. Similar systems with additional nonrenewables 

can be prepared that project the material flows, compatible with the economic 

forecasts, for the years 1985 and 2000 assuming a natural evolution of 

technology and no new federal policy initiatives. These projected systems 

can then be used as a base case for the substitution analysis and technology 

assessment as discussed in the following sections. 

ANALYSIS OF MATERIAL UTILIZATION AND SUBSTITUTION 

The RMS and the associated data can be used for the analysis of 

materials utilization and substitution. This is done by using the per- 

turbation technique in which incremental effects of the substitution 

are analyzed with respect to the material flows and attendant energy, 

economic, and environmental implications indicated on the RMS diagram 

and backup data sheets. 

The technique of perturbation analysis involves the following basic 

steps: 

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

substitution problem. 

2. Definition of any new processes to be used in the affected 

trajectory from the resource to the specific end use (definition of losses; 

energy, labor, and capital requirements; and environmental effects). 
.,: 3 .  Revision of flows through the affected trajectories .in the RMS 

to reflect the revised utilization or substitution of materials and/or new 

processes. 

4. Accumulation and tabulation of* resource, energy, labor, capital, 

and environmental consequences of the utilization or substitution. 

In analyzing the specific nature of the substitution, it is necessary 



t o  address the  s p e c i f i c  app l i ca t ion .  The mass r a t i o  of s u b s t i t u t i o n  

(e.g., l b s .  of paper t h a t  would rep lace  a lb .  of p l a s t i c )  depends on the  

s p e c i f i c  a p p l i c a t i o n  and the  nature  of the  ma te 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 determination of these  s u b s t i t u t i o n  r a t i o s  must be done exogenously t o  

theRMS and the  r e s u l t s  r e f l e c t e d  i n  the  revised  o r  perturbed RMS. I n  

c e r t a i n  ins tances ,  ma te r i a l  preferences  and s u b s t i t u t i o n  may be const ra ined 

o r  influenced 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 tandards.  

The parameters of the  t echn ica l  c h a r a c t e r i s t i c s  of new processes 

must a l s o  be obtained exogenously t o  t h e  RMS by people with a process back- 

ground. The i n t e n t  of the  RMS format i s  t o  capture  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  pol icy .  Frequently,  such 

t echn ica l  d e t a i l ,  o r  r e a l i t y ,  i s  overlooked i n  po l i cy  formulat ion hecause 

i t  i s  not 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 these  s t e p s ,  the  perturbatLon of the  appropr ia t e  t r a j e c t o r i e s  

,and the  accumulation of information on d e t a i l e d  consequences i s  s t r a i g h t -  

forward using the  RMS. I n  the  case  of an  a n a l y s i s  of the'  s u b s t i t u t i o n  of 

paper bags f o r  polyethlene bags f o r  example, the  flows through the  wood t o  

paper t r a j e c t o r y  would increase  by the  appropr ia t e  amount while t h e  flow 

of crude o i l  and n a t u r a l  gas through the  petrochemical t r a j e c t o r y  would be 

dec.reased. The f u l l  materi.al system impl ica t ions  may the11 be t raced all 

the  way back t o  the  f o r e s t  and the  source of the  o i l ,  imported o r  domestic. 

The r e s u l t s  of the  a n a l y s i s  may then be used a s  a  b a s i s  of support  o r  r e -  

v i s i o n  of the  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  fashion,  the  RMS can be a u s e f u l  technique f o r  the  

a n a l y s i s  of m a t e r i a l s  pol icy .  It must be recognized t h a t  the  technique 

focuses on the  physica l  s t r u c t u r e  of the  system and i t s  requirements. Thus, 

although ' s u b s t i t u t i o n  a n a l y s i s  may be performed i n  a r a t h e r  d i r e c t  manner, 

i n  cases  of more genera l  pol icy  a n a l y s i s  the  e f f e c t s  of a  pol icy  a c t i o n  on 

the  supply o r  'demand f o r  m a t e r i a l s  use,  and on t h e  physica l  s t r u c t u r e  of 

the  system, must be developedor est imated p r i o r  t o  use of the  M S .  

A case  study t o  eva lua te  the  energy impl ica t ions  of s u b s t i t u t i o n  

of p l a s t i c s  by paper products f o r  c e r t a i n  kinds of packaging and con ta ine r s  

has been included i n  the  appendix. 
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EVALUATION OF NEW MATERIAL TECHNOLOGIES 

The research and development policy area is of great importance 

to the future development of the nation's material system. Only through the 

development of new technologies can the diversity and flexibility be 

realized to allow the material system to adapt to the changes in.the resource 

availability and environmental concerns that will occur over time. 

The major thrust of the problem in this case lies in estimating the 

parameters of the new and as yet undeveloped technology. Having done this, 

the pertubation technique, same as in the case of substitution analysis, 

can be used to compute the incremental effects with respect to resource 

consumption and attendant energy, economic and environmental effects. The 

uncertainties in estimating the parameters of new technology are recongnized 

bur by using the perturbation technique, the sensitivity of policy com- 

parisons to errors in the forecast is reduced. 

Following is the list of pertinent data on the technology under con- 

sideration that should be assembled prior to the actual technology assess- 

ment. 

1. Date or dates of implementation. 

2. Degree of implementation at that date e.g., fraction of the total 

end use demand met by the use of this technology. ' . 

3. Primary material imput. 

4.' Economic data: Capital cost, plant life, operating and maintenance 

cost etc. 

5. Environmental effects. 

The place of the technology should now be appropriately noted on the 

RMS for the. time frame of interest. The technological area being replaced 

should also be noted, and the resource allocations should be checked for 

consistency. Knowing the level of implementation, the technology is inserted 

in the RMS. The next step is to sum up the resource, energy, capital and 

environmental consequences of the perturbed system and compare them with 

the base case to arrive at the incremental benefits (or losses). 

It is clear that the system under discussion is static in time and that 

the replacement does not occur instantaneously. If the purpose of the 

assessments is just to ascertain the technological effect of a future system 

change, the lack of dynamic response is not critical. However, if the 



assessment is to be used for research and development planning, it is im- 

portant that the cost of research and development program be compared with 

the discounted present worth of the ultimate benefits of implementing the 

technology over the entire planning horizon. These benefits may be estimated , 

with the .static system by applying it at several points, and calculating 

the present worth of that stream of annual benifits. With this information, 

cost benefit ratio can be computed for technologies under consideration and 

the corresponding research and development areas can be ranked accordingly. 

Due account must also be taken of several other factors e.g., uncertainties 

involved in any critical research areas, safety aspects, international 

questions, institutional factors etc., before developing final research 

and development strategies. Finally, increased sophistication in the 

treatment of environmental impacts may be incorporated as an improvement in 

above analysis.. Regional definition of the material system is important in 

sane applications, but is of extreme importance with respect to environmental 

effects as they cannot be addressed adequately in systems representing a 

national average situation. 



Appendix 
s.. *. ,. 
CASE STUDY OF MATERIAL SUBSTITUTION IN CONTAINERS AND PACKAGTNG SECTOR 

Packaging i s  used f o r  th ree  major c l a s s e s  of goods, durables ,  non- 

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

packaged i n  .corrugated 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  case of durables.  Nondurables c o n s i s t  of 

c lo th ing ,  t e x t i l e s ,  and chemicals and requ i re  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 ep resen t  

about 15% of the  production a c t i v i t y  of the  U.S. economy and account f o r  60% 

of the  t o t a l  shipment va lue  of the  e n t i r e  range of goods t h a t  a r e  packaged. 

This s e c t o r  involves the  widest v a r i e t y  and l a r g e s t  amount of packaging 

mate r i a l s ,  a p a r t  from corrugated cardboard (produced from renewable r e -  

sources) .  I n  the  fol lowing d i scuss ion ,  s p e c i f i c  examples a r e  given f o r  

which both nonrencwablc3 and renewables call Ie interchangeably used t o  meet 

c e r t a i n  packaging requirements. Such examples a re :  

San i t a ry  food con ta ine r s ,  used f o r  milk, b u t t e r ,  margarine, f rozen 

foods, i c e  cream shor tening,  e t c .  

Trays f o r  packaging meats, eggs, and produce. 

F lex ib le  con ta ine r s ,  e .g . ,  bags and sacks. 

Although labor  requirements and c a p i t a l  c o s t s  a r e  a l s o  important con- 

s i d e r a t i o n s  i n  the  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 

exclus ively  on energy impl ica t ions  i n  t h i s  case study of m a t e r i a l s  f o r  con- 

t a i n e r s  and packaging. 

I n  connection with s a n i t a r y  food con ta ine r s ,  two RMS t r a j e c t o r i e s  a r e  

shown i n  Figure 3. These correspond t o  the  s p e c i a l  case of ha l f -ga l lon  

conta iners  made of p l a s t i c  and of paper. Mass flows and energy values  (1) 

shown i n  the  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  man- 

u fac tu re  of one con ta ine r  of each type. Energy d a t a  a r e  i n  terms of the  

"gross" value of energy requirement. Summing a l l  t he  energy components along 

the  two t r a j e c t o r i e s ,  one can see  t h a t  a  p l a s t i c  b o t t l e  weighing 0.12 l b  needs 

about 8495 Btu ' s ,  whereas an equivalent  paper c a r t o n  weighing 0.14 l b  needs 

6053 Btu 's .  Also, the  p l a s t i c  b o t t l e  r equ i res  0.038 l b  and 0.107 l b  of 

n a t u r a l  gas and crude o i l ,  r e spec t ive ly ,  a s  chemical feedstock,  while an 

equivalent  paper ca r ton  needs 0.28 l b  of groundwood. Adding the  energy 

c p t e n t  of raw m a t e r i a l s ,  t he  t o t a l  energy inpu t s  t o  a  p l a s t i c  b o t t l e  and 

an equivalent  paper ca r ton  work out  t o  11,310 and 7453 Btu ' s  r e spec t ive ly .  

I n  Figure 4  two t r a j e c t o r i e s  f o r  the  manufacture of s i z e  6  meat t r a y s  from 

Styrofoam and from molded wood pulp a r e  shown. The energy requirements i n  



the two cases add up to about the same value, 875 Btu's each. Here again, 

taking into account that 0.0047 lb of natural gas and 0.013 lb of crude oil 

are needed as chemical feedstocks in the case of the polystyrene tray and 

0.064 lb 'of groundwood is needed as raw material for one pulp tray, the total 

energy values increase to 1219 and 1195 Btu's respectively. In the case of 

flexible containers, polyethylene is used for plastic bags and Kraft paper 

for paper bags. The energy- cost of Kraft paper ('1 is -- 20,500 ~tullb, and 

that of polyethylene, - 68,250 ~tu/lb, or 3.3 times as much. But, because 

medium-weight polyethylene bags weigh only half as much as an equivalent 

paper bag, the ratio of energy consumption of plastic and paper bags is 

-- 1.65:l. 

The above comparison is not entirely fair to plastics if there is the 

possihi"1.i.-ty of reusing the plastic cu~lLa1ners. AS an example, to make and 

fill a half-gallon plastic milk container a single time requires about 8500 

Btu of energy. If it were reused, and the washing and filling costs re- 

mained the same with each use (- 3070 Btu), then the cost would drop to 5785 

Btu with one reuse, to 4880 with two reuses, and to 4427 with three reuses. 

Similarly, although a single use of plastic bags requires more energy than 

paper bags, the two become comparable if more durable polyethylene bags are 

reused once. These results are summarized in Table 1. Using this 

informarion in conjunction with RMS with sufficient disaggregation in 

Containers and Packaging sector, perturbation technique can be applied in 

rather straightforward manner to assess the full material system implications 

in terms of energy and resource requirements arising from the substitution 

measures considered here. 
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Table  1 

Energy Requirement f o r  Typ ica l  Conta iners  and Packaging 
. 

Energy con- 
Raw m a t e r i a l  requirements  t e n t  of raw 
P e r  u n i t  p roduct  Energy of manufazture m a t e r i a l s  T o t a l  1:nergy 

C ~ n t a i n e r l ~ a c k a g -  Uni t  Na tu ra l  Crude p e r  u n i t  p e r  u n i t  pe r  u n i t  

i n g  (product )  weight  gas  o i l  Wood product  ( ~ t u 1 l . b  of product  p roduc t  

type  ( l b )  ( l b )  ( l b )  ( l b )  (Btu) product  (Btu) (Btu) 

1. Ha l f -ga l lon  
Milk Conta iner  

. - .  . . 

~ o l ~ e t h y l e n e  
p l a s t i c  

Paper 

2 .  S i z e  6 M e a t  
Tray 

P o l y s t r y r e n e  
p l a s t i c  

Wood pu lp  

3. F l e x i b l e  
Conta iner  (bag 
o r  sack)  

Po l  ye t hy l ene  
p l a s t i c  

K r a f t  paper  0 .08 - - - - - ----- 0.16 1,640 20,500 , 800 2,440 

q h e s e  v a l u e s  exc lude  t h e  energy r e q u i r e d  f o r  f i l l i n g  t h e  c o n t a i n e r s .  



Scope o f  Reference M a t e r i e l  System and Assoc ia t ed  Data Elements Add i t i ona l  
F a b r i c a t i o n  
(e.g., 

Resource Product ion  ' Harves t ina  T r a n s p o r t a t i o n  F a b r i c a t i o n  Froduct  E rec t ion )  & 
base  - '(growing) o r  e x t r a c t i o n  P roces s ing  ( agg rega te1  and r e c y c l i n g  I d e n t i f i c a t i o n  Maintenance 

Renewables 
I-- - 

F o r e s t  r e sou rces  
Grazing and r e a r i n g  

land r e sou rces  
- b i r d s  
- c a t t l e  
-sheep 

Crop land r e sou rces  
- c o t t o n  
- c e r e a l  and suga r  

cane 
- o t h e r s  

O the r  f o r e s t  r e sou rces  
-coconuts  
- c i t r u s  p e e l  
-gum 

Marine r e s o u r c e s  i n c l u d i n g  
a g r i c u l t u r a l  types  

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

Nonrenewables 

Aluminum 
I r o n  and s t e e l  
Cement and c o n c r e t e  
O i l  and gas  
Coal 

Land use  
Energy 
F e r t i l i z e r  and 

chemicals  
, Labor 

Environmental  
' - s o l i d  waste  . 

C a p i t a l  Cost  
Opera t ing  Cost 
I n s t i t u t i o n a l  and 

o r ~ @ p i z a t i o n  
problems - . - 

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

combinat ioc  . 

Figure  1 

Lumber 
Plywood 
Paper . . 
P a r t i c l e  board 

a d  f ibe rboa rd  
Cheodcals 
F i b e r s  and woven 

. f a b r i c s  
Nonmven f a b r i c s  
Elas tomers  
Fue l s  
P l a s t i c s  
Alumlnum m i l l  

prn3duc t s 
S t e e l  mill 

p roduc t s  
Concze t e  

' End use  
and r e c y c l i n g  

Commercial and 
i n d u s t r i a l  
s t r u c t u r e s  

Housing 
T r a n s p o r t a t i o n  
F u r n i t u r e  and 

u p h o l s t r y  
Energy 

- f u e l  
-power 

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

Producer  goods 
T e x t i l e s  
. - c l o t h i n g  
- s o f t  goods 
( footware)  
-packaging 

Communication 
Disposable  

p roduc t s  
-packaging 
- o t h e r  

Rec rea t ion  
(competes f o r  
u se  of land)  
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REFERENCE MATERIALS SYSTEM 
HalE Gallon Milk Container  ( P l a s t i c  B o t t l e  V s .  Paper Carton:;. 

~ a r v e s t i n g  Transporta-  In te rmedia te  Fab r i ca t ion  Product 
o r  t ion  product '  Iden- and I d e n t i f i -  Addi t iona l  Production . 

Resource (Growing) Extracti.0n Processing (Aggregate) t i f i c a t i o n  Recyclir-g c a t i o n  Fab r i ca t ion  End Use 

Closure Manu f a c t  ..re 

( - - #  4 2 7 ) ~  
Manufacture P l a s t i c  

Resin o f  Bot t l ' e  .... ~ o - o W ~ - , ~ i l l i n g  .- ----BbLkBoK~e 
+ 

(-12,193) 
J 

(.12,3050) 

J Crude . .. .o Q... ....-.*-- ---- ----- 
(-107,  --) 

Energy Consumption = 4676 

- - 
and Paper f o r  , Container  

Limestone 

Soda Ash 
(-035,--) 

J 
-Energy Consumption = 341 

NOTE: Numbers i n  t h e  parentheses  below t h e  a c t i v i t y  l i n k s  r e f e r  
t o  mass flow i n  l b  and energy requirement i n  Btu respec t ive ' ly  
f o r  t h e  corresponding1 s t e p s  i n  t h e  manufacture o f  one h a l f  

I g a l l o n  milk con ta ine r s .  



Harvesting 

REFERENCE MATERIALS SYSTEM 
Size 6 Meat Tray (Polystyrene Vs. Molded Pulp1 

Intermediate Fabricaticn 
Product ion or Transportation Product and Product Additional 

Resource (Growing) ~xtrac tion Processing (Aggregate) Identification Recycling Identification Fabrication End Use . 

Ethylene 
Natural Gas 

. -. - . . . - . . - -- Processing ~anhfacture 
(.0047.2) ?:aij&;;ng-(.oo4~;-j2)-7 

I 
I 

1 Polystyrene Foam Tray Polystyrene 
Manufacture P.S. Resin - Manuf~cAure , FoamTray Fi lling 
(0.0146,280) . - (0.0146,'13) I- * (0.0146,--) ' (-0148.75) (;Ol48,--) - 

! 

I Forest Groundwood 
Resource 

lray 
Groundwood Pulnine =.v.. --L-. - - L x  - -  

I L - - - - - - - - - - - - - - a 
Benzene, 8 

Crude Oil Ref lning Isopentene 
I 

I Isopentene - - 

#"- ..- - , . , Molded Pulp 
-- . - - =  ---- - - r u r p  - P B D ~ L C ~ C L O ~  - Molded R a y - - ~ L l , L ! ! k . + H e ~ L _ ~ a ~  ,- 

>(.064, --) ' (S-di56, 63) (.0256, 19) ' (.0256, --) - f(.045. 423) (0 045 16) 

PVC Overwrap Manufacture 

-Energy Consumption - 16 - 

(.O13, 2.4) ' (.013,87) ( 0 0  - -  (--, 338) 

Chemical Additives ----I 
Waste Paper J PVC Overwrap Manufacture - 1 
T;Ol7b ,  - - )  I--, 338) . 

NOTE: Numbers in the parentheses below the activity links refer to mass 
flow in lb. and energy requirement in Btu respectively for the 
corresponding steps in the manufacture of one Size 6 meat tray. 

Figure 4 




