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Based on the design review in chapter V, the most significant technical options in terms of
potential metal savings as a percent of domestic shipments are listed below:

. substitution (16 to 60 percent),
. product rework (12 to 43 percent),
. product reuse (6 to 32 percent),

. substitution in construction (O to 23 percent),
. eliminate unnecessary metal (4 to 9 percent),

. increase product life (5 to 9 percent), and
. component remanufacture (1 to 4 percent).

All of these options are discussed in more detail in this chapter, along with one general option
not included in the design study (reduced use of materials-intensive systems). Particular attention is
given to identifying the impediments or barriers to implementation of the technical options.

SUBSTITUTION

In theory, substitutes of one material for another
are easily made, in a variety of ways, to cope with
supply shortages. In practice, however, it is much
more difficult; substitutes are not always available.
[n product design, materials are selected based on
a wide variety of criteria and specifications such as:
strength, corrosion resistance, fatigue resistance,
thermal expansion to match mating parts, damp-
ing capacity, strength to weight ratio, wear resist-
ance, dimensional stability, modulus of elasticity,
weldability, appearance, and, of course, cost. Thus,
the selection of materials is always a compromise
among a number of factors, and the necessity to
substitute may make the product design inade-
quate or the product itself uncompetitive. Second-
ly, substitutes may not be available when needed;
substitutions can take many years to implement,
often longer than the duration of the shortage.

For these reasons, new product substitutions are
relatively straightforward compared with the com-
plexities of substitution for products aready de-
signed and in production.

The ease of making substitutions depends pri-
marily on the type of production. Some products
are made to order by assembling purchased mate-

rials and components (e.g., home construction).
Under these circumstances, materials substitutions
can be made with relative ease. To make a compo-
nent from plastic instead of metal means selecting
a different subcontractor who has the appropriate
production equipment. Other products (e.g.,
lamps) are made with genera production equip-
ment (lathes, drill presses, etc.), which is either
adaptable to various metals or is relatively inex-
pensive and can be changed as the need arises.

However, with many mass-produced products
(e.0., autos, refrigerators) all the input elements, in-
cluding materials, are optimized, and very special-
ized equipment is utilized.

Here, the material used is integral with the pro-
duction method, including the form in which the
metal is purchased (sheet, wire, powders, etc.) and
the method of scrap salvage. In most cases, the
particular talents of the labor force (welders, grind-
ers, etc.) are aso integrated with the materials and
methods of production, and material changes are
therefore expensive and slow to implement.

For example, a new engine or a new transmis-
sion in an automobile might require capital invest-
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ments of $200 million to $500 million, a new body
shell from $100 million to $500 million, and a new
car between $500 million and $900 million. Just
changing a single component can run into millions
of dollars. One automobile manufacturer reports
that the introduction of a plastic tailgate would
alone cost $300,000. Even if accepted and intro-
duced into limited production in 1979, the plastic
tailgate would not be in full production until 1990.

Thus, if substitution is to be considered a work-
able alternative, greater flexibility must be built
into the production process. Secondly, a new sub-
stitution involves arisk that will add to the product
cost, even if no problems develop. Strong financial
incentives will be required to speed up the substi-
tution process.

PRODUCT RECYCLING (PRODUCT REWORK AND REUSE,
COMPONENT REMANUFACTURE)

Product and part recycling may be viewed on a
continuum ranging from full-scale remanufactur-
ing to minor repair at the consumer level. In dl in-
stances, the life of the product is extended by
bringing it back up to some useful functioning
level of performance. An additional category “re-
use” might be added to this continuum to imply
reuse without any repair, refurbishing, or remanu-
facturing effort applied to the product or part. The
returnable container is an example of product
reuse.

Product remanufacturing is a process in which
reasonably large quantities of similar products are
brought into a central facility and disassembled.
Parts from a specific product are collected by part
type, cleaned, and inspected for possible repair
and reuse. Products are then reassembled, usually
on an assembly-line basis, using recovered parts
and new parts where necessary. Product remanu-
facturing is a rather high-volume factory arrange-
ment similar to new product manufacturing, ex-
cept that the parts flowing to assembly lines are
mostly reconditioned parts.

Product rework is a process where products are
usually also brought back to some central facility
for processing. However, on disassembly a prod-
uct’'s component parts are kept together and after
cleaning, inspecting, and replacing with new parts
where necessary, the original product is reassem-
bled with most of its origina parts. Rework (also
known as “refurbishing” or “reconditioning”) is
not as amenable to mass-production methods as is
remanufacturing.

Lack of recycling of obsolete products does rep-
resent a major metal loss. Quality, cost, and other
barriers have limited metal recycling. As aresult,
the use of obsolete scrap has increased only mar-
ginaly during the past 20 years. Component and
product recycling is a possible alternative that of-
fers severa distinct advantages over metal recy-
cling.

Product recycling and reuse does have consider-
able potential to save metal, and it can be applied
to a wide range of products. Indeed, product recy-
cling is aready taking place in a variety of forms.
For example, automobile parts are extensively re-
worked and reused; aircraft are reworked on a
periodic basis; some construction firms separate
and reuse building components; and certain con-
sumer durables like refrigerators are reworked and
sold overseas.

In this assessment, a review was made of a vari-
ety of products that are currently recycled in order
to determine if any common elements of success-
ful recycling existed. The results are outlined in
the following paragraphs:

I Trucks: Several companies rebuild and sell
trucks, and there is a strong demand for such
vehicles. For automobiles, recycling is done
only by the military and certain fleet owners.
Product recycling is not practical for most
autos because of the detail work that must be
done (trim, upholstery, etc.) to restore the ap-
pearance to a level acceptable to the custom-
er. In any case, an effective recycling system
already exists. A mgjor portion of the income
of auto wreckers is from parts salvaged from
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vehicles of all ages. Auto wreckers know the
market for salvaged parts, and delay the final
scrapping of auto hulks until the valuable
parts have been removed. One of the markets
for components, including engines and trans-
missions, is remanufacture of such compo-
nents. The institutional problems and rela-
tionships in automobile manufacture, repair,
and components salvaging make it difficult
for any one institution to develop assured
supplies and management control over all
operations.

. Copying Equipment: One of the major
manufacturers of copying equipment has es-
tablished a components and products salvage
and remanufacturing operation for its main
lines of copiers. In this case, the supplies of
components and products and management
control are all within one ingtitution. This is
because copying equipment is not sold but in-
stead is leased and therefore remains under
the control of the manufacturer. In this case,
sophisticated diagnostic tools and high-tech-
nology repair facilities can be developed. All
service and parts are the responsibility of, and
in the control of, the manufacturer. As a re-
sult, the manufacturer has a better knowledge
of service problems and is able to modify the
design so that products are returned in better
condition. The manufacturer can also modify
the design to make the product easier to recy-
cle.

. Off-the-Road Equipment: One of the major
producers of off-the-road equipment has a
similar program of component salvage and re-
manufacture.  Unlike copying equipment,
most off-the-road equipment is sold to the
user, and maintenance is the responsibility of
the user. The off-the-road manufacturer has
discovered that he can provide a valuable
customer service in the form of a component
salvage and rework operation. This service is
provided at lower cost than could be achieved
with new parts and components.

. Typewriters: Extensive recycling of the IBM
electric model C typewriter is carried out,
both by private industry and by the Govern-
ment. The General Services Administration

(GSA) maintains a repair facility that repairs
and reworks the IBM model C. Typewriters
are collected during the repair process. The
cost of rework is one man-day of labor plus
miscellaneous parts cost. These typewriters
are then resold to Government agencies at
about one-half the cost of a new typewriter.
The ingredients of success include: an exist-
ing collection pipeline, favorable economics
of repair, and most important, a popular prod-
uct. GSA rebuilds only this model because of
the large volume and high demand. Rework
is not done for other typewriters, which in-
stead are sold asis or for scrap.

5. Aircraft: Aircraft are extensively refur-
bished. A study of the costs of rework for one
military aircraft showed that a $6 million
plane could be reworked for $120,000. How-
ever, this was done on a production-line basis
with a well-developed system of parts inspec-
tion, inventory, and control. Each part is re-
worked in a prescribed manner and on a pre-
scribed schedule.

Some examples of other recycled products in-
clude:

. machine tools,

. mattresses,

. diesel engines,

. auto bumpers,

. furniture,

. motors, and

. ar-conditioning compressors.

From these examples, it can be seen that the
major ingredient of success is the existence of a
“pipeline” for pickup and resale where aclose rela
tionship has been established between repair or
leasing facilities. Where appearance or style isim-
portant, the trend seems to be to salvage the parts
and scrap the body of the product. To achieve
economies of scale, it appearsto be essential to use
production-line methodology. Products reworked
on a one-by-one basis are almost aways more cost-
ly than the new models. Very complicated prod-
ucts with many features are also difficult to recycle.
The major barrier to more widespread product re-
cycling is economic. To be economicaly attractive,
used products must be reworked or remanufac-
tured at a cost that will allow aresale price at area-
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sonable discount over the price of the new prod-
uct. Products for which recycling is most likely to
be economic are those with large volume, where
appearance or styling is not a problem, and which
can be recycled on a production-line basis. For
those products where recycling is economically
sound, the major barrier is the lack of established
industriesto recycle that product.

Another impediment is the consumer’s desire
for new products. This barrier was identified in a
survey of consumers carried out by Corm where
“25 percent of the respondents disposed of their
products because they preferred new ones.”' This
consumer behavior pattern is in part encouraged
by Government regulations that require the label-
ing of recycled products.

In order to better understand the product dis-
posal pipeline, patterns of disposal were identified

1w David Corm, Factors Affecting Product Lifetime, NSF/
RA Report 780219, August 1978.

for selected representative products in widely
separated geographic areas (See Working Paper
Four, vol. I1-D, for details). The products covered in
this part of the study include buildings, lathes, of-
fice equipment, pipelines, refrigerators, and tele-
vision sets. The cities selected were: Ashland,
Ohio; Dodge City, Kans.; Knoxville, Term.; Pitts-
burgh, Pa.; and Phoenix, Ariz.

A typical disposal pattern for refrigerators is
shown in figure 24. A summary of the results of
thisinvestigation for each of four products and four
locations is shown in table 26. The patterns of
disposal are very similar with afew exceptions.
The major finding is that most of these products
when discarded do not go directly to landfills but
are first collected or traded in. An effective collec-
tion pipeline already exists. Unfortunately, reman-
ufacturing facilities do not exist. This prevents the
effective rework and reuse of used products and
components.

Figure 24.—Typical Disposal Pattern for Refrigerators
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Table 26.—Disposal Patterns of Selected Products in Percent of Total Disposals
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SUBSTITUTION IN THE CONSTRUCTION

Of the industrial sectors that account for much
of the metal usage (construction, transportation,
machinery, appliances, and electrical), the con-
struction industry is the most flexible. At amost
any time during the construction process, metal
and nonmetal substitutions can be made for any
given component. Tables 27, 28, and 29 show the
substitutions possible for auminum, copper, and
steel, resgectively. The potential material savin%
are 6 to 23 percent, as shown earlier in table 25.
These numbers are quite large, given that only one
option and one industry are involved.

~ Inorder to get an estimate of the cost of this sav-
ing, the construction cost of a 40-story office build-

xample in Knaswille A0 percent of TV sets are trnder e

INDUSTRY

ing was estimated with and without reduced metal
usage. For this building, all uses of metal were
reviewed and cost estimates for reasonable substi-
tutes were prepared. This datais shown in table
30. The building with reduced metal costs about
$14.5 million less than the total cost of $60 million
without substitution, and would save 4,020 tons of
steel. The only questionable item in this saving is
the sprinkler system that would have to be demon-
strated to be fireproof. Thus, the economics of con-
struction are in favor of using less metal. However,
other factors work against substitution in the con-
struction industry, such as the lack of necessary
labor skills and customer preferences for tradi-
tional building materials.

ELIMINATE UNNECESSARY METAL IN PRODUCTS

As shown in table 25, the elimination of excess
metal in products might save between 5 and 10
percent of metal consumption. In order to deter-
mine whether this could be realized in practice at a
reasonable cost, a detailed analysis was made of
the metal uses in a variety of products and the
potential for conservation. A summary of the re-
sults for refrigerators is presented below to illus-
trate the problems involved.

The typical metal usage in a refrigerator is
shown in table 31. [t consists of 161 Ibs of steel, 12
Ibs of aluminum, 6 |bs of copper, and 0.5 Ib of
chromium for atotal of 179.5 Ibs of metal. A ma-
jority of the meta isin the box, which consists of

70 Ibsin the shell, 16 Ibsin the door and 49 Ibsin
the inner liner for a total of 135 Ibs.

If the refrigerator sides and top are made of steel
with holes cut in the sheet and covered with a
flame-retardant plastic, a considerable weight sav-
ings will be realized. An estimated 11 |bs of steel
could be saved of the 70 Ibs now used. However,
this metal savings results in manufacturing and
cost penalties. First of al, a manufacturer esti-
mates that this would add $30 to the cost of mak-
ing the refrigerator, including the cost of the plas-
tic, the adhesives, and some method of finishing
the edges. Also, the use of plastic on the exterior
poses a moisture and flammability problem. In ad-
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Table 29.—Opportunities for Saving Steel in the Construction Industry
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Table 30.—Construction Cost Estimates for a Metal-Free Building*

Building component Metal saved

Substitute Savings

Structure . .. ..o (Fe) 2,117 tons Reinforced concrete ($1,903,293)
(706 tons steel used)
Skin.................... (Fe) 200 tons Sand-blasted concrete 14,041,963
(20 tons steel used)
Ductwork. . .. ............. (Fe) 1,300 tons Plastics (130 tons steel) 1,587,500
Plumbing. , ..., ..., (Cu) 3 tons Plastics 391,420
(Fe) 16 tons
Sprinkler . ................ (Fe) 125 tons Plastics 406,250
Electrical . .. .............. (Fe) 18 tons Fiberglass -
Curtainwalls. .. ........... (Fe) 1,100 tons Block wall -
Total. ................ (Fe) 4,876 tons 856 tons steel
Net savings . .. ........ (Fe)4,020).tons $14,523,840

. Forty stories, 1.3 million ft'of floor space, total cost of $60 million without substitution.

SOURCE: OTA, based on Working Paper Three

dition, plastics do not age as well as steel. The
manufacturing process would be somewhat more
complicated since the steel would have to be han-
died in the conventional way. Then, instead of
enameling or coating in a single process, the plas-
tic would have to be attached by hand. Thus, the
primary barriers to the use of less steel are the in-
creased manufacturing cost and the uncertainty of
the results. The increased cost results from the fact
that metal is not just removed (as it could be in

other applications), but, that something else must
be added to take its place. This would probably be
true for any application where the metal is used for
“containment .

If the refrigerator sides are made of thinner steel
(0.010 inch) and ribs are added to bring the stiff-
ness up to the original level, approximately 58 Ibs
of steel can be saved. The cost of the material
saved would be $10.88. This would be counterbal-
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Table 31 .—Summary of Refrigerator
Materials Content

Material Part Wt. (Ibs.)
Steel Total. .. ... 161
Outer shell without door . . . . .. .. 70
Dooronly. .................... 16
Inner foodliner. . . .............. 49
Compressorshell . ............. 7
Other compressor parts. . . . .. .. 2
Condenser. ................... 11
Shelving. .. ....... ... .. L 6
Copper Total ........... ... ... ... 6
Condenser (coating) .. .......... 1
Tubing for interconnections . . . . . 1
Motor and wiring. . . . ........... 4
Aluminum Total . ........................ 12
Compressor and motor
compressor. . ... 6
Motor...................... 3
Evaporator. . .................. 2
Handles and trim. . ............. 1
Chromium Total. ........................ U,
Plating . . ........ ... ... .... .
Total Refrigerator. . . ................ 1792

SOURCE Working Paper Three

anced by increased handling, reject, and manufac-
turing costs. If current tooling is used (welding) for
attaching the ribs, then the side would have to be
refinished before the acrylic finish could be ap-
plied. Excessive finishing to remove a’’ bad spot”
could drastically weaken that spot so much that
damage could result from handling and usage.
Thin metal is, of course, more damage prone.
More dents in the metal sides would result in in-
creased reject rates and scrapage. Although these

costs were not estimated, they would surely be
larger than the costs of the metal saved.

In addition, for many products a certain amount
of “extra’ weight is required for stability or some
other important reason. Thisis particularly true for
refrigerators. The danger of a child tipping over the
refrigerator by hanging on the door must be recon-
ciled with the saving of metal. This same general
concern applies to amost every other piece of
equipment studied. In machine tools, extra metal
is added for damping out vibrations that would
shorten the life of the equipment and affect the
quality of the work. In tractors, the weight of extra
meta is considered necessary for adequate trac-
tion. This excess weight need not be metal, and
substitutes such as concrete and water have been
used with some success. These substitutes were
not reflected in the 5- to 10-percent calculation.

The results presented for refrigerators apply gen-
erally to the other products of this report. That is,
athough elimination of some excess metal is pos-
sible, the difficulties include increased manufactur-
ing costs, increased cost of investment in engineer-
ing and equipment, decreased durability, and re-
duced safety. Thisisalarge price to pay for the
small savings of metal possible. And, if there were
adequate recycling, this small amount would be of
no concern since the metal would be reused. Fur-
thermore, strong economic incentives aready act
to encourage the minimum possible use of metal
in the manufacturing process. The fact that these
factors do operate in the interests of conservation
is demonstrated by the data of figure 25. As shown,
the weight of specific models of refrigerators has
dropped substantially in the past, and will un-
doubtedly continue to do so in the future. Such
data have not been assembled for other products,
but the same considerations would apply.

EXTEND PRODUCT LIFE

Extension of product life was first thought to be
amethod of saving a considerable amount of mate-
rials. However, the design study did not indicate
that extended life would save very much (5 to 10
percent). In order to further check this option, a
more detailed study was conducted.

The approach used was to (a) determine the
amount of aluminum and copper that could be
saved by a 50-percent increase in the mechanical
life of refrigerators, automobiles, and shipping con-
tainers; (b) apply these results to a range of high-
metal-use products for which life extension was
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Figure 25. —Refrigerator Weight Reduction for Different Models as a Function of Time
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considered possible; and (c) identify the practical-
ity, benefits, and costs of product life extension.

The detailed methodology is discussed in the
next section. Basically, a quantitative model was
developed that described the chain of cause and ef-
fect underlying each product’s sales, discards, con-
sumption of copper and aluminum, and mechani-
cal lifetime. With this model, a change in one vari-
able (lifetime) allows an estimate to be made of
changes in other variables (copper and aluminum
consumption).

These models were used to estimate the amount
of material that could be saved per year with a 50-
percent increase in mechanical life, as shown in
table 32. For refrigerators, increasing the lifetime
from 15 to 23 years would result in a 15-percent
saving of both aluminum and copper. These re-
sults are similar to that found in the design study
for automobiles and refrigerators.

51-680 0 - 79 - 5§

Year

65 70 %77

Table 32.—Percent of Metal Saved
Per Product Per Year*

Metal saved per
per year

1 s00

product
Product

Refrigerator
Automobile. . . ... ...
Aluminum vans
Air freight containers

*With a 50-percent Increase in mechanical life
SOURCE: OTA, based on Working Paper Five

Although a 50-percent increase in mechanical
lifetime is quite large and more dramatic results
might have been expected, the impact has been
limited by a number of factors. First, nonreplace-
ment refrigerator sales, which arise from the grow-
ing number of households, are not affected. Sec-
ondly, it takes many years before the new, longer
lived refrigerators gradually replace the large num-
ber of older, shorter-lived refrigerators currently in
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use. As aresult, the discard rate does not change
for a number of years. Third, the continuing de-
mand for refrigerators with more up-to-date fea-
tures implies that some refrigerators are being re-
placed before they physically wear out. Thus, the
actual average lifetime of refrigerators does not
keep pace with the increasing mechanical lifetime,
but only rises from the present 15 years to about
20 years by 1990. Finally, the saving of 4,000 to
5,000 tons of aluminum and copper must be bal-
anced against the 15-percent reduction in sales
and employment that the analysis indicated would
result from the longer life.

In sum, increasing the mechanical lifetime by 50
percent reduces 1990 sales and materials con-
sumption of refrigerators by only 15 percent and
automobiles by only 9 percent, largely because
these products are subject to voluntary scrapping
before they reach their full mechanical lifetimes.
The impact of increased durability is greater for in-
dustrial products, however, because these goods
tend to be pushed to the limits of their useful life-
times. For example, a 50-percent increase in the
life of airfreight containers reduces airfreight con-
tainer sales and materials consumption by 27 per-
cent by 1990. Based on this analysis, industrial
products with short service lifetimes have greater
potential for metal savings than do consumer prod-
ucts with long lifetimes.

To explore the conservation potential of in-
creased product life, a workshop was held in
Washington, D. C., on February 23, 1976. (A sum-
mary of the findingsis given in appendix A.) Wear
control was chosen as an example of a technology
to increase product durability. Experts from the
field along with representatives from industry dis-
cussed the status of wear-control technology and
its application in the design and maintenance of a
range of products (railroad equipment, automo-
biles, aircraft propulsion, naval aircraft structures,
metal -cutting machinery, tools, and heavy con-
struction equipment). The workshop concluded
that technology is not a limiting factor for increas-
ing product durability. Almost any desired life
could be obtained. Improved product durability is
available if the consumer wants it, demands it, and
iswilling to pay for it.

Secondly, the workshop found that product life
is often not limited by the mechanical condition of

the equipment. For almost all of the products con-
sidered, obsolescence was the most important
reason for removal from service, not mechanical
life. For household products and appliances, cus-
tomer preferences are vital in determining the life
expectancy of products. A recent study of small ap-
pliances showed that 50 percent of the products
removed from service were still operable.” Thus,
many consumer products are discarded regardiess
of their mechanical conditions. This occurs for a
variety of reasons, such as rising service costs, af-
fluence, appearance, style changes, population
mobility, availability of disposable income, or in-
ability to locate adequate repair facilities or parts.

In sum, the workshop concluded that technical-
ly longer mechanical life can be designed into a
product. But alonger mechanical life will probably
cost more, may not result in a significant increase
in the actual average lifetime (due to the fact that
many products are retired because of reasons hav-
ing nothing to do with lifetime, as listed above),
and at best would take many years to accomplish
(since only the replacement market would be af-
fected).

Furthermore, product life extension is a prac-
tical materials-saving strategy for only a limited
number of products, particularly those which have
ashort life and are not disposed of, or consumed in
use. Table 33 shows the 1974 distribution of the
eight metals by industry. Product life extension
would apply to transportation and consumer
durables (appliances), which account for 12 to 28
percent of metal usage, depending on the metal.
Even if the maximum savings from the previous
product analysis (27 percent in table 32) were ap-
plied to the maximum base of 28 percent, this
would result in only a 7.5-percent metal saving.

However, table 33 shows 43 percent of the iron
in the remainder column and therefore unac-
counted for, along with large amounts of manga-
nese, chromium, and nickel that are used primar-
ily asalloysin steel. Accordingly, a second ap-
proach was used to doublecheck the results. From
data on metal distribution into end-use products, a
list was compiled of all products for which life ex-
tension was even remotely possible. By adding the

2. David Corm, op. cit
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Table 33.—Distribution of Metal Flows by Industry Sector (percent of 1974 metal shipments)

Al Fe Cu Pt Mn Cr Ni w
Construction 23a 12 20 Nil 11 21 9 -
Transportation 18 19 11 28 21 17 21 12
Machinery 8 16 19 Nil 16 14 7 71
Appliances 9 2 3 Nil 2 - 7 -
Packaging 17 8 - Nil 7 - -
Electrical 13 28 28 5 - 13 11
Remainder 12 43 19 44 38 43 43 6
Alloying & plating 3 - - 97 82 64 84
Amount of metal to which
product life extension 27 21 14 Nil 23 17 28 12
applies
Amount of metal to which
product life extension .
applies (product-by-product 19 26 24 Nil 19 > 1
analysis)

aPercentage of aluminum used in construction Industry

bDetermlned from sum of transportation (18 percent) and appliances (9 Percent)

SOURCE: OTA, based on Worktng Paper Two

amount of metal in each of these products, a sec-
ond estimate was calculated (as a percent of 1974

domestic shipments). These estimates are included
in the bottom row of table 33 and are quite similar.

EXTEND PRODUCT LIFE OF REFRIGERATORS:
AN EXAMPLE OF SYSTEMS DYNAMICS METHODOLOGY

As summarized in the previous sections, a sepa-
rate study was conducted to determine the materi-
als saved by a 50-percent increase in mechanical
lifetime. Systems dynamics, an analytical method-
ology, provided a conceptua framework and math-
ematical technique for investigating the materials
savings and impacts of product life extension. In
this section, the refrigerator case is described in
detail to illustrate the approach. The details of this
study are given in Volume I1— Working Papers,
and Working Paper Five (vol. II-E) in particular.

To assess the impact of extended mechanical
lifetime on materials consumption, a quantitative
model was developed that described the chain of
cause and effect which underlies refrigerator sales,
discards, consumption of copper and aluminum,
and mechanical lifetime. The model developed is
shown in figure 26. The materials consumption of
the refrigerator industry is determined by refrigera-
tor sales and the metal content of aluminum and
copper per unit. Sales of new refrigerators can be

divided into two components: nonreplacement
sales that arise from population growth and an in-
creasing number of units desired per family; and
replacement sales which replace the refrigerators
that are discarded. The difference between the
total number of refrigerators desired and the actua
stock of refrigeratorsin use is what drives non-
replacement refrigerator sales. The scrapping of
refrigerators that are worn out or that are simply
discarded is what motivates replacement sales.

Based on this description of the refrigerator sales
and materials consumption system, a mathemati-
cal representation of the system was developed
using the DYNAMO computer simulation lan-
guage. Equations were written to represent the
quantitative relationships that determine refrigera-
tor sales and copper and aluminum usage. Numeri-
cal parameters used to quantify the model were ob-
tained from a variety of sources (such as Bureau of
the Census reports, journal articles, and industry
data).
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Figure 26.—Overview of Refrigerator
Model Structure
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The quantified refrigerator model was then sim-
ulated by computer over the period from 1960 to
1990. Starting the simulation in 1960 allows a
comparison of model behavior with the actual
course of events, thus providing one check on the
validity and accuracy of the model. Sensitivity test-
ing, that is, varying the base case assumptions,
provided insightsinto the critical factors governing
the behavior of the system. Finally, the model was
used to examine the impacts on refrigerator sales,
materials consumption, and employment of poten-
tial conservation policies such as increasing prod-
uct lifetime.

The results of this analysis showed that materi-
als consumed in the production of refrigerators has
grown through the 1960's and early 1970's. This
growth of sales and associated materials use is due
to two factors. First, the number of households was
growing rapidly because of the relatively high rate
of population growth and especially because of the
coming of age of the postwar “baby boom” genera-

tion. Secondly, the price of refrigerators was de-
clining relative to disposable personal incomes,
tending to increase the average number of refrig-
erators desired per family. In the future, the fore-
casting model developed indicates that refrigerator
sales, and thus materials consumption, will in-
crease only slowly. Thisis due to severd factors.
First, census projections indicate that the number
of new households will increase much more slowly
since the postwar generation has already largely
established their own households and population
growth has slackened. Second, there will likely be
little increase in the number of refrigerators de-
sired per family, even if it is assumed that the
relative price of refrigerators continues to decline.
The model indicates that the combination of these
factorswill cause the reduced growth rate.

In the forecast, the average lifetime of refrigera-
tors in service remains close to 15 years. This
value is in close agreement with results of several
consumer surveys of appliance lifetimes conducted
since the late-| 950's. This average service lifeis,
however, 2 years less than the average mechanical
lifetime of refrigerators. This occurs because some
refrigerators are discarded when their owners
replace them to get larger ones or units with more
up-to-date convenience features. This process con-
tributed to the historical growth of sales, for asin-
comes rose, people desired larger refrigerators and
replaced their old ones. In the future, the average
desired refrigerator size is not foreseen to increase
as rapidly asin the past. As aresult, the model in-
dicates that refrigerator sales will lose some of this
additional source of replacement sales.

Aluminum, due to its cost advantages, has been
making inroads into refrigerator heat exchanger
and some electrical uses that have been held by
copper. Thus, duminum consumption in refrigera-
tor production increased from about 20 million to
45 million Ibs between 1960 and 1974, while cop-
per consumption only increased from 20 million to
35 million Ibs. Direct employment in the produc-
tion of refrigerators grows only slowly in the
future, again due to the slow growth in sales.

Increasing the mechanical lifetime of refrig-
erators would reduce materials consumption in the
future by reducing the refrigerator discard rate to
some degree and thus the attendant replacement
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sales. The model was used to test the impacts of
such a policy by assuming that the average me-
chanical lifetime of refrigerators produced after
1977 is increased by 50 percent, to about 23 years

(see figure 27). By 1990, refrigerator sales, copper
and aluminum consumption, and employment are
15 percent lower than they would be without the
longer refrigerator lifetime (see figures 28 and 29).

REDUCED USE OF MATERIALS-INTENSIVE SYSTEMS,
SUCH AS ALLOYS

In part, because of the relatively low cost of
materials, the United States has become “materials
intensive” and has chosen the use of systems that
use alarge amount of material. Examples might be
the use of private vehicles instead of public trans-
portation, larger homes rather than small apart-
ments, private equipment ownership rather than
rental, and large sizes rather than small. As metal
resources are depleted, it may be necessary for
society to become more resource-conserving as it
is now attempting to do with energy. One aspect of
this approach was investigated in detail in this
assessment, the use of alloys.

Over the years, the development and use of
aloys has proliferated to meet the needs of in-
creasingly stringent product and manufacturing re-
quirements and specialized production machinery.
A large number of metals are used almost exclu-
sively as alloy additives or coatings. The technical
option explored in this section is the reduced use
of aloys or the reduced-use of metals used in
aloys. In considering this option, it must be recog-
nized that a small change in the alloy ingredients
can drastically change the resulting properties of
the dloy.

The use of metalsin aloysis shown in table 34.
This table shows the percent of each metal listed in
the vertical column that is used in each aloy listed
in the horizontal column. This table accounts for a
large percent of metal usage as indicated by the
column totals. The only items not included are
chemical uses of metals and the use of certain
metals, for example, zinc, in their own aloys. In
regard to conservation of alloying metals, the ma-
jor conclusions using this table are as follows:

. The amount of metal used in any given dloy
is small. Only under very critical circum-
stances would it be justifiable to conserve the
aloy in order to conserve a few percent of its
ingredients.

. A large amount of metal is used with steel,
either as an aloy or as a coating; the total
percentage is shown in table 35.

If these metals are to be conserved, reductions or
changes in their use with steel will be more effec-
tive than reductions or changes in the use of the
steel products themselves.

Two major options are available—use of substi-
tute COatings or substitute materials in alloys. A
large percentage of many metals are used as coat-
ings to protect steel from corrosion and wear. In
addition, a significant percentage of stainless steel
aloys, tool steels, copper alloys, and carbides are
used for corrosion and wear prevention. If nonme-
tallic coatings (e.g., ceramic or plastic) could be
substituted, appreciable metal would be saved.
This approach would reduce demand for metals
that the United States must import, and would in-
crease the demand for steel, which is in adequate
domestic supply.

A wide variety of nonmetallic coatings are used
for corrosion and wear resistance, athough they
do have certain technical limitations such as brit-
tleness, lack of electrochemical effects, etc. A ma-
jor benefit of the use of substitute coatingsiis flexi-
bility. It is much easier to change a coating than to
change the whole material. A more detailed inves-
tigation of metallic and nonmetallic coatings is
needed.
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Figure 28.— Refrigerator Model: Longer Mechanical Lifetime Case,

Employment and Sales Over Time
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Figure 29.— Refrigerator Model: Longer Mechanical Lifetime Case,
Aluminum and Copper Consumption Over Time
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Table 34.—Materials Usage in Alloys (percent)

|z 8|8
8 | zle|8l2|2]alelb]e|8|s2]s
Meta leg| ) 5| 3| 8|52 |2 |S{=|3 |2
gel 2| 8|2 S{S|=x|383|z|8|&|r|8]|o
Al 91
Cd 60
cr 50 | 8 |12 |22 5 10
co 3|18 9 18 22 |13 66
Cu Q0
Cb 4- .| —4985-| — L — |- »
Fe 3 |16 | 24 1 49
Mg ! 8 48 6 8
Mn 3 |11 3 1185]70 96
Mo 2 |sn [ 2| 9| 6] 3 3 6
Ni 35 | 1| 2 13 21 | 6 8
Pb 40 60
Sb 86 86
Fn 34 14 24
Ti «- 82 —»
1| 3 10 8 3 59
v 5 |24 [ 1 |14]13]13 |
Zn 41 14 |3 8

SOURCE: OTA based on Working Paper Three

Table 35.—Metals Used With Steel
as Alloys or Coatings

Percent usage

Product in or on steel
lron . ... 93
Manganese. . . .................. 96
Columbium. . . ......... .. ... ... 95
Molybdenum . . . 73
Chromium. . . ................... 66
Vanadium . .. .................. 66
Cadmium . . . . . . . . ... ... 60
Nickel . ...... ... ... .. ... ... ... 58
ZINC, o v 41
Tin ... 34
Cobalt......................... 31
Tungsten . . ......... .. ... ... ... 22
Magnesium. " . . . 8

SOURCE: OTA based on table 34.
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SUMMARY OF OPTIONS AND POTENTIAL SAVINGS

Table 36 summarizes the technical options and
the potential metal savings for each. Three addi-
tional categories have been added to this table for
comparison purposes. The first category “savings-
minor” indicates the reductions in metal usage
that could be accomplished with relatively minor
effort, primarily through the use of proven substi-
tutes in cottagetype industries where changes in
production equipment would not be necessary.
The “saving-major” category is based on World
War |1 experience and indicates the amount of
metal diverted from the civilian sector to war pro-
duction (for details see appendix B). These percent-
ages show the range of flexibility in metal usage.

During wartime when flexibility became abso-
lutely necessary, major metal savings in the
civilian sector were accomplished with a very tight
alocation system that drastically reduced the con-
sumer products that could be manufactured. Pro-
duction was diverted to war products, so severe

economic consequences were averted. This would
not be the case in peacetime. Table 36 also in-
dicates the amount of metal that went into stocks
during 1974. Although 1974 may not be a typical
year, these numbers given some basis for compari-
son with the other options.

Clearly, the largest potential savings apply to
three options: substitution, product reuse and re-
manufacturing, and during wartime or crisis condi-
tions, some sort of an allocation system. The elim-
ination of excess metal would decrease the use of
steel by 9 percent but would save relatively little of
the other metals. The use of nonmetallic coatings
yields potential savings of 13 percent for nickel but
would increase the use of steel by approximately 4
percent. By comparison, the other options (compo-
nent remanufacturing, reduced product size, and
increased product life) offer very small potential
savings.

Table 36.—Potential Savings From Technical Options by Reducing Excess Metal Usage

Savings as percentage of 1974 shipments

Technical options Iron/steel  Aluminum Copper Platinum Manganese Chromium Nickel Tungsten
Metal substitution; . ... ... .. 29 60 59 24 - 16 20 32
Metal substitution in

construction. 7 6 20 - - - - -
Productreuse. . .. ........ 11 15 32 - - 6 15 -
Product remanufacturing . . 30 30 43 - 24 12 9 -
Component

remanufacturing . . . . . . 3 1 4 - - 2 2 -
Eliminate unnecessary

metal . .............. 9 8 6 - - 4 8 —
Reduce size . . ... ....... 3 3 2 - - 1 4 —
Increased product life . . . . . 8 5 9 —
Nonmetallic coatings . . . . ( 4 ) _ _ _ 5 13 -
Other options
(for comparison purposes)
Savings—minor. . . . ... ... 11 14 18 - - 4 8 —
Savings—major . . . . ... .. 52 90 90 57 60 57 —
Use of stocks . .. ......... — 6 13 3 17 - 6 32

SOURCE: OTA. based on Working Paper Three



