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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 deséription of
material flows and related efficiencies, environmental impacts, and costs
that may be used in conjunction with interindustry models Sf 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 pioblems 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
activities include the exploration for a wide range of material resources,
conversion of these resources into 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 invoiving 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 uptlons designed to deal witﬁ 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 econbmic, environmental, and technical factors 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 fulfill this 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
uniform manner;

Many studies have been performed on the energy and environmental
‘aspects of materials production. Berry (1) and Midwest Research
Institute (2) have published information on the energy imputs to the produc-

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

has analyzed environmental impacts associated with materials production,
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Hannon(é) has considered the direct and indirect energy imputs to materials
using imput/output modeling in the analysis of recycling policies. The
Reference Materials System format provides a comprehensive and standard
format in which the results of such process analysis of specific materials
and production steps may be displayed. The methodology is similar to the
Reference Energy System which has been coupled to interindustry models of

(5)

the economy and can be used in a similar manner to provide a generalized
coupled process and economic model for use in technology and policy
analysis. The Reference Materials System concept has been employed as

the central systems analysis approach by the Committee on Renewable Resources
for Industrial Materials of the National Research Council.

The nation's material system can be thought of as consisting of an
integrated set of technical activities such as ékploration, refinement,
conversion, transportation, fabricaton of material res urces into useful
products, and finally, the mai ntenance and recycling of these products.

The RMS is a network representaton of the physical flow of materials
through all of the production 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 Figure 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.

A completed RMS presents a network representation of the flow of ma-
terials from the resource side through all of the "activities'" listed
along the top of figure 1, to a specific end use such as housing. 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
productioﬂ step that is characterized by both a meterial flow element
(and material losses) and thedata elements listed (e.g., energy requirements,
‘other material imputs, labor and capital needs, and environmental effects.)
The activity category involving "installation, erection and mainenance',
not relevant in the energy system, is of special importance in the case
of material system for evaluating life cycle usage characteristics of
materials. .In some instances, it will be necessary to develop data for
several representative subactivities within an activity. This may be
required to give detail on sequential or altermative processes, tech-
niques, etc. within an activity. For example, under the p:oéessing

activity in stell trajectory, pig iron production and steel making are
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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 prodhcts 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 additiomal 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 substitﬁtion 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 resoﬁrce 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

(4)




to address the specific application. The mass ratio of substitution

(e.g., 1lbs. of paper that would replace a lb. of plastic) depends on the
specific application and the nature of the material. Thus, one would have
to focus , for example, on paper bags as a substitute for polyethylene bags.
The determination of these substitution ratios must be done exogenously to
the RMS and the results reflected in the revised or perturbed RMS. 1In
certain instances, material preferences and substitution may be constrained
or influenced by such factors as esthetics and codes or standards.

The parameters of the technical characteristics of new processes
must also be obtained exogenously to the RMS by people with a process back-
ground. The intent of the RMS format is to capture those characteristics
of the technology that are important to materials policy. Frequently, such
technical detail, or reality, is overlooked in policy formulation bhecause
it is not available in a consistent and comprehensive format.

Following these steps, the perturbation of the appropriate trajectories
‘and the accumulation ot information on detailed comsequences is straight-
forward using the RMS. In the case of an analysis of the substitution of
paper bags for polyethlene bags for example, the flows through the wood to
paper trajectory would increase by the appropriate amount while the flow
of crude o0il and natural gas through the petrochemical trajectory would be
decreased. The full material system implications may then Le Lraced all
the way back to the forest and the source of the o0il, imported or domestic.
The results of the analysis may then be used as a basis of support or re-
vision of the original utilization or substitution measure.

When used in this fashion, the RMS can be a useful technique for the
analysis of materials policy. It must be recognized that the technique
focuses on the physical structure of the system and its requirements. Thus,
although substitution analysis may be performed in a rather direct manner,
in cases of more general policy analysis the effects of a policy action on
the supply or demand for materials use, and on the physical structure of
the system, must be developed or estimated prior to use of the RMS,

A case study to evaluate the energy implications of substitution
of plastics by paper products for certain kinds of packaging and containers

has been included in the appendix.
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EVALUATION OF NEW MATERTAL TECHNOLOGIES

I PR

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 resourcé
consumption and attehdant energy, economic and environmental effects. The
uncertainties in estimating the parameters of new technology are recongnized
but 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. A

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, plaﬁt 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 impleﬁentation, the technology is inserted
in the RMS. The next step is to sum up the resource, energy, cépital 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 thaﬁ
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
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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.
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Appendix

P

CASE STUDY OF MATERIAL SUBSTITUTION IN CONTAINERS AND PACKAGING SECTOR

Packaging is used for three major classes of goods, durables, non-
durables, and foodstuffs. The overwhelming fraction of durable goods are
packaged in corrugated cardboard. Corrugated cardboard is also most commonly
used as a packing material in case of durables. Nondurables consist of
clothing, textiles, and chemicals and require a variety of packaging
characteristics. Foodstuffs, the third major area for packaging, represent
about 15% of the production activity of the U.S. economy and account for 60%
of the total shipment value of the entire range of goods that are packaged.
This sector involves the widest variety and largest amount of packaging
materialé, apart from corrugated cardboard (produced from renewable re-
sources). In the following discussion, specific examples are given for
which both nonrencwables and renewables cau be interchangeably used to meet
certain packaging requirements. Such examples are:

Sanitary food containers, used for milk, butter, margarine, frozen
foods, ice cream shortening, etc. |
Trays for packaging meats, eggs, and produce.

Flexible containers, e.g., bags and sacks. |

Although labor requirements and capital costs are also important con-
siderations in the comparison of alternative materials, attention is focused
exclusively on energy implications in this case study of materials for con-
tainers and packaging.

In connection with sanitary food containers,Atwo RMS trajectories are
shown in Figure 3. These correspond to the special case of half-gallon
containers made of plastic and of paper. Mass flows (1) and energy values (1)
shown in the figure under each activity link refer to requirements for man-
ufacture of one container of each type. Energy data are in terms of the
"gross" value of energy requirement. Summing all the energy components along
the two trajectories, one can see that a plastic bottle weighing 0.12 1b needs
about 8495 Btu's, whereas an equivalent paper carton weighing 0.14 1b needs
6053 Btu's. Also, the plastic bottle requires 0.038 1b and 0.107 1b of

natural gas and crude oil, respectively, as chemical feedstock, while an

" equivalent paper carton needs 0.28 lb of groundwood. Adding the energy

content of raw materials, the total energy inputs to a plastic bottle and
an equivalent paper carton work out to 11,310 and 7453 Btu's respectively.

In Figure 4 two trajectories for the manufacture of size 6 meat trays from

. Styrofoam and from molded wood pulp are shown. The energy requirements in
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the two cases add up to about the same value, 875 Btu's each. Here again,
taking into account that 0.0047 1b of natural gas and 0.013 1b of crude oil
are needed as chemical feedstocks in the case of the polystyrene tray and
0.064 1b 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 Btu/lb, and
that of polyethylene, ~ 68,250 Btu/1lb, or 3.3 times as much. But, because
medium-weight polyethylene bags weigh only half as much as én equivalent
paper bag, the ratio of energy consumption of plastic and paper bags is>
~1.65:1. |

The above comparison is not entirely fair to plastics if there is the
possihility of reusing the plastic contalners. 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 requifes 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
information 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 matérial'system implications

in terms of energy and resource requirements arising from the substitution

measures considered here.
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Table 1

Energy Requirement for Typicél Containers and Packaging

Energy con-

Raw material requirements tent of raw
Per unit product Energy of manufacture materials Total Inergy
Container/packag- Unit Natural Crude per unit per unit per unit
ing (product) welght gas oil Wood product (Btu/lb of product product
type (1b) (1b) (1b) - (1b) (Btu) product (Btu) (Btu)
1. Half-gallon
Milk Container
e (8,495 70,790 :
Polyethylene 0.12 0.038 0.107 ===-- { ? { '
plastic 5,445% 45,370% 2,814 - 11,310
‘ 6,053 43,230 :
Paper 0.14 - -. 0.28 {2,840* {20,280* 1,400 7,453
2. Size 6 Meat
Tray
Polystryrene o c0/0 A A0AT O 013 meeeo A |
plastic 0.0148 0.0047 0.013 875 59,120 ‘ 344 1,219
Wood pulp 0.045 seee-=  —--e-  0.064 - 875 19,440 320 1,195
3. Flexible
Container (bag
or sack)
Polyethylene 0.04 0.013  0.036 ~-=-=-- 0 ' -
plastic . 2,13 68,250 : 51 3,681
Kraft paper 0.08  w---- e--e- 0.16 1,640 20,500 800 2,440

*These values exclude the energy required for filling the containers.



Iron and steel
Cement and concrete
01l and gas

Coal

Figure 1

Scope of Reference Material System and Associated Data Elements Additional
Fabrication
: . (e.g., )
Resource Production ' Harvesting Transportation Fabrication Froduct Erection) & End use
base ‘(growing) or extraction Processing (apgrepate) and recycling Identification Maintenance and recycling
Renewables _
Forest resources Land use Lumber Commercial and
* Grazing and rearing Energy Plywood industrial
land resources Ferctilizer and Paper o structures
-birds chemicals Particle board Housing
-cattle Labor and fiberboard Transportation
-sheep Environmental Data Elements to be Chemdcals Furniture and
Crop land resources -solid waste identified for each Fibers and woven upholstry
Capital Cost resource/activity fabrics Energy
-cotton Operating Cost combination Nonwoven fabrics -fuel
-cereal and sugar Institutional and Elastomers -power
cane orgapization Fuels Books and pub-
-others problenis Plastics lications
Other forest resources — Alumloum mill Producer goods
-coconuts products Textiles
_~cltrus peel Steel mill .-clothing
-gum products -soft goods
Marine resources including Conccete fﬁ::i:;:i;
agricultural types Communication
-algae . Disposable
-menhaden etc. products
Nonrenewables -packaging
e -other
Aluminum Recreation

(competes for
use of land)



AGGREGATE REFERENCE MATERIAL SYSTEM

MASS FLOW IN MILLION POUNDS (YEAR 1972)

-

END USES >

INTERMEDIATE
PRODUCT ERECTION 8
NESUUACE FRODUCTION HARVESTING, 08 PROCESSING TRANSPORTATION PRODUCT FABRICATION e o
BASE OR GROWING EXTRACYION IDENTIFICATION IDENTIFICATION INTENANCE
RENEWABLES RECYCLE
PULP PAPER sl 1 1 | |
172,635 104,130 ACETATE © 109,063 38,500 6,587 ,206
FOREST S DISSOLVING PULP RAYON FIBER I ]
499 x 06 ACRES 362,485 3,354 1578 1,678 1,568 1O
SPENT LIQUOR OR_ PULPMILL BY - PRODYCTS CHENICALS “z’l = | |
VENEER, LUMBER €384 2 €21
POSTS, ETC. PLYWOOD, BOARDS ETC R0 Al o) e (Rt ey (il ]
100,540 95,877 93,877 47800 37802 13,8600 9,200
CROPLAND COTTON COTTON FIBER FABRIC, CLOTH ETC. (e | | J
RESOURCES J 108 acaes 17.458 €981 0014 5190 90 w

AGRICULTURAL CROPS,
STRAW 8 BAGASSE

921 i
l F00D SPENT SULFATE LIQUOR

OTHER FOREST COCONUT, GUM, TURPENTINE 8
RESOURCES CITRUS PEEL ETC. OILS, RESINS ETC FATTY ACIDS ETC_ l l
MARINE 20,306 20306
RESOURSES po
WOOL 8 WOBSTED
GRAZING 8 SHEEP ETC. o WOOL CLOTH E"C o l l 1
REARING 1.3 x 106 HEAD Ll = 20
LAND RESOURCES BIOLOGICAL WASTE l l J
ERND AEITRICES o4 »e
CATTLE ETC. LEATHER, FUR ETC LEATHER, FUR ETC_ | |
3.000 3,000
MUNICIPAL WASTE ETC,
NONRENEWABLES
PRt bttt LI RECYCLE
FINISHED STEEL OR B
[ smemc & ROLLING 8 BILLETS, BLOOMS,
IRON ORE MINING BENEFICIATING ETC,4  STEELMAKING STEEL FINISHING a SLABS ETC | 1 | 1 | | | | | l
189,520 165,400 165400 0.067 16600 63000 38500 45000
BAUXITE S L - T 77 RoLunc & SHEETS, RODS,
(ALUMINUM ORE ) MINING REFINING ¢ SMELTING ALUMINUM FINISHING FOILS, WIRES ETC_ | | 1 | ) I | | | |
11,400 13,200 13,200 G0e3 1,600 3200 2,800 2,200
CLAY, LIMESTONE BLENDING, FIRING 8
SAND ETC MINING CRUSHING ETC. GRINDING ETC CEMENT CEMENT 8 CONCRETE | | | | | | |
1,214,480 4 1,214,480 “1.214,480 12 2108029108 24x10¢
PLATES 8 FORMS 1 | 1 1 1 | | | | |
SAND, LIMESTONE 8 22,029 s 4.2%
SODA ASH GLASS
FIBERS I l I
563 309 260
OiL B GAS
(5404/20,4680 )% {54047 {621/ (4783/
Eipa e PETROCHEMICALS 20,460)* | 3000¢ sa00i* |
NATURAL GAS REFINED OiL B GAS (5947 (5947
(6000721,140) PLASTICS ETC 6591% | | | i | | | | |59 |
POLYESTER B
NYLON FIBER I
4006 4140 0.03 3938 71
CoAL | COAL COAL | o e |
1,140,000 1140,00 1510* 64210736 10120 104"
NOTES +
(1) IN THE OIL @ GAS TRAJECTORY, THE NUMBERS'IN THE PARENTHESES, SEPARATED BY SLASH, ARE MILLION BARRELS OF Ol 8 BILLION FE[Y! OF GAS RESPECTIVELY.
(2) THE NUMBERS WITH ASTERISKS, CONFINED ONLY TO OIL B GAS AND COAL TRAJECTORIES, INDICATE FLOW IN TERMS OF PRIMARY RE INSTEAD OF
FIGURE 20
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AGGREGATE

REFERENCE MATERIAL SYSTEM

ENERGY MENT IN 102 BTU ( YEAR 1972)
<+ END USES >
INTERMEDIATE
PRODUCT ERECTION &
ResconCE SRODUCTION HARVESTHNG O PROCESSING TRANSPORTATION PRODUCT FABRICATION
BASE OR GROWING EXTRACTION IDENTIFICATION IDENTIFICATION MAINTENANCE
RENEWABLES RECYCLE
e
PuLp PAPER s S|
INCLUDED 1N 146 41 (221 ACETATE 8
FOREST RESOURCES_‘ FABRICATION DISSOLVING PULP RAYON FIBER
176 28 475 (54) e—e6(1B)-»
SPENT LIQUOR OR _BULPMILL BY - PRODUCTS CHEMICALS | |
VENEER, LUMBER
POSTS, ETC. PLYWOOD, BOARDS ETC 0 R e [Pt PP O et
NCLUDED IN 257 263
FABRICATION
CROPLAND COTTON COTTON FIBER FABRIC, CLOTH ETC J
RESOURCES 197 N 158(.54) -220(18)»
AGRICULTURAL CROPS,
STRAW B BAGASSE
F000 SPENT SULFATE LIQUOR
OTHER FOREST COCONUT, GUM, 263 TURPENTINE &
RESOURCES CITRUS PEEL ETC. OILS, RESINS ETC FATTY ACIDS ETC. l
MARINE L]
RESOURSES
WOOL B WCRSTED
SHEEP ETC WOOL CLOTH ETC
GRAZING & >0
AEANING Froe oy 029 12 21641 «—i7tiel—»
LAND RESOURCES BIOLOGICAL WASTE IO |
— T g e
CATTLE ETC. 1 LEATHER, FUR ETC LEATHER, FUR ETC I
MUNICIPAL WASTE ETC. \l
NONRENEWABLES
Proattibd it tulosed 2N RECYCLE
— — FINISHED STEEL OR
SMELYING B ROLLING 8 BILLETS, BLOOMS,
IRON ORE MINING BENEFICIATING ETC 4 STEELMAKING STEEL FINISHING @ SLABS ETC | | | | 1 | | |
€5(072) 189 (0.39) 2,079 (.158) 126 1602 ( 51)
RECYCLE
BAUXITE H ROLLING & SHEETS, RODS,
(ALUMINUM ORE )} MINING REFINING ¢ SMELTING ALUMINUM FINISHING FOILS, WIRES ETC | | | | | 1 | |
(0] 125(.19) 893 (.99) n 266 (.47)
CLAY, LIMESTONE , BLENDING, FIRING &
SAND ETC MINING CRUSHING ETC [3 CEMENT CEMENT B CONCRETE | | 1 | |
95(34) 47(791 570 (133) 4 60 (.2¢)
PLATES 8 FORMS | | | ] 1 | | |
SAND, LIMESTONE &
SODA ASH GLASS
FIBERS
OIL & GAS l l
CRUDE OIL & PETROCHEMICALS |
NATURAL GAS REFINED OIL B8 GAS
e PLASTICS ETC [ l_ l l I I l_____
POLYESTER 8
NYLON FIBER
352 (2) — INCLUDES FEEDSTOCK e «i54( 18) >
COAL COAL COAL

NOTE © NUMBERS IN PARENTHESES REFER

FIGURE 2b

TO FRACTION ELECTRICAL, AT A HEAYT RATE OF 10,500 BTU PER Kwh
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REFERENCE MATERIALS SYSTEM
Half Gallon Milk Container (Plastic Bottle Vs.

Paper Carton’.

NOTE:

Numbers in the parentheses below the activity links refer
to mass flow in 1b and energy requirement in Btu respectively

for the correspondinglsteps in the manufacture of one half
gallon milk containers.

Figure ..3 -

Harvesting Transporta- Intermediate Fabrication Prodﬁct
Production - ‘or tion Product Iden- and Identifi- Additional
Resource (Growing) Extraction Processing (Aggregate) tification Recyclirg cation Fabrication End Use
Closure Manufactyre
(--, 427)
Natural Gas
(.038,-~)
Manufacture Plastic
Resin of Bottle Bottle Filling.__ Milk_Bottle
(.12,150) (-12,193) (.12,3050)
Crude 0il
(‘107:"")
— Energy Consumption = 4676 -
Pulping
Forest and Paper for Container
Resource Wood Papermaking Carton Manufacture Container Filling »Milk Container
( 0.28,--) (~-, 2295)  (--, 97) (0.14,107) (0.14,3213)
Limestone
(.07,--)
Soda Ash
(-0351"’")
—<———Energy Consumption = 341



Harvesting

REFERENCE MATERIALS SYSTEM

Size 6 Meat Tray (Polystyrene Vs. Molded Pulp)

y

Intermediate Fabricaticn
Production or Transportation Product and Product Additional
Resource (Growing) " Extraction Processing (Aggregate) Identification Recycling Identification Fabrication End Use
Ethylene
Natural Gas Processing _ Manufacture
7(.0047.2) “(.0046,25) (.0046,32) '}
‘
RS
e .
i Polystyrene Foam Tray Polystyrene
iﬁManufacture P.S. Resin Manufacture . Foam Tray . Filling , Meat Tray
A (0.0146,280) - (0.0146,13) (0.0146,--) (.0148,75) (;0148,f-) (0.0148,16)
)
L“"""‘,""""l
- Benzene, E Mamu
Crude 011 Refining __Isopentene 1 Isopentene PVC Overwrap Manufacture
T(-613,72.4) > (.013,87) (.003, -=) - (. 338)
4
Forest ' Groundwood Tray . L. ... Molded Pulp
Resource. _ _Groundwood _ Pulping o Pulp Fabrication  , Molded Tray _ .. Filling ,-Meat Tray .,
T (.064, --) “(.0256, 63) (.0256, 19}

~+———Energy Consumption = 16

RNOTE:

(.0256, --)

Chemical Additives’

(.045, 423)

Waste Paper

PVC Overwrap Manufacture

A (0.045, 16)

0176, -5)

Numbers in the parentheses below the activity links refer to mass

flow in 1b. and energy requirement in Btu respectively for the
corresponding steps in the manufacture of one Size 6 meat tray,

Figure 4

{--, 338)






