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1.0 SUMMARY 

1.1 INTRODUCTION 

The National Energy Conservation Policy Act, signed by the President on November 9, 
1978, directs the Department of Energy (DOE) to set targets for increased utilization of energy- 
saving recovered materials for certain industries. These industries are: metals and metal prod- 
ucts, paper and allied products, textile mill products, and rubber. These targets are to be 
established at  levels representing the maximum feasible increase in the utilization of recovered 
materials that can be achieved progressively by January 1,.1987 and is consistent with technical 
and economic factors. DOE is also required to consider all actions that could be taken to increase 
each industry's utilization of energy-saving recovered materials. In addition, the Act requires that 
the Chief Executive Officer of eligible corporations (i.e., those consuming over a trillion Btu per 
year) in these industries include in their reports to DOE a statement of the volume of energy- 
saving recovered materials used, and their plans, if any, to increase the utilization of such 
materials. 

> 

1.2 PURPOSE AND SCOPE 
Arthur D. Little, Inc. is under contract to DOE to assist in implementing the various 

provisions of the Act for the metals sector within the time period defined in the Act. The scope of 
Arthur D. Little's involvement emphasizes the following four major elements: 

data preparation and methodology development; 

analysis of the technological and economic factors in the metals industry in order 
to prepare draft targets for the use of recovered materials; 

technical support for public hearings to be held in the summer of 1979; and ' 

assistance in preparing the notice of final targets for Federal Register publication 
prior to November 9, 1979. 

1.3 APPROACH 
The proposed targets were developed over a four-month period. and relied principally on 

published information and inputs from various government and industry sources and industry 
trade associations listed below. 

U.S. Department of Energy 
U.S. Bureau of Mines 
U.S. Department of Commerce 
U.S. Environmental Protection Agency 
National Association of Recycling Industries, Inc. 
Institute of Scrap Iron and Steel, Inc. 
American Iron and Steel Institute 
Aluminum Recycling Associatinn 
The Aluminum Association 
Copper Development Association 



Zinc Institute, Inc. 
Lead Industries Association, Inc. 
Braes and Bronze Ingot Institute 

The following approach was used'to arrive at  targets for energy-saving recovered materials 
in each industry category. 

Wherever appropriate, the industry was subdivided for analytical convenience. 

Sources of recoverable materials were defined on the basis of data availability, 
whcther they could replace any virgin material used by an industry subdivision, 
and whether such replacement was feasible before 1987. 

Technical constraints on the use of these recoverable materials were analyzed. 
Finally, the economic constraints on the availability of these recoverable materials 
were analyzed. Because of the voluntary nature of these targets, the level of 
utilization of recovered materials will primarily be determined by economics. 
Thus, a key feature of the approach is the use of econometric modeling techniques 
to estimate the targets for recovered materials for 1987. The modeling used 1976 as 
a base year. A review of available data indicated that the most complete data for 
recent years was available only thru 1976 and not for 1977 and 1978. Therefore, 
1976 was chosen as the base year. However, data for 1977 and 1978 was consid- 
cred, wherever appropriate. The technical/economic analysis considered such fac- 
tors as capacity growth, impurity specifications, and other factors that would 
affect the demand for recoverable materials. On the supply side, the price respon- 
siveness of the supply wnv evaluated in ordcr to arrive at draft targets fnr these 
recoverable materials. The sensitivity of the targets to variations in key variables 
was also cvnluated. 

A benefit to be dcrivod from the incre~sad use nf recoverable materials is in energy savings, 
as stated in the Act. Therefore, emphasis on different industries in'the metals sector has been 
related to their energy consumption. The ferrous industry (iron and steel, ferrous foundries and 
ferroalloys), as defined here, accounts for approximately 83% of the energy consumed in the 
metals sector (i.e., SIC 33), aluminum for about 11%, copper for about 376, and all others for the 
remaining 3%. Energy consumed in the lead and zinc segments is less than 1% each. Therefore, 
most of the effort in this study is focused on the ferrous scrap users, followed by the aluminum 
and copper industries. 

This report hao been revised to incorpnrate the responses to the comments received by DOE 
during the public hearing and presents additional analysis. 

1.4 FINDINGS 

1.4.1 Qeneral Discussion of Metals Recycling 
The primary metals industries (i.e., those that supply metals mainly by extracting them 

from virgin raw materials or ores) and the secondary .metals industries (i.e., those that mainly 
supply scrap and/or refined metals from scrap) differ from each other in many important 
respects; although their products are usually perfect substitutes for each other. 



The primary industry relies on the exploitation of mineral deposits where a given metal is 
concentrated as a result of various types of geological activity. A mineral deposit is called an "ore' 
only if it can be exploited economically. That is, the difference between an ore deposit and a 
resource is that an ore deposit can be exploited economically under a given set of market 
conditions, whereas a resource has to wait for different market conditions before it can be 
exploited. Ore grade (the concentration of metal in the ore) and ore tonnage generally follow a log- 
normal distribution. Thus, the quantity of ore available for exploitation (ore reserves) will 
increase with rising prices. In the past, the richest deposits have been exploited first and, as the 
cost of extraction and processing decreased because of advances in technology, lower and lower 
grade depositp have been exploited. In this century, the reduction in the costs of extraction and 
processing through technological change has usually kept pace with ore grade degradation, so the 
real price of many metals has either remained constant or has declined somewhat. Many metallic . 

ore deposits contain valuable byproducts such as gold, silver or molybdenum, which increase the 
economic value of the ore. Alternately, some ore deposits contain associated impurities, which 
require more complicated processing and decrease t h ~  value of the ore. Transportation costs are 
important in the primary metals industry; plants are usually located near the ore deposits in 
order to minimize transportation costs for raw materials or are in areas a t  nodes in existing 
transportation networks, or in areas that offer other benefits, such as low-cost energy. 

The secondary metal industry is scrap-based and tends tb locate near the source of its raw 
materials, which is typically near large urban centers. On an aggregate level, the raw materials 
used by the secondary industries can be classified into three groups: home scrap, prompt 
industrial scrap, and obsolete scrap. Home scrap, also referred to as runaround, is generated 
internally within a plant, usually because of downstream fabricating operations within the same 
plant or corporation. Home scrap; obviously compatible in composition, is remelted and used 
within the. corporation. Prompt industrial scrap, also referred to as new scrap, generated as a 
result of manufacturing operations, is sold by the generator to a scrap dealer such as a scrap 
broker, a scrap collector, or a scrap reprocessor (which could include segments of the primary 
industry). Thus, home scrap and prompt industrial scrap are generated and used in identical 
fashion and are differentiated only by the absence or presence of a transaction. The quantity of 
home scrap generated in a particular industry reflects the technology of the industry, the presence 
or absence of vertical integration in the industry, and the geographical distribution of the plants 
belonging to a single corporation. Statistical data on home scrap generation and consumption are 
available for only a few industries; data on prompt industrial scrap are generally better. The two 
categories are not clear and distinct however. Essentially all the home and prompt industrial 
scrap is utilized directly. The supply of this scrap depends on the overall level of industrial 
activity in the manufacturing sector that generates the scrap, and.it is quite price inelastic. 
Improvements in manufacturing technology have generally tended to reduce the availability of 
such scrap. Also, it is important to note that even more energy is saved when less home and 
prompt industrial scrap is generated than when this scrap is recycled. 

The third category of scrap is obsolete scrap, recovered from materials that have reached the 
end of their useful life and/or have been discarded. This category of scrap is distinct from the 
other two categories in many ways. Because home and prompt industrial scrap are generated.in 
specific locations and in predictable they have been reliable sources of scrap to the 
scrap dealers/collectors in the same fashion that ore deposits are a reliable source of raw materials 
to the primary industry. Obsolete 'scrap is also referred to aa old scrap. 



The generation of obsolete scrap, on the other hand, is usually very diffuse. It is often 
collected as a part of industrial or municipal waste collection operations. Whether this obsolete 
scrap is recycled or is lost to a landfill/waste dump depends a great deal on the mode of collection 
(e.g., source segregation vs. a single collection of mixed wastes), the prevailing economic condi- 
tions in the scrap market, and the existing infrastructure for handling scrap. This infrastructure 
is composed of scrap collectors, scrap preprocessors, and upgraders, who can be distinct and 
separate from the people that melt the scrap. Because obsolete scrap is traded, it is often mixed 
with prompt industrial scrap at the preprocessing stage, and available'statistics do not always 

' 

distinguish between the two categories. The supply of obsolete scrap is somewhat more price 
elastic than, for the other two categories. Besides source segregation, the technology for waste 
processing, transportation costs, and alternative disposal costs (e.g., landfill costs) are all impor- 
tant factors in obsolete scrap supply. 

The primary metals industries are highly concentrated on the supply side, containing 
features of oligopolistic market structure (i.e,, capacity and outgut are dominated by a small 
nllmher affirms selling nearly id~nt~inal prnd~lcts) Tn cnnt.tnst., the aecond~ry induotriea, by virtue 
of the large number of firms in the industry, resemble more closely the competitive model of 
economic theory. 

Processing technology in the primary industry is usually more complex than in the second- 
ary industry, and typically involves upgrading the ore, reducing it to metallic form, and.refining 
the metal. The primary industry is much more capital-intensive per unit of output than the 
secondary industry because of high capital coata aeaociated with extraction and with processing 
complexity. The equipment used in upgrading, reduction, and refining is specialized and can 
usually use only virgin raw materials, although some scrap can sometimes be substituted. 
Generally, equipment for melting, based on an external heat source, can substitute virgin and 
scrap materials freely; equipment based on internally-generated heat (pneumatic processes in the 
steel and copper industries) requires a fixed amount of scrap for thermal balance. 

The equipment used in the secondary industry is generally designed for the treatment of 
metallic materials and usually involves equipment for melting and for refining to remove impu- 
rities. This equipment cannot accept ores or concentrates since it is generally not capable of 
performing upgrading and reduction functions. 

Both industries, and the secondary .industry in particular, rely on the dilution of impurities 
in order to meet product specifications. The pedigree of prompt industrial and home scrap is 
easier to trace than that of obsolete scrap. Therefore, the dilution technique can be used with the 
first two scrap sources in a predictable fashion. Of course, some impurities are valuable (gold and 
silver in copper scrap) and require refining techniques for their recovery. 

In recent years, the economics of both primary and secondary industries have been affected 
by more stringent requirements for controlling in-plant emissions as well as emissions to the 

' 

environment. Requirements for air pollution control are significant for most high-temperature 
operations. The emissions from the secondary industry tend to be complex because of the nature 
of the feedstock (especially obsolete scrap). Furthermore, the small size of secondary plants and 
the batch nature of most secondary processes, lead to other problems not faced by the primary 
industry. 



1.4.2 Economi.cs of Scrap &cycling : 
Since the amount of new scrap generated is a function of technological factors in the metal- 

producing and metal-fabricating industries &d is totally. price inelastic in both the short and 
long run, the problem,of recycling can best be addressed by considering the market for old scrap, 
which is the output of past production:During any given period, the market clears a t  some level 
of gcrap delivery and price. This price:quantity conibintition will be, aetermined primarily by the 
steepness of the. supply and. demand curies (i.e., their degree of price responsiveness or elastic- 
ity), by the length of the market period being ,considered, ("short-run" curves may well be 
different. from "long-run" curves), and by exogenous factors such.as levels of economic activity 
that move the two curves around. . . 

The Demand Curve. : Sasically, the.steepness of the. demand curve for old scrap is set by the ease 
with which new ore or' primary metal can'be.subitituted for it in production at  prevailing price 
levels. The greater the degree of substitutibn, the, flatter the demand cuke.  h his steepness is not 
iminutable bf course. 'It depends fundamentally on.the mix of inetal-using activities in the 

' 

ecori6my and the technical cohditions of production that prevail a t  any given time. It is also likely 
that the short-run demand curve for scrae will be steeper than the long-run curve. 

The Supply Curve:  he scrap supply curve can alao be thought of in terms of slope'and position. 
0ver.longer periods, the.p;iie responsivenes? of the'old scrap supply is likely to be greater than in 
the short run. Just as in the caqe.of the'demand"curve, the supply curye can also shift in response 
to changes .in exogenous factors; ~echnidal progress'in the design . . of scrapping equipment will 
result in an outward shift of the supply curve as'p;oduction of any quantity of scrap becomes less 
costly. On the other hand, increased prices for a nulpber of fictors (e.g., wages, impiicit; rentaj 
rates for capital) will cause an inward shift: of the.curve. Finally, the curve can shift around 
significantly in response .to yearly fluctuations in'scrapping as d result of variable investment 
rates in the distant past. 

. . 

Market ~ynamics: Obviously,:the determination of Price i d  output in the secondary scrap 
industry is a complex and no simple explanation for changes in the rate of recycling 
is possible. With some significant degree of inelasticity of both supply and demand for scrap, 
however, one thing is c1ear:natyral demand-side fluctuations from the present business cycle and 

' supply-side fluctuations from .past business cycles aie themselves sufficient to guarantee sub- 
." stantial price instability in the scrap market. Furthermore,.these major sources of instability are 

largely unpredictable to scrap suppliers, so a substantial element of risk is inescapable in the 
industry. Scrap suppliers run small-scale operations and, in the absence of appropriate 
insurance o* buffe~ing in.echanisms, m&t tend to.be somewhat aveise to risk. 

. . 

~conhmetric ~stimation: As noted earlier,: a key feature of the approach used in this study is the 
use of'econometric modeling for the estimation' of' the targets for recovered materials which 
addres8:the que8tion of.how much.&ore scrap will be forthcoming if scrap prices rise. The models 
used in this report, while limited by the availability of dgta resources and time, 'have been 
specified and estimated taking into account the "simultaneity" problem, the "identification" 
problem, and the statistical validity 'of the estimated parameters. . .  ' 



. . 1.4.3 Ferrous Industry . . 

~ n d d t r ~  Definition: The ferrous industry is defined as that collection of industries that 
consume iron and steel scrap. The  major segments in this industry aie: 

. . 

The iron .and steel industry (SIC. 3312, 3315, ,3316;. and' 3317). This segment 
includes fully integrated establishments engaged in manufact&ing irofi and steel 
from virgin sources as well as from scrap (including blast f k a c e s )  as well as cold 
metal shops that rely on scrap Bnd the fabricators of iron and steel into basic 
shapes by hot or cold rolling. 

. . 

Ferrous foundries (SIC '3321, ,3322, 3324, and 3325). This segment includes estab- 
li6hiiients that produco gray iro'n, ductile iron, m~lleable iron, end steel castings. 

Ferroalloys (SIC 3313). Tl& segment includes eetablishmints engaged in ferroalloy 
manufacture by blast furnace, electro-metallurgical, . . or metallo-thermic prucesues. 

Selection of Recoverable Materials: In each of the sectors, four general types of recoverable 
materials can potentially be consumed: ferrous scrap (home, prompt industrial, and obsolete); 
slags (from any smelting operation); dusts and sludges (generated from air pollution control ur 
water pollution control operations); and mill scale (generated during fabrication operations). Of 
these, the principal marginal source of recoverable materials, whose utilization could increase in 
the near term, is obsolete scrap. Tables 4.2-9,4.2-11, and 4.2-13 present data on the consumption 
of these recoverable materials by process units within each industry category. 

The recycling of recovered materials can be constrained by the limitations of exisling 
process equipment andor  by limitations imposed by the impurity content of the recoverable 
material. For sinter strands and blast furnaces, any limitations un the use of recovered matorial 
primarily derive from the impurity content, although there are also other process limitations. The 
quantity of ferrous scrap in the basic oxygen furnace (BUF) process u limited by the amoullt of 
energy available for melting. In currei~t practice, a BOF can uae no more than ~bol l t  30% 'ncray 
without the addition of fuel energy to the furnclce ur to the scrap. Othcr prooeasea do not have 
such a thermal process constraint but only constraints imposed by the impurity content of the 
recovered material. 

Economic Considerations: In 1976, the ratio of ferrous scrap consumption to production of 
raw steel and castings (hot metal equivalent) was about 50%. Whether this percentage can be 
raised by 198'1 depends on the demand and supply dynamics of the ferrous scrap mark~t,. On the 
demand side, the amount of scrap that can be utilized is constrained by such technical factors as 
the spllt in steelmaking capacity b e l w e e ~ ~  BOF's, open hcartho, and oleotris furnaces. The s11pply 
consists of new oortlp gunvl*ated by current, induotrial activity and old sirrap extracted from 
discarded steel-containing products. New scrap generation is a function of technological factors 
and should be totally price-inelastic in both the short and long run. The supply of old scrap, 
however, would be price-elastic. 

We have prepared an eclectic econometric model of the femous scrap market incorporating 
both engineering and economic parameters in an attempt to depict realistically the technological 
and microeconomic factors that characteiize the dynamics of demand ,and supply. This model 
incorporates information on the process characteristics of scrap-using and scrap-generating . . 



activities, the inventory of obsolete iron and steel, and the price elasticity of obsolete scrap 
supply, in order to generate draft targets that are both technically feasible and economically 
achievable. 

Any target for the ferrous industry is affected by a number of factbrs, such as the growth rate 
of the industry to 1987, the mix of steelmaking processes in 1987, scrap demand coefficients for 
the basic oxygen furnace and foundries, availability of scrap substitutes, and scrap exports. 
Because of this complexity, nine different scenarios.were tested in the Arthur D. Little model. 
The results of these nine scenarios are shown in Table 4.2-25 reproduced here for convenience. 
Case I, the base case, is considered the most likely; the other cases are considered plausible. Cases 
11, m, V, VIII and IX are based on variations in the mix of steelmaking furnaces. Cases IV and VI 
presume a higher foundry scrap charge coefficient; and Case W projects a lower overall annual 
growth rate for the iron and steel sector. In order to minimize the number of scenarios, the 
percentage of continuous cast steel has been fixed a t  25% of total steel production for all cases. It 
is important to note that scrap exports are a major factor; the estimated target could change 
significantly if the level of scrap exports were to change. Sensitivity analysis indicated that if 
exports reduced to below 5 million or increased above 15 million tons, it would have a noticeable 
impact in the scrap market. Table 1.4-1 presented on page 1-9 shows the 1987 base case targets for 
the ferrous and other industries. 

1.4.4 Aluminum Industry 
Industy  Definition: The aluminum industry includes the following segments. 

Primary aluminum (SIC 3334) - establishments that produce aluminum from 
alumina. 

Secondary smelting and refining (SIC 3341 - aluminum-related sector only) - 
establishments involved in the production of aluminum and aluminum-based 
alloys from scrap or drose. 

Aluminum foundries (SIC 3361) - establishments primarily engaged in manufac- 
turing castings of aluminum and aluminum-based alloys. 

All others (SIC 3353,3354,3355,3357,3361,3399, and 3463). 

Many of these establishments are primarily engaged in fabrication of aluminum and 
generally send the scrap generated during fabrication to the other segments. However, some' 
fabricators with melting facilities are also able to use aluniinum scrap. 

Selection of Recoverable Materials: Several types of recoverable materials can potentially 
be used. These include scrap (home, prompt industrial, and obsolete - with several sub- 
categories based on chemical composition); low-grade drosses, skimmings and residues; and other 
solid wastes that contain metallics or that could be new non-bauxite sources of alumina. Of these, 
the principal marginal source of recoverable material is old scrap, whose availability could 
increase between now and 1987. The three major categories of old scrap where an increase is . 

possible are: aluminum recovered via source segregation of beverage cans and other aluminum 
items; aluminum recovered from municipal solid wastes in resource recovery systems; and mixed 
scrap recovered from automobile shredding. Table 3.3-8 presents the available data on the 
consumption of these materials by the different sectors within the aluminum industry. 



TABLE '4.2-25 

RECYCLING RATIOS FOR FERROUS INDUSTRY FOR NINE SCENARIOS - 1987 

Tarqet Expressed As Ratio Of: 

To ta l  Purchased' Obsolete Tota l  Purchased Obsolete . 
Scrap Scrap Scrap Scrap Scrap Scrap 

consumed1 consumed2 Consumed consumed1 consumed2 Consumed 

Tota1 Purchased Obsolete 
Scrap Scrap Scr3p 

consumed1 Consumed Consumed 
Scenario 

5 
Product Shipments-- 

0.866 .382 0.196 

0.847 .376 0.1g4 

P i g  I r o n  and Scrap charged3 Raw Metal ~ q u i v a l e n t ~  

Case I: Base case 0.536 

Case 11: Base case except 0.538 

- Production by open hearth 
furnaces equals 10% t o t a l  
r a w  s tee l  production. 

Case 111: Base case except 0.520 

' - Growth i n  raw s tee l  production 
s p l i t  2: 1 between basic oxygen 
and e l e c t r i c  arc  shops. 

Case I V :  Base case'except 0.539 

- Scrap demand c o e f f i c i e n t  f o r  
foundries equals . I .  3 ton/ ton 

. shipments. 

Case V: Base case except 0.522 

- 'Growth i n  raw s tee l  production 
s p l i t  2: l  between basic oxygen 
and e l e c t r i c  arc  shops. 

- Production by open hearth 
furnaces equals 10% t o t a l  
raw s tee l  production. 

Case V I :  Base case except 

- Growth i n  'raw s tee l  production 
s p l i t  2 : l  between basic oxygen 
and e l e c t r i c  ? r t  shops. 

- Scrap demand c o e f f i c i e n t  f o r  
foundries equals 1.3 ton l tb f i  
shipments, 

Case V I I :  Base case except 0.533 0.261 0.135 0.593 0.291 . 0.150 

- ~ r o w t h  r a t e  f o r  f i n i shed  
s tee l  production equals 
1.6% per  annum. 

. . Case V I I I :  Base case except 0.552 0.279 0.152 0.613 0.310 0.169 

. -  30% raw s tee l  production 
by e l e c t r i c  furnaces. 

Case I X :  Base case except . 0.568 0.2Yb u.108 0.630 0.328 a. lR6 

- 33% raw s tee l  production 
by e l e c t r i c  furnaces 

1. Includes horn, prompt i n d u s t r i a l  and obsolete scrap. 

2. Includes prompt i n d u s t r i a l  and obsolete scrap. 

3. Charged t o  steelmaking furnaces, fer rous foundries and 
fe r roa l  l o y  p lants .  

4. Raw s tee l  plu.s hot  metal equivalent i n  the ferrous foundries. 

5. Finished s tee l  plus fer rous cas t ing  shipments. 

,.. 
'SOURCE:. Ar thur  0. L i t t l e .  1nc. 



TABLE 1.4-1 

RECOVERED MATERIAL TARGETS FOR 1987 

Indus t ry  Segment Target 

Recovered Mate r ia l  , 00) Production*, 

Ferrous 

A1 umi num 

Copper 

Zinc 

Lead 

* Domestic shipments o r  pr imary and secondary product ion. 



TABLE 3.3-8 

CONSUMPTION OF ALUMINUM SCRAP BY TYPE - 1976* 

(1,000 s h o r t  tons) * *  

Secondary Pr imary Producers 
Type o f  Scrap Smelters and Others*** T o t a l  

. ,  . . . 
New Scrap 

~ o l . < d s  and C l i p p i n g s  . . 

. '  . 
Bor ings  and Turn ings  

F o i  1 
' I 

Dross and Skimmings" 126 . 104 ' 230 

Other  24 6 1 85 

T o t a l  NewScrap , . 518 537 1,055 
. 

O ld  Scrap 

Cast ings,  Sheet and 
C l  i p p i  nys 

A1 umi num Cans 

0 t. he r%**** 

Subtotal 

' .  . 
' 8 .  

Sw~at .ed  P i g  

T o t a l  O ld  Scrap 

TOTAL 

* Inc ludes  impor ted  scrap. The r e p o r t i n g  cornparlies r e p o r t e d  t h a t  6.62% 
o f  t o t a l  r e c e i p t s  o f  aluminum-based scrap o r  97,800 s h o r t  tons  was 
rece i ved  on t o l l  arrangements. 

**Rounded t o  t h e  nea res t  thousand. 

***Others i n c l  ude f ound r i es ,  f a b r i c a t o r s ,  and chemical  p l a n t s .  

****Includes da ta  on aluminum-copper r a d i a t o r s .  

Source: A1 uminun,   reprint f rom :!inera1 s Yearbook, 1976. 



' 

In general, recycling can be constrained by limitations of existing process equipment and,by 
limitations imposed by the impurity, content of t h s  recoverable materials. All industry sub- 
divisions utilize. melting furnaces and there is no piocesi constraint -concerning the amount of 
scrap that can be melted in the furnaces.   ow ever, the furnaces used by some segments of the 
industry are'better suited for melting given types of.scrap than others. The principal refining step 
in the recycling of aluhinym-based scrap is the removal of magnesium by treating the molten 
metal with chlorine or aluminum fluoride. Any other impurities in the metal are usually con- 
trolled by dilution of the charge withpure metal. Stainless steel and zinc are considered the major 
metallic impurities,'while nonmetallic contaminants such as paint, oil,.plastic, insulation, and 
rubber have a nuisance viilue.6ecause they are a major source'of air pollution. 

Economic considerations: Table 4.3-5 shows the balance of sources and uses for purchased 
aluminum scrap for 1976. In that iear, old scrip accounted for about 11.6% of supply. Whether 
the amount of old scrap' consumed can be raised by 1987 depends on the supply and demand 
dynamics of the aluminum market. On the demand side, technology imposes no relevant physical 
constraint. The edondmic .aspect? of scrap demand relate to  the price of scrap.in relation to the 

. . 
price of virgin aluminum., . - . ': . . 

. . . .  . 

. ' A simple model .has been designed to. predict the. volume of aluminum scrap that will be 
generated under a variety of scenarios. This volume i~ then.uied to calculate the target. The 
model contains.five .equations that -pr&dict the bupply ,of scrap from new scrap, obsolete scrap 
from cans, as well as the withdrawal rate for other'old scrap from the inventory of a1uminc:m 
available for scrapping. This inventory is adjusted to allow for the contribution by the increasing 
aluminum content of cars: and Class .I tiucks. U.S. scrap consumption is calculated by adding 
scrap supply as predicted and subtracting exogenous scrap exports. These data are then used to 
calculate the targets. . . 

The 'target.. a;e directly affected by the'maximum withdrawal rate for old scrap and by 
variations in new scrap generation, scrap reclamation from cans, scrap recovery from municipal 
solid waste, growth rate. ixi aluminum congumption, and the level of imports. Table 4.3-10 
presents the. recycling targets for 1987, where the. targets are expressed as different ratios to 
domestic primary plus domestic secondary production. Case I, the base case, is considered. the 
most likely; the other cases'are considered plausible. Case I1 is identical to the base case except 
that the realprice of scrap is higher. 'In Case III, exports are assumed to drop to zero to simulate a 
policy of restricting scrap exports. In Case N, new scrap generation rate is assumed to be lower, 
consistent with predi~ted'im~rovement . 

. in fabrication yields. The base case target is also shown in 
, , Table 1.4-1. '. . . 

Industry Definition: The copper industry is defined as that .group of industries that 
consume copper-bearing scrap. The niajor seljmints in this inelustry are:. 

. . 

Primary copper industry (SIC 3331)- This.segment includes establishments en- 
gaged in producing copper frum virgitl.ore sources. 

. Secondary copper industry (SIC 33412)- This segment includes establishments 
engaged in reco)rering copper from copper and copper-based scrap. 

i-i i 



. . . . 
. ,, 

TABLE 4'.3-5 . 

1.976 MATERIAL BALANCE FOR ALUMINUM SCRAP 
( M i l l  ions.,.o.f Pounds) . . . 

Sources 

Purchased Scrap 

New Scrap 1 

Old Scra,p 
' 1  , .  ~ l u m i n u m  Cans 

. . . 

Other Old Scrap -' 

Purchgsed Scrap 

Home Scrap 3 

To ta l  

Uses 

U .S . Co'ns umpt i on 
, . o f  Purchased ~ c r a p l  3,482 

U.S. Consumption. . . . 

', . o f  Home scrap3 6,675 
. , 

Ex.ports 2 21 8 
. . . . 

. .  . . .  . 

. . 
. . , . .  

. . -  , . 

. . 

. . .  To ta l  . 
. . 

.I 0,375 

Source: A r t hu r  D. ~i ttle, 1n.c. est imates der ived from: 

* Alumi'nu,m s t a t i s t i c a l  Review, 1976. :, . , 

~ommunlcat i o n ,    he ~l umi'num ~ssoc i : a t i on ,  May 8 ,  1979. 



TABLE 4.3-10 

Scenario 

RECYCLING RATIOS FOR ALUMINUM INDUSTRY 
FOR FOUR SCENARIOS - 1987: 

Tarqet  Expressed as R a t i o  o f  
Old Scrap Old Scrap To ta l  Scrap T o t a l  Scrap 

Consumption Metal  1 i c  Recovery Consumption Meta l  1 i c  Recovery 

t o  - 
Domestic Pr imary Produc t ion  P lus  Secondary Meta l  1 i c  Produc t ion  

Case I 
Base Case 

Case I 1  
Base Case . e x c e ~ t  
P r i c e  of  s c r a p = 1 3 . l t / l b  
WD = 0.00461 0.146 

Case I 1 1  
Base Case except . . 

Expor ts  = 0 0.129 0.109 . 0.357 0.302 

Case I V  
Base Case except 
New Scrap Generat ion 

C o e f f i c i e n t  = 0.19 0.118 0.100 0.333 



Fabricators (SIC 3351)- This segment includes establishments engaged in rolling, 
drawing and extruding copper in copper-based alloys. 

Foundries (SIC 3362)- This segment includes establishments engaged in casting 
of copper-based alloys. 

Selection of Recoverable Materials: The materials available for recycling cover a range of 
scraps varying from No. 1 wire, which is essentially pure copper, to low-grade scrap, and include a 
wide variety of unalloyed and alloyed copper scrap grades. A somewhat special category is the 
utilization of mine waste by leaching for extraction of additional copper; copper produced in this 
fashion is normally considercd primary copper. Table 4.4-3 shows available data on the con- 
sumption of these recoverable materials in each industry subcategory. 

The secondary industry relies primarily on scrap, and its different segments purchase and 
handle the entire range of high- andiow-grade alloyed .and unalloyed scrap as well as residues. 
Thus, there are no constraints other than those imposed by the impurity content of the scrap. The 
scrap-handling ability of the primary slnelters is limited. Alt,hnllgh smelting furnaces can, in 
principle, accept scrap, they are actually designed to accept only finely powdered materials.. Low- 
grade scrap can be added to the converter, and higher-grade scrap is acceptable in any amount a t  
the cathode melting stage. Brass mills and foundries do not have process constraints, but only 
technical constraints based on the composition of the recoverable materials. 

Economic Considerations: As with other metals, obsolete copper scrap is the principal 
source of incremental rac'overable material. In the past, obsolete scrap has played an important 
role in meeting fluctuating levels of excess demand as indicated in Table 4.4-5. Table 4.4-10 
shows that the recycling ratio (defined as copper from recovered materials divided by copper from 
recovered material phis primary copper production) has been relatively stable between 1970 and 
1976. The cconometric resiilt,~ giver! in the litcrature, price ~ n d  output projeclions that in- 
cvrporatc tho anticipated impact of pollution abatement legislation during the coming decade, 
and the size of the recoverable copper reservoir have been used to calculate the drtlfl l a~ge t  that 
appcars technically and economically feasible. Table 4.4-9 shows the draft target for 1987. 

1.4.6.. Zinc Industry 
Industry Definition: The zinc industry is defined here as: 

Establishments engaged in primary smelting and refining of zinc (SIC 3333) 

Establishments engaged in smelting zinc from scrap materials (SIC 33414) 

Zinc Foundries (SIC 33691). 

Selection of Recoverable Materials: The zinc industry recovers zinc (and zinc oxide) from a 
broad spectrum of home, prompt industrial, and obsolete scrap. Zinc can also be recovered from 
steelmaking dusts, although this proceso is not practiced on any significant scale in this country. 
As with other metals, obsolete scrap represents a principal marginal source of recoverable 
material. Table 4.5-3 presents data on consumption of different grades of recoverable material 
within each industry subcategory. 

Different types of processes are used by different segments.of the zinc industry and each 
process. has certain constraints. For example, oxidized zinc materials are acceptable to vertical 



TABLE 4.4-3 

CONZUMPTIOIt OF RECOVERABLE MATERIALS 1976 - COPPER INDUSTRY' 
(Gross Weight i n  Tons) 

Low 
Industry  .No. 1 No. 2 Compo- Rai l road Yeliow Car t r idge Auto Nickel  Alum. Low Ref in .  Erade Horn Mine 
S u j d i v i s i o n  s i t i o n  Car Box e m -  - - - -  Brass Cases Radiators Bronze S i l v e r  Bronze Brass Brass Scrap Scrap Waste 

Secondary S w l  t e n  27.028 59.900 58.605 1,852 46.217 195 57,823 19.920 3.085 567 2,882 - 78,712 0 

Primary Producers 11 7.669 128.340 - 4.230 175.551 0 126.144 

Bmss M i l l s  159,250 71,778 269,074 78.028 4,219 33.791 355 45,959 - 0 

F o ~ n d r i e s .  Chemical 29,187 9.928 4,518 4,325 8,048 10,258 598 82 . 449 1,455 - 64 0 
Plsnts  and O ~ h e r  
Ma?ufacturers 
- 
'u!s. Bureau o f  Mines Minera ls  Y,earbook 1976, Copper - Table 23 

2 ~ z t  Weight o f  Copper. U.S. Bureau o f  Mines, Minera ls  Yearbmk 
1376. Copper - Table 7. 



TABLE 4.4-10 

COPPER RECYCLING RATIOS, 1970-1 976* 

Year 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

R a t i o  

45.6% 

48.5% 

Mean Ra t i o :  47.C% 

* Ra t i os  de r i ved  f r om Tab le  4.4-7. 
-- 



TABLE 4.4-9 

RECOVERED MATERIAL TARGET FOR COPPER INDUSTRY 
(1987) 

Recovered Material* 
X 100 = 50.4% 

Domestic Primary & 'secondary Production 

* Prompt indust r ia l  and old scrap,  plus p r ec ip i t a t e  copper 
from mine waste. 



TABLE 4.5-3 

Process 

E l e c t r o l y t i c  

Reduct i  on 

CONSUMPTION OF RECOVERP,BLE MATERIALS - 1976 

Z INC INDUSTRY 

Types o f  Recovered t l a t e r i a l s  i n  Tons o f  Z inc Contained 

5a7vanjzers1 New D'e Chemical Home Old D ie  Cast General 
Wesi dues Cast Scrap Residues Scrap . Scrap Scrap To ta l  

7 + V e r t i c a l  D i s t i l l a t i o n  
03 

Reports 31,500 YO ,500 N A 

Secondary D i  s t i  11 e r s  55,800 7,900 1,500 N A 

Foundries N A 

Chemical and Pigment 

P lan ts  

NA: Data n o t  a v a i l a b l e .  

Source: Est imates based on unpubl ished Tables 13, l d ,  15 f o r  Z inc  t o  be i n  the  1976 Minera l  
Yearbook, Volume I, Metals,  M inera ls  and Fuels, U.S. Department o f  t h e  I n t e r i o r ,  
Bureau o f .  Mines. 



.distillation retorts and to chemical and pigment plants. The foundries recover zinc from scrap 
that has a high metallic content and controlled impurities. The secondary distillers process all 
zinc scrap but can recover only metallic zinc in the scrap. The primary electrolytic reduction 
plants do not consume any recoverable material. The major constraints from the viewpoint of 
product quality are in the foundries and in other applications such as galvanizing and zinc oxide 
products. 

Economic Considerations: Economic considerations were not evaluated for the zinc in- 
dustry, but are incorporated in the assumptions used in this analysis. Increased recovery of zinc 
will center on old scrap, particularly old die castings recovered from automobiles. Table 4.5-4 
shows the estimated target for 1987. This target, equivalent to 36% of the domestic zinc smelted 
by 1987, is sensitive to galvanizer zinc cunsumption, the rate.of increase in automobile shredders 
where nonferrous fractions are separated, and any increase in 'recovery of flue dust chemical 
residues and changes in domestic production rates. 

1.4.7 Lead Industry 
Industry Definition: The lead industry is defined in this report as: 

Establishments engaged in the primary smelting and refining of lead (SIC 3332) 

Establishments engaged in the secondary smelting and refining of lead (SIC 3341) 

Selection of Recoverable Materials: The recoverable materials fall broadly into four groups 
- namely, new scrap, old scrap, slags and dusts. Table 4.6-2 presents available data on the 
consumption of these materials in the lead industry. 

Theoretically, there is no technical limit to the amount of recoverable material that can be 
recycled. There are, however, constraints dictated by the composition of the recoverable mate- 
rials. For example, high-antimony lead batteries are normally recycled back into the same 
product. Similarly, blast furnaces cannot accept a large quantity of dust without agglomeration. 

Economic Considerations: Economic factors were not directly evaluated in this industry 
analysis, but they are incorporated in thc assumptions used. Table 4.6-5 shows the draft target for 
the lead industry (defined as the recycling ratio; that is, the ratio of secondary production to 
primary plus secondary production) ibr 1987:The two most critical assumptions are that primary 
lead production will remain a t  700,000 short tons annually, and that the ultimate recovery rate for 
scrap batteries is 0.75. The other variables have relatively little effect on the target. 

1.5 IMPACT OF GOVERNMENT ACTIONS ON RECYCLING 

Many government policies can potentially have an impact on the degree of recycling in all 
types of primary and secondary metals industries. The significant areas are: 

@ .  Tax Policy 
Freight Rates 
Product Specifications 
Residuals (Pollution Control) 
Market Structure 
Export Controls on Scrap 
Beverage Container Deposit Legidation 

1-19. 



The available studies indicate that policy changes that equalize primary and secondary 
metals in terms of tax policy, freight rates and market structure will have a minor impact on the 
overall rates of recycling in the near term. In other cases, the legislation has been enacted recently 
and is yet to be fully implemented through regulations or further research, alld analyses are 
needed to evaluate the effectiveness of Federal policymaking. 

TABLE 4.5-4  

RECOVERED MATERIAL TARGET FOR ZINC INDUSTRY 
(1 987) 

Recovered M a t e r i  a1 * 
X 100 = 36% 

Domestic Primary & Secondary Producti  on 

* Purchased scrap, i .e. ,  prompt i n d u s t r i a l  and obsolete scrap. 



TABLE 4.6-2 

SCRAP 'CONSUMPTION I N  THE LEAD INDUSTRY (1  970-1 976) 
(Gross Tons) 

- 
New Scrad: . . . 

~ r o s s e s  & Residues 121,766 143,382 , 158,881 154,682 129,400 136,066 141,923 
. NA N A NA .. N A . NA , , NA N A Home sc rap  

. . .  
01 d- Scrap.: 

. . ,  . . : 512,030 486,792 509,858 ' 544,438 ' 614,364 . 623,448 589,797 . . . . ' 

. . . .  . Bat te- ry  P1:ates 
. .  . 

Cable Lead 26,544 ' 29,455 26,775 26,397 45,507 50,569 47,738.". 
. . . . 

, . S o f t  ~ e a d  . - . . 52,426 48,925 , 46,668' 36,279 " 33,641 32,642 29,172 , 

... . . 
Hard Lead. ' . 19.01 5 ' 27,254 27,641 51,992 , 54,778 . 26,912 '30,395 .. 

. . 
. . 

. . 
. . .  . . . . 

T y p e  ~ e t ~ l  .. . ' 32,001 25,813. 23,690 2.7,950 25,745 ' . 19,820. 14,292. 
. . 

Y ', ~ i x e d  common B a b b i t t *  . 
. . 111,799' 11,665 , 11,049 13.,534 12,.025. '8,552 '7,839 . . 

'. . , . L  . . 
Y 

. . . .  

. Solders, &  inn^ Lead . . . : 16,640 . . 11,464' 9;815 ..,I 1,99.1, ,13,663 . . 11,250 , . .  3,517' 
. . . . . .  . 

. ' .S,lag:: . . ... . . . 
. . 

' - - . Seconda,ry..Reierberatory _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _  - .NA . -  - - ' - - - . -  - - -  - ' - - - -  

. . . . . . 
. D u s t  .: 

P r imary  Blast .  Furnace ' , - - - - - - - - -  ' - - - _ _  _ - . -  .NA . - .  1 - - - .- - - - - . -  - -:- - 

Secondary Reverberatory  - - - - - - - - - - - - - - - . - - . . N A .  - -  - - - -  , - - - -  - - - -  
. . 

. . 

* i nc ludes  consumption a t  foundr ies 

NA: Not a v a i l a b l e .  . . 

Source: U.S. Bureau of Mines M ine ra l s  Yearbook, 1976. 
A r t h u r  D. L i t t l e ,  I nc .  



. . 

TABLE 4.6-5 

RECOVERED'MATERIAL TARGET FOR LEAD INDUSTRY - 
(1.987) . 

. . 
Recovered Mater ia l *  .. X 1 0 0 = 6 0 %  . . . 

Domestic Primary & Secondary product ion - .  . . 

* Purchased scrap, i .e., .prompt i n d u s t r i a l  and obsolete scrap. 
. . 



2.0 INTRODUCTION 

This chapter provides an introductory discussion of the factors that affect the recovery and 
reuse of secondary materials and the competition between the primary and secondary metals 
industries. 

Section 2.1 discusses these industries in terms of resource characteristics, industry tech- 
nology, pollution control requirements, market structure, the economics of recycling, and the 
issues involved in econometrically estimating scrap supply response behavior. 

Section 2.2 presents the methodology established by the Department of Energy (DOE) for 
the metals, textiles, rubber, and pulp and paper industries, which was adapted to this study. 

Section 2.3 notes the areas in which government policies might have a significant impact on 
the utilization of primary and secondary metals and, therefore, on any recycling targets between 
now and 1987. 

2.1 GENERAL DISCUSSION OF METALS RECYCLING 

The primary metals industries (i.e., those that supply metals mainly by extracting them 
from virgin raw materials or ores) and the secondary metals industries (i.e., those that mainly 
supply scrap and/or refined metals from scrap) differ from each other in many important 
respects. Although their products are usually perfect substitutes for each other, the two industries 
differ in terms of sources of feedstocks and feedstock availability, supply response, market 
structure, growth rates over the historical period, and, in some cases, somewhat specialized end- 
use applications, in spite of the non-differenliated nature of their products. The discussion below ' 
examines the differences between the two industries and the way in which such differences might 
affect the selection of economically feasible targets for increasing the use of energy-saving 
recovered materials. 

2.1.1 Resource Characteristics 
The primary industry relies on the exploitation of mineral deposits where a given metal is 

concentrated as a result of various types of geological activity. A mineral deposit is called an 
"ore" only if it can be exploited economically. That is, the difference between an ore deposit and a 
resource is that, an ore deposit can be exploited economically under a given set of market 
conditions, whereas a resource has to wait for different market conditions before it.can be 
exploited. Ore grade (the concentration of metal in the ore) and ore tonnage generally follow a log- 
normal distribution. Thus, the quantity of ore available for exploitation (ore reserves) will 
increase with rising prices:In an operating mine, prevailing economic conditions define the "cut- 
off' grade for a given deposit. Any operating mine always contains rock that is below the cut-off 
grade, which is removed and dumped in ,surface mining or is left in place in underground mining. 
(Thus, in general mine waste in surface mining does not meet prevailing economic criteria' for 
extraction and is not an economic source of energy-saving recovered material a t  the time of 
mining for primary metal recovery.) 

Thus, any portion of t.he deposit above the cut-off grade may 'be exploited ecoi~omically, 
while those portions of the deposit below the cut-off grade are treated as sub-marginal and are not 



extracted. In the past, the richest deposits have been exploited first and, as the cost of extraction 
and processing decreased because of advances in technology, lower and lower grade deposits have 
been exploited. In this century, the reduction in the cost of extraction and processing through 
technological change has usually kept pace with ore grade degradation, so the real price of many 
metals has either remained constant or has declined somewhat. As economic conditions (prices) 
change, the cut-off grade is increased or decreased, with an equivalent change in total economic 
reserves. That is, supply response is conditioned by the prevailing as well as the expected metal 
price. At the present time, the cut-off ore grades in the major metals industries are: at  least 30% 
iron for magnetite ores and up to 65% iron for direct shipping ores; 30% alumina for bauxite; 0.4% 
copper for sulfide ores; and 2-3% metal for lead and zinc ores. Many metallic ore deposits contain 
valuable byproducts such as gold, silver or molybdenum, which increase the economic value of 
the ore. Alternately, some ore deposits contain associated impurities, which require morc com- 
plicated processing and decrease the value of the ore. Transportation'costs are important in the 
primary metals industry; plariLv are usually located near the ore deposits in order to minimize 
transportation costs for raw materials or a t  nodes in existing transportation networks, or in areas 
that offer other benefits, such as low-cost energy. 

The secondary metal industry is scrap-based and tends to locate near the source of its raw 
materials, which is typically near large urban centers. On an aggregate level, the raw materials 
used by the secondary industries can be classified into three groups: home scrap, prompt 
industrial scrap, and obsolete scrap. 

Home scrap is generated internally within a plant, usually because of downstream fabri- 
cating operations within the same plant or corporation. Home scrap is also referred to as 
runaround scrap. Home scrap, obviously compatible in composition, is remelted and used within 
the corporation, 

Prompt industrial scrap, generated as a result of manufacturing operations, is sold by the 
generator to a scrap dealer such as a scrap broker, a scrap collector, or a scrap reprocessor (which 
could include segments of the primary industry). Prompt ind~lst~ria? scrag is a l ~ o  referred ttn ns 
new scrap. Home scrap and prompt industrial scrap are generated and used in identical fashion 
and are differentiated only by Lhe absence or presence of a transaction. The quantity of prompt 
and home scrap generated in a particular industry reflects the technology of the industry. the 
presence or absence of vertical integration in the industry, and the geographical distribution of 
the plants belonging to a single corporation. Statistical data on home scrap generation and 
consumption are available for only a few industries; data on prompt industrial scrag are generally 
better. 'l'he two categories are not clear and distinct however. Essentially all the home and 
prompt industrial scrap is utilized directly. The supply of this scrag depends on t,he nverall l~vrll 
of industrial activity in the manufacturing sector that generates the scrap, and it is quite price 
~nelastic. Irr~provements in manufacturing technology have generally tended to reduce the avail- 
ability of such scrap. Also, this reduction in home and prompt scrap generation contributes more 
towards energy saving than scrap recycle. 

O h s n L ~ t ~  srmnp i s  ~ B C O V B T O ~  from matorialo that have reached the elld ul  llleir useful life 
andlor have been discarded. I t  is also referred as old scrap or post-consumer scrap. This category 
of scrap is distinct from the other two categories in many ways. Because home and prompt 
industrial scrap are generated in specific locations and in predictable quality and quantities, they 
have been reliable sources of scrap to the scrap dealers/collectors in the same fashion that ore 
deposits are a reliable source of raw materials to the primary industry. 



The generation of obsolete scrap, on the other hand, is usually very diffuse. I t  is often 
collected as a partof industrial or municipal waste collection operations. Whether this obsolete 
scrap is recycled or is lost to a 1andfilVwaste dump depends a great deal on the mode of collection 
(e.g., source segregation vs. a single collection of mixed wastes), the prevailing economic condi- 
tions in the scrap market, and the existing infrastructure for handling scrap. This infrastructure 
is composed of scrap collectors, scrap preprocessors, and upgraders, who can be distinct and 
separate from the people that melt the scrap. Because obsolete scrap is traded, it is often mixed 
with prompt industrial scrap a t  the preprocessing stage, and available statistics do not always 
distinguish between the two categories. The supply of obsolete scrap is somewhat more price 
elastic than for the other two categories. Besides source segregation, the technology for waste 
processing, .transportation costs, and alternative disposal costs (e.g., landfill costs) are all impor- 
tant factors in obsolete scrap supply. It is important to note that if products are exported, the 
obsolete scrap will be generated in the country that purchased the product and not the country 
that manufactured them. 

2.1.2 Industry Technology 
Processing technology in the primary industry is usually more complex than in the second- 

ary industry, and typically involves upgrading the ore, reducing it to metallic form, and refining 
the metal. The primary industry is much more capital-intensive per unit of output than the 
secondary industry because of high capital costs associated with extraction and with processing 
complexity. The equipment used in upgrading, reduction, and refining is specialized and can 
usually use only virgin raw materials, although some scrap can sometimes be substituted. 
Generally, equipment for melting, based on an external heat source, can substitute virgin and 
scrap materials freely; equipment based on internally-generated heat (pneumatic processes in the 
steel and copper industries) requires a fixed amount of scrap for thermal balance. 

The equipment used in the secondary industry is generally designed for the treatment of 
metallic materials and usually involves equipment for melting and for refining to remove imp& 
rities. This equipment cannot accept ores or concentrates since it is generally not capable of 
performing upgrading and reduction functions. 

Both induotries, but the secoi~clar~ induslry in particular, rely on the dilution of impurities 
in order to meet product specifications. The pedigree of prompt industrial and home scrap is 
easier to trace than that of obsolete scrap. Therefore, the dilution technique can be used with the 
first two scrap sources in a predictable fashion. Of course, some impurities are valuable (gold and 
silver in copper scrap) and require refining techniques for their recovery. 

2.1.3 Pollution Control 
In recent years, the economics of both primary and secondary industries have been affected 

by more ~tringent requirements for controlli~lg in-plant emissions as well, as emissions to the 
environment. In the primary industries, solid waste generation is heaviest a t  the mining and 
concentration stage, while air and water pollution control requirements affect the different 
segments to varying degrees. Requirenients for air pollution control are significant for most high- 
temperature operations. 



The emissions from the secondary industry tend to be complex because of the nature of the 
feedstock (especially obsolete scrap). Furthermore, because of the small size of secondary plants 
and the batch nature of most secondary processes, the economic impact of pollution control 
requirements tends to be more severe on the secondary industry. 

2.1.4 Market Structure 
The primary metals industries are highly concentrated on the supply side, containing 

features of oligopolistic market structure (i.e., capacity and output are dominated by a small 
number of firms selling nearly identical products). In contrast, the secondary industries, by virtue 
of the large nijmher of firms in the industry, resemble more closely the competitive model of 
economic theoiy. 

A recent study has shown that market structure of these industries and the degree of 
competition does not have much bearing on the rate of recycling.'" In the nonferrous metals 
industries, the degree of recycling is determined primarily by: 

the.structure of the end-use spectrum peculiar to each metal; 

e the magnitude and average age of the in-service inventory of each metal; 

e the price of both primary and secondary metal; and cyclical fluctuations in the 
level of economic activity. 

The study concludes that positive actions designed to increase the rate of recycling will have to 
focus on the demand side (i.e., on the end-use spectrum) for cach metal and Ihat the rapidly 
rising cost of energy will provide a stimulus for increasing nonferrous metals scrap recovery. 

2,l .S Economics of Scrap Recycling 
The supply of scrap consists of "new" scrap (home and prompt industrial) and "old" or 

obsolete scrap. The amount of new scrap generated is a furiction of technological factors in the 
metal-producing and metal-fabricating industries and is totally price inelastic in both the short 
and long run. 

The problem of recycling, therefore, can best be addressed by considering the market for old 
scrap, which is the output of past production. (New scrap may be regarded as a byproduct of 
current production and' cannot be said to have a market in any meariingful sense.) During arky 
given period, the maiket clears a t  some level of scrap delivery and price. This price/quantity 
combination will be determined primarily by the steepness of the supply and demand curves (i.e., 
their degree ot price responsiveness or elasticity), by Ille length of the markct pcriud Luing 
considered ("short-run" curves may well he different from "long-run" curves), and by exogenous 
factors such as the level of economic activity that move the two curves around. 

2.1.6.1 Thc Demand Curve 
Basically, the steepness of the demand curve for old scrap is set by the ease with which new 

ore or primary metal can be substituted for it in production a t  prevailing price levels. The greater 
the degree of substitution, the flatter the demand curve. (Intuitively, this means that a fairly 
small increase in the price of old scrap a t  a given ore price will result in a relatively large drop in 
the demand for old scrap as users substitute toward primary sources, and, conversely, as the old 



. . . . 

scrap price decreases.) This steepness ig not immutable of course. I t  depends fundamentally on 
the 'mix of metal-using activities in the economy.and the technical conditions of production that 

. . .  
prevail a t  any'given time. : 

It is also likely that the shirt-*un demind curve for scrap will be steeper than the long-run 
curve. In the short run, .industrial may be set for a particular rate of scrap.input, and 
higher scrap prices will not have any immediate impact on the sales of scrap-using products. In 
the longer run, however, production processes can be'adjusted touse less scrap (and more ore). At 
the same time, price-responsive market demand will shift'in favor of products from relatively ore- 
intensive as opposed to 'scrap-intensive processes. For both these reasons, long-run demand for 
scrap will be considerably more pricerresponsive than short-run-demand. : 

. . 

% .  

While the steepness df the demand curve depends 'on substitutability in aggregate metals 
production as well as the length of the time period being considered, the position of the curve is 
affected by' the price of new ore and the level of demand ,for metal products (which is itself a 
function of the generalized priiie of metal predicts). The  higher the price of new ore, the more 
scr'ap will be demanded .at any given scrap price. .Similarly, the higher the demand for metal 
products, 'the highei the demand for scrap a t  any giyen price. 

. . . . 
. . 

2.1.5.2 . The . Supply Curve . , ,, 

The scrap supply curve can alsd be thought'of in teF& of sldpe and position. Basically, the 
steepness of the curve in'the short'tun will reflect the extra c.ost at. which variable production 
inputs can be obtained. short-run response may require the payment of overtime wages or 

. . multiple shifting of the available facilities, with a consequent increase in the rate of depreciation. 
Furthermore, .the stock of {'mingble'l refuse for scrap recovery is limited in any period, and 
diminishing returns are: bound to apply (unit increases .in supply will require ever-greater 
intensities of extiaction effort, kince the most readily available scrap will, be utilized first). 

Over longer periods, the prick responsiveness of the old scrap supply is likely to be greater 
than in the short rub: More labor can be hired a t  the going (con-overtime) wage, and old, 
relatively inefficient,. scrapping equipment can, be profitably pressed back into service. In addi- 
tion, users of ca~ital.equipment will adjust their scrapping ratks to the-.higher scrap value of their 
equipment so that a higher volume of scrap will'be forthcoming. 

. . 

Just as in the case of the demand curve, the supply curve can also shift in'response to 
changes in exogenous factors. Technical progress in the.design of scrapping equipment will result 
in an outward shift of the. supply curve as'product&n of any quantity of scrap becomes less costly. 
On the other hand, increased prices 'for a number .of factors (e.g., wages, implicit rent rates for 
capital) will cause an inward shift of the curve. Finally, the curve'can shift around significantly in 
response to yearly fluctuations in scrapping as a'result of variable'investment rates in the distant 
past. . . . . 

2.1.5.3 Market ~ ~ n a m i c s  
Obviously, the dete~mination ,Of price and output in the secondary scrap industry is a 

complex phenomenon, and no simple.explanation for changes.in the rate of recycling is possible. 
With seine sigllificarit degree of .inelasticity of' both supply .and demand for scrap, however, one 
thing is clear: natural demand-side fluctuations from the present business cycle and supply-side 



fluctuations from past businesscycles are themselves sufficient tq guarantee substantial price 
instability in the scrap market. ~urthermore, these majdr sources of instability are largely 
unpredictable to scrap suppliers, so a substantial element of risk. is inescapable in the industry. 
Scrap suppliers generally run small-scale operations and, in the absence of appropriate insurance 
or buffering mechanisms, must tend to be somewhat averse to risk. Thus, any factor that would 
reduce this price instability would. tend' to increase the equilibrium production level for scrap 
even if the average price remained unchanged. . 

. . 

2.1.6 Econometric Estimates of Scrap Supply Elasticity 

2.1.6.1 Introduction . 
The scrap market plays an essential role in recycling; and'it is'important to know how much 

more scrap will be forthcoming if scrap prices' rise. While econometric models of scrap metals 
markets are obviously useful in this coritext, they must be properly specified and estimated if 
they i re  to yield meaningful results. This discussion prdvides an introduction to the econometric 

. . 
analysis of scrap supply. . ' 

2.1.6.2 The Simultaneity Problem 
At any given time, the markets for scrap, ore, and metal products are observed to clear 

simultaneously a t  some set of prices and quantities. Since all of these quantities and prices are 
established interdependently, it is not possible to observe the behavior of one market in isolation 
from the others and draw any firm conclusions. In econometric parlance, this is known as "thr 
simultaneity problem," and any attempt to estimate the parameters of an equation that de- 
scribes one part of the system must take simultaneity into account. 

In attempting to focus on the supply schedule for scrap, i.e., how the quantitv of scrap 
supplied varies with price, i t  is not sufficient simply to observe the time paths of scrap price and 
quantity delivered and hope that this information will yield adequalc infurmation about price 
responsiveness. Demand-side variables will inevitably have intervened, as will exogenous forces 
that have shifted the supply schedule. Shifts in the' price of metal products and ore may have 
shifted the demand curve, for example, while the introduction of new equipment or shifts in the 
costs of other inputs to scrap production (e.g., labor, capital) may well have acted on the supply 
side. Thus, the observed path of prices and delivered quantities in the scrap industry is the result 
of a simultaneous interaction of supply and demand schedules for scrap. This interaction might 
well generate a time path of prices and quantities as shown in Figure 2-1. 

It is along the supply curve in this figuie'that any demand-induced increase in price will 
have to trace out its consequences for the.?utput of idrip. Although i t  is not immediately obvious 
how to deduce the shape of the supply curve. from the record of price-quantity combinations' 
generated by the interaction of supply .and demand, econometricians have deve1oped.a series of 
methods for dding so. No econometric estimates of price re,sponsiveness on the supply side can be 
taken seriously unless they have been generated by a technique which takes this problem of 
"simultaneity" into account. . 

. . 

2.1.6.3 The Problem of Supply Equation Specification . ' 

A second major problem in estimating price-respo~siveness in the scrap industry is the 
identification of short-run and long-run behavior. While a sudden change in price may not have 
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FIGURE 2-1 AN ILLUSTRATION OF THE SIMULTANEITY PROBLEM 



much immediate effect on supply, adjustments of factor inputs over a somewhat longer time 
period will often permit a significant response. I t  is therefore necessary to specify the scrap supply 
equation in such a way that the difference between short- and long-run responsiveness can be 
accounted for. The way in which this is generally done can be described with the aid of a brief 
example. 

In modeling the price-responsiveness of scrap, the problem of simultaneity has been cor- 
rected for by the appropriate means. Estimates of the price-responsiveness of scrap supply in 
both short-run and long-run terms could then be obtained by econometrically estimating an 
equation of the following type: 

Qt = B, + 1 3 2 t  -1- rBzQt-i (1) 

where Q, = quantity of scrap supplied at time t 

Q,., = qnantity of scrap supplied during the 
previous time interval t-1 

P, = price of scrap a t  time t 

Po,fi1,P2 = constants 

Here, the present quantity of scrap supplied is taken to be a function both of the present 
price of scrap and of the supply of scrap in the period itninediately preceding the present. It may 
be helpful to think of this latter term as an "inertia factor" which describes the importance ul  
recent activity levels in determining the current level. Given this specification of the price- 
quantity relationship, il is easy to follow through the effects of an increase in the price of metal. 
The immediate impact of the price increase is indicated by Iht! response parameter P,, which 
predicts some resulting increase in scrap output durlng Ills period in question. 

Now, note that the current period's output Q, will become Q,., in the next period. The price 
increase will therefore make itself felt again in the future, and some "echo" effects will still be 
present several periods hence. This is the simplest sort d dynamic equation, which can be solved 
by considering the situation after a once-for-all price increase has worked its way through the 
system. Once the transient price effect has been completely dampened by the passagc of time, the 
condition Q, = Qt-l will prevail. Substituting appropriately into the original equation gives the 
following long-run equilibrium condition: 



The appropriate measure of the long-run impact of the price increase now appears to be the 
parameter Pl/(l-P2). Thus, the appropriate'means for estimating the long-run effect is implicit in 
the original specification of the scrap supply equation. 

While this kind of lagged-effect model is quite useful for distinguishing between short- and 
long-run price responsiveness, i t  is subject to another set of serious econometric problems that 
must be accounted for. Professor Ray Fair has developed an appropriate correction te~hnique. '~ '  
Any estimation of an equation of the above type that does not employ the Fair technique is not to 
be trusted because the parameter values will be biased away from the true values in systematic 
ways. 

Some attention should also be devoted to the units in which the relevant variables are 
measured. Equation (1) above is in what is generally termed the "linear" form, and the parameter 
values indicate the short- and long-term changes in scrap output (measured in whatever units 
have been employed for the econometric work - most probably thousands of tons) that will result 
from a one-unit change in scrap price (generally, price is measured in cents~lb, or $/ton). 
Although it has been convenient to use this linear equation form in introducing the notion of 
short- and long-run response measurement, the implied relationship between scrap supply and 
scrap price is not, in fact, a very realistic one. Generally, the workings of the market are captured 
much better by equations that describe responsiveness in proportional terms. Equations that are 
linear in the logarithms of the relevant variables have this property. Suppose, for example, that  
the original supply equation was respecified in the following way: 

In this "log-linear" form, the estimated parameters can be interpreted as ratios of percentage 
changes. Thus, P, in this revised form would measure the percent change in quantity that would 
result from a percent change in price in the short run, and similarly for @,/(I-P2) in the long run. 
Since these interpretations coincide precisely with the standard definition of price elasticity of 
supply, the log-linear specification is quite convenient for empirical work. 

2.1.6.4 Statistical Questions 
Typically, the parameter values for equations like those above are estimated using a 

computer algorithm that minimizes the sum of the squared differences between the actual supply 
observations and the observations that would be predicted by the simple model specified. These 
"least-squares" estimates are no mure than approximations, of course, and the history they 
describe is only one sample from a multitude of possible outcomes. Had history been allowed to 
repeat itself, the observed supply levels would undoubtedly have been different, even if the 
associated prices had been exactly the same. To acknowledge this is simply to acknowledge the 
role of random changes in the environment for which the simple model does not compensate. 

Thus, observations used for "least-squares" estimation are really random draws from the 
population of possible outcomes, and the resulting parameter estimates must be subject to 
uncertainty. Using linear algebra and the Central Limit Theorem of Statistics, econometricians 
have been able to devise a means for estimating the range within which the "true" parameter 
values for any equation probably lie, given only the assumption that intervening changes in the 
e~~virunment are essentially random. In .most reports of econometric results, the estimated 
uncertainty level is presented as the "standard error" of the estimated parameter. A good rule of 



thumb for constructing the range within which the true parameter could plausibly lie is to double 
the reported standard error, add it to the estimated'parameter value to form the upper bound for 
the plausible range, and subtract it from the estimated parameter to form the corresponding 
lower bound. As an example, suppose that a log-linear supply equation has been estimated for 
scrap with the following results (the estimated standard errors are included in parentheses 
underneath the estimated parameter values): 

Log Q ,  = 1.26 + 0.49 Log P, + 0.27 Log Qt-r 

(0.09) (0.15) 

Using the calculated standard errors, the interval within which the true short-run price 
elasticity can be plausibly supposed to lie will be: 

At the same time, the best estimate of the long-run elasticity will be: 

' Obviously, there is an illusory degree of certainty that will prevail if only the estimated 
parameter values themselves are considered. At the same time, there is a good argument for 
considering the actual parameter estimates as the best ones, if only one prediction of the 
consequences of a price change is needed. 

As a conclusion to this general discussion of econometric estimation of.price responsiveness 
equations, a word should be said about the interpretation of R2, which is commonly used as the 
measure of the degree to which an equation has successft~lly "explained" the observed variation 
in the behavior of some variable iin this case, the supply of scrap). In econometric work that 
involves the analysis of movements of variables through time, R2 is frequently of little practical 
use. Given the tendency of variables such as output to exhibit persistent strong trends arid the 
fact that conventional supply equations frequently specify present output as a function of past 
output (among other things), it  is not a t  all surprising that such equations tend to exhibit very 
high R2 values. Such a high value obviously does not mean much when the behavior of a variable 
is being "explained" by its own. behavior in the immediate past. Thus, the important measures in 
econometric estimates .of supply behavior are the parameter values and the standard errors, not 
the estimated R2 values. 

2.2 METHODOLOGY 

2.2.1 Methodology Overview 
This section describes the general methodology established by DOE for the metals, pulp and 

paper, rubber, and textile industrie~.'~' 

Figure 2-2 indicates a series of steps required for developing draft targets for recoverable 
materials (RM) for all industries. These steps are discussed below; 
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Step 1: Select Appropriate Industry Subdivisions 

A. The following factors were considered in determining portions of an industry to be studied 
further: 

1. Historical and current use of recovered materials in the industry 

2. Sales of industry components 

3. Energy consumption levels 

4. Parts of the industry that historically and currently use recovered materials 

5. Potential for use of recovered materials between now and 1987 

6. All materials identified in the legislalion. 

B. Portions of the industry (e.g., fabricating plants) were'excluded from further consideration 
since additional study of these segments wodld not contribute anything useful lu 11.w ~esults. 

C. Each industry segment was carefully studied to determine whether an SIC, process, product 
type (other than SIC) or some other sub-division of the industry was most appropriate. 

D. The result of Step 1 was one ordinate of the '-'industry HM source matrix," shown in Figure 2- 
3. 

Step 2: Select Sources of Recoverable Materials 

A. The following factors were considered in determining sources of recoverable materials: 

1. Qualiby of w a ~ t e  

3. Diopnrninn nf wmtn 

3. Quantity of waste 

4. Potential new sources, and their quality, dispersion, quantity, etc. 

5. Char~ges in existing sources. 

B. Sources of RM do include: 

1. Wastes that contain materials listed in the Act (e.g., mine wastes). (As discussed in 
Section 2.2.1, however, mine wastes do not meet the economic feasibility criterion in the 
legislation.) 

2. Wastes from outside the United States (none were found). 

3. Any wastc that may provide RM to replace any virgin material used by any of the ind~~s t ry  
subdivisions defined in Step 1. 

C. Sources of RM do not include: 

1. Waste materials not among those listed in the Act (none were found). 

2. Situations where a clear case can be made that the potential sources will never be 
realistically used as RM, for whatever reason - technical, economic, institutional, etc. 
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3. Waste materials generated and introduced back into the process within the same plant. 
Because home scrap and prompt industrial scrap are identical except for the ab- 
sencelpresence of a transaction, home scrap was tracked as a separate category when data 
were available. Since almost all home scrap is recycled, this does not affect any draft 
target. 

D. The result of Step 2 is completion of the basic "industry RM source matrix," shown.in Figure 
2-3. This figure shows present and future sources for recovered materials for an industry 
subdivision. 

Step 3: Technological Feasibility Analysis 

A. Current and historical use of RM within each industry sub-division, by source of RM, for each 
source defined by a marked cell in the matrix was quantified wherever data were available. 

B. Present technical limits on industry's ability to utilize RM were analyzed. Typically, such 
limits are related to an industry's existing equipment and plant (capital stock). 

C. Future technical limits represented bjl decisions already made (e.g., plant expansions, new 
plant construction, etc.) were determined. 

1). F&alistic technologies that could alter these technical limits were assessed if they could be 
. physically in place and operational between now and 1987, and could have some minimum 

level of' impact on use of the recovered material. 

Step 4: Economic Feasibility Analysis 

The approach used in the economic analysis by Arthur D. Little, Inc., was adapted froin 
DOE'S guidelines. Arthur D. Little's approach used econometric techniques to estimate the 
supply of scrap in 1987. Since the purpose of this project is to increase energy savings via the use 
of recovered materials, it  is important to remember that the ferrous industry (iron and steel, 
ferrous foundries, and ferroalloys), as defined here, accounts for approximately 83% of the energy 
consumed in the metals sector (i.e., SIC 33), aluminum for about 1196, copper Lor about 3!%, and 
all others for the remaining 3%. Energy consumed in the lead and zinc segments is less than 1% 
each. Therefore, most of the effort in econometric modeling was focused on the ferruus scrap 
users, followed by aluminum and copper. For lead and zinc, draft targets were estimated on the 
basis of published forecasts of trends in these industries relating to growth rates, changes in 
industry structure -and changes in market structure. 

A. Actions that affect the target: Major actions that could realistically increase the use of RM by 
a defined industry subdivision were addressed. These incentives could be financial, regu- 
latory, institutional. etc, in nature. 

B. Sensitivity analysis: The sensitivity of the target to key economic variables was addressed. 

C. Upon completion of Step 4, the economically feasible level of RM use by each industry 
subdivision was defined. 



2.3 IMPACT OF GOVERNMENT ACTIONS ON RECYCLING 
Many government policies can potentially have an impact on the degree of recycling in all 

types of primary and.secondary metals industries. Of the potentia1,actions discussed below some 
have been debated for years and have yet to be passed as legislation. In other cases the legislation 
has been enacted recently and is yet to be fully implemented through regulations. Finally, in still 
other cases the government policies and associated regulations have been fully implemented and 
their effect is already prevalent within the existing economy. 

2.3.1 Federal Policy 
It has been claimed that there is a t  present a de facto federal policy which appears to favor 

the use of virgin materials over recovered materials because of different treatment under the 
federal tax code. Rslevant components.include: percentage depletion tax reductions; expensing of 
certain exploration and development costs; capital gains; domestic international sales corpora- 
tion allowances; foreign tax credits; and western hemisphere trade corporation allowances. I t  has 
been argued that each of these components has the effect of reducing the costs of producing virgin 
materials and has resulted in inefficient allocation of capital and price distortion by causing the 
supply curves for metals to be lower than would prevail in the absence of favorable tax treatment. 
According to Page,' the long run effects of favorable tax treatment of the primary industries are: 
lowered prices, increased rents, and more exploration and other investments in the extractive 
industries. A recent report has estimated the increase in recycled materials which would result 
from equalization of tax treatment between the primary and secondary industries.= The results 
show that the percent increase in recycling would be 0.42% for scrap steel; 0.35% for copper; 1.0% 
for aluminum, and 0.75% for lead.' 

The Office of Technology Assessment6 has assessed the potential effect of five economic 
policies for stimulating recycling and reducing the rate of disposal of municipal solid wastes 
(MSW) . These are: 

product charge ,- an excise tax levied on material goods on the 'basis of a measure 
of ultimate disposal cost. 

recycling allowance - a tax incentive to producers or users of recycled materials. ,. severance tax - a tax on virgin materials. 
percentage depletion.allowance - a deduction from income before taxes for extrac- 
tion of certain specified minerals. 

capital gains treatment of income from standing timber. 

The OTA believes the product charge and the recycling allowance to be the most effective if 
they could be made to work; however, both pose major administrative barriers to successful 
implementation. The OTA believes that the repeal of the depletion allowance for hardrock 
minerals and of the capital gains treatment for timber income would increase recycling by only a 
small amount and not significantly reduce the generation of waste. Overall, the OTA report 
favors the removal of existing preferences for virgin materials to establishing new ones for 
recycled materials from the perspectives of equity, economic efficiency and administrative 
burdens. 



. . 

2.3.2 Freight Rates . . .  

It has been argued that railroad freight rates disdriminate.against recovered materials. A 
recent study by the Office of Technology -Assessmente has found :that the determination of . 

' 

discrimination depends on both the'material concerned and more importantly on the basis chosen 
for the definition of discrimination. This study has found tha t  if the discrimination were.elimi- 
nated (using fully allocated costs as the indicator of maximum discrimination) shipments of 
scrap steel would increase from 0.5 to 2.9% and the shipments of scrap riluminum would increase 
by 0.06%. In spite of these small projected increases, . OTA . favorsrate adjustment on the basis of 

. . 
equity and economic efficiency; . .. 

. . .. . 

2.3.3 Product Specifications' 
Product specifiiations (in,favor either of virgin or in favor i f  secondary msterials) can lead 

to a market inefficiency. In the past, product specifications have generally discriminated against , 

. recovered materials. ~he .secondar~  metals-industry and its customers have more or less success- 
fully moved away from specifications,based on source. or pedigree towards specifications based on 
chemical composition and/or performance. A government policy of 'reinstitutiig "pedigree" type 
specifications would lead t o  a market inefficiency that would favor one or the .other type 'of 
material. The Office of Technblogy Assessmente believes that 'specifications for the'quality of 
recovered resources are needed mainly to facilitate trade and not for'the purposes of protecting 
consumers. They belieye that the current state of activity concerned :with voluntary standards is 
such that there seems to be no need for government action beyond that authorized under the 
Resource Conservation and Recovery Act. These actions are li&ly to favor recovered materials. 

2.3.4 Pollution Control Costs. 
Government policies on controlling pollution have had. a major impact on increasing the 

operating cost of plants treating primary and secbndary materials. ma an^ secondary sectors have. 
been more severely impacted because of the small scale of operation and frequently, the complex 
nature of the raw materials. As operating costs increase, one would expect the rate of recycling to 
decrease (all else equal) since it would no longer 'be economically feasible to process.margina1 
scrap. Consequently, this scrap would be discarded. If higher costs result in higher prices, 
material conservation would be promdted because demand would decrease in response . to . the 
higher price. 

. . 

2.3.6 Market Structure 
Since the primary industries .are. condentrated, it has been argued that this "market 

inefficiency" would result in.higher'prices, lower output, and increased profit. ~ i ~ h e r  prices, on 
the one hand, would be expected to slow down the rate of' exirtictiun uf the non-renewable 
resources and provide a price. umbrella for secondary ,material8 that. are close substitutes. This 
would not only lead ,to reduced primary production but would also induce recycling. Thus, this 
behavior, if it occurs, would-promote materials conservation. However, i t .L t l o t ~ c l e ~  that this . ' . 

discretionary pricing power would be used to ,limit output. Fink1 ha~.shnwn that the degree ,of 

competition does not appear to have.much bearing on'the rate of recycling. . . 

Government policy to change.the competitive s t ic ture  of the concentrated industries is not 
expected to have a'long-term effect on the rate of recycling, ,but might have some short-run 
effects. 



2.3.6 Beverage Container Deposit Legislation 
The OTA reporte has reviewed the available studies on beverage container deposit legisla- 

tion (BCDL). They find that such legislation would accomplish the goals of BCDL to some 
degree, i.e., a reduction in litter, in MSW, and in the consumption of energy and raw materials. 
However, OTA states that considerable uncertainty exists regarding the ultimate effects of BCDL 
on container market shares and on return and recycling rates. It. is felt that BCDL would lead to 
a ~ i  increased use of refillable bottles and that containers would be returned a t  a sufficiently high 
rate to ensure that its goals would be achieved. 
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; ' 3.0 INDUSTRY PROFILE 
. . ,  . 

3.1 INTRODUCTION . . 

This section presents general profiles for the major industrial segments .comprising SIC 33. 
The profiles include such topics as.industry structure, process technology, materials and recy- 
cling flow, and future trends. These profiles are designed to give a general overview of the 
respective industry segments as well as to.provide a framework with which to analyze current and 
future recycling practices. 

3.1.1 Definition of SIC 33 . ' . . 

As defined by the U.S. Office of ~ a n a ~ e m e n t  and Budget, this major industrial group 
includes "establishments engaged. in the .smelting and-refining. of ferrous and nonferrous metals 
from ore, pig or scrap; in the rolling, drawing and alloying of ferrobs and.nonferrous metals; in the 
manufacture of castings and other basic products of ferrous and nonferrous-metals; and in the 
manufacture of'nails, spikes and insulated wire and cable." Establishments engaged primarily in 
manufacturing metal forgings or i tamping~~are  classified in SIC 34 and are, therefore, excluded 
from this analysis. 

. . 
. . 

3.1.2 Subdivision of SIC 33 by Industry Groups 
In order to facilitate 'data collection,'analysis and presentation, .the major industry group, 

SIC 33, was subdivided into six four-digit SIC categories. Each of the four-digit SIC categories 
was reviewed tb  eliminate sections.not pertinent to ;ecycling. For example, SIC 3398 (Metal Heat 
Treating) does, not involve recycling and is, therefore, excluded from further analysis. The 
remaining four-digit SIC 'categories .were regrouped into five major industrial metal categories: 

. . 

~ e r r o u s . ~ n d u s & ~  (including Iron &. Steel; Ferrous Foilndries, and Ferroalloys) 
Aluminum ' ' . ' . . 

. Copper ' ' 

Zinc 
. Lead . , 

The resulting in'dustry subdivisions and the'SIC categories included, are given below:' 
, . 

Industry Subdivision SIC Categories 
> . .  

Ferrous Industry .3312,3315,3316,3317,.3321, 
,3322,3324,3325,3313, 

Aluminum , . . - .  3334,3353,3354,3355, 
. . (33417) (33418) 

Copper . . 

Zinc . . 3333, (33414) 
. . 

Lead ' 3332, (33413) 
----.a- 

1. SIC 3341 has been allocated by a five-digit SIC number hto the appropriate major Industrial categories. 



Industry profiles for each subdivision are described in the following sections. 

3.2 FERROUS 

3.2.1 Industry Definition 
The Ferrous.Industry is comprised of the following segments: 

Iron and Steel, which includes SIC 3312,3315,3316 and 3317; 

Ferrous Foundries, which includes SIC 3321, 3322, 3324 and 3325; 

0 Ferroalloys, which includes SIC 3313. 

3.2.1.1 Iron and Steel 
SIC 3312 includes "establishments primarily engaged in manufacturing hot metal, pig iron, 

silvery pig iron, and ferroalloys from iron ore and iron and steel scrap; converting pig iron, scrap 
iron and .scrap steel into steel; and in hot rolling iron and steel into basic shapes such as plates, 
sheets, strips, rods, bars and tubing and cold finishing and processing these products in the same 
plant." Also included are merchant blast furnaces. 

SIC 3315 is comprised of "establishments primarily engaged in drawing wire from pur- 
chased iron or steel rods, bars, or wire and which may be engaged in the further manufacture of 
products made from wire." Also included in this segment are establishments primarily engaged in 
manufacturing steel nails and spikes from purchased materials. 

SIC 3316 includes those "establishments primarily engaged in (1) cold rolling steel sheets 
and strip from purchased hot rolled sheets, (2) cold drawing steel bars and steel shapes from 
purchased hot rolled steel bars and (3) producing other cold finished steel." 

SIC 3317 is composed of those "establishments primarily engaged in the production of 
welded or seamless steel pipe and tubes and heavy riveted steel pipe from purchased materials." 

3.2.1.2 Ferrous Four~dries 
The domestic ferrous foundry industry includes establishments primarily engaged in manu- 

facturing iron and steel castings. Establishments classified in other industries frequently operate 
their own foundry departments to produce castings to be incorporated into such products as 
stoves, furnaces, plumbing fixtures, motor vehicles, etc. Establishments primarily engaged in the 
manufacture and rolling of steel and classified in the Iron and Steel subcategory also make steel 
castings. 

SIC 3321 includes establishments primarily engaged in manufacturing gray iron castsings, 
including cast iron pressure and soil pipes and fittings. SIC 3322 primarily produces malleable 
iron castings. SIC 3324 primarily produces steel investment castings. SIC 3325 produces steel 
castings not elsewhere classified. The bulk of steel castings production falls into the SIC 3325 
category. 

3.2.1.3 Ferroal loys 
SIC 3313 contains "establishments primarily engaged in manufacturing ferro- and non- 

ferrous additive alloys by electrometallurgical or metallothermic processes, including high per- 



. . .  

. . 

centage fenoalloys and high percentage nonfeirous additive alloys." Ferroalloys produced by the . - 

blast furnace process will also be included.in the analysis for this report. 
. . 

. . 

3.2.2 Industry Structure. ' 

. .. 

. . 
3.2.2.1 Iron and Steel , . . 

  he United States consistently ranks firit or Second among world pridbcers of raw stee1.l 
Table 3.2-1 compares U.S. raw. steel output with the world total for the years 1950-1976. 
Geographic distribution of raw steel p'roduction has .shifted- steadily and dramatically in that 
time; the United States produced nearly half of the world's steel . in . 1950, but only 17% by 1976. 

. . 
Compared with a consistent annual growthrate of 5.8% worldwide, U.S. steel production has had 
only sporadic growth on the order of 1.5-2.5% annually, In 1976, U.S. production equalled 80.9% 
of calculated raw steel capacity of 158 mil1ion:short tons.P . . .  

. . 

The U.S. steel industry produces raw steel in some 165 steelmaking  plant^,^ with about 85% 
of the production. accounted 'for .by '15 large. companie~.~ Including associated steel rerolling and 
steel finishing plants, the U.S, industry is composed of some 400'plants. employing 520,000.8 

In 1976reported net shipments'weie abdut 90 million'short tons: Total revenues for firms 
accounting for nearly 90% of the natioF9s rawsteel production (1.28 million short tons) amounted 
to about $36.4 b i l l i ~ n . ~  . . 

. . 

The iron and steel industry consumed about 70%'of all energy used in the SIC 33 classifica- 
tion in 1976. purchased energy consbmption by SIC.category for the iron and steel industry is 
given in Table 3.2-2 for 1974-1976. 

. . 

Plants producing raw steel' may be"categgrized, into three broad groups - fully integrated, 
cold metal shops: and non-integrated. Fully integrated plants are engaged in both iron and 
steelmakjng operations. The integrated plants start with iron ore and coking coal, from which pig 
iron (or hot metal) is produced in blast,furnaces. .The resulting hot metal, along with scrap, is 
charged into steelmaking furnaces to produde kolten raw .steel,. which is subsequently cast and 
fabricated to finished steel products. In 1976, a total of 58 integrated plants were in operation.' 

The cold metal shops operate their steel furnaces with cold metal charge - scrap, pig iron, 
or, more recently, sponge iron made.'by direct reduction - which is melted and refined in the 
steelmaking furnaces. These plants do.'not prdduce hot metal from ore: Most cold metal plants in 
the United states use electrik arc furn'aces, which 'offer economic 'advantages and flexibility of 
operation. A special.group, of smaller cold metal plants comprises the so-called mini-mills; many 
of these mills have annuil capacities of less than 200,000 short tbns and limit their production to 
bar 'mill products, rebars and merchant'bars. In 1976, a total of 107 cold metal plants were in 
operation.' 

The third category of plants in the steel industry.are the non-integrated plants. These plants 
pufchase semi-finished steel .from integrated or cold metal producers for finish rolling and 
additional fabrication to.fina1 products: Many of the non-integrated plants are satellite finishing 
operations for the r.aw steel producers. This group includes facilities that reroll carbon steel 

. . 
products and others that finish ai1oy steel intermediates. 



TABLE 3.2-1 

Year 

1950 

1952 

1954 

'1956 

1958 

1960 

1962 

1964 

1966 

1968 

1970 

1971 

19/2 

1973 

1974 

1975 

1976 

RAW STEEL PRODUCTION : 1950-1 976 

Product ion 
(mi 11 i o n  s h o r t  t ons )  

World 

207 

2 34 

246 

31 3 

299 

382 

395 

479 

51 9 

583 

654 

640 

694 

769 

783 

71 2 

753 

U.. S . 

Source: A IS I  S t a t i s t i c a l  Reports, 1950-1977 

3-4 . 

U.S. as % o f  
t h e  World 



TABLE 3.2-2 

SIC Category 

331 2 

331 5 

PURCHASED ENERGY USE I N  THE IRON AND STEEL - 
INDUSTRY BY S I C  CATEGORY - 1974-1976 

Purchased Energy Consumption, 10' B tu  

1974 1975 1976 

1 599.5 1321.8 1427.4 

Source: U.S. Department o f  Commerce, Annual S ~ ~ r v e y  o f  Manufacturers ,  
"Fuel s and E l  e c t r i c  Energy Consumed", 1974-1 976. 



The six states bordering the Great Lakes - New York, Pennsylvania, Ohio, Indiana, 
Illinois, and Michigan - have historically accounted for over 75% of total U.S. steel o u t p ~ t . ~  
Within these states are about 80% of the integrated plants and 70% of the cold metal and non- 
integrated steel  plant^.^ This industry concentration results from the favorable location of raw 
material sources, transportation arteries, and steel-consuming industries. 

3.2.2.2 Ferrous Foundries 
In 1976, more than 1750 ferrous foundry plants were in operation, and the industry produced 

about 16.8 million short tons of castings valued a t  $10 billion (Table 3.2-3). The industry makes 
metal parts that range from tiny, specialized stainless steel heart valves to huge components for 
machine tools and hydroelectric turbines. Purchased energy consumption by ferrous foundries for 
1976 equalled 155.0 x 1012 BTU equivalents. Of this amount, gray (inchding ductile) iron 
foundries consumed 67%, steel foundries 23% and malleable iron foundries 10%.l 

Gray iron foundries are the largest segment of the ferrous foundry industry with 68% of total 
output in 1976. a 

In 1976, a total of 1195 foundries poured gray iron as their major product. About 80% of these 
foundries were small, employing fewer than 250 employees.@ However, the number of small 
foundries has dropped dramatically over the past 15 years and this trend is expected to continue. 

Gray iron foundries are concentrated in the Great Lakes region, but the industry is dis- 
persed across the nation with plants located in all 50 states. Gray iron foundries have a strong 
jobbing orientation, and 62% of the establishments sell all of their output to outside customers." 

Production of ductile iron castings started in the United States in the late 19407s, and has 
had t.ha highest, growth rate of all cast ferrous materials over the last 20 yearsc The physical 
properties of ductile iron are close to those of carbon steel, and can be produced in a manner 
similar to gray iron. Consequently, a large part of the growth of ducti!e iron has been a t  the 
expense of other ferrous castings. 

In 1976, 88 foundries produced ductile iron as their major metal psod~~ct.  Of these, 42% had 
50-250 employees and 37% had 10-49 errlployees.' Most of the ductile iron foundries are located in 
the Great Lakes and East South Central regions and most are job-oriented with 60% of the 
foundries selling all of their output.@ 

Malleable iron has been produced since the 1800's. Its position in the industry is now 
relatively minor in terms of tonnage and value of shipments. Because producliuli ol' inalleable 
iron is energy-intensive, its position in the future will be even less competitive. . 

In 1976,59 foundries produced malleable iron castings as their major product. Most of these 
were large luur~dries with about half having more than 250 employees.@ The malleable iron 
foundries are concentrated in the Great Lakes and Middle Atlantic regions and 66% of them are 
independent jobbers.@ 

Steel is the second largest segment of the fcrrous foundry industry. More than 95% of 
production is carbon and low alloy steel, with the remainder high alloy materiaLs Most of the 



TABLE 3.2-3 

NUMBER OF FOUNDRIES AND CASTING SHIPMENTS- 1976 

Number of 
Major Metal Cast Establishments Shipments 

thousands millions 
of tons of dollars 

Gray Iron 1,195 11,900 \ 7,010 

Ductile Iron 88 2,200 j 
Malleable Iron 

Steel 

Total 1,764 16,750 10,080 

Source: Bureau of Census 
Arthur D. Little, Inc.. , estimates 
Penton Pub1 ications 



output goes to railroad equipment and heavy capital goods. The main advantages of steel castings 
are weldability, strength, ductility, and impact resistance; premium price and casting difficulties 
limit its applicability. 

Steel foundries have been steadily declining and numbered only 422 in 1976. Of these, about 
80% had fewer than 250  employee^.^ Steel foundries are heavily concentrated around the Great 
Lakes and Middle Atlantic regions. These foundries are also jobbing oriented with 69% being 
independent  producer^.^ The present trend is toward even more jobbing orientation. 

3.2.2.3 Ferroalloys 
In 1976, 33 companies in the United States operated a total of 54 ferroalloy-producing plants 

in 18 states and employed approximately 8,300 p e ~ p l e . ~  Eleven companies operated more than 
one plant. A list of plants is given in Table 3.2-4. These plants produced 1.9 million short tons of 
ferroalloys valued a t  close to $1 billion ('l'able 3.2-5).1° Ferroalloys containing either manganese, 
silicon, or chromium accounted for slightly over 90% of produ~t,ion.'~ These rn~t~eriplr! were 
produced by 19 companies, which operated 37 plants.1° 

3.2.3 Process Technology 

3.2.3.1 Iron and Steel 
The flow of material and the functions of the unit operations in the iron and steelmaking 

and steel-forming sequences of an integrated plant.  re portrayed in Figure 3.2-1. The left side of 
the figure represents the iron and steelmaking end and shows the flow of raw materials into hot 
metal (molten pig iron) and steel. Alorig with scrap (about half of which is recycled from 
subsequcnt operations) the hot metal may be fed into any of three different types of refining 
furnaces to produce molten steel. The molten steel is then either cast into ingots and rolled in 
primary breakdown mills to semifinished forms by conventional practice, or direct cast into 
semifinished forms (blooms, slabs, or billets) by the continuous casting process. As indicated in 
the figure, the semifinished raw steel is routed through various rolling mills to he finished into a 
wide range of products such as structural shapes, bars, plates, and hot or cold rolled sheet. 

The principal components of the iron and steel technology that are relevant to this study 
are: 

Sinter plant 

Blast furnace (for producing pig iron) 

Direct reduction (for producing prereduced iron) 

Basic oxygen furnace 

Open hearth furnace 

Electric arc furnace 

Continuous casting 

Rolling and finishing operations 



FEKHOALLOY PRODUCERS I N  1977 

PRODUCER PLANT LOCATIONS PRODUCTS FURNACE TYPE 

A I R C O  ALLOYS DIV. Ca lve r t  City, KY FeCr, FeMn e l e c t r i c  
Ai rco,  Inc .  Char1 eston, SC FeCrSi , 
3801 Highland Ave. Mobile, AL FeSi, SiMn 
Niagara F a l l s ,  NY Niagara Fa1 l s ,  NY 

ALABAMA ALLOY CO, I N C  . . . Bessemer, AL 
Bessemer, AL Woodward, AL 

CHROMIUM MINING & 
SMELTING CORP. DIV. 

Chromasco L td .  
Memphi s , TN 

CLIMAX MOLYBDENUM CO. 
Div.  o f  Amax, I n c .  
1270 Ave. o f  Americas 
New York, NY 

DIAMOND SHAMROCK CORP. 
Chemetals Di v. 
711 P i t t am Road 
Bal t imore,  MD 

DUVAL CORP. 
900 Southwest Tower 
Houston, TX 

ENGLEHARD MINERALS 8 
CHEMICALS CORP . 

299 Park Avenue 
New York, NY 

FMC CORP. 
I n d u s t r i a l  Chemicals D i v  
633 Th i  rd Avenue 
New York, NY 

FOOTE MINERAL CO. 
F e r r o a l l  oys Di v. 
Route 100 
Exton, PA 

Woodstock, TN 

Langeloth , PA 

K i  ngwood , WV 

Sahuari t a  , AZ 

Rockwood, TN 
Strasburg , VA 

Pocate l lo ,  ' I D  

Cambri dge, OH 
Graham, WV 
Keokuk, I A  
New Johnsonvi 1 1 e , TN 

FeMo 
FeSi e l e c t r i c  

FeCr, FeSi e l e c t r i c  

FeMo metal l o the rm ic  

FeMn e l e c t r o l y t i c  

FeMo metal 1 o t  h e m i  c 

FeMn, FeSi e l e c t r i c  
FeV metal l o the rm ic  

FeP e l  e c t r i  c 

FeCrSi , FeV e l e c t r i c  
FeCr, FeSi 
FeSi Mg , Mn 
CaSi , s i l v e r y  
p i g  i r o n  



TABLE 3.2-4 (Continued) 

PRODUCER PLANT LOCAT IONS PRODUCTS FURNACE TYPE 

GLOBE METALLURGICAL DIV. 
I n t e r 1  ake, I n c .  Bever ly ,  OH 
1556 Union Comnerce B ldg  Selma, AL 
C l  eve1 and, OH Toledo, OH 

FeSiMg, SiMn e l e c t r i c  
SiCr,  FeCrSi 
FeCr, FeSi 

GULF. & WESTERN I N C .  
New Jersey  Zi'nc Co. 
2045 C i  t y  L i r ~ t !  Rcl. 
Bethlehem, PA Pal merton , PA Spl n e l  e c t r i  c 

HANNA MINING CO. 
100 E r iev iew  Plaza 
C leve l  and, OH 

HOOKER CHEMICAL D I V .  
Occ identa l  Petroleum 
600 Union S t r e e t  
N i  agara Fa1 1s , NY 

INTERNATIONAL MINERALS 
& CHEMICAL CORP. 

Tennessee A 1  1 oys Di v. 
818 Hami l ton Bank g l d g  
Chattanooga, TN 

KAWECKI BERYLCO IND. 
P.O. Box 1462 
Reading', PA 

KERR McGEE CHEMICAL 
K e r r  McGee Center 
Oklahoma C i t y  , OK 

METALLURG, INC. 
S h f e l d a l  l u y  Cur-p. 
West Boulevard 
Newf ie ld ,  NJ 

Riddle,  OR 
Wenatchee, WA 

Columbia, TN 

B r i  dqeport , AL 
K i  mbal 1 , TN 

S p r i n g f i e l d ,  OR 
Revere, PA 

Oklahoma City , UK 

Newf i e l  d, NJ 

MOBIL CHEMICAL CO. 
Mobi l  O i l  Corp.' 
150 E. 42nd S t r e e t  
New York, NY Nichols,  FL 

FeNi, S i  , e l  e c t r i  c 
FeS i 

FeP e l e c t r i  c 

FeS i e l e c t r i c  

S i e l e c t r i c  
FeCb metal 1 othermic 

FeV , 
FeCb , FeTi , e l e c t r i c  , 
FeA1 , FeB metal 1 othermi c 

FeP e l e c t  ri c 

MOLYCORP, INC. 
280 Park Avenue F ~ B ,  FeMo e l e c t r i c  
New York, NY Washington, PA Few meta l lo thermic  



TABLE 3.2-4 (Continued) 

PRODUCER PLANT LOCATIONS PRODUCTS FURNACE TYPE 

MONSANTO COMPANY 
I n d u s t r i a l  Chemicals 
800 N. Lindbergh B lvd .  Columbia, TN 
S t .  Lou is ,  MO Soda Springs , ID '  FeP e l  e c t r i  c 

NATIONAL NICKEL ALLOY 
Seven Parkway Center Ni  C r ,  
P i t t s b u r g h  , PA M a r i e t t a  PA Ni CrMo e l e c t r i c  

OHIO FERRO ALLOYS B r i l l i a n t ,  OH 
839 30th S t . ,  N.W. Ph i l o ,  OH FeB, FeMn 
Canton, OH Powhatan Pt . ,  OH FeSi, S i ,  

Montgomery, AL S i  Mn e l e c t r i c  

THE PESSES COMPANY FeSiAl , FeSiMg, e l e c t r i c ,  
29605 H a l l  S t r e e t  Pepper Pike,  OH FeSiT, FeSiZr, metal lo thermic  
Solon, OH Newcastle, PA FeA1 , FeB, FeCb 

REACTIVE METALS & ALLOYS 
N i l e s ,  OH West P i t t sbu rgh  , PA FeSi, FeTi e l e c t r i c  

READING-ALLOYS 
P.O. Box 53 
Robesoni a, PA FeCb, Few Robesoni a, PA metal lo thermic  .. . 

REYNOLDS METALS 
Richmond, VA S h e f f i e l d ,  AL S i e l e c t r i c  

SABIN METAL CORP. 
310 Messerole S t .  
Brooklyn, NY Brooklyn, NY FeNi , Few 

SATRALLOY INC. 
625 Stanwix S t r e e t  FeCr, FeMn, e l e c t r i c  
P i t t s b u r g h  , PA Steubenvi 1 l e  , OH FeCrS i 

STAU FFER CHEMICAL CO M t .  Pleasant,  TN 
I n d u s t r i a l  Chemicals D iv  S i l v e r  Bow, MT 
Nyal a Farm Road Tarpon Springs , FL 
Westport, CT Muscle Shoals FeP el e c t r i  c 

TENN-TEX ALLOY CORP 
. Div. o f  Sandgate Corp. 

1,3501 Indus tri a1 Road 
Houston, TX Houston, TX 

FeMn, SiMn, e l e c t r i c  



TABLE 3.2-4 (Continued) 

PRODUCER PLANT LOCATIONS PRODUCTS FURNACE TYPE 

TENNESSEE VALLEY AUTHORITY 
Muscle Shoals, AL Muscle Shoal s , AL FeP e l  e c t r i  c 

UN ION CARB I.DE CORP . A l l o y ,  WV FeB, FeCr e l e c t r i c  
Meta ls  D i v i s i o n  Ashtabula, OH FeCrS i , FeMn , 
270 Park Avenue Mar ie t ta ,  OH FeS i , FeV , 
New York, NY Niagara F a l l s ,  NY' Few, S i  

Port land,  OR 
Shef f ie ld ,  AL 

UNITED STATES STEEL CORP 
600 Grant S t r e e t  McKeesport , PA 
P i  t t sbu rgh  , PA C l a i  r t o n ,  PA FeMn b l a s t  

Sources: Steel  I n d u s t r y  i n  B r i e f :  Databook, U.S.A. 1977. I n s t i t u t e  f o r  
I r o n  and Stee l  Studies, W.E. P ie t rucha and R.L. De i l y ,  1977. 
U.S. Bureau o f  Plines, P i n e r a l s  Yearbook, 1977. 



TABLE 3.2-5 

FERROALLOYS PRODUCED AND SHIPPED - 1976 

1976 Production 1976 Shipments . 

A1 1 oy 
El emen t 

Gross Wei gh t Con t a l  ned Gross Weight Value 
l s h o r t  tons) (average %) (shor t  tons) (thousands $) 

Ferromanganese 

S i  1 i comanganese 

Ferros i I i con 

5" CI Chromi urn A1 loys  

Ferrochromi urn 

High carbon 
Low carbon 

Ferrochromi urn-si 1 icon 

Dt her A1 1 oys 

TOTAL 

Ferrocol umbi urn 

Feprophosphorus 

Others 

GRlMYD TOTAL 

Source: U.S. Bureau o f  Mines.Minerals Yearbook, 1976. 
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3.2.3.1.1 Sinter Plant 

A sinter plant has the dual function of beneficiating finely divided iron ore and agglomerat- 
ing various iron-bearing materials such as blast furnace flue dust, mill scale, and similar iron 
units generated within a steel plant. Sintered materials are more suitable for blast furnace feed 
than untreated materials .because of improved physical properties, higher iron content, less 
moisture and, in some cases, less sulfur. The use of sinter in blast furnaces has significantly 
improved furnace performance and productivity. 

A sinter machine is a continuous traveling grate. A mixture of fine ore and fine powders from 
various carbon sources (e.g., anthracite and coke breeze) is placed on a grate traveling over a 
series of windboxes. The mixture is ignited with a burner and the ignition zone moves down 
through the mixer as air is drawn through the ore by fans. The generated heat sinters the ore 
particles together into a relatively hard, porous mass. 

3.2.3.1.2 Blast Furnace 

The blast furnace is the workhorse of the iron and steel industry and is the basic process unit 
of all integrated steel plants. It is a vertical shaft reactor that burns solid carbon fuel (coke) and 
liquid or gaseous hydrocarbons (oil,. tar, natural gas) in the presence of iron oxide rich raw 
materials (ore, pellets and. sinter) and flux (limestone and dolomite), reducing the iron oxide to 
metallic iron as the burden descends. Furnace off-gases are cleaned to supply some of the plant 
fuel needs, and the recovered flue dust is usually sent to the sinter plant for recycling. As a result 
of improvements, blast furnace production records have increased markedly from about 1200 to 
10,000 short tons per day over the past 30 years.'") 

3.2.3.1.3 Direct Reduction 

Many direct reduction processes have been developed, but only a few have been com- 
mercialized. Of these, the static bed reduction processes and shaft furnace account for most of the 
world's installed direct reduction capacity. Both processes utilize gaseous reductants. The only 
static bed process used on a commercial basis is the HyL process. The shaft furnace processes now 
operated in this country are the Midrex process and the Armco process, while other available 
processes include the Purofer process, as well as several others. 

Direct reduction/arc-furnace combination plants may be increasingly attractive to the 
developing countries in the future as an alternative route to conventional steelmaking, especially 
in the lower capacity ranges, and when plentiful supplies of low-cost natural gas or other fossil 
fuels are readily available. However, a t  the present time direct reduced iron is not a large scale 
viable alternative in the U.S. mainly because of the limited supply of natural gas. 

3.2.3.1.4 Basic Oxygen Furnace 

The BOF process was first introduced into the United States in 1954; since that time raw 
steel production by this process has grown to more than 80 m.illion short tons.4 This growth has 
been largely a t  the expense of the less economical open hearth shops. This is shown in Table 3.2-6. 

Hot metal from blast furnaces is the largest and most important source of iron for the BOF, 
and usually comprises 70-80% of the ferrous charge materiaha Other metallic charge materials 

. .  incillde scrap and cold pig iron. 



, .  . 

.. . 

. TABLE 3; 2-'6 
. . 

BASIC OXYGEN STEE'L PRODUCTION' - 1957-1 976.' 

( thousand) .. . 

Bas ic  Oxyqen S tee l  
Year T o t a l  Raw .Bas ic  Oxygen .. as % o f .  T o t a l  Raw 

S tee l  Produc t ion  Produc t ion  S tee l  Produc t ion  - 

Source: A I S I  Annual S t a t i s t i c a l  Repoyts, 1956-1976 



.After charging .the furnace with metallics, diygeli is injected and lime and fluorspar fluxes 
are added: Carbon, feiromanganese, ferrdsilicon, aluminum, etc. may be added as the steel is 
tapped'into a ladle. Occasionally, alloys are charged to the furnace immediately before'tap, but 
these are usually metals that do notreadily oxidize. - such as nicke1,eopper and molybdenum. 

The Q-BOP process is one of 'the variants of the BOF process. In this process oxygen is 
introduced through a bottom blowing .tuyere which is surrounded by natural gas or light hydro- 
carbons flowing thro,ugh an  outer'.tube surrounding the tuyere. Since the Q-BOP furnace has a 
supply of fossil fuel'and oxygen, i t  c& be used as a:scrap preheater. However, despite published 
expectations, the Q-~OP'process has not been able to accommodate increased scrap in its charge 
in relation to the BOF process. It is .unlikely that the Q-BOP or any *her variant of the BOF 
process will significantly affect the increased use of scrap in the furnace charge by 1987. 

, . 
3.2.3.1.5 Open Hearth Furnake 

The open.hearth process, for many years the mainstay of the domestic steel industry, has 
' yielded to the dominance of the .basic. oxygen processes duringthe last ten years. In fact, bedause 
of relatively unfavorable economic and environmental .factors surrounding the operation of open 
hearth furnaces, it is doubtful whether any more.such . . plants will be built in the United States. 

Scrap with hot metal is charged to. .the furnace and heated to melting; Ordinarily, the 
percentages of scrap and hot metal vary.between 40% and,70% of the charge, although the furnace 
is capable'of running the full range up to 100% scrap.or hot metal: The melt is then "worked" by 
adding the necessary fluxing and oxidizing materials to refine the bath. 

. . 
3.2.3.1.6 Electric Arc ~ u A a c e  .. 

The first electrid arc furnace'in the U S .  iron and steel industry was installed in 1906. By 
1976, electric furnace' steel production was 24.6 million short'tons or 19.3% of domestic raw steel 
production.* 

Steel scrap is the principal raw material' for electric furnace steelmaking. Sponge iron from 
direct reduction has also been found to be practical for up to 100% of the charge; if this raw 
material Is available a t  a competitive price,.it is expected to be more important in the future.'* 

. . 

The capacity of electric arc fbrnaces'hhs .increased from, the 4 short tons per heat of the 
original '1906 furnace to. 400 short tons per heat in what is believed to be the world's largest electric 
arc steelmaking f u r n a ~ e ; ~  

The process is characterized by flexibility of operation and'close control of heat chemistry. 
,Therefore, it may be used to the full range of carbon,'alloy, structural, specialty, stainless 
and tool steels, and even' some oupcrallo~s. . 

. . 

3.2.3.1.7 continyous'casting . 

In continuous or strand casting, molten steel is converted directly into billets, blooms, or 
slabs ,&one continuous operation.  his bypasses the traditional steps of ingot casting, 
heating the solidified ingots in soaking pits, and priniary shaping of the ingots in suitable mills to 
smaller semifinished forms. ?;he process can result in improved product, superior surface condi- 
tions, and. better metallurgical quality .as well as considerable energy savings.12 



Continuous casting affects the quantity of home scrap generated in the U.S. steel industry 
and therefore, the consumption of purchased scrap. In 1976 about 12% of steel in the United 
States was produced by continuous casting.'* This proportion is expected to grow in the years 
ahead. . 

3.2.3.1.8 Rolling and Finishing Operations 

. The rolling and finishing operations in the steel industry can be broken down into: 

Primary Breakdown Mills 
Hot Strip Mills 

. Cold Strip Mills 
Bar and Rod Mills 
Pipe and Tube Mills 
Major Structural Mills 

. . . The massive ingot (which usually weighs from a few short tons up to 40 short tons) cast from 
. raw'steel must be rolled or forged to convert it to the shapes and dimensions desired by the steel 
.consumers..Thus, the first step in the processing of the ingot in the primary shaping operation is 

. hot rolling to intermediate shapes suitable for further processing. 

The basic primary mill is a blooming mill. Most blooms have square or rectangular cross- 
sections, but they can'also be round. The cross-section edge dimension or diameter of a. bloom 
usually ranges from 6 inches up to one foot or more. Blooms are similarly converted to billets with 
section edge dimensions reduced to a few inches, which are subsequently rolled to smaller 
intermediate shapes, or directly to rod, bar, heavy structural shapes or rails. About one-third of 
the industry's ingots cast in 1976 were processed through blooming mills for conversion to "long" 
products - e.g., structurals, bars, rods, and wire.le ' 

'Generally, the first step in producing flat rolled products from ingots is rolling the ingot into 
slabs. Modern slabbing mills have rated rolling capacities from over one million short tons to 
greater than three million short tons per year of finished slabs.3 The finished slabs from a slabbing 
mill (or a continuous- casting operation) are transferred to a slab yard for cooling, inspection, 
conditioning, and storage. The slabs are rolled to plate, whose size is limited by the dimensions of 
the' starting slab, or to hot strip, most of which is subsequently pickled, cold rolled, oiled, and sold 
as such, or is coated with zinc (galvanized), tin or other materials. Some hot strip, depending on 
final size, is used to make welded pipes and tubes. 

A third type of primary breakdown mill is the billet mill, which reduces a bloom or small 
ingot to a straight, square, or round billet. Billets are the feedstock for coiivetsion to bar, rod, wire 
and seamless pipes. Capacities of billet mills range from about 100,000 short tons to over one 
million short tons pcr 

After passing through the primary breakdown mill, blooms, billets and slabs are ready to be 
. converted to semifinished and finished products. This is accomplished either by hot rolling or by 

hot rolling foliowed by cold reduction. 

Hot strip rolling mills account for about half tohe steel products. A modem hot strip rolling 
mill consists of in line roughing mill stands in tandem through which a slab is passed sequentially 
to reduce the starting thickness of several inches. A hot strip mill can produce semi-finished strip 
to widths over 6 feet and a range of thicknesses from over one-half inch down to about 0.05 inch. 



. . 

. To produce thin-gauge steel, the hot'ro1led:strip 6r hot band must be further reduced. Since 
the hot strip has already been rolled to the limits of the hot strength of the metal, any further 
rolling must be done by cold rolling. The normal. range of ieduction in a tandem cold mill is about 
80-93% of the original :hot-band thickness. The cold rolled strip is cleaned and annealed for 

. . 
optimum properties. . 

Because of increased dkmahd for lighter-gauge .stock, current practice is to follow the . 

annealing operation with a second cold reduction of the cpld-rolled strip intended for tin plate. A 
temper mill is used to harden t h e  surface, to restore "temper" to  the annealed stock, and to 
prevent or minimize strain marking or breaking of the surface during subsequent operations as 
well as for the double reduction for thin tin plate. For applications requiring corrosion resistance, 
pickled sheet and strip are by either dipping or passing the sheet through a molten 
bath of zinc. 

Bar mills are among the oldest types of rolling units used in the steel industry. Such units 
have progressed from the single-stand, two-high configuration to the current multi-stand contin- 
uous mills. No other mill type.has.such a wide range of general-purpose products. 

The rod mill was evilved ?long .with'the ,bar mill, and the development of looping (i.e., 
taking the work piece in a second pass through a n  intermediate stand) made possible the rolling 
of small rounds.   he fully continiioui'rod mill can process longer and heavier billets and produce 
heavier rod bundles'than older mill designs: .' ' ' . 

. . 

Bar and rod mills are other important finishing operations in the iron and steel industry. 
Bar mills produce bars for use in the. construction'industry.' The important product of the rod 
mills is small-diameter rod for drawing to wire. Wire .is made by drawing the rod through 
successi~ely 's~aller  dies. The drawn wire is then fabricated to wire iroducts such as fencing and 
nails. 

Seamless pipe and tube make up another important segment of the steel industry. They are 
produced on unique equipment specifically designed to produce only these products. Several 
types of welded pipe are made fi-om hot-rolled flat stock whose width and thickness are appropri- 
ate for the size and grade of pipe. " 

. . 

The major structural shapes produced by the steel industry are angles, I-beams, H-columns, 
channels, T's, Z's and pilings, all of whith are used in bridges, buildings, ships, freight cars, etc. 
These are produced in special mills . designed . for the appropriate structural shape. 

3.2.3.2 Ferrous Foundries . : . . 

A typical foundry .can be divided into some ten interconnected operations: 

(, Raw matrerials st,c?rege.and handling ' 

patternmaking , . . . . 

Sand preparation . , 
.. . 

Molding 
Coremaking . . . . . . . . 

Melting ; 
0 Pouring, . 

Cooling . . .  

Shakeout . . .  . . 

Cleaning and finishing .:. 



Figure 3.2-2 shows the relationships among these operations. The principal melting methods used 
in the ferrous foundry industry are used as shown in Table 3.2-7. 

A cupola is a vertical, steel-shaft melting furnace, normally circular in cross-section. The 
cupola is the most important melting method in the iron foundry industry. I t  works on purchased 
scrap, pig iron; and home scrap. Coke and fluxes are the other important charge components. 

An electric arc furnace is the most important melting device for steel foundaries and is an 
important one for iron foundries. I t  consists of a steel-encased refractory hearth on which 
materials can be melted by heat from electric arcs. Arc furnaces used in foundries vary in 
diameter from a few feet up to 15 feet. Arc furnaces normally operate on 100% scrap charge. 

An induction furnace is a refractory-lined vessel in which the metal charge is melted by 
induction, i.e., by transforming electrical energy into heat. Induction furnaces are used in the 
melting of both iron and steel. Because induction furnaces are essentially melting and not 
refining furnaces they operate only on clean scrip. Induction furnaces are generally smaller lhan 
other types of melting furnaces and are either batch or semi-continuous operations. Induction 
furnaces are also used as holding furnaces. 

A reverberatory air furnace is a rectangular or cylindrical steel shell, refractory-lined 
throughout the inside, in which the heat source is above the shallow metal bath. It is used to a 
very limited extent only in malleable iron foundries. 

The open-hearth furnace used in the foundry industry is similar to that used in steel mills. I t  
varies in capacity from as little as 10 short tons to more than 200 short tons. The use of the upen- 
hearth is limited to a few plants in the steel foundry industry. 

3.2.3.3 Fcrroalloyo 
In 1976, ferroalloys were produced in the United States by electrolytic and metallothermic 

processes, in blast furnaces, and electric furnaces. One plant used the fused salt electrolytic 
process to produce low carbon ferr~man~anese.  

3.2.3.3.1 Blast Furnace 

The use of the blast furnace was limited to ferromanganese production. Two plants of this 
type, both owned by steel companies, were in operation in 1976. Neither is currently operating. 

The ferromanganese blast furnace is of the same type used to produce pig iron. In fact, a 
furnace used to produce one of these products is sometimes converted to the other. However, the 
trend in the United States is from the blast furnace to the electric furnace due to technological 
and economic fact.ors. 

3.2.3.3.2 Electric Furnace 

Roughly 100 electric furnaces are distributed among 38 ferroalloy plants. The submerged- 
arc furnace, the most widely used electric type, accounts for more than 75% of.all U.S. ferroalloy 
production. 
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TABLE 3.2-7 

PIELTING METHODS USED IN FERROUS FOUNDRIES 

Gray Duc t i l e  Malleable  Total  
Major Product I ron  I ron  Iron S t e e l  Ferrous Fdys. 

Me1 t i n g  Method (percentage o f  foundr i e s )  

Cup01 a 7 3 . 3  3G.4 40.7 1.3 53.9 

E l e c t r i c  Arc Furnace 8 . 5  10.2 18.6 52.8 19.5 

Core1 ess Induct ion  21.5 44.3 44.1 42.4 28.4 

A i r  Furnace 0 .5  0.0 45.8 0.5 2.0 

Reverberatory 7.4 12.5 0 .0  2 . 1 6.1 

Open Hearth 0.0 0.0 0.0 5.0 1.2 

Number o f  Foundries 11 95 88 5 9 422 1764 
In Major Product. 
C l a s s i f i c a t i o n  

Source: Penton Pub1 i c a t i o n s  Foundry Data Base, Cleveland,  Ohio, 1978 
Ar thur  D. L i t t l e ,  I nc . ,  e s t i ~ ~ i a t e s  



The submerged-arc furnace is cylindrical, and may be as large as 50 feet in diameter. These 
furnaces require careful preparation of charge material. The charge could include ore, slag- 
forming materials such as lime, iron and steel borings and turnings, and coal or coke. Raw 
materials contain 10-20% free moisture and may.be dried prior to charging. 

Some ferroalloys, such as low-carbon ferromanganese and low-carbon ferrochromium, are 
produced using two submerged-arc electric furnaces or may be produced by other methods not 
necessarily involving liquid metal. The furnaces are arranged in such a way that the slags, which 
inevitably contain high concentrations of the expensive metal, are not wasted but are used as a 
feed material to a furnace producing a different grade of the same ferroalloy. Sequential sub- 
merged-arc furnaces or a combination of submerged-arc and open-arc furnace cycles may be 
used. 

t 

An example of a combination of a submerged-arc and a direct arc (or open-arc) furnace is 
shown in Figure 3.2-3. The direct arc furnace produces medium carbon ferromanganese (82% Mn) 
and sends a manganese-rich slag to a submerged-arc furnace producing silicomanganese where 
the manganese units are recovered. Some of the silicomanganese, in turn, is sent to the furnace 
praducing.medium-carbon ferromaaganese where it is used as a reducing agent. The remaining 
silicomanganese is sold. As a result, the discarded slag contains only about 6% manganese. 

3.2.4 Materials Flow 

3.2.4.1 Iron and Steel 
In 1976, the United States iron and steel industry produced 128 million short tons'of raw 

steel,lO% more than in 1975 but 12% less than in 1974. Total shipments of all grades of steel 
products in 1976 equaled 89.4 million short tons." The flow of raw materials and intermediate 
products necessary in the production of this finished steel is briefly described in this section. Also 
included is a classificalivn of recoverable material as pertains to the iron and steel industry as 
well as a general profile of the industry's recycling activities. 

3.2.4.1.1 General 

Figlire 3.2-4, constructcd from U.S. Bitreau uf Mines aild AISI data in conjunction with 
Arthur D. Little Inc. estimates, gives a detailed flow of all materials within the iron and steel 
industry in 1976. 

3.2.4.1.1.1 Production of Pig Iron 

Domestic production of pig iron totaled 86.8 million short tons in 1976, an increase of 7 
million short tons or 9% more than in 1975. Of this amount, about 82 million short tons were 
consumed by steelmaking processes.2.4 

Raw materials to blast furnaces included pellets and sinter, flux, lump ore, coke and scrap. 
For every ton of pig iron produced in 1976, approximately 1.7 short tons of metalliferous materials 
were consumed in blast furnaces. Iron ore consumption, including agglomerates, totaled 136.8 
million short tons. Sinter plants a t  or near the blast furnaces consumed 25.8 million short tons of 
iron ore in producing 36.4 million.short tons of sinter. The remainder consisted of coke breeze, 
dusts anel sludges, limestone and doiomite, cinder and slag, and scale. Domestic pellets charged 
equaled 69.5 million short tons and sinter charged was 36.4 million short tons. imported pellets 
and sinter amounted to 17 million short tons. 
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Source: Special Arc Preprints, 32nd Electric Furnace Conference, AIME, 1974, p. 22 

FIGURE 3.2-3 SCHEMATIC ILLUSTRATION OF AN INTEGRATED MANGANESE 
SMELTING AND REFINING FACILITY 
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Consumption of oxygen in blast furnaces totaled 26.9 billion cubic feet in 1976 compared 
with 25.9 billion cubic feet in 1975. Through tuyere injection, blast furnaces consumed 9.7 billion 
cubic feet of coke oven gas; 445 million gallons of oil; 133 million gallons of tar, pitch, and 
miscellaneous fuels; and 157,671 short tons of bituminous ~ o a l . ~ . ~  

Besides pig iron, blast furnaces produce slag, dusts and sludges, and coke breeze. In 1976, 
approximately 15.6 million short tons of slag were produced, most of which were processed for the 
recovery of slag scrap prior to  disposal in landfills. Pollution control equipment associated with 
blast furnace operations collected 2.4 million short tons of dusts and sludges and 1.9 million short 
tons of coke breeze. 

3.2.4.1.1.2 Production of Steel 

According to the American Iron and Steel Institute (AISI), production of raw steel in 1976 
equaled almost 81% of industry capacity of 158 million short tons. This compares with a 76.2% 
utilization of 153 million short tons in 1975. Of the total raw steel production, 62.8% was produced 
by the basic oxygen process, 18% by open hearth furnaces, and 19% by electric furnaces. The 
trend toward basic oxygen and electric furnaces and away from open hearths continued in 1976. 

Total shipments of steel products for 1976 equaled 89.4 million short tons, 12% more than in 
1975. Shipments to the automotive industry totaled 21.4 million short tons, 40% higher than in 
1975, and shipments to service centers were up 15% to 14.6 million short tons. Shipments were 
down 15% and 8%, respectively, to the oil and gas industries and'to the construction market." 

Metalliferous materials charged to steel furnaces in 1976 averaged 1280 pounds of pig iron, 
993 pounds of scrap, and 22 pounds of iron ore (including agglomerates) per short ton of steel. 
produced. Nonmetallic materials charged to steelmaking furnaces in 1976 included 0.6 million 
short tons of fluorspar, 1.5 million short tons of limestone, 7.6 million short tons of lime and 1.3 
million short tons of other fluxes. Oxygen consumption totaled 196.3 billion cubic feet compared 
with 178.4 billion cubic feet in 1975. 

AISI statistics indicated that open hearth furnaces consumed 15.4 million short tons of pig 
iron, 1.2.3 million short tons of scrap, 1.5 million short tons of fluxes, and 40.6 billion cubic feet of 
oxygen in 1976. Upen hearth products included 23.5 million short tons of raw steel, about 4.9 
million short tons of slag, and 0.3 million short tons of dusts and sludges. Basic oxygen furnaces 
consumed 66.1 million short tons of hot metal, 26.2 million short tons of scrap, 8.4 million short 
tons of fluxes and 149.2 billion cubic feet of oxygen to produce approximately 14.0 million short 
tons of slag, 79.9 million short tons of raw steel and 2.2 million short tons of dusts and sludges. 
Electric furnaces consumed 0.4 million short tons of pig iron, 25.1 million short tons of scrap, 1.1 
million short tons of fluxes and 6.4 billion cubic feet of oxygen. Products included 24.6 million 
short tons of raw steel, 3.2 million short tons .of slag and 0.5 million short tons of dusts and 
sludgco. 

According to  AISI, steel melting furnaces in 1976 consumed 185.5 million gallons of fuel oil, 
80.6 million gallons of tar and pitch, 52.8 billion cubic feet of natural gas and 5.3 billion cubic feet 
of coke oven gas. Total consumption of electric power by the iron and steel industry in 1976 
equaled 54.3 billion kilowatt hours. 



3.2.4.1.2 Classification of Recoverable Materials 

The materials containing iron units presently being recycled in the iron and steel industry 
fall into four categories: ferrous scrap, mill scale, dust and sludge, and slag. 

3.2.4.1.2.1 Ferrous Scrap 

Ferrous scrap is composed of three types of waste and scrap material. These are: home or 
revert scrap, prompt industrial scrap, and obsolete scrap. Collectively, prompt industrial and 
obsolete scrap are referred to as purchased scrap. 

Home scrap is generated within the iron and steel industry as a result of melting, casting 
and processing operations. Most of it consists of Ingot and bloom scrappings; billet, pipe tind Ltir 
ends; hot metal spills and runnings; and plate shearing and sheet trimmings. Prompt industrial 
scrap is generated directly by metalworking firms in the fabrication of industrial and consumer 
products. It consists for the most part of clips, turnings, borings; punchings, stampings, trim- 
mings and drillings. In contrast, obsolete scrap is generated by corlsulllers of firlislred steel 
products, It is the processed form of ferrous waste resulting from discontinued economic use. This 
material is metallurgically very heterogeneous and can be contaminated with elements that are 
detrimental to steelmaking. Prompt industrial scrap is generally the preferred type of purchased 
scrap, depending on such factors as price, availability and products being produced. 

In 1976, the iron and steel industry consumed 68.4 million short tons of ferrous scrap. 
Consumption by grade of scrap for 1975 and 1976 is given in Table 3.2-8. 

3.2.4.1.2.2 Mill Scale 

Mill scale contains over 50% iron and is collected by the water pollution control facilities 
associated with the following: 

Primary reduction mill 
Continuous casting 
Hot rolling mill 
Cold rolling mill 

In addition to iron, these scales cun cot~tain small concentrations of t.rnnc metals, including 
chromium, copper, manganese, nickel, lead, and zinc. Mill scales can also contain as much 0.4% 
oil and grease. Because of the contained iron units, the scales are usually recycled to the sinter 
strand. Small amounts of scale are also recycled to the blast furnace via the agglomeration plant 
to steelinaking furnaces f6r recovery of iron and to promote lime or limestone dissolution. 

3.2.4.1.2.3 Dust and Sludge 

Dusts and sludges are the products in process gas cleaning and metal preparation as well as 
emission control devices associated with the major process steps in iron and steel industry. These 
materials are produced by coke plants, blast furnaces, steelmaking furnaces, and the various 
operations in finishing mills. 

 last furnace dusts and sludges consist predominantly of iron oxides, carbon, silica, and 
lime. (They also contain traces of alkali components.) Dusts and sludges produced by the basic 
oxygen and open hearth furnaces contain iron oxide, lime, silicon, some lead and zinc, and small 



TABLE 3.2-8 

CONSUMPTION OF FERROUS SCRAP BY GRADE 
(Thousands of net  tons )  

1975 

Carbon Steel  : 

Low phosphorous p la te  & punchings 

C u t  s t r u c t u r a l s  & p l a t e  

No. 1 heavy me1 t ing  s t e e l  

No. 2 heavy melting s t e e l  

No. 1 & e l e c t r i c  furnace bundles 

No. 2 & a1 1 other  bundles 

Turnings & borings 

Slag scrap (Fe content)  

Shredded o r  fragmentized 

All other carbon s t e e l  scrap 

TOTAL CARBON STEEL 55,816 

S ta in less  Steel  

Alloy s t e e l  ( s t a i n l e s s )  

Iron scrap 

Other grades o r  types of scrap 

TOTAL SCRAP 

Source: Annual S t a t i s t i c a l  Report, F,merican Iron and Steel  
I n s t i t u t e ,  1976 and 1977. 



amounts of carbon. In order to recycle this fine material i t  must be agglomerated. The sinter 
plant is particularly suited for recycling these materials'for the recovery of iron and carbon units. 

In contrast, electric furnace dust and sludge is not recycled. These dusts and sludges contain 
significant amounts of lead and zinc, and occasionally other .deleterious elements. In addition, 
sinter plants are usually not located near electric furnaces, thus precluding. any simple "in-' 
house" recycle scheme. For both of these reasons, electric furnace dusts and sludges will probably 
not be recycled in the near future, and therefore these materials will not be considered in this 
study. 

Sludges are also produced in various operations in st.eel milling facilities. Primary reduction 
mills, continuous casting units, hot rolling mills, cold rolling mills, tin 'plating mills, and' 
galvanizing mills produce sludges as a result.of water pollution .control'operations a t  a rate 
ranging from 0.1 to 10 kg/MT of finished steel. 

Because published data are'not available on dusts and sludges, they are excluded from the 
target analysis. 

3.2.4.1.2.4 Slag 

Slags are produced by b1ast;open hearth, electric arc, and basic oxygen furnaces. In varying 
amounts, all of these materials are recycled. within the iron and steel industry. Blast furnace slag 
is not included in this study as a recoverable material, because .it is usually sold to slag processors 
who recover by magnetic separation the iron units entrained in the slag. This material, known as 
slag scrap, is sold back to the iron arid steel industry for processing. Such slag scrap is included in 
thc catcgory of ferrous scrap. 

. . 

Open hearth and BOF slags are sometimes recycled to the sinter plant or used 
directly in t.he blast furnace. Reasons for this recycle include'recovery of contained iron values. 
Lime values are a l ~ o  rccovcrcd .to enhance sinter basicity. Eleclric. ~ L J T I I H C ~  slag is recycled to a 
small extent, primarily to. maintain a protective slag layer within the electric arc furnace during 
charging. . . 

. . 
3.2.4.1.3 Recycle Profile 

The U.S. iron and steel industry 'currently recycles substantial amounts of ferrous 
wastelscrap along with smaller amounts.of slags, dusts and. sludges, and scales. Unit operations to 
which these recyclable materials return include the sinter plant, the blast furnace, and all three 
types of steelmaking furnaces. In this section, the patterns of consumption of recyclable materials 
for each m i t ;  npc~ntion are described. Types ul ~~~liltrri~llu, quantitic~ rccyclad, and technological 
reasons for their utilization are given. Thus:a general recycle profile for the iron and steel industry 
is developed. 

3.2.4.1.3.1 Sinter Plants 

Materials currently being recycled to sinter plants include BOF and OHF slag, dust and 
sludge from the blast furnace, and mill scale. These materials are, recycled both to recover iron 
units and fluxes, and to a small extent, to improve the basicity and binding characteristics of the 
sinter. In 1976, sinter consumed.2.2 million short tons of cinder and slag, 2.5 million short 
tons of dusts and sludges, and 3.5 million short tons of mill scale, according to AISI statistics. 

. . 



3.2.4.1.3.2 Blast Furnace 

Materials recycled to blast furnaces include rolling mill scale, steelmaking slag,'and ferrous 
scrap. In 1976, blast furnaces consumed 4.2 million short tons.of mill cinder and roll scale, along 
with small amounts of various miscellaneous items. Net scrap consumption equaled 2.5 million 
short tons. About 1.5 million short tons of home scrap was also produced in 1976. 

Roll scales - oxides that form on the surface of.stee1 during heating for rolling - are 
recycled to blast furnaces to recover iron units that otherwise would be lost. This material is a 
source of relatively pure iron oxide, although in some mills i t  becomes contaminated with 
refractory and oily substances. 

BOF slag contains about 25% iron oxide by weight, and an excess of bases over acids. It is 
recycled primarily to recover iron units and secondarily to replace a given amount of basic fluxes 
in the blast furnace burden. BOF slag also contains sufficient manganese to make it a useful 
source of this element. I t i s  sometimes desirable to add BOF slag to blast furnace burdens in order 
to increase the manganese content where the hot metal is deficient and thereby prevent "slop- 
ping" in the BOF. The use of BOF slag is limited by the specification for the maximum 

. phosphorus content of the hot metal produced. Furthermore, since its use increases the total 
quantity of slag'per ton'of hot metal, its use is limited by the blast furnace's slag capacity. 

Ferrous scrap is recycled to blast furnaces both for the recovery of iron units and to increase 
the production of hot metal. This scrap is purchased or is produced by the blast furnace itself 
from slag processing or by subsequent operations within the plant complex. 

3.2.4.1.3.3 Basic Oxygen Furnaces 

In 1976, basic oxygen furnaces consumed 26.3 million short tons of ferrous scrap. The 
breakdown by type of scrap (home, purchased) is not known. Scrap is recycled to basic oxygen 
furnaces primarily to re'cover iron units and secondarily to serve as a sink for thermal energy. On 
the average, basic oxygen charges consist of approximately 28% scrap, by weight. 

In addition to scrap, mill scale is recycled to recover iron and to promote the dissolution of 
lime or limestone into the molten slag. A minor reason for recycling this material is to control 
furnace temperature by absorption of'heat. 

3.2.4.1.3.4 Electric Arc Furnaces 

Recyclable materials consumed by electric furnaces include mill scale, electric furnace slag, 
and ferrous scrap. Mill scale is used to a limited (and undetermined) extent to lower the carbon 
content of the melt. Electric fumace slag is recycled to a small extent in order to maintain a 
protective slag layer within the furnaces to 'increase hearth life. Within the iron and steel 
'industry, electric arc furnaces rank first in consumption of purchased scrap and second to BOF 
furnaces in the consumption of total (purchased and home) scrap. In 1976, electric arc furnaces 
consumed 25 million short tons of ferrous scrap versus only 0.4 million short tons of pig iron. 

3.2.4.1.3.5 Open Hearth Furnaces 

Recyclable materials consumed by open hearth furnaces in 1976 included 12.25 million short 
tons of ferrous scrap and much smaller quantities of open hearth slag and scale. 



3.2.4.2 Ferrous Foundries 

3.2.4.2.1 General 

The general materials flow in the ferrous foundry industries is shown in Figure 3.2-5. 

3.2.4.2.2 Classification of Recoverable Materials 
' 

The major types of solid wastes generated in the iron-and 'steel foundries are: 

Waste sand . . 

Core butts 
Dust and sludge . 

0 Slag 
Floor sweepings 
Refractories 
Home scrap 

The amounts of the above solid wastes generated in 1976 are shown in Table 3.2-9. The generation 
factors are estimated average values .for all foundries in each of the three major foundry 
categories. 

. > 

3.2.4.2.3 Recycling Profile 
. . 

Of the solid wastes generated in the ferrous foundry industries as gi;en in Table 3.2-9, only 
home scrap and to a certain degree waste sand are recycled. The scrap is recycled almost entirely 
within the foundrv where it is generated. Only &ry'minor amount,s of generatd hnme scrap RTP. 

sold back to the scrap industry (see Figure 3.2-5). The other.types of solid wastes generated, 
which all contain various amounts of iron along with traces of heavy minerals that dcpcnd on type 
.of foundry product, are not recycled at  all because of technical/economic limitations. 

3.2.4.3 Ferroalloys 
. . 

3.2.4.3.1 General 
. . 

3.2.4.3.1.1 Ferrosilicon 

Feeds to the ferrosilicon furnace include quartzite, gravel, coal, coke, and ferrous scrap. 
Almost all the quartzite and 'pave1 used is obtained from sources in the United States. Purchased 
ferrous scrap is consumed a t  a rate of 0.30 short tdni pei ton of ferrosilicon. Revert ferrous scrap is 
consumed a t  the rate of 0,30 short tons per ton of ferrosilicon. Revert ferroils scrai is cnnsnmerl at, 
the rate of 0.02 short tons per short ton of ferrosilicon. 

Slag is not generated in the production of ferrosilicon. Particulates are emitlted from 
furnaces at  the rate of 0.45 short tons per short ton of 75% ferrosilicon and 0.23 short tons per short . 

ton of 50% ferrosilicon. Recovery of particulates is about 90%. The resulting dust is disposed of in 
open dumps. . . 

3.2.4.3.1.2 Ferrochromium 
, . 

Feeds to a ferrochromium furnace .include chromium ore, quartzite, coal, coke, limestone 
and ferrous scrap. Very little ore is domestically~produced. Major suppliers of chromite are South 

. . 



Melting Methods Shipments (Thousand Tons) 

. . . , Air Furnace 850 . ' Standard Malleable l ron Cas;ing 569 " 

. Induction . . ,. 
Pearlitic Malleable lron Casting. ijg 

Cupola 
Electric Arc .. . 

. . . . 

I . . 

Home Scrap Recycle ' . 

FIGURE 3.26 MATERIALS FLOW-FERROUS FOUNDRIES 
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. Electric Arc 
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Carbon Steel Railway Castings 559 

Alloy Steel ~ a i l w a y , , , ~ s t i n ~ s  54 1 
Other Carbon Steel Castings 19 
Other Alloy Steel Castin& 
High Alloy Steel Castings 613 72 



TABLE 3.2-9 

. . 

WASTE GENERATION FACTORS AND 1976 WASTE GENERATION - IRON AND STEEL FOUNDRIES 

Generation (1 )  1976 
Fac tor  1 bs/ST o f  Waste Generation 

Foundry Type o f  Waste 
--,.-- F in ished Cast ings Tons X 103 

Gray and D u c t i l e  Slag 
I r o n  

S l  udge 

Dust 

Sand 1200.0 8460.0 

R e f r a c t o r i e s  27.6 195.0 

Home Scrap ( 2 )  6300.0 

Ma1 1 eable I r o n  Slag 

S l  udge 

Dust 

Sand 1200.0 510.15 

R e f r a c t o r i e s  26.4 

Home Scrap ( 2, 

Steel Castings Slag 244.1 

S l  udge 72.8 

Dust 372.0 

Sand 1561.0 

Re f rac to r i es  I 06.1 

Home 

Sources : 

1. Assessment o f  I n d u s t r i a l  Hazardous Waste P rac t i ces  i n  t h e  Metal Smel t ing 
and Ref inery  I ndus t r y ,  Volume 111, No. ND-5520-M-1 , Cal span. 

2. " I r o n  and Stee l  D i s t r i b u t i o n  i n  U.S.A. ," Modern Casting, October 1977, p. 85. 



. . 

Mri~a, Turkcy and the USSR.. A typical high-carbon dhromium plant consumes 0.053 short tons 
of ferrous scrap per shdrt.ton of ferrochromium. : 

By-products of fermchromium are particulates a i d  slag. Approximately 0.17 
short tons of particulates are entrained in furnace gas per'ton df ferrochromium produced. If a dry 
removal systemis used about 0.15 short tons of dust.containing 0:34% Cr are recovered per short 
ton of ferrochromium. If a wet collection.system is used approximately 0.15 short tons of sludge 
are generated. It is estimated'that between. 1.5 and 2.0 short tons of slag are produced ~ e r  short 
ton of ferrochromiuk. This slag is either open . dumped . dr used in road building. 

3.2.4.3.1.3 Ferrornanganese 

Most ferromangariese is produced in. a plant containing two or three other furnaces. Silico- 
manganese is produced in the same plant in order to recover the rnan'ganese unitsfrom the 
ferromanganese slag and to serve as a reducing agent. 

. . 
The furnace charge consists. of manganesd ore, coke, mill scale, remelted ferromanganese, 

. and possibly scrap from outside the'plant. At  least one plant includes silicomanganese in the 
charge. ~ o s t , " i f  not ill ,  of the domestic ore consumed comes from shipments of government 
stockpile excesses. Ore froin Afiica, Australia, and Brazil accounted for 79% of the manganese 
units and 78% of the gross weight in 1976. . . 

Furnace products include ferromangan&.e, particulates, and slag. Slag, containing 53% Mn, 
is produced a t  the rate of 0.60 short ton per short .ton offerromanganese, This slag can be charged 
to sili~ornah~anese furnaces if the plant is integrated with ~ilicoman~anese production. About 
0.36 short ton of ferromanganese slag per short ton FeMn produced is charged to silicomanganese 
furnaces., The remaining slag is stored for use in futuresilicomanganese production. 
Particulates in gaseous emissions are produced, a t  the rate of.0.17'short ton per short t v t ~  of 
ferromanganese. Most of this material is disposed of by dumping. 

. . 

Of the nine plants producing silicomanganese, eight were combined with ferromanganese 
furnaces. 'l'he charge t u  silicoi~~angancsc furnaces cnnt.ains ferromanganese slag, manganese ore, 
coal, coke, dolomite, quartz, mill scale, and remelts. Ferromanganese slag is consumed at  the rate 
of 1.34 ton per ton of silicomanganese leaving the plant. 

Furnace byproducts include slag .and partic,ulates. Slag is produced a t  the rate of 1.10 ton 
per ton of silicomanganese. ' ~ ~ ~ r o x i m a t e l ~  0.79 ton of this is used for road base and 0.32 ton is 
transported to open dnmps. 

3.2i4.3.2 Classifioation of Renaveiable Material' 

Sources of recoverable materials in the ferrpalloy industry are slag, dust and sludge, and 
, . ferrous scrap. , , 

3.2.4.3.3 Recycle Profile . . . . 

' l?igu;e 3.2-6 sho& the' paths taken by recyclable materials: Flow rates in 1976 are given in 
Table 3.2110. 'Of major significahce ib the flow of manganese 'units in ferrorrla~~ganesc olng to  t.he 
silicomanganese furnace. : '. . . . , 

. .  . 
. I .  . 



Slag Fiecycled to  Furnaces 

Slag to dump or sale 

Casting 

Ore - 
Pig Iron 

Dust and sludge to dump 

Ferroalloys for sale 

Source: Arthur D. Little, Inc. 

FIGURE 3.2-6 FLOW DIAGRAM IN  THE FERROALLOYS IrJDUSTRY 
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TABLE 3.2-10 

M a t e r i a l  

F e r r o a l  l o y  Produc t ion  

Ore 

P i g  I r o n  

S lag  - produced by 

k.' e l e c t r i c  furnzces 
W 
4 

Slag  - r e c y c l e d  t o  
furnaces 

S lag  - s t o r e d  f o r  
p o s s i b l e  f u t u r e  use 

S lag  - dumped 

S lag  - used i n  road  
b u i  l d i n g  

MATERIALS FLOW - 1976 

FERROALLOYS SEGMENT 

(Gross Weight, Sho r t  Tons) 

F e r r o s i  1 i c o n  Ferrochromi urn Ferromanganese Sil icomanganese 

860,799 269,247 482,662 128,917 

Dust and Sludge 290,950 45,233 80,798 

SOl!RCES: U. S. Bureau o f  Mines M i  raeral s Yearbook, 1976, 
Calspan, ."Assessment o f  I n d u s t r i a l  Hazardous Naste Practi.ces 
i n  Metal  Smel t lng  and R e f i n i n g  Indus t ry , "  Volume 111, 1977. 



3.2.5 Future Trends 

3.2.5.1 Iron and Steel 
During 1976, the U.S. iron and steel industry operated plants with an effective capacity 

utilization of 80.9% and produced 128.0 million short tons of raw steel. Assuming that U.S. raw 
steel production will grow at  1.5-2.076 per year, raw steel output would be about 174 million short 
tons by 1987. Final product shipments would be in the neighborhood of 125 million short tons.' 

The most significant trend within the U.S:iron and steel industry is the shift in the mix of 
the three principal steelmaking furnaces, i.e., basic oxygen, .open hearth, and electric arc. The 
percent of total stcel output for each of these furnaces for the years 1952-1976 is given in Table 
3.2-11. Most oP the BOF capacity came on-stream in the 1963-1970 period. The rate of BOF 
installation has since declined substantially, but, by 1976, BOF's accounted for approximately 
62% of U.S. raw steel production. This percentage is expected to increase by 1987. 

Most of the BOF growth has beeri. achieved at  the expense of the open hearth process, whose 
contribution to total domestic steel production has declined from 105.4 million short tons in 1955 
(90%) to 23.5 million short tons in 1976 (18.3%). The significant attrition in the number of open 
hearth shopi over the past few years is primarily the result of economic competition from the 
basic oxygen process, and of the pressure brought on the industry by environmental regulations. 

A second inportant trend which has taken place is the profileration of electric furnace 
"mini-mills" in areas outside the traditional steelmaking centers. This growth in capacity in 
recent years and plans for further growth have been spurred on hy a n~lmher of technological, 
market, and economic considerations including availability of continous casting, the application 
of ultra high power in arc-furnace technology, the increased scrap availability caused by the 
simultaneous growth in basic oxygen steelmaking and decline in open hearth capacity, and 
significantly smaller capital outlays required for this type of installation versus BOF steelmaking. 
In addition, small semi-integrated shops are able to take advantage of a t  least two other factors, 
both related to transportation costs: (1) local scrap generally costs less than that in the major 
steelmaking districts, and (2) costs of delivery to local markets are often lower than the cost of 
shipping steel from the major steelmaking centers. According to industry sources over the next 
decade electric arc installations may increase their share of raw steel production from the present 
value of 23% to about 30%. 

.Another significant factor in the iron and steel industry is the acceptance of continuous 
casting for high volume production. It is likely that most new U.S. steel plants geared to produce 
billets and slabs products will install continuous casting in the foreseeable future. Continuous 
casting capacity has increased sixfold in the .period from 1969 to 1977.18 By the end of 1978, 31 
million short tons of capacity was installed in 66 steel plants in the United States. The principal 
reasons of this increased capacity are: (1) higher yields with improved quality and uniformity, an 
important factor in reducing costs, (2) lower man-hour requirements, and most importantly, (3) 
significantly reduced energy requirements. 

3.2.5.2 Ferrous Foundries 

3.2.5.2.1 Iron Castings 

Historical production levels for iron castings, '1955-1976, are shown in Table 3.2-12. Gray 
iron production normally consists of approximately 40% ingot molds, stools, pipe, and mill rolls, 



TABLE 3.2-11 

RAW STEEL PRODUCTION BY PROCESS - 1952-1976 

Open . Hear th  Bas ic  Oxygen 

Thousan,ds 
Net 'Tons % - 

Bessemer 

Thousands 
Net .Tons - % 

E l e c t r i c  

Thousands 
Net Tons - '% 

T o t a l  - 
Thousands 

'Net 'Tons 
Thousands 
Net Tons Year 

1952 

i 953 

'1 954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

Source: Annual S t a t i : s t i c a l  Reports, Arnerizan I r o n  and S tee l  I n s t i t u t e ,  1952-1976. 



TABLE 3.2-12 

PRODUCTION O F  IRON CASTINGS - 1955-1976 

(thousand net  tons )  

Gray and Ducti le  Malleable 
Year Cas t i  nqs Castinqs Total 

Source : U. S.  Department of Commerce, Bureau nf Census, Current 
I n d u s t r i a l  Reports, M33, 1955-1976. 



with the remaining 60% miscellaneous industrial gray iron. The three largest gray iron markets 
are automotive, farm machinery and engines. Use of gray iron has been limited by: 

Weight reduction of automotive engine blocks 

Size reduction of air conditioner compressors 

Material substitution - aluminum, ductile iron, and plastics 

Increased production of smaller compact cars 

The major market for ductile iron is pressure pipe, followed by motor vehicles, engines, and 
farm machinery. Ductile iron has had an historical growth rate of 10-12%, giving i t  the best record 
in the ferrous foundry i n d ~ s t r y . ~  

Projected growth is mainly based on the following areas: 

replacement of other ferrous castings, primarily malleable iron, and steel. 

replacement of forgings, such as automobile crankshafts. 

Seventy-five percent of available malleable iron is consumed by the automotive industry. 
Other markets are valves, pipe fittings, construction machinery, farm machinery, and railroad 
equipment. 

According to Arthur D. Little, Inc., estimates, the production of iron castings in 1987 is 
estimated a t  approximately 20 million short tons. 

3.2.5.2.2 Steel Castings 

Steel casting production is basically determined by the consumption in the railroad and 
capital goods industries. Capital goods markets for steel castings are construction machinery, 
mining machinery, material hauling equipment, and metal working equipment. 

Table 3.2-13 gives the historical production levels of steel castings. The share of total 
production accounted for by the various types of steel castings is projected to shift fairly 
substantially. Alloy steel castings will increase their share of production a t  the expense of other 
carbon steel castings. According to Arthur D. Little, Inc., estimates steel castings production in 
1987 is projected a t  2 million short tons. 

3.2.5.3 Ferroalloys 
Consumption of ferroalloys is determined by the production of steel and cast iron. Of the 

total ferrosil'icon consumed, 53% was used in cast irons, 17% in carbon steel, and 15% in the 
remaining types of steel. Of the total chromium in.ferrochromium consumed, 68% was used in 
stainless and heat-resisting steel, and 20% in other types of steel. Of the ferromanganese con- 
sumed 77% was used in carbon steel and 17% in the remaining types of steel. Of the silicomanga- 
nese consumed, 57% was used in carbon steel, and 30% in other types of steel. Annual ferroalloy 
production over the l a d  10 years is shown in Tnhle 3.2-14. 

Future growth patterns of the major ferroalloys will be linked to the iron and steel growth 
projections and to the level of imports. 



. . 
TABLE 3.2-13 

PRODUCTION OF STEEL CASTINGS - 1955-1976 
( thousand n e t  t ons )  

Year 
S tee l  

Cast ings 

Source: U. S .  Department o f  Commer-ce, Dur-eau o f  Cerlsus , 
c u r r e n t  i n d u s t r i a l  r e p o r t s ,  M33, 1955-1976. 



TABLE 3.2-14 

FERROALLOYS PRODUCED AND SHIPPED - 1967-1 976 

Pro,juct ion o f  Product ion o f  Product ion o f  Product ion o f  To ta l  F e r r o a l l  oy 
Fer ros i l ocon  A l l o y  Element Ferroman3anes.e A'rloy Element Chromium A1 loys  A1 l o y  Element S i l  i c o  Manganese Product i o n  

( g ~ ~ s s  weight)  . Contained (gross w2ight)  Contained (gross weight)  Contained (gross w e i g h t ) .  (gross weight)  
Yea- - !short  tons )  (average percen t )  ( shor t  tons) (average se rcen t )  ( shor t  tons)  (average percent)  ( shor t  tons)  (average percent)  ( s h o r t  tons )  

\ 

. Source: U.S. Bureau o f  Mines, Minera ls  Yearbook, 1976. 



3.3 ALUMINUM 

3.3.1 Industry Definition 
The aluminum industry comprises the following components based on SIC clas~ification:'~' 

SIC 3334 - Primary Production of Aluminum includes establishments primarily 
engaged in producing aluminum from alumina. The products from these estab- 
lishments are: 

- Aluminum ingot and/or molten metal: primary 
- Extrusion ingot, aluminum: primary 

The part of SIC 3341 - Secondary Smelting and Refining of Nonferrous Metals 
that are involved in the production of aluminum and aluminum base alloys from 
scrap or dross. I t  comprises establishments primarily engaged in recovering alumi- 
num metal and aluminum-base alloys from new and old scrap and dross. The 
products/activit;ies (aluminum related) of these establishments are: 

- Aluminum extrusion ingot: secondary 
- Aluminum ingot and/or molten metal: secondary 
- Aluminum notched barlshot for dioxidation. 

SIC 3353 - Aluminum Sheet, Plate and Foil include establishments primarily 
engaged in flat rolling aluminum and aluminum-based alloy basic shapes such as 
sheet, plate, and foil, including establishments producirig welded tube. Also in- 
cluded are establishments primarily producing similar products by continuous 
casting. The products from these establishments are as follows: 

- Coiled, sheet: alumirium 
- Foil, plain: aluminum 
- Plake: aluminum 
- Sheet: aluminum 
- Tube, welded: aluminum 

SIC 3354 - Aluminum Extruded Products include establishments primarily en- 
gaged in extruding aluminum and aluminum-based alloy basic shapes such as rod 
and bar, pipe and tube, and tube blooms, including establishments producing tube 
by drawing. The products from these establishments are: 

- Bar, aluminum: extruded 
- Extruded shapes: aluminum 
- Pipc, aluminum: extruded 
- Rod, aluminum: extrudcd 
- Tube, aluminum: extruded or drawn 
- Tubc blooms, aluminum: extruded 

SIC 3355 - Aluminum Rolling and Drawing, Not Elsewhere Classified includes 
establishments primarily engaged in rolling, drawing, and other operations result- 
ing in the production of aluminum ingot, including extrusion ingot, and aluminum 



and aluminum-based alloy basic shapes, not elsewhere classified, such as rolled 
and continuous cast rod and bar. ,The products from these establishments are: 

. 

- Bar, aluminum: rolled 
- Rod, aluminum: continuous cast 

. - Ingot, aluminum: made in rolling mills 
- Rod, aluminum: rolled 
- Rod, aluminum: continuous cast 
- Slugs, aluminum 
- Structural shapes: rolled aluminum . - . 

- Wire, aluminum: made in rolling mills 

A part of SIC 3357 - Drawing and Insulating of Nonferrous Wire that Produces 
, . Aluminum Based Wire includes establishments primarily engaged in drawing, 

drawing and insulating, and insulating wire and cable of aluminum 'from pur- 
chased wire bar, rod, or wire. The products from these establishments are: (alumi- 
num based only) 

- Automot;ive and aircraft wire and cable, aluminum 
- Cable, aluminum: bare, or reinforced, cmductor 
- Coaxial cable 
- Communications wire and cable . . 

- Shipboard cable 
- Signal and control cable 
- Weatherproof wire and cable 
- Wire, insulated, or covered (mec) 

SIC 3361 - ~lumir ium Foundries (Castings) inc'ludea establishments primarily 
engagcd. in manufacturing' sand, permanent mold, and die castings of aluminum 
and aluminum-based alloys. . . 

A' part of SIC 3399 - Primciry Metal Products Not ~l'sewhere Classified includes 
establishments primarily engaged .in the production of aluminum nails, brads, 

. . 
spikes, powder, flake arid paste. 

In addition, bauxite mining (SIC 1051) and bauxite refining (SIC 2819) provide the alumina 
for primary aluminum production. Similarly, activities for manufacturing aluminum products 
are included in SIC 34, e.g.; part of SIC 3463 deals .with aluminum forgings. . '  

3.3:2 Industry Structure . . 

 he aluminum industry dan be divided,into foui segments:. ' 

.Primary Aluminum (SIC 3334). 
. . .  

Secondary Aluminum (SIC 3341 - Aluminum-related sector only) 

Alumin~lm Foundries (SIC 3 3 q )  

a Others (SIC 3363,3354,3555,3357, 3361,3399, and3463) 



The primary, secondary and foundry segments of the aluminum industry are described briefly in 
this section. The establishments engaged in other activities covered by the industry are so 
numerous and diverse that  it is extremely difficult to characterize them. Because the primary, 
secondary and foundry generate aluminum scrap that is sent to primary, secondary smelters or to 
foundries for recovery, it is more appropriate to understand the industry structure related to these 
three segments. Some fabricators having melting facilities are also able to use aluminum scrap in 
their operations. The aluminum production process and the inter-relations among the four 
segmenB of the aluminum industry are shown schematically in Figure 3.3-1. 

' 

3.3.2.1 Primary Aluminum Industry 
The most important activities carried out by t,he inrlilkt.ry are: 

0 Production of aliimina from bauxite by tho Baycr process 
. .  , Reduction of alumina to aluminum metal by the Hall-Heroult electrolytic reduc- 

tion process. 

These two activities are carried out a t  entirely separate locations (Figure 3.3-2) 

Within the United States there are nine alumina production plants, with a total capacity 
estimated to be equivalent to 4 million short tonslyear of aluminum (or approximately 7.7 million 

. . 
short tonslyear of alumina) in 1976. The breakdown by companies and their plants is shown in 
Table 3.3-1. There are 32 aluminum reduction plants in the United States, operated by 12 
companies, five of which are also alumina producers. The total aluminum production capacity is 
estimated a t  5 million short tonslyear for 1976. The details are shown in Table 3.3-2. 

The 12 domestic firms are of unequal size and are multiplant, vertically integrated corpo- 
rations. The tluee largest domestic companies (Alcoa, Reynolds, and Kaieer) accounted for 65% 
of domestic prir~ar~'alumin11m c~paci ty  in 1976. Aluminum Company of Canada, Z.lrl., via its 
U.S. subsidiary, Alcan Aluminum Cnrporation, is the fourth lnrgcst U.S. alun~il~uin fabriculor 
and an important seller of primary ingot in the country.") Consequently, Alcan, even though it 
does not have a primary smelter in the IJnited States, plays a significant role in domestic 
aluminum shipments. 

3.3.2.2 Secondary Aluminum Industry 
The secondary aluminum industry cumprises: 

Produooro of alloy ingot alid hul mel;al for fsuiidries and die casters and bar and 
shot for steel daoxidation, nnd 

Producers of secondary extrusion ingots for extrusion plants. 

Most firms in the secondary aluminum industry have one plant and are either family-owned or 
owned by small corporations, The minor it,^ of firms, which represent a large portion of lhe 
production, however, are either large corporations, or subsidiaries of large corporations and are 

. . 
. . .  ' generally multiplant operations. The integration level of these firms is low, with the exception of 

' extrusion ingot manufacturers who produce extruded. products such as siding, doors, and win- 
dows. With the exception of those firms owned by, conglomerates, the level of diversification of 
most .of the companies involved in secondary aluminum smelting is low. In 1972,the four largest 
secondary aluminum companies accounted for 50 and 80% of the value of secondary ingot and 
extrusion ingot shipments, respecti~ely.(~' 
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ELECTRODES 

4. EXTRUDED PRODUCTS . 

( * ' ~ o t e :  Some of the major primary aluminum producers use bauititel The major and secondary - 

companies also produce mill ~roducts, fabricated products and castings to varying degrees. 
. .. . . . .., 

Source: Aluminum Prices 1974-75 . ~xec"tive Office of the President 
Council on. Wage and Price Stability, Staff Report September 1976. - 



Source: En ironn~ental Considerations 0.C Selected Energy Conserving 
Ma?ufacturing Process Options: Vo4. V I I I. Alumina/Aluminum Industry 
Rewrt, U.S. EPA, EPA-60017-7E.-034h, 
Decmber 1976. 

FIGURE 3.3-2 LOCATION OF ALU\IIINA PLANTS AND ALUMINUM SMELTERS 



TABLE 3.3-1 

ALUMINA PLANTS 

Company and P l a n t  

A1 umi num Company o f  Ameri ca 

Mobile, AL 
Bauxite,  AR 
P o i n t  Comfort, TX 

M a r t i n  M a r i e t t a  

St. Cro ix ,  V I  

Kaiser  Aluminum and Chemical 

Baton Rouge, LA 
Gramercy, LA 

Reynol ds Metal s  Company 

Hurr icane Creek, AR 
Corpus C h r i s t i ,  TX 

Ormet Corporat ion*  

Burnside, LA 

T o t a l  U.S. 

Capaci ty  i n  1976 
(Equ iva len t  A1 uminum) 

~ h o u s a n d  s h o r t - ~ o n s / ~ e a r  
P l a n t  Com~anv 

*A 66-34 j o i n t  venture between Consol idated A1 uminum Corporat ion and 
Revere Copper and Brass, I nc .  

**At an equiva lency f a c t o r  o f  1.89 t o n  alumina pe r  t o n  o f  aluminum, 
t h e  t o t a l  capac i t y  i n  1976 i s  approx imate ly  7.7 m i l l i o n  s h o r t . t o n s  pe r  year .  

Source: . Minera l  Comrnodi t y  P r o f i  1  e, MCP-14, May 1978 and 
A r t h u r  D.. L i t t l e ,  I nc .  est imates.  



. . 

TABLE 3.3-2. 

PRIMARY ALUMINUM PLANTS 

Company and-  la-nt :- , 

A1 umi nurn 'Company .o f  ,America 

Alcoa, TN 
Bad'ir~ , NC 
Evansv i l le ,  IN ' 

Massena, NY . .  . 

P o i n t  Comfort, TX ,. 

Rockdale, TX 
Vancouver, WA 
Wana t c  hee , WA 
Pa les t ine ,  TX 

Anaconda A1 umi nurn 

Columbia F a l l s ,  MT 
Sebree, KY 

Consol i d a t e d  A1 uminum 

New Johnsonvi 11 e, .TN 
Lake .Charles, LA 

~ a r t i q , , ~ a r ' i . e t t a  . .  ! 

. . i 

The Dal l e s ,  OR 
Goldendale, WA 

~ a s t a l  co* 

Fredermick, .MD 
. . .  

.' I ' n ta l  co* 
. , 

Capacity. i n  1976 
(~housand Short  'TonsIYear) 
P lan t  ' ,. Coi~ipany 

Kai ser ~l uminum arid ~hemi ' ca l  , . 

Chalmette, LA . 260 
Mead, WA 260 ' 

. -Ravens.wood, WV ' . 163 
Tacoma, WA 81 ' 



Com~anv and P l a n t  

TABLE 3.3-2 (Continued) 
. . . . . . . . . . 

PRIMARY ALUMINUM PLANTS . . 

Capacity i n  1976 
(Thousand Shor t  Tonslyear) 
P l a n t  Company 

Hanni ba l  , OH 

Noranda 

New' Madrid , MO 

Nat iona l  Southwire Aluminum*** 

Hawesvi 11 e, KY 180 

Revere Copper and Brass 114 . . 

Scottsboro, AL 

~ e y n o i  ds Metal  s .Company 

Arkadel ph ia,  AR 
Corpus C h r i s t i ,  TX 
Jones M i l l s ,  AR 
L i  s t e r h i  11 , AL 
Longview, WA 
Massena, NY 
Trou tda l  e, OR 

To ta l  U. S. 5,193 

* ALUMAX, Inc .  'and Howrnet A1 uminium. Corp. each have a 50% i n t e r e s t  
i n  Eas ta lco  and I n t a l c o .  

** Ormet i s  owned j o i n t l y  by Consol i d a t e d  A1 uminum to rp .  (66%) and 
' 

Revere Copper and Brass (34%). . . 
*** Nat iona l  Southwire Aluminum i s  owned j o i n t l y  by Nat iona l  Aluminum 

'Company (50%) and Southwi r e  Company (50%'). . . 

. . 
Source: Minera l  Commodity P r o f i l e  MCP-14, May 1978, and . .  . 

A r t h u r  D. L i t t l e ,  Inc. ,  est imates.  . . . . 



In 1976, 91 plants produced secondary alloy ingot, hot metal, and extrusion ingot.@) Most of 
the secondary plants are located near heavily industrialized areas that give them proximity to a 
supply of scrap as well as to their customers. This is especially advantageous for the plants that 
provide "hot metal" to'the automobile companies' casting operations. About 35% of the U.S. 
secondary aluminum production is done within a 100-mile radius of downtown Chicago; another 
20% can be 'found within a similar radius of Cleveland; and the remaining 45% is located 
primarily near New York City and Philadelphia, in'the S.W. United States and in Calif~rnia.'~' 
Production in individual secondary aluminum plants can range from 3,000 to'55,000 short tons 
per year.(5' 

3.3.2.3 Aluminum Foundries .' . . 

In the United States about. 1400 foundrics produce aluminum castings as the major metal; 
half of which cast aluminum exclusively. About 80% of aluminur~l luulldi'ies are jobbcrs. About 
923,000 tons of aluminum castings, valued at'$2.75 billion, were produced in 1976, representing 
ahout 40% of all nonferrous castings.(6J 

Because of their light weight, castability, machinability, and high strength-l;o-weight ratio, 
aluminum castings serve such important markets as automotive, appliance, and aerospace. The 
automotive industry consumed approximately half of all aluminum castings in 1976. 

Aluminum foundries are heavily concentrated in the, Great Lakes States where most 
automotive plants are located. The Pacific States, centers of the aerospace industry, also have a 
large number of aluminum foundries. 

About 80% of aluminum foiiiidries emyluy lewar t11a11 50 peoplc, and about half of these 
have fewer than 10 employees. 

3.3.2.4 Others 
Besides the primary and secondary aluminum producers and foil~dries, there are tl number 

of corr~pa~lies producing a wide variety of aluminum products. Table 3.3-3 is based on unofficial 
directories currently prepared by the U.S. Department of Commerce Domestic and International 
Business Administration. The figures show the number of companies and plants involved in the 
manufacture of each product. In many instances, one comptirly operates more than one plant. No 
totals are shown since some plants produce more than one product. The data also include captive 
plants, i.e., those producing only for one cumpany's use. In rntllly i~rnlancea, the compnnion that 
own these plants are generally small and are scattered around the country:The companies 
exhibit little or no concentration.. 

3.3.3 Process Technology 

3.3.3.1 Primary Metal Production . 

Primary aluminum melal is produced from alumina by the Hall-Heroult electrolytic reduc- 
tion process. Alumina is produced by refining bauxite via the Bayer process. Both these processes 
are briefly described below. 

3.3.3.1.1 Bayer Process 

Iri the Bayer process, finely ground bauxite (-35 mesh), usually wet ground in spent 
digestion liquor, is digested a t  'elevated temperatures under pressure. The digesting liquor 
contains sodium aluminate and free caustic. 
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TABLE 3.3-3 

DISTRIBUTION OF COMPANIES AND PLANTS INVOLVED 
I N  THE MANUFACTURE OF VARIOUS ALUMINUM PRODUCTS 

(January 1978) 

Products 

Primary Ingo t  

Secondary I n g o t  

Master A1 1 oys 

Sheet and P l a t e  

Foi 1 

Extruded Shapes 

.Ro l l ed  and Continuous Cast Rod and Bar 

Wire, Bare, Conductor and Nonconductor 

ACSR and Cable, Bar 

Wire and cable, I nsu la ted  o r  Covered 

Drawn Tube 

Welded Tube 

Flake, Powder and Paste 

Forgings 

Impacts ( i n c l u d i n g  co l  l a p s i  b l e  tubes and cans) 

Number o f  Number 
Companies of P lan ts  

Source: D i r e c t o r y  of Aluminum Suppl iers i n  t he  Un i ted  States,  
11. S. Department s f  Cuiis~erce , I n d u s t r y  and Trade 
Admin is t ra t ion ,  Bureau o f  Domestic Business Development 
O f f i c e  o f  Basic I ndus t r y .  



The Bayer process is shown schematically in Figure 3.3-3. The ranges of raw materials and 
energy required per short ton of alumina produced in the U.S. Bayer plants are shown in Table 
3.3-4. 

3.3.3.1.2 Hall-Heroult Process 

This is an electrolytic reduction process in which alumina is continuously dissolved in 
molten cryolite in the cell wherein aluminum is liberated a t  the cathode and oxygen a t  the anode. 
The oxygen liberated a t  the anode reacts with the carbon anode to produce a mixutre of carbon 
monoxide and carbon dioxide. 

Modern Hall-Heroult electrolytic cells are large steel boxes lined with insulating refractory 
and carbon. Carbon blocks a t  the bottom of thc cell serve as the cathode in lhe electric circuit and 
form a connector to steel conductor support members that eventually connect to the cathode bus. 
During electrolytic reduction, aluminum metal is deposited as liquid on the surface of the carbon 
cathode at the bottom of the cell. This pool of molten aluminum is the active cathode. Cathodes 
are more or less a permanent installation. Typically, the cathodes last three to six years, about 
the same as the life of the cell itself, after which time the cell is taken out of service, rebuilt, and 
refitted. Cathodes are purchased from carbon producers, while anodes are produced a t  the 
aluminum plants. 

. The anodes are also carbon, suspended in the electrolyte on stee! conncector rods that 
connect to the anode bus. The carbon anodes used in the reduction cells are produced by two 
methods, Soderberg or prebalte, both of which use a combination of petroleum pitch and 
petroleum coke. I11 the Soderberg system, "Soderberg paste" is fed semi-continuously into the top 
of the steel casing, in which the heat from the cell and current flow bakes the paste and removes 
thc volntiles. 

In l11u piebake syntnm, grebaked anodes are manufactured in a separate ir~slallation from 
high-purity petroleum coke, which is ground, calcined, and blended with pit;ch l u  prc~ducc 11 b~uate 
that can be pressed into high-density shapes. Approximately 1975 pounds of petroleum coke plus 
about 444 pounds of pitch are required to produce a short ton of anode carbon. The pressed anode 
blocks are then baked a t  temperatures up to 2000°F for as long as 30 days (baking and cooling 
period) and fitted with steel connector rods to support the anode and provide a connection to the 
anodo bus. Mo!t.~n cast iron is poured into the anode socket to make a good electrical connection 
between the steel rod and the carbon anode. The prebake system has ti l~ulllber of  advantage.^ nver 
the Sodcrberg system. S t  requires significantly less energy than the Soderberg system and because 
thc nnodes are hakad in separate facilities, i t  is easier to recover the volatiles released from the 
anode paste. 

Aluminum reduction cclls operate cont;inuously with periodic additions of alumina and 
electrolyte additives, replacement of anodes, tlnd removal of mdlte;? aluminum. Aluminurn is 
removed periodically a t  one- to threc-day interv~ls'and blended with the output of other cells to 
attain a uniform purity level. The blended material is degassed and cast into ingots or sows or is 
delivered as molten metal to fabricating plants. 

The ranges of raw materials and energy required for U.S. primary aluminum plants are 
shown in Table 3.3-5. 



Source: Environmental .Considerations of Selected Energy Conserving 
Manufacturing Process Options: Vol . V I I I. '~ lumina/~luminum Industry 
Report, U.S. EPA, EPA-60017-76-034h, . 

December 1976. 



TABLE 3.3-4 

BAYER PLANTS - RANGES OF RAW MATERIALS 
AND ENERGY REQUIREMENTS 

Range 

Raw M a t e r i a l s  : 

Baux i te  

Limestone 

Soda Ash 

Starch 

Power: 

Fuel : 

Steam genera t i  on 

L i r~ le c a l c i n a t i o n  

Alumina c a l c i n a t i o n  

ton / ton  Alumina 

2 . 0 5  - 2 . 6 3 *  

.09 - .18 

.05 - .l 
.005 - . O l  

kwh/ t o n  A1 umi na 

200 - 300 

l o 6  B t u l t o n  Alumina 

4.4 a 11.3 

,21 - .43 

. 2.8 - 5.0 

*Bauxite consumption v a r i e s  from 2.05-2.37 f o r  South American 
bauxi l e  and 2.41 2.63 f o r  Carihhean baux i te .  

Source: Environmental 'considerat ions o f  Selected Energy 
Conserving Manufactur ing Process Opt ions:  Vol 111, 
AluminalAluminum I n d u s t r i e s  Report, EPA, 
Dece~lllrer 1976. 

M i  ne ra l  Commodities P ro f  i 1 e , MCP-14, May 1978. 



PRIMARY ALUMINUM PLANTS - RANGES OF 
RAW MATERIALS AND ENERGY REQUIREMENTS 

(Preba ked Operat ion)  

Raw Ma te r i a l s :  

A1 umi na 

Calc ined Petroleum coke 

P i t c h  

Cry01 i t e  

A1 urni num F l  u o r i  de 

Cal c i  um F luo r i de  

Power : 

Fuel : 

Baking Anodes 

Cast ing 

Range 

t o n l t o n  Aluminum 

1.91 - 1.95 

0.43 - 0.60 

0.10 - 0.20 

0.01 - 0.05 

0.01 - 0.05 

kWh/ton A1 uminum 

14,000 - 18,000 

1 o6 B t u l t o n  A1 umi num 

2.3 - 3.6 

1.5 - 11.0 

Source: Environments!  ons side rations o f  Selected Energy 
Conserving Manufactur ing Process 3p t i ons  : Voi- I I I, 
Alumina/Aluminum I n d u s t r y  Report, EPA, December 1976. 



3.3.3.1.3 New Processes 

The possibility of producing alumina from such domestic alumina-bearing raw materials as 
alunite, kaolin and anorthosite clays is of increasing interest. Nitric acid and hydrochloric acid 
leaching processes were identified by the U.S. Bureau of Mines as the most economic for 
producing alumina from domestic clays.(I) Clay chlorination, as in the Toth alumina process, and 
the Alcoa: chloride process, also offers an alternative to the Bayer process and appears to be. 
commercially viable for primary aluminum production, based on the limited information 
available. 

Alcoa announced ils new electrolytic chloride process for aluminum smelting in 1973. The 
process involve; the electrolysis of aluminum chloride from an electrolyte consisting of alkali and 
alkali earth chlorides. Alcoa has buill a deinonstration plant in Ppleat.inc, Texas with an annual 
capacity of 15,000 short tons per year and possible expansion to 30,000 short tons per year. The 
Alcoa chloride process starts with pot feed alumina from the Bayer process. Specifications call for 
a minimum .purity of 99.426% alumin;. This alumina is chlorinated in the presence of carbon to 
form volatile aluminum chloride. This, in turn, is purified and fed to the electrolytic cells to . 

produce molten aluminum a t  the cathode and chlorine a t  the anode. The chlorine is recycled to 
the chlorination system. The Alcoa chloride process is shown schematically in Figure 3.3-4'. The 
advantages of this process over the existing Hall oxide electrolysis appear to be: . . 

Because the decomposition voltage and the bath resistivity are both lower for the 
chloride melt, the electrical energy requirement is sharply reduced. 

Because oxygen is eliminated from the system, it is not necessary to fabricate and 
replace the consumable carbon anodes. Permanent graphite elect.rndes can be 
used, and the expensive energy-consuming anode baking facilities are eliminated. 

Because electrodes can now be permanc~illy. emplaccd, it is possible t.n design 
chloride process cells with multiple sheet electrodes stacked onc above another 
(the so-called "multipolar" electxode conflguruliu~l). One ccll rhea becornon the 
equivalent of several singlc cells, with consequent savings afforded by the much 
.more compact cel1,design. 

Because no cryolite or fluoride materials are used in the chloride process, fluoride 
emissions are completely avoided. 

'l'he chloride cell uperating tcrnperature is ahout 1292°F rather than the 1742"- 
1832°F temperature of the Hall process. 

Several refractory hard motals have been considered in the past to replace the carbon 
cathodes in the conventional Hall-Heroult process. So far, the principal interest has been in 
titanium diboride hecause of its superior electrical conductivity, and the fact that it is wetted by 
molten aluminum and cryolite in the cell. Also, in the pure state it is not corroded by the 
electrolyte. Thus, there is hope that this material, properly fabricated, would last a t  least four 
years since the celi itself has a normal life of four years. Recently, intcrcet has shifted to replacing 
not only the iron and carbon, but also the molten aluminum pad so that the titanium diboride 
would provide connections between the cathode bus and the electrolyte. The aluminum produced 
at  the cathode could be rapidly removed or drained from the cathode with only a thin film of 
molten aluminum remaining on the cathode. 
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I t  appears that a power saving of the order of 20-25% might be achieved. This would result 
from reducing the anode1 cathode distance, thereby reducing the voltage drop and the resistance 
losses. At least, two companies, Kawecki Berylco Industries, Inc. and PPG Industries, believe that 
past difficulties with titanium diboride have now been overcome, and that they could demon- 
strate 3-4 years cathode life and the advantages of titanium diboride cathodes to the primary 
aluminum companies. 

3.3.3.2 Secondary Metal Production 
The production of secondary aluminum consists of three steps: presmelting, smelting, and 

pouring and cooling of products. These steps are briefly described below. 

3.3.3.2.1 Presmelting 

The preliminary treatment in preparing scrap for smelting depends on the type of scrap fed 
to the smelter. There are seven types of scrap as follows: 

New Scrap 

- Solids and Clippings 
- Borings and Turnings 
- Dross and Skimmings (Residues) 
- Other (includes foil and high-iron scrap) 

Old Scrap 

- Castings, Sheet and Clippings 
- Aluminu~n Cans 

. - Other (includes alumin1.1m-copper radiators and other high-iron scrap). 

New solids and clippings are largely uncontaminated tirid require littlc prosmelter L.rei11.- 
ment. Iron inclusions or other non-aluminu111 contaminants, are removail either manually or 
mechanically (shredding and magnetic separation). Scrap consisting of borings and turnings is 
often contaminated with cutting oils. I t  is first shredded in ring crushers and then dried in rotary- 
kiln type dryers. The borings are then passed over rnagnetic separators where iron is removed and 
the clean dry horillss art scnL to otorage for l~tmr 1 1 ~ .  

' 

Drosses and skimmings are generated when aluminum ingot or scrap is melted or when 
molten aluminum is handled. The primary constituents of dross arc a1uminu.m metal and 
alumina, but significant quantities of other coriseituenls rnay be prescnt. These incll.ide alumi- 
num carbide and aluininum nilride; othcr mula15 and t.hei~  oxide^, depending on the alloy 
composition of the melt;' fluorine compounds, if the aluminum comes from a reduction cell; and 
rcsidues of fluxes llsed to control melt loss or alloy properties, or to treat dross in the melling or 
holding furnace. The most valuable constituent of dross is the free a lumium . 

When dross is formed in the furnace the metal content is usually high (about 60-80%), but it 
is much lower by the time it is skimmed off because aluminum oxide has formed. Hence the 
method of cooling and handling dross has an important bearing on the metal content of dross. 
Dross cooling machines have been adopted by the industry. The dross is skimmed into a suitably 
designed dross pot which is then taken to a cooler where some metal may be drained off and the 
remainder is broken up into small pieces and cooled rapidly on a water cooled, steel-faced, 



shaking conveyor. By these means the metal content of the dross, half of which may be lost if the 
hot dross is dumped on the floor in the dross room, is conser~ed. '~)  In a melting or holding furnace, 
if the melt is fluxed with gaseous chlorine or fluxes such as fluorides, exothermic reactions occur, 
which cause the aluminum entrained in the dross to drain out. The resultant dross usually 
contains 20-30% aluminum. 

The most common method for processing drosses, skimmings, and slags containing 30% 
metallics consists of milling, screening and magnetic separation to obtain a concentrate contain- 
ing 60-70% metal. This concentrate is suitable for charging to a melting furnace. Oxides and dust 
are loosened from the metallics by crushing in a ball mill, rod mill, or hammer mill and are 
removed by screening or air-separation. The undersize fraction containing oxides and five metal- 
lics is sold as an exothermic material for hot-topping ingots or is discarded. Rich metallic skims 
do not require milling prior to use. 

A wet process has been used, principally for drosses and skimmings containing salt flux.(g) 
The dross is fed into a long drum and washed with water to dissolve the salts. The washed residue 
is then screened, dried, and poured through ainagnetic separator before being fed to the melting 
furnace. The salt-containing solution is evaporated to recover the salt flux. 

' 

In addition, drosses have been processed in a rotary salt bath furnace. The oxides are 
removed by salt flux to produce a slag and the entrained metal drains out. A recent development 
consists of using a low-frequency corele'ss induction furnace to recover metal from dross using a 
salt flux. This process provides good metallic recovery for drosses containing more than 50% 
metal. 

Old scrap consisting of castings and sheet is sometimes baled or briquetted, or large pieces 
may be added to the melting furnace. When it has enough iron rivets, bushings and other tramp 
contaminants, the scrap is usually shredded and subjected to nlagrietic separation. 

Old aluminum cans may be shredded, or baled for shipment and then shredded a t  the 
smelter. Another operation that may be practiced as a separate step is delacquering, which 
involves heating the cans a t  a temperature below the melting point to remove the organics. 
Alteri~atively, Lhe shredded cans are charged directly to the melting and holding furnace along 
with virgin aluminum, prepared new scrap and runaround scrap. 

Presmelting preparation of other scrap (new and old) consists of size reduction (crushing or 
shredding) and magnetic separation or "sweating." Sweating consists of selectively melting the 
aluminum alloy (melting point of about 1100°F) a t  a temperature below the melting point of iron 
or steel and letting the molten aluminum fraction flow into a ladle or mold while the iron- 
containing portion is raked out of the furnace. Aluminum wire scrap is first chopped and is then 
used for alloying or as a deoxidant in steelmaking. 

3.3.3.2.2 Smelting 

In smelting scrap, only those elements that are higher than aluminum in the electromotive 
series can be removed from the melted scrap charge. In producing the secondary aluminum alloy, 
then, the smelter has to add primary ingots (or high-purity scrap) tsn the molten scrap charge to 
hring the composition up to the desired specification. 



The smelting of aluminum takes place in a reverberatory furnace or in a rotary furnace. The 
reverberatory furnace ranges in capacity from 30,000 to 180,000 lb, and may be either gas-fired or 
have dual-firing (gas and oil) capability. Some furnaces have one or two external charging wells or 
forewells (for charging scrap), separated from the main hearth,of the furnace by a refractory wall 
called a "hot wall." Other furnaces have removable lids for charging of scrap. The hot wallhas 
two openings, connecting the hearth and the charging wells, which are sometimes covered with a 
skim gate (external) to prevent scrap and skimmings on the molten metal surface from getting 
inside the furnace. Heat is conveyed from the burner flame by convection and radiation from the 
roof and sidewalls to the molten metal inside the furnace hearth, and by convection, radiation, 
and conduction to the scrap in the charging well. . 

Scrap is charged to the furnace either manually or mechanically through side doors, or the 
top of the furnace or the foreweii depending dn furnace design. .A "molten heel" - molten metal 
of known composition left over in the bottom of the furnace from a previous heat - can be used to 
shorten the heat time. If a liquid heel is not maintained in the furnace, heavy'solids are'first 
charged into the furnace. The material must then be completely melted, skimmed, sampled, and 
assayed before other materials can be added: After each charge, the slag is skimmed off and the 
metal is sampled to determine its composition. It is normally economical to minimize'the need for 
using alloying elements, such as copper and silicon, by charging scrap as close in compositibn to 
the alloy being produced as possible. 

Because molten aluminum oxidizes rapidly, .it is sometimes covered with a flux to retard 
oxidation. Once the oxides are trapped.in the flux they are rem0ved.b~ skimming. Alloying agents 
(such as copper and silicon) are normally added after the metal composition has been deter- 
mined, and the melt is brought to specification. 

T ~ P  specifications for most of the m ~ j u r  alloys supplied to the diecastings industry call for a 
magnesium content of less than 0.1%. Tn spile uf the fact that scrap is carefully selected so that 
the chargc will meet product specifications, the hath still usually contains 0.5% to 0.8% magne- 
sium. Excess magnesium is removed from the bath through the addition of aluminum fluoride or 
chlorine gas referred to as demagging. Finally, the metal is degasified by bubbling nitrogen, 
chlorine, or a mixture of the two. The molten bath is then ready for pouring. The overall metal 
recovery of the reverb melting scheme is around 90%. With very clean scrap, metal recovery could 
be as high as 98%. Metal losses are mostly to the slag, which is slured ulllil sl~ipped t o  a residue 
processor, reprocessed by the company, or dumped. 

Alloys for extrusion billet manufacture are also melted in reverb furnaces, but the scrap 
used i s  restricted to certain alloys that requiie the addition of'magnesium and, possibly, primary 
aluminum ingot to dilute the bath to specification.' . 

In production of deoxidizers for the steel industry, reverb melting is utilized. Because the 
magnesium content is not critical, demagging is n o t  required. These .alloys are .pro'duced as 
notched bars or shot. 

Hardeners are produced.in the form of small notched bars and are used to introduce precise 
amounts of metals such as titanium, boron and chromium for alloying purposes. These bars are 
produced in small induction furnaces of 2,000-~bund . .  . .  capacity. Since this aluminum must be of 
high purity, ordinary aluminum' scrap cannot be used:. Chopped aluminum wire or ACSR 



conductor with the iron core removed is generally used. Casting is done a t  temperatures of 
2000°F-2200°F after the metal is skimmed to remove oxides. 

3.3.3.2.3 Pouring and.Cooling of Products 

The molten aluminum is either cast into shapes such as ingots, billets and notched bar, or is 
made into shot. Metal is also delivered to a customer as "hot metal." Hot metal is tapped from a 
reverb furnace directly into preheated ladles a t  approximately1550°F. Refractory-lined ladles are 
placed on a special flat-bed trailer capped with a screw-down lid and chained rigidly to the truck 
bed. The hot metal is hauled by truck directly to the customer and discharged into the customer's 
holding furnace a t  a temperature of about 1350°F. The average load of hot metal is 30,000-35,000 
pounds. Ladles have bottom-tap arrangements so that the metal can be poured directly into the 
customer's furnaces using the ladles, instead of by removing the ladle from the trailer. 

3.3.3.4 A luminurn Foundry Technology 
Most aluminum foundries (over 90%) have less than a 5 tons per hour melting capacity. 

Although 65% use sand casting and only 25% use die casting, a much larger proportion of castings 
are pradllced by die casting (about 65%) than sand castings (about 13%). The rest are produced 
by permanent mold techniques. Oil sand, carbon dioxide process, and shell core are the principal 
coremaking techniques used in the aluminum foundry industry. 

Though crucible melting is the most common melting method - used in over 80% of the 
foundries, the largest share of the melting capacity is tied with the reverberatory furnaces. 

3.3.4 Materials Flow 

3.3.4.1 General 
Materials flow in the aluminum industry exhibits a complex pattern. In 1976, domestic 

primary metal production was 4.3 million short tons, valued a t  approximately $3.79 billion. Of 
this, the domestic bauxite supply was sufficient for about 0.4 million short tons of aluminum. The 
remaining 3.9 million short tons (or 90.9% of the total primary) were obtained from imported 
bauxite and alumina.(101 The 1976 domestic secondary recovery was an estimated 1.5 million short 
tons.'"' This primary and secondary production, together with the imports and inventory change, 
constituted the aluminum metal flow. Figure 3.3-5 shows schematically the aluminum metal flow 
in 1976. 

3.3.4.2 Classification of Recoverable Material 
Figure 3.3-5 shows that aluminum-based scrap is an important element in the flow pattern. 

Scrap may be pure (unalloyed), segregated (one alloy type), or mixed (two or more alloys). New 
scrap is generated in the manufacture of primary aluminum, semifabricated aluminum mill 
products, or finished industrial and consumer products. This new scrap includes solids, such as 
new casting scrap, clippings or cuttings of new sheet, rod, wire, and cable; borings and turnings 
from the machining of aluminum parts; and residues, drosses, skimmings, spillings, sweepings, 
and foil. 

New scrap is further defined as either "runaround" (home) scrap or purchased scrap. 
Runaround or home scrap is new scrap generated by fabricators of aluminum mill products or by 
aluminum castings foundries and recovered or recycled by the same company that generates it. 
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Primary smelters.also create and use runaround scrap. Such scrap, by definition, never leaves the 
company generating it and therefore is never marketed as scrap. Purchased scrap is new scrap 
purchased, imported, or treated "on toll" by secondary smelters, the original aluminum product 
suppliers, or others. New aluminum scrap purchased from manufacturers of end products may be 
referred to as customer scrap. Purchased scrap is sometimes referred to as prompt industrial 
scrap. 

Old scrap, all of which is considered as purchased, comes from discarded, used, and wornout 
products. It includes aluminum pistons or other aluminum engine or body parts from junked cars, 
used alumirium cans and utensils, siding, awnings and other building products, and old wire and 
cable. Sweated pig is scrap. that has been sweated or melted into a pig or ingot form for 
convenience and economy in shipping. Obsolete scrap is unused, but technologically obsolete 
aluminum parts, outdated inventory materials, production overruns, and. spare parts for ma- 
chines and equipment no longer being used. In the United States both sweated pig and obsolete 
scrap are considered old 

Table 3.3-6 shows the classification of purchased aluminum base scrap; typical contents, 
origin, and the level of recycling.followed in the industry. Since the runaround or home scrap does 
not enter the:market, there are no data on this scrap. 

3.3.4.3 ~ e c ~ c l i n g  Profile 
Figure 3.3-5 shbws that aluminum-based scrap is an important element in the flow pattern. 

More than 90% of the new scrap generated in the production of end products is recycled to the 
production cycle almost immediately."O' .The total supply of new scrap is a direct function of 
aluminum production levels. The market supply of new scrap depends on total supply, the 
amount .reused within the generating plant, and the amount of scrap "buy-back" under toll 

. . 
conversion agreements: 

The recycle time for old scrap, virtually all of which is purchased, varies considerably 
depending on the form and end use, and is normally much longer than for new scrap.''"' 'l'he 
potential supply of old scrap is a direct function of the stock of aluminum goods and their age. 
The actual subply dirld scrap is a function of the price of scrap, technologicai considerations, and 
transportation 

Table 3.3-7 shows the,consumption of purchased new and old scrap, and sweated pig. Of the 
total scrap consumed in 1976, 51;8% was used by secondary smelters and 24.9% by primary 
producers. Table 3.3-8 shows the reported purchased scrap consumption in 1976 by type of scrap. 
Of the total 1,5 million short tons pllrch~sed scrap (as reported) new scrap repreeented 1.06 
million short tons (71.9%,of the reported total). The remainder was made up by old scrap, 
including S W A A ~ , A ~  pigi 

The Aluminum Association reported that in 1976, based on partial industry coverage, 
106,000 short tons of aluminum representing 4.8 billion aluminum cans were re~lairned.'~) I11 1977, 
140,000 short tons of aluminum were .reclaimed representing 6.4 billion aluminum cans.(3) Rey- 
nolds, in 1977, reclaimed about.48% of total. aluminum cans recycled and represented more than 
55% of the total number of cans: produced by Reynolds.(1P' 



?ABLE 3.3-6 

- CLASSIFICATION OF ALUMINUM BASE PURCHASED SCRAP 
Level of , 

Recycl ing 
Scrap* Typical Contents Origin Followed ** I 

New Scrap 
Sol ids and Clippings Cl i~p ings-pa in ted  & zontaining Cu Aircraf t  industry; fabr icators  High 

and Zn a1 l3ys in  a segregated (by and manufacturers. 
a l l cy )  o r  nixed form; forgings;  
special cas t s  and a l loy  so l ids .  

Borings and Turnings Borings--segregatzd or  mixed; Machining of cas t ings ,  rods, Moderate 
turnings--contaminated or  clean.  bars,  e t c .  ; a i r c r a f t  and t o  high 

automobile industr ies .  
Foi 1 - Manufacturers Moderate 

k.' Drosses and Skimmings Aluni num oxi de, metal 1 i c a1 u m i  num Primary and secmdary Moderate 
cn 
cn . and aluminum s a l t s .  aluminum producers. . 

Other Scrap containing h i g h  iron content. Fabricators & manufacturers Low t o  Moderate 
Old Scrap 

Castings, Sheet and Cas; & sheet  products; catole- Manufacturers & end-users. LOPI 
Cl i ppi ngs insula ted,  s t ee l  r ~ i r ~ f o r c e d .  

A1 umi num Cans - Consumers, col lectors  of Moderate 
cans & municipal refuse. 

Automotive, Other A1 uminum-copper radi d tors .  Automobi 1 e j u n k  yards: Low 
Sweated Pig Mixture of aluminum base scrap. Manufacturers 8 fabr icators .  Low 

*Scrap categories a r e  those published by Bureau of Mines. 

**Prel imi nary Arthur Dl. L i t t l e ,  Inc. es tim3tes. 



. . TABLE 3.3-7 

CONSUMPTION'OF AND RECOVERY. FROM PURCHASED NEW 
AND OLD ALUMINUM SCRAP - 1976 

Ca lcu la ted  
Class . consumpti on* A1 umi num Recovery 

Secondary Smel t,ers 758 ,.992 598,765 

Primary Producers 365,190 31 4,248 

Fab r i ca to rs  121,212 
. . 

107,506 

Foundries . . 99,907 86,458 

Chemical Producers . . 120,161 46,139 

*As r e p o r t e d  by companies. t o  .U..S. ~ u , r e a u  o f  Mines. On a f u l l  
i n d u s t r y  coverage basis ,  t h e  t o t a l  scrap consumption i s  e s t i -  . ' 

mated t o  be 1,741,000 .shor t  tons', w i t h  c a l c u l a t e d  a1 uminum 
recovery ,,of 1,371:,000 s h o r t  tons and a metal  1 i c  recovery of 
1,471,000 s h o r t  tons. 

. . .  

Source: A1 urninurn, - P.re9ul'irit .f.rorn N i n e r a l  s Yearbook, 1976. 
. . 



TABLE 3.3-8 

CONSUMPTION OF ALUMINUM SCRAP BY TYPE - 1976* 

(1,000 s h o r t  tons) * *  

Type o f  Scrap 

New Scrap 

S o l i d s  and C l i p p i n g s  

B o r i  ngs' and Turn ings  

Fo i  1 

Dross and Skimmings 

Other  

T o t a l  New sc rap  

Secondary Pr imary Producers 
Smel t e r s  and Others*** To ta l  

O ld  Scrap 

Cast ings,  Sheet and 121 
C l  i p p i  ngs 

A1 urni num Cans 8 101 109 

Other**** 3 0 17 

Sub to ta l  159 15.3 

Sweated P i g  

T o t a l  Old Scrap 

TOTAL 759 707 1,466 

* Inc ludes  impor ted  scrap. The r e p o r t i n g  companies r e p o r t e d  t h a t  6.62% 
o f  t o t a l  r e c e i p t s  o f  aluminum-based scrap o r  97,800 s h o r t  tons  was 
rece i ved  on t o1  1 arrangements. 

**Rounded t o  t h e  nea res t  thousand. 

***Others i n c l u d e  f ound r i es ,  f a b r i c a t o r s ,  and chemical p l a n t s .  

****Includes da ta  on aluminum-copper r a d i a t o r s .  

Source: A1 uminurn, ~ r e j r i n t  f rom # inera1  s Yearbook, 1976. 



3.3.5 Future Trends 
Aluminum is a relat,ively new metal. Its historical growth for each market and application 

can be attributed to two main factors - economics and properties. Table 3.3-9 shows the 
historical aluminum shipments by markets for 1972 through 1977, as reported by the Aluminum 
Association. Building and' construction, transportation, and containers and packaging markets 
accounted for approximately 50-65% of the total shipments in 1977. The term "statistical 
adjustment" in Table 3,3-9 refers to net shipments of aluminum reported by the Bureau of 
Census, which the Aluminum Association .believes were overstated (or understated in 1977) by 
the percentages shown. 

In recent years, increasingly refined statistical data has been published by the industry 
associations and the federal government. Because of the complexity of the aluminum metal flow 
and the nature of the industry, statistics on future growth from different sources should not be 
combined arbitrarily. In this section, for illustrative purposes, the future growth scenario is 
excerpted from the information published by the Bureau of Mines;(lo) 

The Bureau of Mines has estimated that total demand for aluminum in inetal and non- 
metal form wil! be 10.7 million short tons in 1985 and 20 million in 2000. The apparent aluminum 
metal consumption data for 1972 through 1977, as well as the projected demand by the Bureau of 
Mines are shown in Table 3.3-10. This table does not include non-metal aluminum demand. The 
apparent aluminum metal consumption is defined by the Bureau as the difference between 
apparent aluminum supply available for domestic manufacturing and aluminum metal recovery 
from purchased new scrap. The secondary metal reported in Table 3.3-10 reflects recovery from 
old scrap only. Between the base year of 1976 for this study and 1985, secondary metal recovery 
from old scrap is projected to increase from 409,000 short tons to 900,000 short tons (approx- 
imately 7.4% annual growth). 

3.4 COPPER 

3.4.1 Industry Definition 
The domestic copper industry is defined here to encompass'all firms included in the 

following SIC categories: 

SIC -3331 - Primary Smelting and Refining of Copper 
SIC 33412 - Secondary Copper 
SIC 3351 - Rolling, Drawing and Extruding of Copper 
SIC 336'2 - Brass, Bronze and Copper Foundries 

3.4.1. I Definition of Sf C' Classifications 
e SIC 3331 P1.irniiry Smelting and &fining of Copper - includes establishments 

primarily engaged in smelting copper from the ore, and in refining copper by 
electrolytic or other processes. 

SIC 33412 Secondary Copper - iilcludes establishments primarily engaged in 
recovering copper from copper and copper-based . . alloy scrap by nt.ilizing a variety 
of melting and refining methods. (Establishments primarily engaged in assem- 
bliag, gathering, and breaking up scrap metal without smelting and refining are 
classified in trade industries.) 



TABLE 3.3-9 

ALUMINUM SHIPMENTS BY MARKETS - 1972-1977* 

Bui  1 d i n g  Coos t r u c t i  on 

T ranspo r ta t i on  

Containers & Packaging 

E l e c t r f  c a l  

Consumer Durables 

Machinery & Equipment 

Other Markets 

S t a t i s t i c a l  Adjustment 

Domestic, t o t a l  

Expor t  

T o t a l  % 

% o f  T o t a l  Shipments 

1972 1973 1974 1975 1976 1977 - - - - - -  
26.5 24.7 22.9 22.6 23.1 23.0 

18.5 19.2 17.8 17.2 19.3 21.7 

15.0 14.0 16.5 20.2 20.2 20.8 

12.7 12.6 13.4 12.2 10.3 10.0 

9.4 . 9 .  8.4 7.6 8.1 8.0 

6.2 6.5 7.6 6.6 7.1 6.9 

6.9 5.9 5.4 5.3 4.8 '4 .5 

+ O . l  t1 .6 +1..0 +O.l +0.5 -0.3 

95.3 93.6 93.1 91.8 93.4 94.6 

4.7 6.4 6 .9  8.2 6.6 5.4 

100.0 100.0 100.0 100.0 100.0 100.0 

T o t a l  Shl pments (~housand  6,023 7,343 6,866 4,965 6,374 6,678 
Shor t  Tons) 

- - - 

*The d a t a  are pub l i shed  by t h e  Aluminum Assoc ia t ion .  For 1976, 
t h e  r e v i s e d  da ta  as repo r ted  i n  AlumSnum Monthly, Octobcr 1978 
is-~rsed i n  t h e  table..  

Source: A1 uminum S t a t i s t i - c a l  Review, 1976, f o r  1972 through ,1975. 

Aluminum Monthly, October 1978, f o r  1916 and 1977. 



TABLE 3.3-10 

HISTORICAL AND PREDICTED APPARENT CONSUMPTION OF ALUMINUM METAL* 

(Thousand Shor t  Tons) 

Year - Primary Secondary To ta l  Ref. - .  Remarks 

1972 4,676 2 50 4,926 (14) 

1973 5,560 265 5,825 (1 4'j 

1974 5,124 304 5,428 (14) 

1975 3,570 337 3,907 (14) 

- 

*Apparent Consumption = Apparent. Supply - Recovery f rom Purchased New 
Scrap. The numbers f o r  1975 and 1976 i n  t h i s  t a b l e  r e f l e c t  t h e  r e v i s i o n s  
made by the  Bureau i n  Reference 8. Secondary metal  i s  t h e  amount 
obta ined f rom o l d  scrap. 

* *ca lcu la ted  by A r thu r  D. L i t t l e ,  Inc .  based on t h e  p r o j e c t i o n s  made 
by t h e  Bureau f o r  1985 and 2000. 



SIC 3351 Rolling, Drawing and Extruding of Copper - includes establishments 
primarily engaged in rolling, drawing and extruding copper, brass, bronze, and 
other copper-based alloy basic shapes, such as plate, sheet, strip, bar, and tubing. 
(Establishments primarily engaged in recovering copper and its alloy from scrap or 
dross are classified in industry 3341.) 

SIC 3362 Brass, Bronze and Copper Foundries - includes establishments primar- 
ily engaged in casting of brass, bronze and copper-based alloys. 

3.4.2 Industry Structure- 
Although significant transactions in copper concentrates or blistcr do take place, mined 

copper is generally processed to refined form for consumer use. Refined copper is marketed in 
regular or standard shapes consisting largely of wire bars, cathodes, ingots and ingot bars, cakes, 
slabs, and billets. Market transactions in refined copper, therefore, define the relevant copper 
market for the industry as a whole. 

The domestic copper industry is segmented into "primary" and "secondary" sectors on the 
basis of whether the copper product has originated from mined copper (virgin ore) or from scrap. 
By this definition, firms in the primary sector predominantly transform mined copper into 
refined copper; firms in the secondary sector either predominantly process scrap into secondary 
refined copper or prepare it for direct consumption in the form of unrefined copper scrap. 

Production of refined copper in the United States from all sources is detailed in Table 3.4-1, 
for 1974, 1975, and 1976, based on data from the U. S. Bureau ul Milles. Domestically mincd 
copper constituted 74% of the total United States refined copper supply stream; refined copper 
from scrap, produced both by refineries and by "secondary plants" (i.e., numerous small smelters 
of scrap copper), contributed anolher 20%. 

Production of refined copper in the United States by primary and secondary producers, 
1950-1976, is given in Table 3.4-2. Estimated production of secondary refined copper by both 

and secondary producers, 1960-1976, is given in Table 3.4-3. The 1974-1976 production of 
secondary copper in the United States which is recovered from purchased scrap is given in Table 
3.4-4. 

3.4.2.1 Primary Copper Industry 
The primary sector consists principally of 12 firms, vertically integraled lu dillel.eiit degrees 

from mining to refining and semifabrication. Several indeperide~ll ~lli~liilg firnls are also includcd 
in the primary sector. 

Mine production of copper was the principal product of nearly 200 mines in 1972. Most of 
the domestically mined copper is produced in five western states - Arizona, Utah, New Mexico, 
Montana and Nevada. Arizona, Utah and New Mexico together account for more than 80% of 
total U. S. mine production. Well over half (about 63% in ,1976) the total U. S. mine production of 
recoverable copper comes from Arizona. 

Mills are almost always located close to the mines to minimize transportation costs. The 
value of the concentrates is high enough to allow some flexibility in smelter location. Most 



TABLE 3.4-1 

PRODUCTION OF REFINED COPPER BY SOURCE - 1974-1976* 
(thgusands o f  shor t  tons) , 

1974 

Produced by: 

1975 

Produced by: 

1976 

Produced by: 
SOURCE. TOTAL . . . . Secondarx TOTAL Secondgyy,, TOTAL Secondarx Re f i ne r i es '  . ' ~ l a n t i * *  * Ref iner ies  Plants Ref iner ies  p l an t s *  *** 

TOTAL (pr imary and secondary) 2,151,566 2,067 ,I 77 84,389 1,787,864 1,714,258 73,606 1,911,668 1,825,874 85,794 

Primary (new) r e f i n e d  copper 
produced i n  the  Uni ted States 1,654,658 1,654,658 - 1,443,378 1,443,378 - 1,537,188 1,537,188 - 
from domestic ores, as ** 

1,420,905 1,420,305 repor ted  by r e f i n e r i e s  - 1,286,189 1,286,189 - 1,420,603 1,420,603 - 
f r o n  f o re i gn  ores, matte, 
etc., as reported by 
re f i ne r i es f *  233,753 233,753 - 157,189 157,189 - 116,585 116,585 - 

Secondary r e f i n e d  copper 
produced i n  the  Uni ted 
states*** 496,908 412,519 84,389 344,486 270,880 73,606 374,480 288,,686 85,794 

k" from new scrap N A 229,328 N A N A 139,230 N A N A 144,,215 . NA 
.J 
w f r omoOdsc rap  N A 183,191 N A N A 131,650 N A N A 144,471 .NA 

NOTES AND SOURCES: 

*US. ~u;eau o f  Mines, Mineral ' I ndus t r y  'SuPveys, "Copper i n  1976" ( A p r i l  15, 1977), p.4. 
+* 

The sepa ra t i on ' o f  r e f i n 2 d  copper i n t o  metal o f  domestic and fore ign o r i g i n  i s  o n l y  approximate, as accurate separat ion 
i s  no t  poss ib le  a t  t h i s  stage o f  processing. 

*** 
I m l u d e s  copper reported from fo re i gn  scrap. 

**** 
U.S. Bureau o f  Mines, 1974 Minerals  Yearbsok, Copper, Prepsint ,  p. 29 

***** 
U.S. Bureau o f  Mines, Mineral I l i d u s t r ~ S u r v e y s ,  "Copper i n  December 1976" (March 10, 1977), p. 3. 

NA: Not ava i l ab le  on a cons is ten t  basis Prom pub l i c  sources. 



TABLE 3.4-2 

Year 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1950 
1960 
1961 
1962 
1963 
1964 
1965 
1366 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

PRODUCTION OF REFINED COPPER BY 
PRIMARY AND SECONDARY PRODUCERS, 1950-1976 

(thousands o f  s h o r t  t ons )  

T o t a l  
Ref ined 

Product i on 
. . 

1446.4 
1362.5 
1320.5 
1504.0 
141 8.4 
1562.8 
1 687.8 
1676.1 
1579.5 
1331.5 
1794.6 
1813.9 
1884.5 
1884.4 
1990.4 
221 4.8 
2183.3 
1 526.6 
1839.0 
2214.9 
2242.7 
1962.4 
2258.5 
2312.6 
2151.6 
1775.0 
1995.0 

Pr imary 
Producer 

Ref i ncd 

1300.8 
1247.2 
1220.2 
1345.6 
1249.1 
1355.4 
1501.3 
1467.4 
1389.3 
1087.9 
1565.3 
1 623.9 
1689.4 
1648.9 
1750.3 
1946.6 
1905,8. 
1255.2 
1565.4 
1951.8 
1991 . O  
1747.6 
2006.3 
1963.8 
1769.5 
1550.5 
1739.8 

Secondary 
Pruducer. 
- Ref ined 

145.6 
115.3 
100.3 
158.4 
169.3 
207.4 
186.5 
2 08.7 
1 90.2 
243.6 
229.3 
190.0 
195.1 
235.5 
240.1 
268.2 
777.5 
211.4 
273.6 
263.1 
251.7 
214.8 
252.2 
348.8 
382.1 
224.5 
255,Z 

Source: Economic Impact o f  Environmental  Regulat ions on t h e  Un i t ed  
S ta tes  Copper I n d u s t r y .  January 1978, Table 111-8. 

P red i  c a s t  Basebook, 1978. 
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TABLE 3.4-3 

ESTIMATED SECONDARY REFINED COPPER PRODUCED BY 
PRIMARY AND SECONDARY PRODUCERS - 1960-1976 

(thousands o f  s h o r t  t ons )  

To ta l  Copper' Ref ined Copper Ref ined Copper Ref ined 
Product ion o f  f rom Scrap by from Scrap from Scrap by 
Refined Copper . Secondary by Primary Secondary 

Year from. Scrap Producers Producers Producers (%) 

Source: Economic Impact o f  Environmental Regulat ions on t h e  Uni,ted States Copper 
IndusLry. January 1978.  Table 111-7. 

U.S. Bureau o f  Mines, Minera ls  Yearbook, 1976. 



TABLE 3.4-4 

PRODUCTION OF SECONDARY COPPER, REFINED AND UNREFINED 
RECOVERED FROM PURCF,ASED SCRAP ' 1974-1 976 

(thousands o f  sho r t  tons  o f  copper con ten t )  

T o t a l  .secondary copper produced i n  t h e  Un i ted  States*  1 ,344,320 971,965 1,106,000 

reco .~ered  as m a l l  oyed copper 513,308 355,512 374,000 

reco .~ered  as c l l  oys** 831 ,012 61 6,453 732,000 

Less: 

T o t a l  r e f i ned  zopper produced from scrap i n  t h e  
Cr' 
4 Uni ted  States*** 496,908 344,486 374,480 
cn 

Equal s : 

T o t a l  secondary copper produced i n  t h e  Un i ted  
States which i s  used d i r e c t l y  

* U.S. Bureau o f  Mines, :Mineral I n d u s t r y  Surveys, "Copper i n  1976" ( A p r i l  15, 1977), p. 4. 
Inc ludes copper recovered f rom both copper-b3se scrap and o the r  than copper-base scrap. 

** Inc ludes copper i n  chemicals as fo l l ows :  
1974: 2,649 
1975: 2,480 
1976: 4,007 

U.S. Bureau o f  Mines, I b i d .  

*** Refer  t o  Table 3.4-1. 



smelters are located near the mills that supply them or on tidewater or railhead in order to receive 
concentrates from distant mills. With the major copper mines centered in the western states, 
most, of the smelting capacity is in that region. Refineries can be located anywhere between 
smelters and fabricators, since transportation costs for blister and refined copper are about the 
same. 

The basic data on the primary producers, i.e., mine production of recoverable copper, and 
refinery capacity for the years 1974-1976 are given in Table 3.4-5. 

3.4.2.1.1 Industry Concentration 

The U.S. copper industry is highly concentrated. In.1974, four firms accounted for 64% of 
total U.S. mine production. Eight companie's, including these four, accounted for 88% of the 
total. ~even ' f i rms together.represent virtually all of the U.S. smelter and primary refinery 
capacity. 

3.4.2.1.2 Vertical Integration 

Several of the domestic primary producers participate either directly or through sub- 
' 

sidiaries in all five stages of production: mining, milling, smelting, refining, and fabrication. 
Productive capacities, however, are not always matched between the different stages of 
production. 

3.4.2.2 Secondary Copper Industry 
In the secondary copper smelting and refining industry in the United States, there are 

approximately 50 producers of either brass and bronze ingots or secondary refined copper 
operating approximately 70 plants. The plants in this industry fall into two fairly distinct 
segments: (1) producers of brass and bronze ingots and (2) producers of unalloyed copper. 

3.4.2.2.1 Types of ~ h m s  

Most of the firms in the secondary copper industry are small, individually owned operations 
having only one plant; only a few are publicly held. A minority of the firms (but still representing 
a large fraction of the production) are either subsidiary operations of large mining companies or 
are subsidiaries of conglomerates. 

For the 1963-1972 period, the four largest firms accounted for about 40% of the value of 
shipments; the eight largest companies accounted for 69%; the 20 largest, for about 85%; and the 
50 largest for almost i l l  of the value of.shipments. 

3.4.2.2.2 Types of Plants . . 

There are 63 plants in the brass and bronze ingot segment. These producers manufacture a 
wide variety of specification alloys. These alloys generaliy fit a series of specifications that have 
been outlined by both ASTM and the Brass and Bronze Ingot Institute (BBII) and are in the form 
of 30-pound brass or bronze ingots. Some of the smelters also produce a series of materials in the 
form of shot that are sold to factories for the inoculation of gray iron. The shot may be pure copper 
or copper-nickel alloys of various types. 

The plants are usually smal1,'with production ranging from.500-1500 short tons per month 
and employment ranging from 10-500 people. The facilities vary in age; some plants are 40-50 



. . 
TABLE 3.4-5 . 

BASIC DATA ON PRIMARY .PRODUCERS. OF'COPPER'1974-1976 

1974 .- 1975 . 1976 

Mine P roduc t i on  o f  Recoverabl e  . 
Copper ( s h o r t  t o n s )  1,597,002 . 1,413,366 . ' 1 ,605 ,586  

R e f i n e r y  Capac i ty *  
(annual s h o r t  t o n s )  

. . 

. . 

*. Capac i ty  i n c l u d e s  t h a t  f o r  p rocess ing  scrap.  

Source: U.S. Bureau o f  Mines,. M inera l  I n d u s t r y  Surveys, "Copper i n  
1974" and "Copper i ,n  1976. " . - 

American Bureau  o f  Metal   statistic,^, l n c . ,  ~ o r j f e r r o u s    el dl 
. . Data f o r  9974, 1975, and 1976. 



years old, with additions and renovations made over the years. Several of these plants are 
diversified, being involved as well in other secondary metal processing operations, such as 
secondary aluminum, lead, and zinc. In the normal sense of production, however, the secondary 
brass and bronze ingot-making segment of the industry is non-integrated. None of the smaller 
smelters is integrated to the point of producing a finished or semi-finished product. 

There are seven producers of unalloyed copper, which may be in the form of blister copper, 
fire-refined copper, cathode copper, wire bar, continuous cast, or a finished product, depending 
on both the production scheme and the needs of the customer. Also, several precious metals are 
usually recovered as a result of electrorefining to produce cathode copper. 

Plant sizes range from 1500-18,000 short tons production per month; the work force ranges 
from 100-1800 people. Although the facilities are 40-50 years old, they generally utilize sophis- 
ticated technology and equipment and are integrated toward producing finished products;such 
as tubes and rods. Many of the firms are completely integrated, using copper scrap as a raw 
material and turning out a finished product, such as electrical wire, valve fittings, and copper 
tubing. 

Producers of brass and bronze ingots are located mostly in the northeastern, Pacific Coast, 
and east north central states. Producers of unalloyed copper are also located in heavily industrial- 
ized areas, mostly in the northeastern states, with one plant in the south and two in Illinois. 

3.4.2.2.3 Percent of Industry Represented by Each Segment 

Segment 1 (brass and bronze ingots) represents 53% of the plants in the secondary copper 
smelting and refining industry, 46% of the employees, and 32% of the production. Seg~l~cn t  2 
(unalloyed copper) contains only 10% of the plants in the industry, but accounts for about 65% of 
the production, and 44% of the employment. 

3.4.3 Process Technology 

3.4.3.1 Primary Copper Industry 
Production of primary copper involves four basic activities: mining, milling, smelting, and 

refining. Refined copper is then fabricated for various end-use markets. The four stages of 
primary production are: 

Mining - where ore containing approximately 0.4-2% copper is mined; 

Milling - where the copper-containing minerals are separated from waste rock to 
produce a concentrate containing about 25% copper; 

Smelting - where concentrates are meltred and reacted to produce 98% pure 
"blister" copper; and 

Refining - where blister copper is refined electrolytically to produce 99.9% pure 
cathode copper. Some of the new l~ydrometallurgical processes combine the func- 
tions performed by smelting and refining. 

A gei~eralizad flowsheet for copper extract,inn from sulfide ores is shown in Figure 3.4-1. 
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3.4.3.1.1 Mining and Beneficiation 

About 85% of the copper ore mined comes from open pits, and the rest from underground 
mines. Underground n~ in i~ lg  methods for copper ores involve caving and/or cut-and-fill mining. 

. . . . 

From a processing viewpoint, copper ores can be classified in three categories - sulfide, 
native copper, and oxide. ~ a c h  category requires different beneficiation processes. The sulfide 
ores are treated primarily by crushing,' grinding, and-froth flotation to produce a concentrate (or 
several concentrates) of sulfide minerals; worthless '.'gangue9' is rejected as tailings. Generally, 
only sulfide ores are amenable to cdncentration procedures. The output of this beneficiation 

. . 
process, concentrates, may contaii.ll-32% copper. . 

In native copper ores the copper occurs in met;lllic form. The Lake Superior district in 
Michigan is the only major source of .ore of this type. Although the reserves of this ore are 
extensive, they contribute only a small-portion of the total U.S. mine production of copper. . 

Oxide ores are treated primarily by' leaching with dilute sulfuric acid. Copper is recovered in 
metallic fdrm &om leach solution by precipitation on iron scrap (cementation) or by electro- 
winning from the solution. . . 

3.4.3.1.2 Smelting 

Because most U.S. copper is extracted from low-grade sul'fide: ores that require concentra- 
tion, current pyrometallurgical practice for recovery of copper is fairly uniform from smelter to 
smelter and is adapted to treating fine-grained sulfi'de..concentrates consisting mainly of copper 
and iron sulfides and gangue. Copper's strong affinity for sulfur and its weak affinity for oxygen 
compared with that of iron and'other base metals in the.ore are the basis for the three major steps 
in producing copper metal from sulfide concentrates: roasting, and converting. 

About half the copper smelters in the U.S. roast their charge prior to feeding the smelting 
furnace. The.older smelters use multiple-hearth roasters foi this purpose while the new smelters 

. . 
use fluidized bed roasters. 

Roasted or unroasted drie'd concentrates are smelted in a smelting furnace. The rever- 
beratory furnace (reverb) 'is the traditional smelting furnace used in the United States. The 
charge is heated by burning fuel in- the furnace cavity. Most of the reverbs in the U.S. use natural 
gas, fuel oil, or powdered coal, as a fuel. In newer smelting processes, the heat required for 
smelting is supplied by the oxidation of a portion ofthe charge or by electric resistance heating of 
the slag. 

hl the s111elt;ing furnace, copper ,and sulfur form the stable copper sulfide, Cu,S. Excess 
sulfur unites with iron to form a stable ferrous sulfide, FeS. The combination of the two sulfides, 
known as matte, collects in the lower area of the furnace and is removed. Such mattes may 
contain from 15'-50% copper, with a 40-45% copper content being.most common, and they may 
also contain impurities such as sulfur, antimony, arsenic, iron, and precious metals. 

The remai~lde? of Che.multen mass containing most of the other impurities and known as 
slag floats on top of the matte, being of lower specific gravity, and is drawn off. Reverb and 
electric furnace slags are discarded, while slags from other types of smelting furnaces are treated 
by millinglfroth flotation or in an electric furnace for copper recovery. The copper contained in 
the discard slag is a major cause of copper loss in gyromet~llurgic~l pr~ct.ice. 

3-8 1 
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Matte produced in the reverberatory furnace is transferred to the converters in order to 
convert it to blister copper. Air is blown through the matte, to oxidize the FeS to FeO and Fe,O, 
and remove sulfur with the off-gases as SO,. Silica flux is added to the converter to form a fluid 
iron silicate slag. When all the iron is oxidized, the slag is skimmed from the furnace leaving 
behind "white metal" or inolten Cu,S. This white metal is then oxidized to blister copper. The 
blister copper is removed from the converter and cast or subjected to additional fire refining prior 
to casting. 

3.4.3.1.3 Refining 

The blister copper produced by smelting is too impure for most applications and must be 
refined before use. It may contain silver and gold as well as such other elements as arsenic, 
antimony, bismuth, lead, selenium, telluridm, ~ n t f  iron. Twu methods are used fur ~efiiiii~g 
copper-fire refining and electrolysis. 

The fire-refining process employs oxidation, fluxing and reduction. The molten metal is 
agikt,ed with compressed air; sulfur dioxide is liberated, and some of the impurities form metallic 
oxides, which combine with added silica to form a slag. After this slag has been skimmed off, 
copper oxide in the melt is reduced by inserting green-wood poles or gaseous reductants below the 
bath surface. If the original material does, not contain sufficient gold or silver to warrant its 
recovery, or if a special-purpose copper-cont;nirii~~g silver is desired, Llie fire=refined coppcr is cast 
directly into forms. If it is of such a nature as to warrant the recovery of precious metals, fire 
refining is carried out only to insure homogeneous ariodes for subsequent electrolytic refining. 

A major portion of U.S. blister output is electrolytically refined. In electrolytic refining, 
blister copper, cast in anode shape, and cathodes (thin copper sheets prepared separately) are 
hung alternately in plastic-lined or lead-lined concrete electrolytic cells that contain the electro- 
lyte-essentially a solution of copper sulfate and sulfuric acid. When curre111 is applied, copper is 
dissolved from the anode and an equivalent. amount of copper plates out of soluliur~ on l l ~ e  
cathode. Such impurities as gold, silver, platinum-group metals, nnci Lile sele~iides a d  tellurides 
fall to thc bottom of the tank and form anode slime or mud. Arsenic, antimony, bismuth, and 
nickel enter the electrolyte. The electrolyte has lo be treated to prevent the buildup of these 
impurities, which would have a deleterious effect on cathode purity. After the plating cycle is 
finished, the cathodes are removed from the tanks, melted, and cast into commercial refinery 
shapes. Anode scrap is remelted to form fresh anodes. The copper produced has a minimum 
purity of 99.9%. 

3.4.3.1.4 Hydrometallurgy of Oxides 

About 10-15% of U.S. copper production comes from oxide sources. The hydrometallurgical 
treatment of such ores with dilute sulfuric acid to dissolve the contained copper is an old 
establishcd technology. Since surplus sulfuric acid is available near the mines as a result of 
pollution control measures a t  smelters, acid leaching of mine waste dumps arid mill tailings is 
widely practiced, as well as lcaching of oxide oroo mined specifically for t.his pi.lrpnse. Since many 
of these materials contain limestone, such a leaching process indirectly disposes the acid by 
neutralization. 

Once in so1uLiu11, copper is recovered either by precipitating on iron scrap or via LIX (liquid 
ion exchange) and electrowinning. Precipitated copper or cement is usually shipped to a smelter 
for processing. 



3.4.3.2 Secondary Copper' Industry 

3.4.3.2.1 R ~ W  Materials . . 

The basic raw material of the secondary copper industry is copper and copper-based alloy 
scrap. About two-third; of:the amount of secondary copper recovered is in the form of either brass 
or bronze, while one-third is in the form of unalloyed copper. 

Copper sold to manufacturers is returned to the producers either as new scrap or old scrap. 
: New scrap is returned directly.from the manufacturers or via collectors and scrap brokers. Old 

. scrap is returned froin consumers of copper. Purchased scrap may move from one location to 
another . . within ifhe same.company, or from,one company to another. 

3.4.3.2.2 Sorting Scrap 
. . Sorting scrap according to the classification shown in Table 3.4-6 is one of the most 

, important steps in raw material preparation for the ultimate recovery of secondary copper. Small 
scrap, yards usually segregate scrap to a few basic types, but larger yards find it practicable to 

' 

segregate their scrap completely, according to all of the common grade specifications. Several 
. . methods have been developed for determining the approximate compositions of the thousands of . 

items that pass through . . the scrapyards. The complexity of the tests ranges from simple recogni- 
tion of known compositions to chemical analyses. The simplest method of segregating scrap is by 
recognition ofits'source or previous use, for example, copper wire, radiator fins, brass fittings, etc. 

3.4.3.2.3 Scrap Preparatio* , 

Before the scrap metal is blended in a furnace to produce the desired ingots, the raw 
material must be sampled. Removal of some .of the non-metallic contaminants or, in some 
instances, preprocessing t h e  raw material to permit more efficient and economical utilization of 
the scrap may be desirable. These processes may be either mechanical, pyrometallurgical, or 
hydrometallurgical. 

. . 
.Many types of scrap are prepared for smelting or melting by mechanical methods. In- 

sulation and lead sheathing are removed from electrical conductors by special stripping ma- 
chines. Wire, thin-plate, and wire-screen scraps are usually compressed into briquettes, bales, or 
bundles. . . Large, solid items are reduced in size by pneumatic cutters, electric shearing machines, 
or manual sledging. Brittle springy turnings, or borings, and long chips are crushed in hammer 
mills or ball mills. Slags, drosses, skimmings, foundry .ashes, spills, and sweepings are ground to 
liberate prills or other metallics.from the.gangue so that they can be recovered by gravity 

' concentration or other . physical . means.. Small-size materials, such as drillings, clippings, and 
crushed turnings, are often run.bver a magnetic separator to remove tramp iron. 

. . 

Many types of scrap,must be given a' preliminary furnace treatment before actual melting 
and refining .operations begin. Oil and other organic impurities and moisture are removed by 
heating in muffle furnaces' or kilns. Scrap, such as journal bearings, lead-sheathed cable, and 
radiators, Fan be sweated to remove low melting point components, such as babbitt, lead, and 
solder as valuable byproducts which would .otherwise contaminate a melt. Sweating is performed 
in n conventional. sloping-hearth, gas-fired furnace .or 'in .a rotary kiln. The process can be a 

. . .  
, cont~inuous ar hatch operation.. 



TABLE 3.4-6 

TYPES OF COPPER-BEARING SCRAP 

No. 1 Copper Wire 2 8 
No.. 2 Copper Wire 29 
No. 1 Heavy Copper . . 30 
Mixed Heavy Cop,per 3 1 
L i g h t  Copper 32 
Composit ion o r  Red Brass 33 
Red Brass Composit ion Turn ings 3 4 
Genuine Babb i t t - L i ned  Brass Bushings 3 5 
High-Grade, Low Lead Bronze S o l i d s  36 
Bronze Papermi 11 Wire .C lo th  37 
High-Lead Bronze Sol . ids  and Borings. 38 
Machinery o r  Hard Red Brass S o l i d s  3 9 
Un l i ned  Standard Red Car Boxes 40 
(Clean Journa ls )  
L ined  Standard Red Car Boxes (L ined  Jou rna l )  41 
Cocks and Faucets 42 
Mixed Brass Scrsens 43 
Yel low Brass Scrap 44 
Y e l l o h  Brass Cast ings 4 5 
O ld  R o l l e d  Brass 46 
New Brass C l  i p p i n g s  47 
Brass She l l  Cases w i t h o u t  Pr imers 4 8 
Brass She l l  Cases w i t h  Pr imers 49 
Small Brass Arms and R i  f l  E She l l s ,  Clean 5 0 
F i r e s  5 1 
Small Bra'ss Arms and R i f l  E She1 1 s, Clean 5 2 
Muf f1  ed (Popped:l 53 
Ye l low Brass Pr imer  5 4 
B r a s s p i p e  . 
Ye l low Brass Rod Turn ings 

Yel low Brass Rod Ends 
Yel low Brass Turn ings 
Yixed Unsweated Auto Rad ia to rs  
Admiral  t y  Brass Condenser Tubes 
Aluminum Brass Condenser Tubes 
Muntz Metal  Tubes 
P la ted  R o l l e d  Brass 
Manganese Bronze Sol i d s  
New Cupro-Ni cke l  C l  i ppings and Sol i d s  
01 d Cupro-Ni cke l  Sol i d s  
Soldered Cupro-Nickel S o l i d s  
Cupro-Nickel Turn ings and Bor ings 
M i  s c e l l  aneous N i cke l  Copper and N i  c k e l -  
Copper-Iron Scrap 
New Mone! C l i pp ings  and S o l i d s  
Monel Rods and Forg ings 
Old Monel Sheet and Sol i d s  
Soldered Monel Sheet and S o l i d s  
Soldered Monel Wire, Screen and C l o t h  
New Monel Wire, Screen and C l o t h  
Monel Cast ings 
Monel Turn ings and Bor ings 
Mixed N i c k e l  S i l v e r  C l i p p i n g s  
New N i c k e l  S i l v e r  C l i p p i n g s  and Sol i d s  
New Segregated N i c k e l  S i  1 ve r  C l  i p p i  ngs 
Old N i cke l  S i l v e r  
N i cke l  S i l v e r  Cast ings 
N i cke l  S i l v e r  Turn ings 



The blast furnace is used extensively in secondary smelters for smelting low-grade copper 
and brass scraps, refinery slags, drosses, and skimmings to produce black copper (80-90% Cu). 
The conventional secondary copper blast furnace is a top-charged, bottom-tapped shaft furnace 
heated by coke burning in a blast of air introduced through tuyeres placed symmetrically around 
the bottom of the shaft. 

The black copper (80-90% Cu) produced in the blast furnace is converted to blister copper 
by blowing air into the molten charge. In contrast to the converting operation in a primary copper 
smelter where two blowing stages are needed, only the second stage, or "blister" blow, is required 
in secondary copper converting. 

Copper-rich metallics are also separated by gravity. This technique involves grinding, 
screening, and gravity separation in a water medium. Although the total loss of metal is often 
greater than in the blast furnace, gravity separation is well adapted to fines that might be blown 
out of the furnace. 

3.4.3.2.4 Melting and Alloying Intermediate Grade Copper Scrap 

About two-thirds of the secondary copper production in the United States is used in ingot 
plants and foundrics to make brass and bronze alloys by simple melting and refining methods. 
The amount of refining is usually small if the scrap is well sorted so that impurities or excess alloy 
constituents can be diluted to composition specifications with high-grade scrap or virgin metals. 
These conditions are not easily maintained, however, because certain impurities, such as alumi- 
num and silicon, have exceedingly low permissible limits in the product. Both aluminum and 
silicon are difficult to remove by refining. Impurities such as iron, sulfur, cadmium, bismuth, 
zinc, phosphorus, and manganese are not as difficult to remove by common refining techniques. 

Melting, refining, and alloying procedures are essentially the same for reverberatory, rotary 
or crucible furnaces. Capacities of stationary reverberatory furnaces used in secondary smelters 
range from a few thousand pounds to 100 short tons or more. The side- or end-charged arched-roof 
tapping furnace is the type most extensively used. Reverberatory furnace slags usually contain 
metal values that can be recovered in the blast furnace. Slags produced by small secondary plants 
are frequently sold to primary smelters on Ille basis of copper content only. Some plants grind the 
slag and recover metallic constituents in milling operations before the slag is sold. 

The rotary furnace is designed to provide efficient melting and refining and convenient 
pouring of fairly large melts. Furnace capacity ranges from several short tons to 50 or more short 
tons of nonferrrous metals. It  may have a particular advantage over stationary furnaces for 
melting loose or baled light scrap, because the rotary mixing action promotes better heat transfer 
to the melt and causes a more rapid coalescence of melted globules. 

A fairly large tonnage of secondary copper is produced in crucible furnaces, heated by gas, 
oil, coke or. electricity. The once popular, coke-fired pit furnace is seldom used today. Crucible 
furnaces are used in the secondary-copper industry for melting clean, well-scgrcgated scrap - 
mostly in foundries. Very little fire-refining i s  performed in crucibles. 

The stationary rcvcrberatory is the most practicable funlace for making very large tonnages 
of standard alloys from scrap. The rotary furnace is more flexible than the reverberatory, but the 



capacity is limited to moderate tonnages. Tilting and stationary crucible furnaces, either gas or 
electric, are used to advantage for making small melts of special alloys. Electric induction 
furnaces are increasing in popularity a t  ingot plants and foundries where special high-grade alloys 
are made. The advantages of electric furnaces include higher melting speed and prccise temper- 
ature control, which help to defray the relatively higher cost of electrical equipment. 

Melting furnaces are always associated with other equipment designed to receive the melt. 
Melts are usually tapped from furnaces into feeder.ladles, which transport the metal to a mold 
line for making conventional ingots. The mold line is a series of ingot molds placed on a rack that 
may be stationary or movable. If stationary, the molds are filled with metal poured from a 
portable ladle., 

An automatic mold line is an endless mold-conveying systeix in line with, or on the 
periphery of, a large circular rack known as a casting wheel. 

Melting and refining furnaces are operated frequently in conjunction with a plant or mill to 
produce items such as rods, tubes, sheet, and similar products. In this case, the furnaces are 
tapped into special billet molds to make shapes for subsequent milling operations. 

3.4.3.2.5 Refining High-Grade Copper Scrap 

The refining furnace is either a stationary reverberatory or cylindrical tilting type with a 
capacity of 20 to 300 short tons. Full fire refinilig is often required to produce billets, slabs, c ~ k e s  
and bars for manufacturing plates, sheets, rods, and so forth. The fire-refining procedure is 
identical to that used in the primary industry. The electrolytic copper refining is also similar to 
that in the primary industry, described earlier. 

3.4.4 Materials Flow 

3.4.4.1 Generul 
The flow of copper in the copper i~~dus t ry  in the United States for 1976 is shown in simplified 

form in Figure 3.4-2. The two major sources of copper supply are domestic and imported ore and 
copper-based scrap. 

The fo!lowing observations of the flow of copper in 1976 can be made: 

Refined copper accounted for 73.4% of the total copper supply of the United States; 
and 

Semifabricators and end users utilized 50% of the recovered scrap directly, without 
further refining; the remainder was smelted and refined. 

3.4.4.2. Classification of Recoverable Materials 
Both the secondary copper industry and the American Society for 'resting Materials have 

made a continuing effort over the past.35 years or so to reduce the number of varieties of copper- 
based alloys. At one time, more than 500 commercial copper-based alloys were made in the 
United ~ t a t ~ e s .  Sorting and grading mixed scrap with no uniform standards was a major problem 
in the industry. Of the many hundreds of copper-based alloys that become available for reuse 
through scrap recovery channels, 54 primary types are now included in the standards published 
by the National Association of Recycling Industries (NARI, NASMI). These are listed 
in Table 3.4-6. 

3-86 
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Briefly, this copper-bearing scrap can be summarized as follows: 

No. 1 copper: Scrap from unalloyed copper, clean and free of contaminants. I t  must 
not be less than 1/16 inch thick or below No. 16 B&S wire gauge. Included in this 
category are wire and cable (excluding burnt wire), copper clippings, punchings, 
busbars, commutator segments, and copper tubing. 

No. 2 copper: Miscellaneous unalloyed copper scrap having a nominal 96% copper 
content (minimum 94%). 

Light copper: Miscellaneous unalloyed copper scrap having a nominal 92% copper 
content (minimum 88%), such as sheet copper, gutters, downspouts, kettles, boilers, 
and similar scrap. . . 

Refinery brass: Scrap containing a minimum of 61.3% copper and a maximum of 5% 
iron. Included are brass and bronze solids, turnings, and alloyed and contaminated 
copper scrap. 

Copper- bearing scrap: Miscell-aneous copper-containing skimmings, grindings, ashes, 
iron-containing brass, and copper residues and slags. 

Brass and Bronze scrap: This category is usually kept segregatad by the type uf alloy 
in a large number of categories, such as red brass; high-grade, low-lead bronze solids; 
high-lead bronze solids and borings; yellow brass scrap; yellow brass castings; new 
brass clippings; mixed nickel silver clippings; manganese bronze solids; and the like. 

3.4.4.3 Recycling Profile 
The main consumers of copper and copper-based alloy scrap are smelterhefineries, ingot 

manufacturers, and brass and bronze mills. Refiners use both low-grade and high-grade scrap as 
raw material. Higher grades of scrap are introduced in the later stages of processing. For example, 
No. 2 copper is generally introduced at  the anode melting step before electrorefining and No. 1 
copper at  the cathode melting step. The cathodes are melted and cast into refinery shapes. Brass 
and bronze ingot-makers make casting tklloy ingots mainly from brass and brurlzs scrap supple- 
mented by bther materials such as No. 1 and No. 2 copper scrap, small amounts of refined copper, 
and alloying additives such as tin and zinc. Brass mills make wrought alloys that are then 
fabricated to finished mill products, such as sheets, tubes, rods, and pipe. Brass mills use 
purchased brass and bronze scrap and No. 1 and No. 2 copper scrap, along with significant 
quantities of home-generated scrap, refined copper, and such alloying additives as slab zinc, lead, 
tin, and nickel, as shown in Table 3.4-7. 

In 1976 primary and secondary copper producers cons,umed 767,000 short tons of scrap, as 
shown in Table 3.4-7. Of this, No. 1 copper made up about 1996, No. 2 mixed heavy and light 
accounted for 24%; low-grade scrap and residues accounted for 33%; and brass and bronze scrap, 
including auto radiators, made up the remaining 24%. Old scrap made up 59% of the total. 

In order to estimate the total amount of copper-based scrap available for recycling in 1976, a 
1969 Battelle estimate"' has been updated. The estimate of copper scrap recycled in 1969 was 



TABLE 3.4-7 

PURCHASED COPPER-BASE SCRAP CONSUMED - 1976* - 

Class o f  Consumer and Scrap I t e m  

Secondary Copper Smelters 

No. 1  w i r e  and heavy 
No. 2  w i re ,  mixed heavy and l i g h t  
Composit ion o r  s o f t  r e d  brass 
Rai 1  road-car  boxes 
Yel low brass 
C a r t r i d g e  cases 
Auto r a d i a t o r s  (unsweated) 
Bronze 
N i c k e l ,  s i l v e r  and cupron icke l  
Low brass 
A1 uminum bronze 
Low-grade scrap and res idues  

Consumption O ld  Scrap 
(000 Sho r t  Tons) % - 

TOTAL 340.0 68.5 

Pr imary  Producers 

No. 1  w i r e  and heavy 
No. 2 wi re ,  mixed heavy and l i g h t  
R e f i n e r y  brass 
Low-grade scrap and res idues  

TOTAL 

Brass M i l l s  

No. 1  w i r e  and heavy 
No. 2  w i re ,  mixed heavy and l i g h t  
Yel low brass 
C a r t r i d g e  cases and brass 
Bronze 
N i c k e l ,  s i l v e r  and cupron icke l  
Low brass  
A1 umin um bronze 

TOTAL 

TOTAL ALL PRODUCERS 1425.0 34.0 

New Scrap 
% .  - 

* T o t a l  f i g u r e s  f o r  t h r e e  c lasses  o f  consumer and f i g u r e s  f o r  breakdown by t ype  
o f  scrap f o r  brass m i l l s  based on 1976 Bureau o f  Mines data.  F igures  f o r  break- 
down by t y p e  o f  scrap f o r  secondary copper sme l te rs  and p r ima ry  producers a r e  
- thur D. L i t t l e  es t imates  based on 1974 da ta  jn U.S. Bureau o f  Mines M ine ra l s  
. -3 rbook  chap te r  d e a l i n g  w i t h  copper. 



based on estimates of the life cycles for the various products providing copper scrap. Another 
assumption in the Battelle study is that new, or industrial scrap is 100% recycled. Our estimate of 
the amount of scrap available for recycling in 1976 is given in Table 3.4-8, which shows that 
approximately half of the scrap available was recycled in 1976, and that the major source of 
copper available but not recycled was low-grade scrap and residues. This study has used the 
Battelle estimates with minor adjustments based on the positive trends toward recycling in the 
1970's. Consequently, we have not taken into consideration the time lag in the Battelle study, i.e., 
we have not estimated the consumption of copper at  the beginning of the various life cycles to 
derive the actual supply in 1976. The estimates of the amounts of various forms of copper scrap 
available for recycling should therefore only be taken as. order-of-magnitude figures since any 
copper that qemains in productive use beyond'the average life cycle will be available in the future 
and not necessarily lost. Another fact that should be observed is that during a year with low scrap 
consumption, e.g., 1976, certain types of copper scrap may be stockpiled. 

Using the life cycle method of estimating available supply results in inaccurate figures for 
certain forms of scrap during such Ibw demand periods. This would he p~ r t~ i c~~ la r l y  true for No:l 
and No. 2 wire which are almost 100% recycled. 

3.4.5 Future Trends 

3.4.5.1 Technological Trends 
The only significant technological trend foreseen for the near future is the change-over in the 

primary industry from reverberatory smelting to newer smelting processes such as flash smelting, 
electric smelting, the Noranda, Outokumpu and Mitsubishi processes. This change-over is 
necessitated by pressure to meet ambient air quality standards. Given the present state of the 
copper industry, and the fact that there are no firm plans fur ally new smelter construction in the 
Unitcd Statco, we do not expect any new smelt.rzrs t.n crime on-stream until 1985. Furlhsr~llo~e, 
since the industry seems to be favoring flash smelting rather than electric smelting, technological 
trends should have no impact on the 1987 recycling target. 

3.4.5.2 Industry Structure Trends 
Some of the larger oil companies are now investing in the primary copper industry. We do 

not believe, however, that this change in ownership will have any significant impact on either 
total industry capacity or the relation between primary and secul~rlary aeglilel~ts of the industry. 
Consequently, we do not believe that the industry structure will have any impact on the 1987 
recycling target. 

3.4.5.3 Industry Growth 
The output of primary refined copper is expected to be 2,010,400 short tons by 1987. This 

estimate is based on a 1974 production level of 1,654,658 short tons and an Arthur D. Little, Inc. 
projectcd growth rate of 21,5% or 1.5% annually. . 



TABLE 3.4-8 

ESTIMATED COPPER SCRAP AVAILABLE FOR RECYCLING - 1976 

Recycled Copper** Not Recycled 
Scrap as % o f  Copper Scrap Copper Scrap 

Recycled* Copper Scrap Ava i lab le  f o r  as % o f  Copper Not Recycled 
~ o p p &  Scrap ~ v a i  l a b l e  f o r  Recycl ing Scrap ~ v a i  1 able. Copper Scrap 

Scrap I tem 'JOCO 'Shor t  Tons) Recycl i n g  (000'Short  'Tons1 ' ' f o r  .Recycling (000 Short  Tons) 

No. 1 Wire and Heavy 2 99 

No. 2 Wire Heavy and 'L igh t  260 

Composition, Red Brass 58 

2 Ra i l road  Car Boxes 

Yellow Brass 

Car t r idge  Cases 

Auto Radiators 

Bronze 24 

Nicke l ,  S i l ve r ,  Coppernickel 32 

Low Brass 48 

Ref inery  Brass 4 

Low Grade Scrap, Residues 253 

TOTAL 1425 

* Refer t o  Table 3.4-7. 

** Est imat ion based on B a t t e l l e  study "A Study t o  I d e n t i f y  oppor tun i t i es  f o r  Increased 
S o l i d  Waste U t i l i z a t i o n " ,  1972. 



3.5 ZINC 

3.5.1 Industry Definition 
The zinc industry under the SIC 33 code system includes the following: 

SIC 3333 - Primary Smelting and Refining of Zinc - establishments primarily 
engaged in smelting zinc from the ore and in refining zinc by any process. Estab- 
lishments primarily engaged in rolling, drawing, or extruding zinc are classified in 
industry 3356. 

SIC 33414 - Secondary Smelting and Refining of Zinc - establishments primarily 
engaged in smelting zinc from scrap materials by any process. 

SIC 33691 - Zinc Foundries - establishments primarily e.ngaged in manufacturing 
castings and die castings. 

Of the above SIC classifications, the primary (3333) and secondary. (33414) smelters are 
prdducers of zinc metal. 'l'he zinc foundries (33691) do not produce any metal, but cast the metal 
into more useful forms. Zinc metal enters the manufacturing field in four major areas: galvaniz- 
ing, brass and bronze products, castings, and rolled zinc. In addition to metallic applications, 
significant quantities of zinc are consumed as pigments or other chemicals. 

3.5.2 Industry structure 
About 85% of the zinc smelting capacity in the United States is concentrated in six large 

plants. Table 3.5-1 details the company, location, production method, rated capacity, and age for 
all smelters in operation in 1976. All of the plants. are fairly large, with the smallest plant 
accouliting for almost 10% of the total capacity and the largest for about 29%. 

The owners of the zinc smelters are large corporations with diverse interests in other aspects 
of zinc production and outside the zinc industry. Five of the six owned mines that produced 75% 
of the domestic zinc concentrates, and refineries that produced 90% of the domestic primary slab 
zinc. Examples of corporations that have interests outside of the zinc industry include: 

ASARCO and A M A X I ~ C . ,  diversified corporations that mine and smelt many 
metals. 

Gulf Resources and Chemical Corporation, the owner of Bunker Hill Company. 

Engelhard Minerals and Chemical Corporation, the owner of National Zinc 
Cnmpany 

Gulf and Western Industries, the owner of New Jersey Zinc Company. 

St. Joe Minerals Corporation, the owner of St. Joe Zinc Company. 

The total primary zinc capacity in the United States is 653,000 short tons of zinc slab per year. 

The secondary zinc smelting industry, with about 15% of U.S. capacity is composed of a 
comparatively large number 'of smaller operations. Table 3.5-2 shows a sample of secondary 
smelters in the United States. ~ h e s e  companies buy scrap from 3000 independent dealers and 
processors who collect, sort, store, and ship scrap to the smelters. 



TABLE 3.5-1 

PRIMARY ZINC SMELTERS - 1976 

Year First 
Name of Company Location Method Rated Capacity Operated 

A S E ~ C O ,  Inc. Corpus Christi , TX E lec t ro ly t i c  100,000 tons 1941 

Am3.x Zinc Co. Sauget, IL E lec t ro ly t i c  84,000 tons 1941 
r e b u i l t  1973 

TheBunkerHil l  Co. Ke l logg , I3  E lec t ro ly t i c  104,000 tons 1928 

National Zinc Co. Bart1 esvi 11 e ,  OK El ec t rol  y t  i c 57,000 tons 1977 

Y 
\o . New Jersey Zinc Co. 
W 

Palmerton, PA Pyrometallurgical 118,000 tons 1899 

S t .  Joe Zinc Co. Monaca, PA Pyrometall urgical 190,000 tons 1938 

Total Capacity.  653,000 tons 

Source: Statement on Behalf of Canadian Slab Zinc Suppliers i n  United S ta tes  International  Trade 
Commission Investigation' TA-201-31; Unalloyed Unwrought Zinc, March 21, 1978. 



SECONDARY ZINC DISTILLERS . 

Alger Pat tern  Work, Inc. Indianapol is , ,  IN 

Arco Die Cast and 'Metal, Inc .. Det ro i t ,  MI ., 

. . 

Asarco . . 
. . 

. . Federated Metals ~ i v i s i o n : , '  
Sand Springs Plant  . . 

Trenton Plant  
Whiting Plant  

. . 

Belmont Smelting .and ~ e f  j n i  ng Works : 

W .  J .  Bull.ock, Inc. .' 

Gul f Reduct'ion Corporati on'. 

T.  L. Diamond Company, 

. ' Sand ~ p r i n g , ~ ' ,  OK 
. . Trenton, NJ . ,  

: Whiting, IN 

Brooklyn, . N Y  

~eadowbrook Metal & Chemical. Division Spel t e r ,  WV 
. .  . 

Hugo Neu-Pro1 e r  Los Angel.es., C A .  " 

4 l l lnoi  s Smel t i  rig arid Ref SnS ri i j  .Coiiipaiiy . , q l c a g a ,  ' IL. 
. . . . 

New ~ n ~ l  and' &el t i  tig works Company , ;  . . ..' West sp r ingf ie ld ,  MA 

Pac i f i c  Srnel t i n g  Company. .. Torrance, CA ' .  
. . 

. . Proler  Company . . Houston, TX . ' 

Prolerizer-Schiabo-Neu.Corporation . . Bayonee, NJ 

S. G.' Metals 1 n d u s t r i . e ~  Kansas City,  KS 

Source: Minera.1 Yearbook 1975, volime I ,  Meti ls ,  ~ i n e r a l s  
and Fuels, U.S. Department o f  the bn te r io r ,  ', 

Bureau of Mines, Washington, D..C., 1977, p .  1486. 



3.5.3 Process Technology 
Reduction of the ores and concentrates to zinc in primary smelting and refining is accom- 

plished by electrolytic deposition from a sulfate solution or by distillation in retorts. For either 
method the zinc concentrate is first roasted to eliminate most of the sulfur and produce impure 
zinc oxide. 

At electrolytic zinc plants, roasted zinc concentrate is leached with dilute sulfuric acid to 
form a zinc sulfate solution. This solution is then purified and piped to electrolytic cells, where 
the zinc is deposited on aluminum cathodes. The electrolysis of the solution produces sulfuric 
acid, which is used again in leaching. Byproducts are cadmium recovered from the leach liquor 
and lead, gold, and silver recovered from residues. The residues are usually shipped to a lead 
smelter, where the lead, gold, and silver content is recovered in lead bullion. 

The primary zinc industry uses two types of distillation retorts, both .of which are of a 
vertical continuous feed construction. One type of vertical retort is heated externally by fuel while 
the other uses electrical resistance heating through the retort charge. Both distillation retorts use 
coke to reduce the zinc ore to metal. The zinc metal vaporizes and is collected as liquid zinc metal 
in condensers. The liquid zinc can be further purified for special applications in a distillation 
column or cast directly into slab zinc. . 

The average energy consumption in the primary zinc industry from mines to slab zinc is 65 
million Btu per short ton of zinc, with the lowest energy consumption in the electrolytic reduction 
cells (60 million Btu per short ton)' and the highest for the electric heated vertical retort (72 
million Btu per short ton).' 

The secondary zinc industry uses three major types of equipment: retort distillation, muffle 
furnace distillation, and pot melting. Both the retort distillation and muffle furnace are batch 
processes where the zinc scrap is heated externally by fuel, causing the zinc metal in the scrap to 
vaporize and be collected in a condenser. One major process difference in the secondary retorts is 
that there is very little reduction of zinc oxides to zinc metal. Since little energy is supplied for 
reducing oxides to metal, the energy per short ton of zinc is much lower in the secondary industry 
with distillation retorts requiring 24 million Btu per short ton of zinc and muffle furnaces about 
20 million Btu per short ton.2 This includes all energy required in scrap collection, preparation, 
and transportation, as well as the smelting itself. Pot melting of clean die-cast scrap for realloying 
is a very simple process that melts zinc scrap without vaporization and thus has a very low energy 
consumption of about 2.5 million Btu per short ton of zinc.2 Significant savings result for each 
short ton of zinc recovered from scrap metal zinc rather than from ore concentrates. However, 
Eome scrap -flue dusts and galvanizer ashes, which are oxidized - must be processed in primary 
smelters. 

3.5.4 Materials Flow 

3.5.4.1 General 
The different segmcnts of the U.S. zinc industry use differing mixes of raw materials and 

produce differing mixes of zinc products. 



Primary electrolytic refineries start with ore concentrates, both domestic and imported, as 
their primary raw material. ~ h b ~  process very little' scrap material. n he extremely pure grade of 
slab zinc produced a t  electrolytic refineries is used where metal impurities could be detrimental, 
such as in zin.: die castings. Primary distillation retorts also 'process ore concentrates, but 
supplement their feed with a significant amount of recoverable materials, especially new scrap 
from galvanizing operations. The basic type of slabzinc from distillation retorts, prime western 
grade, is used primarily in galvanizing steel products. The distillation retorts also produce zinc 
dust and zinc oxide for chemical use. 

The secondary distillers and pigment plants use a wide variety i f  scrap and byproduct as 
raw material. They produce a small amount of slab zinc, but they are..significant sources of zinc 
oxide i i ~ ~ l l  Z ~ I I C  puwdsr. 

3.5.4.2 Classification of Recyclable   ate rials 
Zinc scrap is classified as prnmpt industrial scrap if it comes from a fabricating or semi- 

fahricnting operation and old scrap if it comes from discarded p;oducts. The prompt industrial 
scrap and old scrap are further subdivided into the following iix categories: 

Prompt Industrial Scrap: 

Galvanizers (primarily drosses, zinc skimmings, sal skimmings and ashes) is the 
largest scrap category. 

New Die Cast includes defective new castings and skimmings produced from castings. 

Chemical Residues and Flue Dusts . . is .a mis~ellanan~is'n~t.~~nr~ of recsverable mato 
rials which includes all zinc-bearing residues from chemical manufacture and flue 
dusts from all ferrous and nonferrous smelters. The flue dust should contain about 30% 
zinc by weight. 

. . 

Home includes scrap recovered and reprocessed b? pr~duccrri nf zinc prnrllrrt.~ 

Old Scrap: 

Mixed Die Cast consists of such pioducts as auto shredders' scrap, old auto parts, and 
old appliance parts. ~t forms a substantial.portion of the total old zinc ~iipply. 

General Zinc includes such items as old zinc and engravers' plates. This scrap category 
is a relatively minor element in the secondary zinc industry; 

. . . . 

3.5.4.3 Recycling Profile 
Both prompt industrial scrap and old zinc scrap are recovered to produce a series of pro- 

ducts including slab zinc, zinc oxide, pigments, chemicals, zinc based alloys, and zinc.dust. Zinc 
metal corilained in scrap was recovered with an average yield of 90%, as shown in Figure 3.5-1. 
Most of the scrap, 128,000 short tons, was, prompt industrial scrap from industries that consume 
zinc like galvanized scrap, and ashes and die-cast scrap:   bout 58,000 short tons of zinc were 
recovered from old scrap; a major source was obsolete die-cast scra$ from automobiles that have 
been shredded. 

The fivc figures starting with Figure 3.5-2,outline the material flows for both the primary 
and secondary segments of the zinc smelting industry. 



Obsolete Mixed Die Cast - IC 

Scrap 39,015 ton Zinc 
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Source: Nonferrous Metal Data 1976, .American Bureau .of Metal Statistics Inc. 
New York, N.Y. 1'977;. p. 66 and Energy Use Patterns for Metal Recycling 
US. Department of the 'Interior,. Bureau of Mines, Contract Number 
JO-1 66-1 43, January 1978. 

FIGURE 3.5-1 SCRAP COLLECTION BY SOURCE-1976 
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Source: Nonferrous Metal Data 1976, ~merican' Bureau of Metal Statistics, Inc. 
New York, N.Y. 1977, p. 66. 
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. . 

In summariiing the data in the figures', the following observations can be made: 
. . 

Figure 3.5-2 shows that. 10% of slab zinc comes,from zinc scrap. 

Figure 3.5-3 shows that 11% of zinc oxides come from zinc scrap. 

Figure 3.5-4 shows that 54% ofzinc pigments and chemicals come from scrap. 

Figure 3.5-5,shows that 2% of zinc illbys coke from scrap. 

Figure 3.5-6 shoivs.that 75% of zinc dust comes from zinc scrap. 

The recoverid materials replace both ore concent(ates and slab zinc in the various product 
applicat,ions. . . 

. . 3.5.5 Future   rends 
The .United States has.been an importer of either zinc ore concentrates or slab zinc since 

1941. Table 3.5-3 shows U.S. mine production cdmpared with zinc demand in the United States 
from 1957.to 1977,-and.estimates for 1985.'3) The united States will have had to import about 0.4- 
1.0 rnillio~ short tons pcr year of zinc values &ring t h i ~ ' 2 8 - ~ i ~ r  period. Any increase in recycling 
.of dbmestic scrap and wastes may reduce the import. requirements. '~Gesent trends indicate 
'demand ~ i l l ' i n c r ~ a s e  about 2%.per year from 1977 to 1985 &id mine production will increase by 2- 
5% per year over the same period. . . 

The U.S.' primary smelting capacity dropped from 1.2 million short tons per year in 1968 to 
0.6 million short tons per year in 1976. In 1978 a new 90,000, ton-per-year electrolytic plant came 
'on s t rbam. '~l l  of the obsolete-horizontal reto j primary plants have closed, as have most of the 
very old smelters: Most of the U S ;  present and future shortage in domestic zinc production will 
be made up by importing slab zinc. Slab zinc imports amounted to 695,000 short tons in 1976 and 
impoited zinc concentrates cohtained anothei 125,000 shirt tons of zinc. 

Most zinc markets .will .face increasing 'competition from aluminum and plastics. The 
. competition from substitutes will be lnost seve'iely:fclt i i  die cast materials. . 

- ' . .  . 
. . 3.6 LEAD . , 

. . 
. . 

3.6.1, industry .~efinition , ,  . . 

The lead industry,as defined in .this,study includes plants in the following SIC categories: 

SIC 3332 - Primary.smelting and refining of'1ea.d - establishments primarily 
engaged'in smelting lead from the ore a i d  in refining lead by any process. 

, SIC '3341 - 'Secondary sn1elt;ing and refining of nonferrous metals - estah- 
lishments primarily engaged in recovering lead and lead alloys from new and used 
scrap and dross. 

SIC 3366 - Rolling and drawing of nonferrolls metals (N.E.C.) - establishments 
primarily engaged in producing lead and.lead base alloy mill'shapes. 

SIC 3369 - Nonferro& ~oundi ies  (N.E.c.) - establishments primaiily engaged 
. in producing lead die castings. 1 

. . 
' .  . 3-99 



Source 

(Recoverable Zinc Content) Process Product 

Source: Nonferrous Metal Dala 1976, American Bureau of Metal Statistics, 
New York, N.Y. 1977, p. 66. 

FIGURE 3.5-3 ZINC OXIDE FLOW DIAGRAM 
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Source: Nonferrous Metal Data 1976, American Bureau of Metal Statistics Inc. 
New York, N.Y. 1977, p 66. 

. . 
i Prompted and Obsol'ete 
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FIGURE 3.5-4 ZINC CHEMICALS FLOW DIAGRAM 1976 
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Source: Nonferrous Metal Data 1976, American Bureau of Metal Statistics I ~ c .  
New York, N.Y. 1977, p. 66. 

FIGURE 3.5-5 ZINC BASE ALLOYS FLOW DIAGRAM 
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Source: Nonferrous Metal Data 1976, A~ne~.ican Bureau of Mctal Statistics. 
New York, N.Y. 1977, p.66. 
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TABLE 3.5-3 

COMPARISON OF DOMESTIC ZINC PRODUCTION AND DEMAND 
1957-1977 and 1985 

(Thousands shor t  tons ,  recoverable zinc) 
U.S. Primary Domestic 

Year 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

" 

Demand 

974 

Mine Production 

5 32 

41 2 

Source: V .  .Anthony Cammarota, Zinc Mineral Commodi t y  
Prof i l es ,  U.S. Department of the  In t e r i o r ,  
Bureau of Mines, MCP-12, May 1978, p.  24. 
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Of the plants in the above SIC categories, the primary (3332) and secondary (3341) lead 
smelters account for most of the value of production and energy consumption. Therefore, only 
these two SIC categories are considered in this analysis. 

3.6.2 Industry Structure 
The United States is the largest producer and consumer of refined lead in the world. U.S. 

mines produce more lead than any other country in the world. U.S. primary production is greater 
than in any other country, and U.S. secondary production is larger than total production of any 
other country. In addition, significant quantities of ores, concentrates, base bullion, and pig lead 
are imported into the United States. 

An overview of the domestic lead industry is presented'in Figure 3.6-1. Lead is principally 
consumed in batteries, gasoline, cables, pigments, and ammunition, with batteries accounting for 
over 50% of total consumption (see Table 3.6-1). The demand for lead is a derived demand; it  is 
demanded for use in the production of other commodities. Since lead usually represents only a 
small portion of the total cost of the commodity, lead demand is not very sensitive to price in the 
short run. Secondary lead competes with primary metal in all but a few uses. 

The four major types of lead products are: soft lead (pig), antimonial lead, miscellaneous 
alloys, and lead oxides, pigments and chemicals. Most of the standard grades of soft lead (pig) 
can be or are produced from scrap. Antimonial lead is a generic name for a number of lead alloys 
containing antimony and used mainly in battery manufacturing. It  is usually produced from 
battery scrap by secondary smelters. .Miscellaneous alloys include babbit, solders, and type 
metals, which are normally produced to user or standardized specifications or under brand 
names, usually from both secondary and primary materials. Lead oxides, which are used in 
battery manufacturing; lead pigments; and lead chemicals, which are used as gasoline antiknock 
additives, are usually produced from primary soft lead. 

3.6.2.1 Primary Producers 
Lead is produced by the primary industry from lead-bearing ore, most of which is mined in 

the United States although some is imported from Australia, Canada, and Peru. About 80% of the 
domestically mined lead is produced in Missouri; most of the remainder comes from Idaho, 
Colorado, and Utah. The lead smelters tend to be located near the mines and can be differen- 
tiated as either Missouri, or non-Missouri smelters. Missouri lead ores contain zinc as a co- 
product, byproduct copper, and small amounts of silver and bismuth but few other impurities. 
Smelters treating Missouri ores have been constructed to handle only low levels of these impu- 
rities, and consequently cannot utilize Western ores with their much higher impurity levels. Non- 
Missouri smelters have much more extensive refining facilities and handle the higher byproduct 
levels found in the Western ores. 

Four companies operating six smelters and five refineries produce primary lead metal in the 
United States (see Table 3.6-2). They are large, integrated, multi-plant companies producing a 
variety of non-ferrous metals and other products. They are generally not integrated into fabri- 
cation, although there are some specific exceptions. 

Bunker Hill operates a 140,000 short ton per year (stpy) lead smelter and a 130,000 stpy re- 
finery in Kellogg, Idaho. Bunker Hill is integrated backward into mining, by itself and in joint . 
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TABLE 3.6-1 

LEAD CONSUMPTION BY END-USE MARKET - 1976 

Gas01 i n e  Add i t i ves  

B a t t e r i e s  

Pigments 

Ammunition 

Other 

To ta l  

SWORT'TONS 

240,000 

822,000 

1 06,000 

73,000 

Source: American Bureau o f  Metal S t a t i s t i c s ,  1977 



TABLE 3-6-2 

LEAD SMELTERSIREFINERS 

Company Location Faci 1 i t y  Annual Capacity 

Asarco, Inc. Omaha, Nebraska Refinery 

Bunker Hil l  Kell ogg , Idaho Refinery 

Bunker Hil l  Kel 1 ogg , Idaho Smelter 

180,000 ST ( a )  

130,000 ST ( a )  

390,000 ST (b )  

Asarco, Inc. East Helena, Montana Smelter 420,000 ST ( b )  

I 

Asarco, Inc. El Paso, Texas Smelter 420,000 ST ( b )  

Asarco, Inc. Gl over,  Missouri Smel ter/Ref inery ( c )  11 0,000 ST ( a )  

Amax-Homestake Boss, Missouri Smel ter/Ref inery ( c )  140,000 ST ( a )  

S t .  Joe Lead Co. Hercul aneum, Missouri Smel ter1Refinery ( c )  225,000 ST ( a )  

( a )  ref ined lead 

( b )  charge capacity 

( c )  l imited t o  t he  re f in inq  of t4issouri concentrates 

- -  - 

Source: American Bureau of Metal S t a t i s t i c s ,  1976 



ventures. In 1976, about 30% of the concentrate used a t  Bunker Hill was from its own mines. The 
rest was purchased from other mines'in the area and smelted on a custom basis. Bunker Hill is not 
forward integrated into fabrication. 

Asarco, Inc. operates lead smelters a t  El Paso, Texas, East Helena, Montana, and Glover, 
Missouri; they have a lead refinery in Omaha, Nebraska, which refines the lead bullion from El 
Paso and East Helena. Asarco is extensively integrated horizontally with various plants and 
divisions smelting and refining a large number of metals including lead, zinc, copper, a variety of 
precious metals, and high-purity metals. Asarco is integrated back to the mine level but acquires 
most of its concentrate on a custom or toll basis..In 1976, only 6% of the lead produced by Asarco 
was from its own mines. Asarco also owns Federated Metals Corporation which produces lead and 
other metals and alloys from secondary materials and also operates some fabrication facilities. 

St. Joe Minerals operates a lead smelter in Herculaneum, Missouri, which is almost totally 
self-sufficient on company productionaf lead concentrate. St. Joe occasionally does some custom 
smelting, but is not forward-integrated into fabrication'. 

The smelter a t  ~ u i c k ,  Missouri, is a joint venture of Amax, Inc. and Homestake Mining 
Company. Half of the capacity a t  Buick is committed on a tolling contract to an outside source of 
concentrates. The remainder is used to treat concentrate from the. Amax-Homestake mine, not all 
of which can be treated a t  Buick because of capacity limitations. 

3.6.2.2 Secondary Producers 
The secondary lead industry produces soft (refined) lead and lead alloys (principally 

antimonial lead) from lead scrap. Lead scrap can be either new (generated in the process of 
refining, casting, or fabricating leaded materials), or old (from obsolete materials that have 
reached the end of their useful life). 

Secondary smelters receive about 75% of their old scrap from batteries; in fact much of their 
production is destined for battery plates and oxides. In the secondary sector, some vertical 
integration exists among large battery producers who smelt their own lead. Such integration 
provides a more secure supply of scrap from recycling old batteries. Nevertheless, the trend in 
vertical integration is not yet far enough advanced to affect entry conditions significantly. 

Because scrap resources' are widely distributed in urban areas, require no special tech- 
nological expertise to collect, are more homogeneous than many ores, and require less complex 
smelting and refining plants than primary sources, entry into the secondary industry is relatively 
easy. 

There are about 85 companies operating more than 100 plants to produce lead from scrap. 
The secondary smelting industry is dominated by large vertically or horizontally integrated 
producers interspersed with a number of regional independent producers. 

. . 

Most of the independent producers are,less efficient than the large integrated producers. 
The principal integrated secondary lead smelters and refineries are listed in Table 3.6-3. Major 
independent smelters and refineries (not a subsidiary of a vertically or horizontally integrated 
company) are shown in Table 3.6-4. 



TABLE 3.6-3 

INTEGRATED SECONDARY LEAD SMELTERS AND REFINERS* 

Asarco (Federated Metal  s D i v i  s i  on) 

Con t rac t  Manufac tu r ing  ( C h l o r i d e  Me ta l s )  

General B a t t e r y  

Gould, I nc .  

NL I n d u s t r i e s  

Western E l e c t r i c  (Nassau Recycle) 

* Note: T h i s  i s  n o t  a  complete l i s t i n g .  

Source: P r e l  i m i n a r y  Techno log ica l  Feasi  b i l  i t y ,  Cost o f  Compl iance  and 
Economic Impact Ana l ys i s  o f  t h e  Proposed OSHA Standard f o r  
Lead. John Shor t  and Assoc ia tes,  January 4, 1977. 



INDEPENDENT SECONDARY LEAD SMELTERS AND REFINERS* 

ALCO Min'ing 

A1 1 i ed Smel .t i ng . . 

. . East penn. ~ a n u f a c t u r i n ~  Co. 

F l o r i d a  Smelt ing. 

Gopher Smel t ing & ' R e f i n i n g  ' 

. . 
'. Gulf Coast. Lead . . 

. . 

Lead products Co. 

. '  Roth  goth hers Metal  CO.' 

S e i t z i n g e r ' s  Inc.. 

W i  11 a r d  ~ m e l  t ' i n g .  Co. 

* Note: Th i s  i s  n o t  acomp le te  l is t ' ing:  ., 

Sou.rce: ' Amerik,an Bureau o f  M e t a l  S t a , t i s t i c s ,  1977.: 
. . 



Two of the integrated companies (NL Industries, Inc. and RSR Corporation) account for 
about 60% of secondary lead capacity. Thirteen other comp.anies' operating about 25 plants 
produce most of the remainder. 

RSR operates five secondary smelters located in'Texas, ~ndiana,  California, New,York, and 
Washington State. Some of the lead is converted t o  oxides or fabricated into products (two . .  

fabrication plants and two oxide plants). Both soft and alloyed lead are produced with the.split 
approximately 70-30%. 

. . . . . . 
NL is a large diversified company, producing lead; oxides, and fabricated products in more 

than 20 plants scattered throughout the United States. Mis t '  NL lead is sold to battery 
manufacturers. 

. . .  

The large integrated national producers are surrounded by independents serving regional 
markets, Most of the remainder of the plants are small and scattered,. although a.few are the 
result of vertical integration of the battery industry. These smaller regional firms have an average 
of about 6U employees and'produce an average of approximately 8UUU short tons of lead per plant 
per Year, 

The secondary industry actively competes with the primary lead companies both nationally 
and internationally. Secondary producers.can and do sell abroad, and they can compete favorably 
with primary producers. 

The small secondary firms have smaller capacity, which limits the number of large custom- 
ers they can serve, leaving them to serve,primarily the smaller, more competitive regional market. 
When the domestic price leaders increase prices, thesmaller secondaries will usually follow. On 
the other hand, when attempts'are made to support prides by limiting the supply of lead, the 
smaller secondaries have shown ilttie hesitation In taking, full advantage of the support price 
without limiting their output. 

3.6.3 Process Technology 

3.6.3.1 Primary Smelting and Refining 
Although all of the lead smelters in the United States are essentially based on the same 

process, the Western smelters employ more complicated flowsheets because of the more complex 
nature of the Western concentrates and other imported material, and the smelters' relationship 
with copper and zinc plants. Figure.3.6-2 depicts a generalized flowsheet of a primary lead 

The primary raw material is lead sulfide concentrate. This is mixed with direct smelting ore 
rich in silica, zinc plant residues, siliceous and limestone flux,.and small quantities ofscrap iron if 
necessary:The charge is prkpared by mixing, sizing and crushing. Recycled sinter fines are also 
blended in with the charge to form the feed to the'sintering operatiqn. 

The purpose of sintering is the elimination of the sulfur in the charge aridlhe production of a 
dustfree lumpy charge suitable for tfeating in a blast 'furnace. The charge to the'blast furnace 
consists of coarse sinter with about 10-12% lump coke. Low p;essure air is blown into the blast 



FIGURE 3.6.2 PRIMARY PRODUCTION OF LEAD 



furnace. Lead oxide in the sinter is reduced to metallic lead by carbon monoxide formed by the 
partial combustion of the coke. The heat for melting the charge is derived from the combustion of 
coke'or carbon monoxide to carbon dioxide. Under the mildly reducing conditions in the furnace, 
zinc oxide is not reduced to the metal and accumulates in the slag. 

The liquids from the blast fumace are tapped continuously to an external settler. In the 
settler, the liquid separates into two layers, molten lead and a molten slag. If the charge contains 
a sufficient number of other impurities, there will be intermediate layers of "matte" and "speiss." 
The matte' layer is predominantly copper, iron, nickel, and cobalt sulfides while the speiss layer 
contains a ,  mixture of complex copper aisenides'and antimonides. Cadmium in the charge is 
volatili=ed. When the slags contain over 8-10% zinc, they are retreated in slag fuming furnaces to 
recover the zinc and any remaining lead. Western smelters treat high zinc materials and require 
slag fuming facilities while the Missouri smelters do not. 

Lead bullion from smelters operating on Missouri ore is pure enough for most commercial 
uses without complex refining. Lead bullion produced from Western and most foreign ore 
contains enough gold and silver to make recovery profitable. It also contains various base .metal 
impurities that must be removed before the lead is marketable for end use. Processing for 
impurity removal consists of softening, desilverizing, dezincing, and final refining of the lead 
bullion. . 

Softening consists of thc removal of copper, .tin, aatimony, ,and arsenic in a drossing or 
refining kettle. Copper is ?emoved by heating the bullion to just .above the melting point and 
skimming copper dross from the surface. Agitation ,and addition of elemental sulfur causes any 
remaining copper td rise to the surface as a black copper sulfide dross which is skimmed off. The 
copper drosses undergo further treatment to maximize lead recovery. After copper drossing, the 

. temperature of the bullion is raised and the bath is agitated .to induce surface oxidation. Tin, 
arsenic, and antimony are oxidized and the oxides rise to the surface with some lead oxide and are 
skimmed uff as slag. 

The softened bullion is usually desilverized by the Parkes process (stirring metallic zinc into 
the bullion). Gold and silver combine with the zinc, and the resultant alloys, on cooling, rise to 
the surface and are skimmed off. The zinc remaining in the lead after desilverizing is removed by 
vacuum distillation. Remaining traces of zinc, arsenic, bismuth and antimony are removed by 
the Harris process and the lead is cast as bullion. 

The recovery of byproducts is subject to many variations in practice but they are beyond the 
scope of thin discllssion. 

3.6.3.2 Secondary Lead Processing 
The secondary lead industry processes lead scrap into three grades of lead ingot;.refined lead 

(soft lead), antimonial lead (hard lead), and remelt lead and various types of specification alloy. 
Refined lead is produced from scrap from which elements like antimony, copper, tin, and arsenic 
have been removed to a level consistent with primary refined lead. Antimonial lead is produced 
from battery plate scrap and contains 2-7% antimony and small controlled quantities of arsenic, 
copper, and tin. Remelt lead is melted-down lead scrap that is pure enough or meets the 
necessary alloy specification so as not to require processing. 



Lead processing in the secondary industry consists of scrap preparation, melting, and 
refining, as shown in Figure 3.6-3. 

3.6.3.2.1 Scrap Preparation 

Whole battery scrap is customarily decased by sawing or guillotining to produce battery 
plate and separator scrap and to remove the connectors and posts. Plates and separators go into 
storage, and the acid drains off into a sump where it  is neutralized with lime cr ammonia. The 
battery top, containing the connectors and posts, is fed to a crusher and then to an air separator 
where the casing material is removed. The scrap prepared from this operation is called plate and 
separator scrap. 

Some of the more recent concepts in battery scrap preparation consist of breaking the whole 
battery and separating the various components (lead, lead oxide, casing material) by heavy 
media separation and hydrometallurgical techniques. A new scheme, outlined by Paul Bergsoe 
and Son A/S of Denmark consists of acid removal by cracking the whole battery before charging it  
to the smelting furnace. 

Prompt industrial scrap such as drosses, skimmings, etc., needs no preparation before 
processing in the furnaces. Most of the general lead scrap like cable sheating also requires little 
preparation. 

3.6.3.2.2 Scrap Smeltingmefining 

Three major smelting schemes are used to treat lead scrap: blast furnace, reverb/blast 
furnace combination, and pot melting. 

The bl'ast furnace is the workhorse of the secondary lead industiy. It  is similar in construc- 
tion to the cupola used in the iron foundry industry, with cross sectional areas ranging from 5 to 
16 square feet a t  the tuyeres. The smelting zone is water jacketed: about half the furnaces also 
have jacketing above the smelting zone. 

The charge normally consists of lead-bearing materials, such as battery plates and separa- 
tors, refining drosses, slags, and battery manufacturers' scrap, as well as coke, limestone, sand, 
and scrap iron. Slag. and matte are tapped from the furnace a t  regular intervals, while molten 
lead is removed continuously. The furnace metal is either cast into 1- to 2-ton blocks that are 
transported to the refinery, or are directly tapped into receiving kettles. Metal tapped into kettles 
is refined using various fluxes and alloyed to produce the desired specifications. Overall recovery . 

of the blast furnace process scheme is over 95%, with the difference accounted for by lead in the 
, . 

slag, matte, and dust. 

The sevesbhlast furnace scheme involves a reverberatory furnace to process most of the 
incoming lead scrap, and a blast furnace to recover lead and antimony values from the reverb 
slag. The reverb furnace is a refractory-lined, shallow-hearth, rectangular structure, fired from 
one end with natural gas or oil. The dust in off-gases is collected in baghouses and recycled. The 
reverb furnace produces a low antimony lead (less than 1% antimony) and a high antimony slag 
(4-12% antimony; 65-90% lead). The lead is transported to kettle refining for fluxing and alloying 
to mcct final spccificationo. Thc rcvcrb 3lag ie caet, cooled, and charged to the blast furnace along 
with coke, limestone, scrap iron, sand, rerun slag, and some lead-bearing materials. The lead 
produced in the blast furnace contains from 2-7% antimony. 
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The lead from the-reverb and blast furnaces is refined in steel kettles to produce "soft" (low 
antimony) and "hard" (high antimony) leads. Various types of fluxes, such as sodium hydroxide, 
sulfur, and sodium nitrate, with alloying elements, such as copper, tin, antimony, and arsenic, 
are added to the kettle charge to refine the lead to meet customer specifications. Overall recovery 
of the reverbblast furnace scheme is over 95%. The lead metal loss occurs as lead in blast furnace 
slag, matte, and dusts. 

A very small sector of the secondary lead industry relies solely on the reverb furnace for 
processing lead scrap. This method is actually the front-end of a reverbblast furnace scheme. 
The slag produced in the reverb furnace contains about 65-80% lead and therefore has to be 
treated by a blast furnace a t  another smelter to recover the lead. 

Pot melting involves the melting of general iead scrap in an indirectly-fired steel kettle. This 
process is used whenever .the quality of lead is unimportant (96-99% lead), for example, for boat 
keels and weights. Lead recovery in this process is over 95%. Pot meiting operations handle very 
small quantities of lead compared to other smelting schemes described above. 

The recent introduction of maintenance-free batteries has brought into the market a certain 
amount of lead scrap containing calcium and tin. The treatment of this scrap is similar to that 
employed for regular battery scrap, but i t  requires care in the refining and alloying operations. 

Recently, rotary furnaces have been introduced for processing lead RM. However, their use 
is not widespread a t  present. 

3.6.4 Materials Flow 

3.6.4.1 General 
The flow of material in the U.S. lead industry is depicted in Figure 3.6-4. Primary smelters 

use both domestic and imported concentrates as raw material. Some scrap is also consumed by 
primaries but only in very small amounts. Primaries produce soft (refined) lead, the bulk of which 
is used in batteries or gasoline (as TEL). The primaries also produce some antimonial lead but 
only very srr~zlll zl~~~uunls.  

The secondary smelters and refiners use various types of scrap and byproducts as raw 
material. By far the largest single source is battery scrap. The second source of scrap is drosses 
and residues from manufacturing operations. Secondaries are capable of producing soft (refined) 
lead, antimonial lead, or other alloys, but traditionally hake produced mostly hard (antimonial) 
lead for use in batteries. 

3.6.4.2 Classification of Recyclable Materid 
Until recently the supply of and demand for lead scrap has been highly oriented toward 

specific end use segments of the overall lead industry. However, the introduction of maintenance 
free batteries is changing this. 

Battery manufacture is the largest consumer of lead, and old batteries are the source of over 
half the total secondary lead processed. Antirnnnial lead, produced almost entirely by secondary 
smelters, is used for battery grids, posts, and connectors; most of the lead oxide used in batteries 
is prepared from primary lead. 
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Over the long term, an average of 75% of the lead consumed in batteries is recovered as scrap . 

about three years later.. The actual consumption of battery scrap is influenced by the price of 
lead, however. 

The major sources of old lead scrap other than batteries consists of construction scrap, type 
metal, cable covering, solder, and bearing and casting metals. Construction scrap includes 
caulking lead, pipe, and sheet lead from industrial and residential construction. Recovery is 
about 45% of the lead used in these products 20 years earlier. Type metals are returned as lead 
scrap in approximately the same quantity as shipments of new type metals with essentially 100% 
recovery. Lead is recovered from solder a t  a rate of about 17% of the lead consumed for production 
of solder 10 years earlier. The uses for solder are automotive, cans, electrical, electronic, and 
miscellaneous uses. Use in the automotive industry is principally for body solder (5 pounds per 
car) and radiators (about 3 pounds). Cable lead is returned a t  a rate equivalent to 25% of the 
cable lead used 20 years earlier. Scrap from other metal products currently supplies the equiva- 
lent of 50% of the lead that was consumed to produce bearing and casting materials 10 years 
earlier. Most of the lead in collapsible tubes is not recovered in the normal scrap channels. Lead 
in brass and bronze is not recovered as lead scrap and does not return to the secondary lead 
industry. 

New lead s.crap consists of drosses and residues, principally generated in the manufacture of 
various metallic lead products. Historically, recovery of lead from drosses and residues has been 
equivalent to about 10% of the lead consumed for metal products (battery plates, ammunition, 
solder, cable coverings, type metal, construction and other applications). 

3.6.4.3 Recycling Profile 

3.6.4.3.1 Primary Industry 

In the primary lead industry two lead-containing wastes are produced and are recycled or 
disposed of in varying degrees: blast furnace slag, and gas cleaning westes. 

Molten slag from the blast furnace is recycled to sinter (70%); about 30% is passed through a 
slag fuming furnace to remove zinc and some residual lead, then granulated by water quenching 
before going to the slag dump. Some smelters do not fume slag; untreated granulated slag then 
goes directly to the dump. 

Although gas cleaning practice varies widely from plant to plant, the bulk of the dry dusts 
and wet slurries resulting from primary gas cleaning operations are recycled. Slurry is settled in a 
lagoon, which is dredged periodically. This sludge .is produced a t  a rate of 19 Kg/MT of lead 
product.' At some plants this material is recycled to sinter; a t  others the material is not recycled 
but is disposed of on land as a solid waste. 

A portion of the dusts collected from sintering, blast furnacing, and other operations in 
baghouses and other dry dust collectors is not slurried but is recycled in dry condition to the sinter 
machine. It, has been estimated that 20,900 short tons per year are handled in this manner from 
the typical plant.' Recycle is immediate and no solid waste disposal is necessary. Approximately 
10% of dusts are land stored before recycle.' 

3.6.4.3.2 Secondary Industry 

In the secondary lead industry, slag and dusts are generated in both reverberatory furnaces 
and blast furnaces. Tn making soft lead,,byproduct slag from the reverb is sent to a blast or cupola 



furnace as input for antimonial lead (i.e., hard lead) production. The emissions from the 
reverberatory furnace are collected in a baghouse and immediately recycled. 

In the blast furnace, smelting of the reverberatory slag, along with other scrap, generates 
blast furnace slag having approximately the following composition: FeO, 35%; CaO, 15%; SiO,, 
30%; and Pb, (1%. Trace metals include zinc, copper and antimony. 

With direct blast furnace smelting of scrap battery waste to produce antimonial lead, sulfur 
in the scrap is scavenged by iron resulting in the formation of a matte and slag together with the 
molten metal. About 25% of the slag is recycled as flux for subsequent smelting, the remainder is 
discarded. Typical chemical composition of the slag is similar to that given above. Typical 
chemical composition of the matte is: Fe, 61%; Pb, 4.5%; and S, 15%.' 

3.6.5 Future Trends 

3.6.5.1 Technology 
Technological changes in the metals industry take a long time and a large investment in 

building new facilities. Accordingly, we expect few major changes in the technology of the lead 
industry between now and 1987. 

There is a technological shift occnrring in t,he battery industry, however, that may hovc 
serious repercussions for lead producers. The introduction of maintenance-free batteries has 
decreased the demand for antimonial lead and increased the demand for pure lead. 

Antimonial lead has traditionally been produced by the secondaries from scrap while the 
bulk of the pure lead has been produced by primaries; Secondaries can also produce pure lead but 
for technical and economic reasons they prefer antimonial. The decrease in antimonial demand is 
increasing competition in the secondary industry, and causing secondaries to switch their product 
mix to a greater proportion of pure lead, which puts them in competition with the primary 
producers. 

This change in market structure may, in turn, affect the mix of primaries and secondaries in 
t.he industry. Additionally the emphasis on pure lead may lead to the development of new 
technology to produce pure lead from scrap more efficiently. (The current reverbblast furnace 
combination is geared toward production of antimonial lead.) Although the primary/secondary 
mix will probably be altered by 1985, wc do not anticipate significant new technology by then. 

3.6.5.2 Demand 
The consumpt.ion pattern for lead in 1976 is given in Table 3.6-1. Domestic dcmand can 

probably be met by domestic sources in the foreseeable future. Thc U.S. Bureau of Mines projects 
an overall growth rate of 1.8% annually through the year 2000. 

An estimated 1987 breakdown is given in Table 3.6-5. A decrease in consumption of lead in 
TEL is expected as EPA regulations force'this phaseout although the changing energy situation 
and the lead specifications for gasoline could affect the decrease in the short term. Use of lead in 
paint decreased as a result. of increased awareness of the toxic qualities attributed to lead in 
paint. Other end uses will probably remain about equal to the 1976 levels. 



TABLE 3.6-5 

ESTIMATED 1987 LEAD CONSUMPTION 

B a t t e r i e s  1,277,000 ST 

Other Metal  Products 194,000 ST . 

Gas01 i n e  Add i t i ves  100,000 ST 

Other Miscel laneous 269,000 ST 

To t a  1 1,840,000 ST 

Source: A r t h u r  D. L i t t l e ,  I nc .  
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4.0 EVALUATION OFRECYCLING TARGETS 
BY INDUSTRY GROUPS IN SIC 33 

. . 

4.1 INTRODUCTION 

,, 
This sectionprLserits the evaluation of recycling targets for the following five major industry 

groups: . . 
. . 

Ferrous (includes iron and . .. steel plants; ferrous; foundries, and ferroalloy plants) 

Aluminum . : . .' . 

Copper 

Zinc 

~ e a d  

The sixth industry group '- ~iscel1aneous'~onferrous Metals Operations - is excluded from this 
sect.ion ' ~ ~ C F I I I S ~  the segments contained in this industry group are either .not relevant to the 
recycling target estimation or their contribwtion to.oviral1 energy savings is insignificant. 

Since the purpose of this project is to increase energy savings via the use of recoverable 
materials, it is important to remember that the ferrous industry (iron and steel, ferrous foundries, 
and ferroalloys), as defined here accounts for approximately 83% of the energy consumed in SIC 
33;aluminum for about 11'36, copper for about 3%, lead and zinc.each less than I%, and all others 
the balance. ~hekefore, most of the effort in the target evaluation is focused on the ferrous scrap 
users, followed by aluminum .and copper. 

The target kvaluation procedure is based, on '.a methodology recommended by the 
DOE. Tt is described in detail in Section 2. 

Jn this section, each industry group is discussed under the following general headings: 

selection df recoverable materials . . 

Selection of process subdivisions for inclusion in the target 

Technical considerations , . 

Economic considerations' 

Special considerations 

.Target estimation 

Sensitivity of target to key factors 

4.1.1 Selection of Recoverable Materials 
 he portions of each industry '&oup to be included in the target estimation analysis are 

based on: 
, . .  

. . 
Quality of the recoverable material . 

Dispersion of lhe ~.ecoverable material 



Quantity of the recoverable material 

Potential new sources, and their quality, dispersion, quantity, etc. 

Changes in existing sources of the recoverable materials 

According to the Department of Energy guidelines for this study, recoverable materials 
include: 

Wastes that contain materials listed in the NECPA 

Wastes from outside the United States 

Any wastes that may provide recoverable materials slnd replace virgin matorials 

Sources of recoverable materials do not include: 

Waste materials generated and introduced back into the process within the same 
plant. 

Waste nlatsrials not among those listed in the Energy Act. 

0. Situations where a clear case can be made that the potential source will not be used 
as recoverable material by 1987. 

The Department of Energy guidelines are followed for all the five major industry segments. 
Two items for which a discriminatory evaluation procedure is followed are: 

Mine waste is excluded from our analysis, except for the copper industry, even 
Iliuugh the Energy Act includes mine waste as a recoverable material. The reason 
for doing this is that  of all the mine wastes generated in the SIC 33 industry groups, 
nnly copper mine wnott mccts the Deparllllenl of Energy's recoverahlc! material 
seleotion critc~ia. Therefore, 11li11e waste is not included in thc analysis, except for 
cnpper. 

Waste material generated and introduced back in the process within the same 
plant is not included in the analysis, unless data was available from published 
sources or the trade associations. Data on dusts and sludges were generally not 
available and, therefore, these materials are not included in the analysis. 

4.1.2. Selection of Process Subdivisions for Inclusion in the Target 
For each industry group it is necessary to subdivide the industry on the basis of prwess or 

uthor industry classification. Fur example, the ferrous industry is subdivided by process because 
the consumption of recoverable material is process-dependent. The aluminum industry, however, 
is subdivided into industry groups rather than by process because the consumption of recoverable 
material is independent of the process (e.g., reverberatory furnace, crucible), but does depend on 
the industry groups (e.g., primary and secondary). 

4.1.3 Technical Considerations 
This section deals with three broad technical considerations related to recycling: 

, Process Constraints - These relate to process factors that limit recycling. As an 
example, the scraphot metal ratio that can be processed in a copper converter and 



the basic oxygen furnice is 1imited.because .of heat balance considerations. In ' .  
' 

contrast, the reverberatory .furriace and. crucibli,in the aluminum industry can . .  . 
process 100% scrap. . . 

Product Quality Constrain'ts - The use of recoverable'inaterial is also .limited by . 

the product. specifications. As an example, an antimonial copper scrap with high 
tin and nickel content cannot be processed in a plant pioducing wirebars but could 
be acceptable in a plant making dertain specific copper alloys which include 
antimony, nickel and tin. . . 

Recoverable Material Quality constraints - The. recoverable material quality 
constraints are indirectly related tokrocess and Product Quality constraints. The 
recoverable' material chemical and physical qualities must be compatible with 
process requirements and product requirements. . . 

. . 

4.1.4 Economic Considerations 
In most industry groups, economic considerations. are the governing factors controlling 

recycling, rather than technical considerations. ~ h e i e  have been discussed in Section 2. The 
approach'use.d by Arthur D. Little, Ink., for the economic analysis differs somewhat from that in 
the ~ e ~ a r t m e n t  of Energy guidelines; Arthur D..  itt tie uses econometric techniques to estimate 

' 

the supply of recoverable material in 1987. Most.of the effort in econometric modeling is focused 
on the ferrous industry, followed by aluminum and copper. Details.of the approach are discussed 
in Section 2.2.5. For lead and zinc, targets are developed on the basis of historical data and 
published forecasts of the future of.the industry. 

4.1.5 Special Considerations 
This section discusses the circumstances and considerations related to recycling but not 

included in the sections on technological and economic consideiations. An example of special 
consideration is the issue of municipal solid waste recovery of cans for the aluminum industry. 

4.1.6 Target Estimation 
In this section the method of target estimation and the estimated target are discussed. Be- 

cause of the wide di,versity in the industry segments, the quality of data available, and other 
factors, the target estimation procedures are not identical for all the five industry segments 
analyzed. However, eveiy effort has been made to'present the targets for i n d i ~ i d ~ a l  industry 
segments in a similar format. 

4.1.7 Sensitivity of Target to Key Factors 
Because the development of a target depends on the interpretation and projections of the 

future, and because the projection of future conditions is based on numerous sources of data, 
many of which are conflicting, it is important to know how inaccuracies in assumptions made of 
fiture conditions can affect the taiget. The section on sensitivity analysis attempts to address 
this problem. 



4.2 FERROUS 
The evaluation of the recycling targets for the ferrous industry has been simplified by 

dividing the industry into the following segments: 

Iron and Steel 
Ferrous Foundries 
Ferroalloys 

4.2.1 Selection of Recoverable Materials 

4.2.1.1 Iron and Steel 
The possible sources of recoverable materials for the iron and steel segment can be grouped 

into four general categories: 

Ferrous scrap 
Mill scale 
Dust and sludge 
Slag 

A brief description of the materials comprising each of these categories has been given in Section 
3.2.4 of this report. All the possible sources of recoverable materials for the iron and steel segment 
are listed in Table 4.2-1. This table indicates which of the materials have been selected for 
consideration in this study by meeting the criteria for inclusion as defincd by thc Dcpartment of 
Energy. The selection criteria are outlined in Section 4.1. 

Significant quantities of the three types of scrap material (home, ohsolete and prompt) 
composing the ferrous scrap category are presently being utilized as sources of recovered material 
within the iron and steel segment. This practice is expected to continue into the future, and 
therefore all three types of ferrous scrap are included in the recycling target evaluation. 

In the slag category, blast furnace slag and electric arc furnace slag were not selected for 
inclusion. Blast furnace slag is usually sold to slag processors who recover the iron from the slag 
by magnetic separation and sell this material, known as slag scrap, back to the iron and steel 
industry for reprocessing. Since slag scrap is included in the category of ferrous scrap, blast 
furnace slag will not be considered separately. Electric furnace slag is recycled to some extent in 
order to providc a protective slag layer in the furnace. It  is not recycled as a source of iron and, 
therefore, does not meet the inclusion criteria. Basic oxygen and opcn hcarth furnace slngs are 
both processed to some degree to recover contained iron and the processed slag is either sold, 
dumped or used as a source of flux. These two types of slag provide iron units for recycle which 
will be included in the evaluation of the recycling target. 

Mill scale containing over 50% iron is collected in the water pollution control facilities 
associated with primary reduction' mills, continuous casters, and hot and cold rolling mills. 
Besides iron, these scales can contain small concentrations of chromium, copper, manganese, 
nickel, lead, and zinc. Mill scale may also contain over 1.0% oil and grease. These high oil and 
impurity contents limit their use in the sinter strand. However because of the contained iron 
units, mill scale is partially recycled to the sinter strand, the blast furnace, and all three types of 



TABLE 4.2-1 

SELECTION OF R E C O V E R A B L t  MATERIALS 
IRON AND STEEL SEGMENT 

Recoverable Materials 

Ferrous Scrap 

Home 

Prompt Industrial 

Obsolete 

Mil 1 Scale 

Dust and Sludge 

Bl a s t  Furnace 

Basic Oxygen Furnace. 

Electr ic  Arc  urna ace 
Open Hearth Furnace 

Roll i ng Operations 

Slag 

Blast Furnace 

Bas i c Oxygen Furnace 

El ecLra-i c Arc Furnace 

Open Hearth Furnace 

Does the Recoverabl e Materi a1 Meet 
the Criteria* fo r  Inclusion? 

Yes - No 

* The c r i t e r i a  are.outlined in Section 4.1. 



steelrriaking furnaces, depending on the quality (oil and impurity content) of the scale. This 
material meets the inclusion criteria and, therefore, will be considered in the analysis. 

Electric arc furnace (EAF) dusts and sludges have been excluded from consideration 
because they are not presently recycled except for isolated cases and are not expected to be 
recycled to any significant extent in the near future. These dusts and sludges contain measurable 
amounts of chromium, copper,' manganese, nickel; lead and zinc. The "tramp" impurities 
severely inhibit the industry's ability to process electric furnace dust and sludges for their iron 
units. In addition, sintering plants, the usual processing route for dusts and sludges, are generally 
not located in the same plant as the EAF, thus precluding any simple "in-house" recycle scheme. 

Primary reduction mills, continuous casting units, hot and cold rolling mills, tin plating 
mills, and galvanizing l~iills produce sludges from water pollution coi~trol "berations a t  a rats 
rangi?lg from 0.1 to 10 kg/nietric ton of finished s1;eel.'') In general, these sludges are not ~ecycled 
because they contain significant amounts'of oil and gretlse. For this reason, as well as the fact that 
they are generated in relatively' small amounts, these sludges will not be considered in the 
analysis. 

Blast furnace,' basic oxygen. furnace, .and open hearth furnace dusts and sludges will be 
considered in the analysis. These materials are currently being recycled, some to agglomeration 
plants for the recovery'of iron units and'some to improve the permeability of the sinter products. 

. . 

Recent consumption pattdrns (1970-1976) for the selected recoverable materials within the 
iron and stee.1 segment are given in Table 4.2-2. Table 4.2-3 contains consumption data fur various 
categories of purchased and home scrap. .. 

4.2.1.2 Ferrous Foundries . . 

Table 4.2-4 lists the p~tent~ial  nourceo of recoversble material for the ferrous foundry 
industry and identifies those that meet the criteria necefionry for iiicluvion in Lhis study. 'l'he 
criteria are described in Section 4.1. The recoverable materials are broadly classified into three 
categories: 

Scrap 
Dust and sludge 

' Slag . . 

Though foundry sand is an important material recycled 'in the ferrouo foundry industrjr, it is 
cxcluded fro111 this analysis. because it does not contribute ferroys nr rnetalli-o 11nit.s and, lllercforc, 
does not ri?late tu SIC 33. 

Scrap is the most important sburce pf recovcrnble material in the ferious foundry industry. 
The variolis t.ypes of iron and steel scraps that are important recyclable materials are shown in 
Table 4.2-4. Home scrap c0nsist.a of the riocrs and runners, skulls and reject castings generated in 
the foundries. In most foundries the home scrap is a major component of the charge to the melting , 

furnace, in some instances as high as 50-70% of the metallic charge. 



TABLE 4.2-2 

Type o f  

Recoverable M a t e r i a l  

Scrap : 

Home* 

Purchased** 

TOTAL 

M i l l  Sca le  
e 

D u s t a n d s l u d g e  

Slag 

CONSUMPTION OF RECOVERABLE MATERIALS (1 970--1976) 

I R O N  AND STEEL SEGMENT 

@ u a n t i t y  Consumed - M i l l i o n  Shor t  Tons 

*Home Scrap Produc t ion  

** Inc ludes Prompt I n d u s t r i a l  and Obsolete scrap 

. MA: N o t  A v a i l a b l e  

Sources: U.S. Bureau of Mines, M ine ra l s  Yearbooks, 1970-1976 
A IS I  Annual S t a t i s t i c a l  Reports,.1970-1976 



CONSUMPTION OF SCRAP* BY GRADE (1  971 -1 976 ) 
I R O N  AtiD STEEL SEGMENT 

(Thousand Sho r t  ~ o n s ]  

Type o f  Scrap 1971 1972 1973 1974. ,1975 1976 

Carbon S t e e l  : . . 

Low phos.. p l a t e  & '  punchings 462 5 38 532 761 733 987 

Cut s t ~ u c t u r a l  389 525 782 657 478 393 

No. 1 heavy m e l t i n g  24,178 27,751 ,30,375 ' 28,274. , .22,205 , 23,984 

No. 2 heavy me1 t i n g  . ' . ' . 3,061 3,362 . 4,008. . 4,133 . 3,964 3,421 

No. 1 and EF bundles 5,559 . 6 , 746 .  7 , 5 4 4  9,656. 7,597 8,870 

' - No. 2 and o t h e r  bundles . .  .2,739 . 2,997 3,549 3,656 2,324 ' 2,584 
. . Tu rn ings .  and ' bo r i ngs . '  1,632 1,753' '1,992 . 2 , 1 8 5 '  1;608- 1,339 

S lag  scrap . . .  2,912. 3,076. 3,658 . ,4,052 . 4,082 

Shredded o r  f rag. .  . . . . 1,172 1,507 1,778 2,332 2,014. 

A l l  o t h e r  13,666 15,058 17,491 1'5,021 .. .11,711 

S t a i n l e s s  .S tee l  . . 7'68 - 9 3 0  1",036 . 1,202.. '  687, 
. . 

A1 l o y  S tee l  .. '2 ,340 2,450 2,399. :2,313 1,869. 

.Cast I r on * *  . , 5,068 ,5,234 6,364 . 5,359 3,275 

Other  Grades 
. . 

673 1,481 959 1,473 1,189 

TOTAL 64,619 73,408 82,467 81,074 62,836 

* Inc ludes  . home . scrcp. 

** ~ n c l u d e s  i n g o t  mold and s t o c l  scrap,.machinery and c ~ ~ ~ o l a  c a s t  i - ron,  cas t  i r o n  
bor ings  and motor b locks  anc o t h e r  i r o n  scrap. 

sn0,- ce: U.5. Bureau $of Mines, Y i n e r a l  Year'baok, 1971-1976 



TABLE 4.2-4 

Recoverable M a t e r i a l  

SELECTION OF RECOVERABLE MATERIALS 

FERROUS FOUNDRY SEGMENT 

Does t h e  Recoverable M a t e r i a l  Meet 
The C r i t e r i a *  f o r  I n c l u s i o n ?  

Yes - 

Scrap 

Carbon S tee l  X 

- low phosphorus p l a t e  and punchings 
- c u t  s t r u c t u r a l  and p l a t e  
- No. 1 heavy m e l t i n g  s t e e l  
- No. 2 heavy m e l t i n g  s t e e l  
- No. 1 and e l e c t r i c  fu rnace  bundles 
- No. 2 and o t h e r  bundles 
- t u r n i n g s  and bor ings  
- s l a g  scrap (Fe c o n t e n t )  
-. shredded o r  f ragment ized 
- a l l  o t h e r  carbon s t e e l  scrap 

S t a i n l e s s  S tee l  

A l l o y  S tee l  (except  s t a i n l e s s )  

Cast I r o n  ( i n c l  udes b o r i n g s )  

Other Grades o f  Scrap 

Ferrous F r a c t i o n  o f  Mun ic ipa l  Sol i d  Waste 

Home Scrap 

Dust and Sludge 

Cupola Dust 

E l e c t r i c  Furnace Dust 

S lag  

Cupola S lag  

E l  e c t r i  c Furnace Slag 

*The  c r i t e r i a  a r e  o u t l i n e d  i n  s e c t i o n  4 : l .  



Purchased scrap is most often obtained from scrap dealers, with smaller amounts sold 
directly by scrap generators. Iron foundries consume most of the iron scrap traded in the market. 
In addition, they purchase about an equivalent tonnage of steel scrap. Steel foundries buy largely 
steel scrap. 

Of the various dusts and sludges generated in the ferrous foundry industry, the only dusts 
and sludges that have potential metal values are those that are recovered from the melting 
operations. Dusts and sludges from molding and coremaking have no ferrous units and, therefore, 
are not recoverable in the context of this study. The dust from the cupola melting furnace 
contains iron, but only in small concentrations. Because of its low iron content and because it 
contains small quantities of zinc, lead, and other undesirable impurities, cupola dusl is 11ot 
expected to he recycled for its ferrous, lead or zinc content by 1987. Therefore i t  is excluded from 
the analysis. Electric furnace dust presents the same problems as the cupola dust and, therefore, 
does not meet the selection criteria outlined by the Department of Energy. 

The two principal types of slags generated in the foundry industry are: 

Cupola slag 
Electric furnace slag 

Neither of these slag categories is expected to be, a potential source of iron units in the near 
future (1987) because of technical an3 ecoi~omic factors. Therefore, both of these slags will be 
excluded from further analysis. It should be noted, however, that a part of this slag is sold as 
ballast for road construction. 

Recent consumption (1971-1976) of the selected recyclable materials within the ferrous 
foundry segment are show11 in Table 4.2-5. 

4.2.1.3 Ferroa2loys 
Recyclable materials associated with ferroalloy smelting can be grouped into four 

categories: 

Purchased ferrous scrap 
Ferr~a1lo.y home scrap 
Dust and sludge 
Slag 

As shown in Table 4.2-6, only purchased ferrous scrap H I I ~  electric afc furnuuu 8 1 ~ ~  produced 
in ferromanganese production meet the selection criteria outlined in Section 4.1. Both of these are 
consumed in significant amounts and are expected to be in the future. Because the quantity of 
ferroalloy home scrap is very small, it will be excluded from this analysis. Ferrochromium, 
silicomanganese and other types of elcctric arc furnace slag are not presently being recycled and 
are not expected to be in the near future. These slags will therefore be excluded from the analysis. 
Slag, dust, and sludge from blast furnaces are not considered because blast furnaces are no longer 
used for ferroalloy production in the United States. Dust and sludge from electric arc furnaces are 
not considered for further study because they are not presently being recycled in significant 
quantities and are not expected to be in the near future. 



'TABLE 4.2-5 . . 

. . 

Type o f  
Wecov?rable Ma te r i a l  

CONSUMPTION OF RECOVERABLE MATERIALS . ( I  971 -.I 976) 
FERROUS FOUNDRY SEGYENT 

Home Scrap Plus Purchased Scrap Consumed i n  * I r o n  and Stee l  Foundries (Thousand Shor t  Tons) 

1971 1972 1973 1974 1975 1976 - 
Carbo.1 S tee l  : . 

Low Phos. P l a t e  & Punchings 1476 1733 2047 1898 . 1767 1743 

Cut S t r u c t u r a l  960 1216 1438 2150 1634 181 8 

No. 1 Heavy Me1 t i n g  496 580 71 1 743 652 623 

No. 2 Heavy Me1 t i n g  21 8 60 188 122 203 190 

No. 1 & EF Bunales 41 7 475 496 642 460 482 

No. 2 & Other Bundles 480 6 86 625 658 347 44 1 

e 
C 

Turnings and B o r i  ngs 680 687 802 781 766 83 1 
C 

Slag Scrap 2 1 23 16 34 3 8 50 

Shredded and Frag, 482 555 639 91 7 733 935 

A l l  Other** 2572 2900 291 4 3352 2970 3496 

S ta in l ess  S tee l  197 .39 38 83 100 7 1 

A1 l o y  S tee l  231 271 254 31 1 271 ' 246 

Cast I ron**  * 9028 9840 1001 0 3774 4077 4627 

Other Grades**** 690 890 943 8838 5477 5929 

To ta l  : 17948 19956 21 122 24409 19495 21 483 

* Inc ludes  miscel laneous scrap users. 
** Inc ludes  "a1 1 o t h e r  carbon s t e e l  ", one f o o t  and under ( n o t  bundles),  and r a i l r o a d  r a i l s .  

*** Inc ludes  i n g o t  mold .3nd s t e e l  scrap, machinery and cupola cas t  i r o n ,  c a s t  i r o n  bo r i ngs  and motor b locks  and 
o t h e r  i r o n  scrap. 

**** Inc ludes  o t h e r  i r o n  scrap and o the r  mixed scrap. 

Source: U.S. Bureau o f  Mines, I l i n e r a l s  Yearbooks, 1971 - 1976 



TABLE 4.2- 6 

SELECTION OF RECOVERABLE MATERIALS 

FERROALLOYS SEGMENT 

Does the  Recoverabl e Ma te r i a l  Meet 
the  C r i t e r i a *  f o r  I n c l  us ion? 

Recoverable M a t e r i a l  

Purchased Ferrous Scrap 

Ferroal  1 oy Home Scrap 

S l  ag 

B las t  .Furnace 

E l e c t r i c  Arc Furnace 

Ferrochromi um 

Ferromanganese 

S i  1 i comanganese 

Other 

Dust and Sludge 

B l a s t  Furnace 

E l e c t r i c  Arc Furnace 

Yes 

X 

* The c r i t e r i a  i s  o u t l i n e d  i n  sec t i on  4.1. 



Recent consumption (1970-1976) for the selected recyclable materials within the ferroalloys 
segment are given in Table 4.2-7. 

4.2.2 Selection of Process Subdivisions for Inclusion in the Target 

4.2.2.1 Iron and Steel 
The structure of the iron and steel industry is such that, for the purposes of establishing a 

recycling target, it is most appropriate to subdivide the industry into unit operations. Reasons for 
this subdivision include: 

The principal industry associations, American Iron and Steel Institute (AISI) and 
Institute of Scrap Iron and Steel (ISIS) have traditionally followed a breakdown by 
unit operation in the collection of their data. 

Technological factors affecting recycling can be analyzed on a unit-by-unit basis. 

Relatively few unit operations are capable of processing recoverable materials. 
Thus, by dividing the industry into unit operations, it is possible to neglect those 
processes that do not directly affect the recycling target. 

Hecoverable materials can enter the steelmaking sequence a t  three points: 

Sinter strand (agglomeration facility) 

Blast furnace 

e Steelmaking furnac.e (open hearth, basic oxygen, or electric arc) 

The types of recoverable materials processed by each of these unit operations, are given in Table 
4.2-8. As this table shows, sinter strands are capable of processing steelmaking furnace slag, mill 
scale, and blast furnace and steelmaking furnace dusts and sludges. 

Blast furnaces can process ferrous scrap along with relatively small quantities of steel- 
making furnace slag. Basic oxygen, electric arc and open hearth furnaces can recycle only ferrouo 
scrap and mill scale. Open hearth furnaces can also process a portion of their own slag, but only 
for fluxing units and not iron units. 

Table 4.2-9 presents quantitative data on the amounts of recoverable materials consumed in 
each unit operation in 1976. Recent consumption data for recoverable materials (1970-1976) on a 
unit-by-unit basis are given in Tables 4.2-10A through 4.2-10E. 

4.2.2.2 Ferrous Foundries 
The fcrrous foundry industry can be segregated into two well-defined segments: 

Iron foundry industry 
Steel fou~~dry  industry 

This breakdown is chosen because the steei foundry industry is essentially 100% scrap-based, 
whereas the iron foundry industiy consumes moderate amounts of pig iron besides scrap. Further, 
the Bureau of Mines publishes scrap data separately for these two segments. 



TABLE .4.2- 7 

CONSUMPTION OF RECOVERABLE MATERIALS (1  970-1 976) 
FE?ROALLOYS SEGMENT 

Q u a n t i t y  Consmed (thousand s h o r t  tons)  

Type o f  
Recoverable Ma te r i  a1 1970 1971 1972 1973 1974 1975 1976 

Purchased Ferrous Scrap" 573 51 5 558 557 505 426 422 

El  e c t r i c  Arc  Furnace 

Ferromanganese Slag** 30 1 274 288 246 196 207 174 
e 
w 
P 

Sources : 

* Fer roa l  l o y  p roduc t i on  f rom U. S .  Bureau o f  Mines M ine ra l s  Yearbooks, 1970-1976'. 
Ferrous scrap fact0. r  f rom a P red i cas t  computer ou tpu t ,  1978, based on U.S. Census data.  

** Ferromanganese p roduc t i on  s t a t i  s t i , cs  f rom U.S. Bureau o f ,  Mines M ine ra l s  Yearbooks, 1970-1 976. 
Recycled s l a g  f a c t o r  f rom "Assessment. o f  I n d u s t r i a l  Hazardous Waste P rac t i ces  i n  t h e  
Metal Smel t ing ar.d R e f i l i n g  Indus t ry ' ' ,  Volume 111, 1977. 



TABLE 4.2-8 

RECOVERABLE MATERIAL SOURCE - INDUSTRY MATRIX 
I R O N  AND STEEL SEGMENT 

Subd i v i s i on  by  Types o f  Recoverable M a t e r i a l s  
Process 

Ferrous Scrap M i l l  Scale Dust & Sludge Sl  ag 

S i n t e r  P l a n t  

E l  a s t  Furnace 

Bas i c  Oxygen . 

P - E l e c t r i c  Arc 
V1 

open Hear th  

?rompt B l a s t  Bas ic  Open Bas ic  Open 

Home I n d u s t r i  a1 Obsolete ~ 0 1 1  i nq M i  1 1 s Furnace Oxygen Hear th  0- Hpar;+h 

X X X X X X 

Source: A r t h u r  0 .  L i t t l e ,  I n c .  



S u b d i v i s i o n  
by Process 

S i n t e r  P l a n t  

B l a s t  Furnace 

Bas i c 'Oxygen 
P 
CL 

O\ E l e c t r i c  Arc  

Open Hear th  

T o t a l  -Stee l  r a k i n g  

TOTAL 

TABLE 4.2-9 

CONSUMFTION OF RECOVERABLE MATERIALS BY PROCESS I N  1976 

IRON AND STEEL SEGMENT 

Type o f  Recoverable M a t e r i a l  

(thousand s h o r t  t ons )  

Ferrous Scrap 
-- - -  - 

prompt 
Home I . i d u s t r i a 1  13bsol e t e  To ta l  

Mi l l  
Sca le  

3,531 

Dusts and 
S l  udges Slag 

NA: Not  a v a i l a b l e .  

Source: A IS I  Annual S t a t i s t i c a l  Report, 1977. 



TABLE 4.2-10-A 

CONSUMPTION OF RECOVERABLE MATERIALS BY THE SINTER PLANT (1970-1976) 
IRON AND STEEL SEGMENT 

Type o f  Recoverable 
N a t e r i  a1 

M i l l  Sca le  

Dust & Sludge 

f Y B l a s t  Furnace 
4 

Bas i c Oxygen Furnance 

Open Hear th  

T o t a l  

S lag  

Basi  c Oxygen Furnace 

Open Hear th  Furnace 

T o t a l *  

M i l l i o n  Net Tons 

1970 1971 1972 1973 1974 1975 1976 

*Cinder and s l ag .  
Nk: n o t  a v a i l a b l e  

Source: A I S I  Annual S t a t i s t i c a l  qeport ,  1970-1 977. 



TABLE 4,2-10-B 

CONSUMPTION OF RECOVEF.ABLE MATERIALS BY THE BLAST FURNACE (1 970-1 976) 
IRON AND STEEL SEGMENT . . 

Type o f  Recoverable 
M a t e r i a l  

~ e r r o u s  scrap 

Home 

T o t a l  Scrap* 
M i l l  S c a l e '  
S lag 

Bas i c  Oxygen , 

Open' Hear th  

. . 
M i  1 1 i o n  Net Tons 

. * Inc l  udes home and obso le te  scrap. 
. . 

. . 

NA: Not A v a i l a b l e  

Source: A IS I  Annual S t a t i s t i c a l  Report, 19?0-19?7. 



TABLE 4.2-1 0-C 

CONSUMPTION OF RECOVERABLE MATERIALS BY THE BASIC OXYGEN FURNACE (1970-1976) 
IRON AND STEEL SEGMENT 

Type o f  Recoverable 
M a t e r i a l  

Ferrous Scrap 

Home 

Prompt I n d u s t r i a l  

Obsolete 

T o t a l  Scrap* 

+- 
c-. M i l l  Scale 
U 

M i l l  i o n  Net Tons 

* Inc ludes  hone, prompt i n d u s t r i a l  and obso le te .  

NA: Not A v a i l a b l e  

Source: A I S I  Annual S t a t i s t i c a l  Reports, 1970-1977. 



TABLE 4.2-1 0-9 

CONSUMPTION OF RECOVERA3LE MATERIP,tS BY THE ELECTRIC ARC FURNACE (1970-1976) 
IRON AND STEEL SEGMENT 

Type o f  Recoverable M i l l i o n  Net Tons 

M a t e r i a l  1970 1971 1972 1973 1974 1975 1976 

. Ferrous Scrap . . . . 

. . 
P ronp t  I n d u s t r i a l .  ., N A HA N A N A N A N A N A . . 

0bsol  e t e  ' NA N A N A N A N A N A NA . ,  
. . 

. . 

~ o t a l  .. . scrap* 18.839 .'. 20.150 .24.886 . '28.615. 29.710. 23.01'0, 25;099 ' ,  ' . . . 

. . 
. . . . . . 

. . . . . . 

"ncl. udes .,home, pr'ompt i n d u s t r i  a1 and obsol  et.e s c r a p ,  . . 
. . . . 

NA: Not A v a i l a b l e  
Source: A IS I  Annual S t a t i s t i c a l  'Reporfs, 1970-1977. . , 



TABLE 4.2-10-E 

CONSUMPTION OF RECOVERABLE MATERIALS BY THE OPEN HEARTH FURNACE (1970-1976) 
i R O N  AND STEEL SEGMENT 

Type o f  Recoverable 
M a t e r i a l  

~ e r r o u s  Scrap ' ' 

~ 0 . m  e 

Prompt I n d u s t r i a l  

Obsolete 

T o t a l  Scrap* 

M i l l  Sca le  
. . 

M i l l i o n  Net Tons 

1970 1973 . . .  1,971 . . 1972 1974 i 975  . 1976.  
. . .  

. . . . .  
. . 

N A Nk N A NA ' NA ' N A .  ' .  - . N A  . , 

, NA' N A N A NA ' NA . . NA NA . 
. . 

N A N A N A NA ' N A ' NA N A 
. . 

. . 
21.935 ' 18.572 :18.637 . 20.41.9 1 9 . 0 0 5 . .  11.669, .  '12.251 

. . .  . . .  

N A . NA . . .  NA ' . NA NA : N A .  . NA . . . 
. . 

. . 

* I n c l  udes home, prompt i n d u s t r i a l  and obso le te  scrap.  

NP. :  Not A v a i l a b l e  

Source: A IS I  .O;nnual S t a t i s t i c a l  Reports, 1970-1977. 



The industry subdivisions and sources of recovered materials are summarized in Table 4.2- 
11 with the quantities of recoverable materials consumed by the ferrous foundries in 1976. Table 
4.2-12 presents t.he cnnsumption data (1971-1976) of various types of scrap used in the iron and 
steel foundries. 

TABLE 4.2-11 

CONSUMPTION OF SCRAP - 1976 
FERROUS FOUNDRY SEGMENT* 

Scrap  Consumed (thousand s h o r t  t ons )  

Indus t ry  Subdiv is ion  Home S c r a p .  Purchased .Scrap** 

Gray I ron  
Ducti 1 e I ron  

Foundries I Iron 

5567* 13,065* 
Malleable  I ron 

S t ee l  Cas t ings  

*Includes misce l laneous  s c r a p  use r s .  

**Includes prompt i n d u s t r i a l  and o b s o l e t e  s c r ap .  

Source: U.S. Bureau of  Mines, Mineral Yearbook, 1976. 

4.2.2,3 Ferroalloys 
For the purpose of establishing a recycling target, the ferroalloy industry is best divided into 

sections according to the type of ferroalloy produced. Reasons for this are: 

i Available data are broken d u w ~ i  by lypw of ferrroallsy. 
Recycle of slag is dependent on type of ferroalloy. 

Amouilts of recuveralrle 111aLeria1s consumed in 1976 arc ohown in Table 4.2-13. F~rrnchrnmium, 
ferrochromanganese, and ferrosilicon furnaces consume ferrous scrap. A part of ferromanganese 
slag is recycled to silicomanganese furnaces. 

4.2.3 Technical Considerations 
Technological considerations governing the recycling of recoverable materials include con- 

straints of' process and product quality and limitations of recoverable material. In general, the 
former establish the limitations of recoverable material quality, which, in turn, determine the 
amuunts of recoverable material that can be recycled. In this section, technological factors 
affecting recycle within the ferrous industry will be described. 



TABLE 4.2-12 . 

CONSUNPTION OF SCRAP"(1971-1876) 
FERROUS FOUNDRY. SEGMENT 

Type o f  Scrap 

Carbon S tee l  

LON Phbsphorus P i a t e  and punching? 

c u t  ~ t ruc tu i -a .1  

NO.' 1 Heavy  elt tin^. 
. . 

No. 2 I4esvy  el t i n g '  ' ' . . 

No. 1 and E l e c t r i c  Furnace Bundles 

' .  No. 2 and Other. Bundles. 
. . 

Turnin,gs and Bor ings.  - 

S lag Scrap 

Shredded o r  Fragmentized 

A l l  3 t h e r  , . 

Steel  Foundries 

1971 1972 ' 1923 1974 1975 1976' - - - - - -  
I r o n  Foundries** 

1971 .= 1973 .I974 ,1975- 1976 - - - 

. . 
Sta in1  e . 5 ~  S tee l  193 ' . 2 6 ,  2 5 39 68 51 3 .  . 13 " 13 44 

. . 3.2 . .20 . ' 

A l l o y  %eel (except s t a i n l e s s )  . . ,117 127 "137. 167 . ' 181, . 173 113 144 , 117 : 144 . . 9 0  73 . 
. .. . . . . . . 
Cast I r o n  2 7 7  , 2 9 5  ' 285. 118 123 ' 119 ' 

. . ', 8751 , 9545. . 9725' 3656 3954 4508 . 
. . 

O'ther Grades . . 99 99 . '97 -274 192 . 113 . . 591 ,791. 846 . 8564 5285 . 5816 
. . 

TOTAL ' , 2787 . 2664. 2949 . 3269 3173 2851 15161 17292' 18173 ' 21140. 16322 18632 

. . 

* ~nc ludes 'home and purchased scrap, 
. . ** Inc ludes  miscel laneous scrap users. 

Source:. U.S. Bureau o f  Nines Minera ls  Yearbooks, 1971-19761 , 

. . . . 



TABLE 4.2-13 

Subdivision by 
Type o f  Ferroa l loy  

Ferrochromi um 

Ferromanganese 

Si 1 i comanganese 

Ferros i 1 icon 

TOTAL 

CONSUMPTION OF RECOVERABLE MATERIALS - 1976 
FERROALLOY SEGMENT 

Scrap 
(thousand of s h o r t  t ons )  

Home Purchased Slag 
(Ferroal  1 oy (Ferrous Total - 
Scrap) Scrap) Scrap, FeCr FeMn 

NA = not a v a i l a b l e .  

* Predicas t  Data Base, 1978. 

** Calspan, Assessment of  Indus t r i a l  Hazardous Waste Prac t i ces  in 
t h e  Smelting and Refining Indus t ry ,  Volume 111, 1977. 

4.2.3.1 Process Constraints 

4.2.3.1.1 Iron and Stccl 

Operations in the iron and steel segment capable of processing recoverable material include 
the sinter strand (agglomeration facility), the blast furnace, and the steelmaking furnaces: the 
open hearth, basic oxygen, and electric arc. The ability of each of these operations to handle 
recoverable materials depends on such process constraints as energy availability, equipment 
design, process flexibility, and pollution control. Process constraints for each of these operations 
are discussed below. 

Sinter Strand: In general, sinter strands are incapable of removing impurities; any tramp element 
entrained in the feed will necessarily report to the discharge. However some elements such as zinc 
and sulfur and oils can be partially removed. Therefore, the extent to which mill scale, dust and 
sludge, and slag can be recycled to the sinter plant is determined primarily by the tramp 
impurities content of these materials. In order for the contaminated material to be recycled, the 
impurities will have to be removed or diluted in downstream processing. An additional factor is 
that recycling of in-plant fines (mainly dusts and sludges) to this unit can increase its pollution 
load in an unacceptable manner.(2' 



Blast Furnace: The blast furnace has severe limitations on the chemical specifications of its 
feedstock; carbon is an asset in any material added to the burden, but zinc and lead must be 
limited carefully. Physical. strength, reducibility, and softening behavior of the iron-bearing 
constituents of the burden must also meet high standards. 

The most troublesome component of residues and scrap recirculated to the blast furnace is 
zinc. This element is highly detrimental to the furnace and tends to build up in the system. Other 
undesirable impurities include phosphorus, which will report to the hot metal and, therefore, 
requires incremental refining operations in subsequent operations; and lead, which is harmful to 
hearth bottoms. 

Open Hearth firnace: The open hearth furnace is probably the most flexible processing unit 
within the iron and steel industry for the recycling of recoverable materials. The type and 
composition of material charged to the open hearth furnace can be vaiied substantially.   ow ever, 
certain limiting relations among the elements of the charge must be observed. Elements such as 
copper and nickel, which are not oxidi2ed or eliminated by the reaction in an open hearth process, 
may be introduced into the furnace only- to the extent to which they are permissible in the 
finished steel. Small amounts of zinc or lead can be included in the charge since they will be 
readily volati'lized a t  steelmaking temperatures. However, as with blast furnaces, these elements 
are detrimental to the furnace. A list of elements that report primarily to the slag (oxidation) and 
the metal in open hearth furnaces is given in Table 4.2-14. 

Basic Oxygen Furnace: Because the basic oxygen converter does not rely on external sources of 
energy, the quantity of ferrous scrap it can process is limited by the amount of energy available 
for melting. In current practice, BOF's are operated with 20-30% scrap in the charge; 30% is 
generally recognized as the upper limit for normal operations. The "normal" operation is accom- 
plished without the addition of fuel energy to the BOF or to the scrap. 

Unlike the open hearth and the electric furnaces, the BOF utilizes scrap not only as a source 
of iron, but also as a coolant for controlling temperature. Consequently, the proportion of scrap 
used cannot be arbitrarily changed without adjusting other variables to maintain the thermal 
balance. Figure 4.2-1 is a theoretical presentation of how the percentage of scrap in the metallic 
charge can be increased by increasing the temperature of the hot metal. Alternate means of 
increasing scrap use include: 

0 Reducing heat losses of the process 

Adding external fuel to the process 

Raising the temperature of any and all reactants 

Of these alternatives, retrofitting for scrap preheating is considered the most practical. However 
it slows down production and its economics depend on scrap and fuel prices and site specific 
factors. Although preheating is not common a t  present, certain BOF shops have shown the ability 
to operate a t  almost 45% scrap using this The extent to which scrap preheating gains 
acceptance by the iron and steel industry will depend upon the future availability and prices of 
ferrous scrap and of energy. 

Process constraints for the BOF, other than its thermal requirements, are similar to those 
for the open hearth furnace. 



TABLE 4.2-14 

DISTRIE.UTION OF ELEMENT5 BETWEEN SLAG AND METAL I N  AN OPEN HEARTH FURNACE 

Elements Pr imar i  ly Elements D i s t r i  bute,d Elements Pr imar i  l y  Elements E l im inated 
Report ing t o  the  Slag Between 'Stag 2nd Metal Report ing t o  Metal From Slag and Metal 

S i  1 i c o n  Mang3nese Copper Z inc 

A1 umi num 

T i  t a n i  urn 

Z i  rcon i um 

Boron 

Vanadi urn 

Phos:~horus 

Sul f:r 

Chromi um 

( ) = Probably 

N icke l  

T i n  

Molybdenum 

Cobalt  

Tungsten 

(Arseni c )  

(Antimony) 

Cadmi um 

Lead 

Source: AIFIE, Basic Open Hearth Steelmtiking, 1951. 



Basis: 
Normal 2400 F Hot Metal Uses 25% Scrap 

Steel Tapping Temperature is 2925 F. 
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Source: Iron & Steel Engineer, June 1963, page 68. 

FIGURE 4.2-1 HOT METAL TEMPERATURE VS. % OF 
FERROUS, SCRAP IN METALLIC CHARGE 



Electric Furnaces: Most electric furnace installations actually operate on 100% scrap. The extent 
to which various types of scrap can be .utilized is determined primarily by their contained 
impurities and the compositional requirement of the steel product. 

4.2.3.1.2 Ferrous Foundries 

The principal melting methods used in the ferrous foundry industry have been discussed in 
Section 3.2.3.2. The major processes employed are: 

Process 

Cupola 
Electric Arc 
Induction 

Iron Foundries Steel Foundries 

X . - 
X X 
X X 

The cupola furnace usually operates with a scrap charge plus pig iron. The amount of pig 
iron in the charge is based on the quality of iron required and the qualily of the scrap charged to 
the furnace. 

Because steel scrap requires a higher melting temperature than iron-scrap, the amount of 
steel scrap that  can be charged to a cupola is restricted. In recent years, introduction of hot blast 
cupolas and oxygen enrichment with their higher heating capability have made feasible the use of 
an increased steel scrap content. The cupola cannot handle recyclable materials containing large 
quantities of non-volatile impurities, e.g., copper, aluminum, and tin. For efficierit melting and 
handling, very large scrap is undesirable for the cupola. 

The electric arc and induction melting furnaces are 100% scrap based melting operations. 
The electric arc furnace can perform some refining operations and, therefore, can handle a wider 
variety of scrap than the cupola. The induction furnace, on the other hand, can only handle scrap 
close to the composition of the final metal alloy. Both the electric arc and induction furnaces 
achieve high melting temperatures and can, therefore, melt 100% steel scrap charges. 

4.2.3.1.3 Ferroalloys 

The principal process constraint on the type of scrap that  can be recycled is the physical 
form. The amount of scrap consumed is dependent on the ore grade and ferroalloy specification. 

Ferromanganese slag can be recycled only if the plant has an integrated silicomanganese 
operation. The amount of ferromanganese slag that  can be recycled to silici~rrlanganese furnaces 
is limited by the ferromanganese slag composition, the grade of silicomanganese required, plant 
specific considerations and the prevailing economics of the overall integrated operation. 

4.2.3.2 Quality Constraints 

4.2.3.2.1 Iron and Steel 

In the iron and steel industry only three unit operations are capable of processing recov- 
erable materials: agglomeration, smelting iron ore, and steelmaking. The products (sinter or 
briquettes, pig iron, and steel, respectively) of these processes must meet independent composi- 



tional and physical specifications. The ability of the products to do so is dependent on the raw 
materials entering each process and on the process itself. In this section, the compositional limits 
for the three types of products are given. 

Agglomerated Products: Among the primary reasons for using sinter or briquettes is an im- 
proved burden permeability and improved gas-solid contact in order to lower blast furnace coke 
rates and increase the rate of reaction. Agglomeration is also used to lessen the amounts of fine 
materials entering into the furnace and, therefore, enhance their utilization. Furthermore, ag- 
glomerated products can be substituted for lump ores in steelmaking furnaces. 

A good agglomerate should "contain 60% or more of iron, a minimum of material less than 
Yi inch in size and a minimum of material larger than Yz inch."(8) The agglomerate should be 
strong enough to withstand degradation during handling and shipment so as to arrive a t  the 
furnace with a t  least 85% of the material larger than '/4 inch. Within the furnace, the agglomerate 
must be able to withstand the high temperature and degradation forces without slumping or 
decrepitating. The agglomerate must also reduce a t  a satisfactorily high rate. 

Pig Iron (for Steelmaking): Unlike agglomerated products, which are restricted as to physical 
properties;iron for steelmaking is constrained by chemical composition limits. These limits 
depend to some extent on the type of steelmaking process for which the iron is destined. The 
allowable composition ranges for the most important impurities in pig iron for several steel- 
making processes are given in Table 4.2-15. Electric furnace steelmaking is not listed because of 
the relatively minor amounts of pig iron and hot metal charged'to such furiaces. 

Raw Steel: Each of the many types of raw steel produced by the iron and steel industry has 
narrow composition limits. Because of the large number of steels produced, these limits are not 
reproduced here. The interested reader is referred to such sources as AISI's "Steel Products 
Manual," or "The Making, Shaping and Treating of Steel," by United States Steel Corporation. 
'I'he relationship between the compositional limits and the impurities contained in recoverable 
materials charged to the steelmaking furnace is discussed in Section 4.2.3.3.1. 

4.2.3.2.2 Ferrous Foundries 

Table 4.2-16 shows the compositional constraints for the products produced in the iron and 
steel foundries. In order to meet the casting grade chemical specifications, the recoverable 
material (scrap) that can be charged to the melting furnace is somewhat limited. For example, 
ductile iron castings usually require a good quality control on the metal composition and, 
therefore, on the scrap that can be consumed. Similarly, alloy castings require good control of 
impurities that might be introduced via scrap. 

Each foundry has its own set of casting quality requirements based on established customer 
demand and product, specifications. Therefore, the mix of scrap used from foundry to foundry can 
vary significantly. 

4.2.3.2.3 Perroalloys 

Specifications on ferroalloy composition are shown in Table 4.2-17. These specifications 
may control the type of ferrous scrap used in the ferroalloy production. 



TABLE 4,2-15 

COMPOSITION F.P.KGES OF IRON FOR STEELMAKING 

Type Composition Range ( % )  
* 

Tota l  Carbon Phosphorus Manganese S i l i c o n  Sulphur 

0.05 max - 0.400 max '1 -01-2.00 - 0.50 
Basic P ig  - Nor them 

I n  steps of 

Basic P ig  - Southern 
I n  steps of 

0.05 max 
- 

Ac id  P ig  - Bessemer 0.045 max 

P Ac id  P ig  - Open Hearth 
W 
0 

Oxygen Steelmaking P ig  

0.045 max Under 0.05 0.50-2.50 

0.400 max** 0.40-2.50 0.05 max 

*Carbon no t  speci'ied. 
**Up t o  2.00 percent phosphorus may be used by double s laggin? i n  the  bas ic  oxygen furnace. 

Source: "The Making, Shaping & Treatin; , o f  Steel ," Uni ted States Steel  Corp., 
9 th  e d i t i o n .  



TABLE 4.2-16 

FERROUS FOUNDRY SPEClFlCATIONS 

Composition, %' .  
;Type o f  Cast ing S i l i c o n  , Carbon 'Su l f u r  Phosphorus 

Gray I r on  1 .O-3.0 2.5-4.0 0.02-0.25 0.05-1 .O 

White I r o n  0.5-1.9 1.8-3.6 0.06-0.20 0.06-0.18 

Ma1 leab le  I r o n  1 .lo-1.60 .2 .OO-2.60 0.04-0.18 0.18 max 

Duc t i l e  I r o n  1.8-2.8 3.0-4'10 0.03 max 0.10 max 

St.ee1 0.2-0.8 . 0.20-0.. 50 0.06 max 0.05 max 

. . 

Manganese 

0.25-1 .O 

Solurces: American Foundrymen ' s  Society, Pr inc ip les  o f  Metal Casti  rig, 1955, 
Gray and Duc t i l e  I r o n  Founders' Society,'Iron'CastingsSFIaridBook, 1971. 



TABLE 4.2-17 

FERROALLOY SPECIFICATIONS 

Ferroal 1 oy 

Ferrochromi um: 

High Carbon A 
B 
C 

Low Carbon A . 
B 
C 
D 

Vacuum Low 
Carbon E 

F 
G 

Nitrogen Bearing 

Ferromanganese: 

Composition, % 
P~os- 

Sil icon Carbon Sulfur phorus Manganese Chromium 

Standard A 1.2 
B 1.2 
C 1.2 

Medium Carbon A 1,.0 
B 1.5 
C 0.70 
D 0.35 

Nitrided 1.5 
Low Carbon A 2'. 0 

B 5.0-7.0 

Ferrosi 1 icon: 
Steelmaking . A 92.0-95.0 0.10 O;025 0.025 0.25 0.25 

B 83.0-88.0 0.15. 0.025 0.030 0.35 0.25 
C 74.0-79.0 0.10 0.025 0.035 0.40 0.30 
D 65.0-70.0 0.10 0.025 0.035 0.50 0.50 
E 47.0-51.0 0.10 0.025 0.040 0.75 0.50 
F 20.0-24.0 0.50 0.025 0.120 I .UU - 
G 14.0-17.0. 0.70 0.025 0.120 1.25 - 

Silicomanganese: 

Standard A 18.5-29.0 1.5 U. U4 0.20 65.0-68.0 0.50 
B 16.0-18.5 2.0 0.04 0.20 65.0-68.0 0.50 
C 12.5-16.0 3.0 0.04 0.20 65.0-68.0 0.50 

Source: American Society of Testing and Materials, Annual Book of ASTM 
Standards, 1977 



4.2.3.3 Recoverable Materials Constraints 
Before a recoverable material can be utilized (recycled) in a given unit operation, its quality 

with respect to physical characteristics and chemical composition must conform to the specifica- 
tions required by the processing unit and by the products produced. In this section, the physical 
and chemical requirements for the recoverable materials within the ferrous industry are 
described. 

4.2.3.3.1 Iron and Steel 

Ferrous Scrap: Approximately 30% of the raw steel produced by current industry practices is 
recycled as home scrap,(4' and about 70% of this is charged to the furnaces with only minimal 
preparat.ion. In general, the only processing required for the remaining 30% is to cut it into 
manageable pieces. 

Purchased scrap, composed of prompt industrial and obsolete scrap, cannot be recycled as 
readily as home scrap. Purchased scrap can be both physically and chemically heterogeneous 
and, therefore, must be segregated and prepared to conform to specification. 

The ideal bulk density of scrap for steelmaking depends on the working conditions of each 
steel mill where scrap must be charged. Charging a mixture of various kinds of scrap, heavy and 
small size scrap, can be used to fill voids. Melting the scrap will be faster if the pieces present a 
large surface area. Unfortunately, the loss by oxidation increases with surface area. With turnings 
or shredder scrap, the upper part of the bath can weld together, and melting the material then 
becomes more difficult. 

For electric furnaces producing unalloyed carbon steel, thickness of individual pieces is not 
as important as for open hearth furnaces. In the United States a 100% shredder charge is 
economically possible only with continuous melting. The proportion of turnings containing oil 
must be limited because of smoking and environmental problems. The optimum scrap sizes 
depend on furnace size. . . .. 

Special attention must be paid .to the non-iron content of the various kinds of scrap. 
Impurities reduce tlie value ul  lhe scrap, especially nonmetallic impurities that increase the 
quantity of slag as well as the consumption of energy and, hence, the melting cost. The proportion 
of iron oxide, the impurities consisting of zinc, tin, and coatings, and the presence of nonmetallic 
foreign materials may vary widely within the same category of scrap. This variability imposes 
restrictions on the use of scrap for certain products or processes. Copper and tin in scrap cannot 
be eliminated in steelmaking and are usually held within manageable limits by dilution. In a steel 

' 

production process using scrap intensively, the presence of high concentrations of these elements 
can preclude the use of such scrap as raw material. This is particularly the case in mills that use 
scrap without any pig iron. 

An example of the effect of No. 2 bundle scrap on residual copper and sulfur in the steel is 
given in Figures 4.2-2 and 4.2-3. These data show that for the.cxample analyzed, there is a direct 
proportionality between the amount of scrap charged and the levels of copper and sulfur in the 
steel.(16) Zinc, lead, arsenic, and alkaloid inetals, and PVC are also undesirable in recoverable and 
scrap materials in order to ineet product, process or environmental constraints. 
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FIGURE 4.2-2 EFFECT OF NO. 2 BUNDLE SCRAP ON RESIDUAL COPPER 

Source: Blast Furnace and Steel  Plant ,  "The Operating Economic 
and Qua l i t y  Considerations of Scrap Preheating in  the 
Basic Oxygen Process ," W .  F. Kemner, December 1969. 
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. . . . .  

Source: B l a s t  Furnace and S t e e l  ' P l a n t ,  '"The. Opcra t ing  Economic 
and Qua1 i t y  Consi dera.tionsl ,o f  Scrap P r e h e a t i n g  i n  t h e  
Basic  Oxygen Pro,cess, " .  W..F. Kemner, December '1 969.. . 



Slag: From a technical point of view the advantages of steel slag recycle are: . 

Steel slag serves as a replacement for flux because the.lime it c0ntains. i~ in a 
calcined form. This means,a saving in the heat of calcination and hence leads to a 
smal1,decrease in coke rate. . ' 

Steel slag is a source of iron, manganese and other metals. 

The use of sized slag instead of limestone'as'flux in the of sinter of about 1.0 
basicity has a beneficial effect both .on the'cbld strength of the sinter and on its resistance to 
degradation during high temperature reducti~n.!~) The use of this sinter results in lower coke 
rates. 

Quality constraints for recycling steel slags . include . tramp element content and size distri- 
bution. Tramp elements, such as manganese'; alloy metal, and phosphorus'are transferred to the 
hot metal in the blast furnace. 'l'he type of steel being madc. dctermilies the allowable limit of 
these elements in the hot metal. ' . ' . , 

A final factor in steel slag quality is that processed slag for recycle to the blast furnace 
should not be stockpiled for more than 3-4 weeki..Loqger stockoiling results in the hydration of 
free lime and the disintegration and production of fines. Both factors lead to a loss of effectiveness . . 
of the slag as a flux. 

4.2.3.3.2 Ferrous Foundries 

The recoverable material quality constraints are indirectly related to the process and 
product constraints. For example, the induction furnace is a melting unit and not a refiner; scrap 
for the induction furnace must be of good quality and very close to the composition of the final 
product, or suitable for adjustment by alloy.addition. l n  curlbast, the electric arc furnace can 
handle a much more' diverse scrap quality because the electric arc furnace is not only a melter, 
but also a refiner. However, as discussed in the iron and steel section, even with electric arc 
furnaces, certain elements, like Cu and Sn,. are difficult to rcmove and the scrap charge must be 
controlled accordingly. 

The cupola is a reducing furnace, and scrap should not contain undesirable impurities 
which will be entrapped in the cupola metal. Though volatile impurities like lead and zinc will 
leave as dust, they can have deleterious effects on refractory life and are undesirable for environ- 
mental reasons. The size of scrap for the cupola is controlled by cupola size. 

Ferrous scrap used in electric furnace ferroalloy production must be of suitable composition 
and physical characteristics. The acceptable level of impurities is governed'by the specifications 
for ferroalloys shown in Table 4.2-17. 

4.2.4 Economic Considerations 
In 1976 the ratio of ferrous scrap consumption to production of raw steel and castings (hot 

metal equivalent) came to about 50%. Whether this percentage can be raised by 1987 depends on 
the demand and supply dynamics of the ferrous scrap.market. , 



On the demand side, the-,amount of scrap that can be utilized is largely constrained by 
technical factors. The electric furnace accounted for 19% of 1976 raw steel production with a 
charge mix consistink almost eritirely of kcrap. The .basic oxygen furnace (BOF) accounted for 
62% of 1976 raw steel output; the normal scrap charge mix is 28% with cost penalties associated 
with deviations from this ratio.dependent on plant-specific factors. The open hearth furnace, 
which accounts for the remaining steel'production, is mere flexible with regard to the charge mix. 
The scrap ratio in the charge'can be easily changed in response to scrap price. The open hearth 
furnaces are rapidly being phased out, however, so the proportion of scrap utilized in making raw 
steel is relatively insensitive to price. In the loxig run, industry could change capital stock - e.g., 
opt for electric furnaces - and thereby increase scrap utilization. 

Supply cpnsists of "new" scrap. generated by 'current industrial activity and immediately 
reuskd, and "old" scrap extracted from discarded steel-containing products. The arriount of new 

. scrap generated is a function of 'technological factors in the steelmaking and steel/consuming 
industries and is tdtally price-inelastic in both the short and long run. In principle, scrap price 

. changes will have both a short- and long-run effect on old scrap supply. The amount of old scrap. 
used is a function of price; the shoit-run effect is that higher scrap prices will make previously 
uneconomic scrap sources worthwhile. The long-run effect is that higher scrap prices may induce 
new scrap processors to come on-stream. In practice, the long-run effect is not important. Scrap 
processing is usually not a three-shift operation; consequently, excess capacity has always been 

. .  . 
available. 

As we have seen, the percentage of steel that can be profitably produced from scrap, rather 
than from hot metal, is b0th.a technical and an economic question. However, existing models 
tend to fall into one of two classes, neither of which adequately addresses both issues. The first 
class of models are those descriljed as engineering-based, containing highly disaggregated specifi- 
cations of demand and supply, but completely ignoring the role of price in equilibrating demand 
and supply. The sec'on'd class of models are microeconomic market models in which recognition is 
given to the role of price. In this latter class of models the specifications,of demand and supply 
functions do not adequately reflectthe techiological dynamics of the industry. 

. . 

Arthur D. Little, Inc., has developed an eclectic ,model of the ferrous scrap market that in- 
corporates both engineering and, economic parameters in an attempt to depict realistically the 
technological and microeconomic .factors that characterize the demand and supply dynamics. 
The model organizes the extensive 'technical knowledge concerning this market into a flexible 
framework that can be .used to test the economic .viability 0f.a recycling target. 

The information incorporated into the model includes details on: the process characteristics 
of scrap-using and scraplgenerating activities; the inventory of obsolete iron and steel scrap; and 
the price elasticity of obsolete scrap supply. . . .  

The purpose of this section is to'describe and document the model. The section is organized 
to cover: the structure of the' ferrous scrap material balance, a review of existing scrap models, 
and an explanation of the Arthur D. Little model.. , '  

4.2.4.1 Ferrous Scrap Material, Balance , , , ' 

Developing a cotlsist,ent material balance for ferrous scrap has proved to be a diftllcult task. 
We have relied on the yearbook of the Institute of Scrap Iron and Steel, Inc. (ISIS) as the basic 



data source. It was necessary to disaggregate' the ISIS data to provide the detail that is con- 
. . 

ceptually appropriate. The disaggregation procedures used will be described later. 

. . 

-. Table 4.2-18 contains a ferrous scrap material balance for 1976. Supply (or sources) consists 
of three majo? categories: home scrap, prompt industrial scrap, and old (obsolete) scrap. Demand 
(or uses) includes: steel producers, foundries, other domestic uses, and.exports: 

Home scrap accounte'd for about half of the 98,million short tons of U.S. scrap supply in 
1976. This excellent quality new.scrap is generated by the steel producers and foundries as part of 
their ongoing processing operations. These generators are also scrap consumers, so the scrap never 
leaves the plant, - hence, thename "home." The volume of home scrap generated i i  directly 
related to thelevel of activity at  the steelmaking and foundry facilities. Design practices also play 
a role. For example, rolling of widely diversified products will increase the volume of rejects, and 

. . 
consequently the amount of home scrap. . .  , 

prompt .industrial scrap accounied, for nboat. 21% of alpply in 1976. This scrap, also of 
' 

excellent quality and' new, -is generated by. the manufacturing operations in the metalworking 
industries. Since these industries have no need for scrap, prompt industrial scrap enters the 
market quickly, typically moving back to U.S. scrap consumers. The volume of prompt industrial 
scrap generated is a function of steel consumption. since steel consumption can diverge from 
steel production (with the gap largely due to imports) the relative importance of prompt indus- 
trial and home scrap can change over time. 

In 1976, much of the remaining scrap supply was old scrag. This is a highly heterogeneous 
category, and unlike the new scrap categories of home and prompt industrial, its composition is 
not well known. The soirees of old scrap are the millions of short tons of steel embodied in 
obsolescent and discarded products. Some sources, such as railroad equipment, represent an 
easily accessible and known ferrous scrap source. Reclamation rates are very high for these items. 
On the other hand, junked consumer appliances, because of their marginal value, have low 
reclamation rates. Scrapped cars represent a sourcc of intermediate economic value. The number 
of hulks processed is typically a high portion of the cars scrapped, but the relatively low profit 
margln on car processing continues to make aba~idoned vehicles In remote regions an unprofilnble 
source of scrap. 

On, the demand side of the materiai balance the steel producers clearly dominate. In 1976, 
69% of the U.S. scrap supply wak consumed by the steelmaking and pig iron-producing furnaces. 

. . 

. .Foulldries produce. ferrous castings from charges of iron and steel scrap, pig iroli, and 
inoculants. .They represent a major source of scrap demand and accounted for 21% of the 1976 
supply. ~o'undries depend on scrap considerably more than steel manufacturers. . ' 

The remainder of the 'u.3. scrap consumption goes to miscellaneous domestic uses (about 
2% of supply) and exports (about 8%). U.S. scrap exports have historically been quite large. 
Major markets are Japan (particularly for West Coast scrap dealers), Canada, and Mexico, as 
well a s  Western Europe, especially Italy and Spain. Almost all the scrap exported is old scrap. 



TABLE 4.2-18 

FERROUS SCRAP MASS BALANCE - 1976 
(thousand s h o r t  t o n )  

Q u a n t i t y  Demanded 

Basic  Oxygen Furnace 26,207' 

E l e c t r i c  Furnace 25,102 
. . 

Open Hear th  Furnace 12,339 

Foundries 
. .  . 

20,542 . . .  . . 

B l a s t  Furnaces 3,692 

Other 2,035 

T o t a l  Domest i.c Demand 

Net Expor ts  

To ta l  Q u a n t i t y  Demanded 

Q u a n t i t y  Supp l ied  

Home Scrap - S tee l  

Home Scrap - Foundries 

Home Scrap - B l a s t  Furnaces 

To ta l  Home Scrap 

prompt I n d u s t r i a l  Scrap 

Obsolete Scrap 

T o t a l  Purchased Scrap 

I n v e n t o r y  Adjustment 

Sub to ta l  

Net Expor ts  

To ta l  Q u a n t i t y  Suppl ied 97,527 

Source: A r t h u r  D. L i t t l e ,  Inc .  es t imates .  

A I S I  S t a t i s t i c a l  Report, 1976. 



4.2.4.2 Review of Modeling Literature 
Modeling of the ferrous scrap market has been the subject of both doctoral dissertations and 

consultant reports. Dissertations by Shriner and Plater-Zyberk ( I '  on the ferrous scrap markets 
are simple efforts consisting of unconnected regression equations. Because their emphasis tends 
to be on testing hypotheses rather than on developing a forecasting system, they offer little that is 
useful in setting ferrous scrap recycling targets. 

There are two major consultant reports: a study by the Industrial Economics Rese.arch 
Institute a t  Fordham University for the American Iron and Steel Institute (AISI) and a study 
by Robert Nathan Associates for the Metal Scrap Research and Education Foundati~n.'~) A third 
interesting, but less substantive, report is by Professor John Elliot of the Department of Metal- 
lurgy and Material Science a t  M.I.T. for the U.S. Bureau of Mines.(lO) 

The Fordham and Elliot studies can be characterized as engineering models. They contain a 
wealth of detail on the technology of scrap utilization and scrap generation. Their parameters are 
generally not based on published time series but on knowledge of practices in the steelmaking and 
steel-using industries; this means that these models cannot be used to replicate history. 

The ~ l l i o t  report contains no mention of scrap price, while the Fordham report concludes 
that the supply/price elasticity of old scrap is 0.07, but does not incorporate this parameter into 
the model. The Fordham price elasticity is based on a regression of monthly quantities against 
monthly price for the period 1973-1974. During this period, scrap price more than doubled with 
little effect on the supply, leading to a low estimated elasticity. The small increase in supply was 
in part due to special short run factors ignored in the reqssion; for example, during 19'14 a 
shortage of gondola cars limited the shipment of scrap. Also, the number of automobiles scrapped 
during that pcriod was low - a factor unrelated to scrap price - thus reducing the available 
scrap pool. 

We are reviewing the Nathan report in some detail because it is the most recent of the three 
studies. 

The Nathan model is based entirely on econometrics and completely ignores the technology 
behind scrap consumption and scrap supply. For example, in modeling the supply of home scrap, 
Nathan does not take into account the increasing use of continuous casting, despite the fact that 
the implementation of this technology will significantly reduce the amount of home scrap 
generated. This total reliance. on econometrics is inappropriate given the overwhelming impor- 
tance of technological forces in the ferrous scrap market. 

Further diminishing the utility of the Nathan model is that it contains fundamental 
econometric flaws. For example, six of the seven equations in the Nathan model contain at  least 
two variables with t statistics less than one. 

Data Evaluation: ~ a t h a h  carefully documents their data sources and in general we find no fault 
in their collection of publicly recorded statistics. However, when it comes to variables for which 
no published statistics are available, Nathan's lack of familiarity with the technology and 
practices in the ferrous scrap industry cause them to make mistakes. For example, the govern- 
ment does not publish a series on obsolete scrap supply, and Nathan created their own series. In 



doing so, Nathan excluded exports of scrap from their definition of obsolete scrap. As it turns out, 
much of the scrap exports is made up of obsolete materials, and since a significant percentage of 
U.S. scrap supply is exported, Nathan's exclusion causes them to seriously underestimate the 
quantity of obsolete scrap supplied during the year. 

Conceptual Evaluation: 1) The supply of obsolete scrap depends on a) inventory and b) price. 
(By inventory we mean the reservoir of iron and steel potentially available for scrap recovery.). 
This is a very large amount and in any one year only a tiny fraction will be recovered. The actual 
recovery will be dependent in price, in that a higher price will justify the recovery of relatively 
inaccessible scrap.. Nathan does not have a scrap-inventory. variable in their equation to explain 
obsolete scrap supply. Since the effect of,inventoG (which is continually rising) on supply is 
positive, this exclusion results in over-estimating the obsolete scrap supply price elasticity, the 
estimation of which was a major purpose of the Nathan study. 

2) The Nathan model is small and so does not contain an adequate level of disaggregation. For 
example, scrap consumption is not predicted separately for each of the four major user categories 
(foundries, electric furnaces, basic oxygen furnaces, and open hearth furnaces). 

3) The equations contain superfluous variables'. For example, the equation to explain the supply 
of purchased scrap includes the price of scrap. But about half the purchased scrap is prompt 
industrial, and the supply of prompt industrial scrap is totally insensitive to price. 

4) The equations exclude variables. For example, the equation to predict'the supply of home 
scrap does not include a variable to represent the effect of continuous casting on home-scrap 
generation. 

Statistical Evaluation: 1 )  The relationships in the Nathan model are often statistically in- 
significant. Six of the seven equations in the Nathan model each contain at  least two explanatory 
variables with t statistics less than one. Five of the seven equations contain two variables with t 
statistics less than 0.5. One,quation contains two variables with t statistids lower than 0.1. 

2) The relationships in the ferrous scrap industry are of a straightforward and technical nature. 
For example, an examination of historical data would show that the amount of scrap purchased 
for use in basic oxygen furnaces is an almost perfect linear function of the steel produced in these 
furnaces. Given this, it  is surprising to find Nathan Associates adopting a procedure which is an 
anathema to experienced econometricians. The Nathan equations contain an unusually large 
number of independent variables. Only one equation of the seven contains less than six explan- 
atory variables. 



4.2.4.3 Data Sources for Arthur D. Little Model 
In order to develop the Arthur D. Little model for this study, i t  was necessary to have 

consistent material balance, such as the one presented in Table 4.2-18. It was also necessary to 
obtain values for the activity variables - e.g., steel production by electric furnace - to derive 
the model parameters. 

The source of data used for ferrous scrap material balance was the Institute of Scrap Iron 
and Steel, Inc. (ISIS), but the ISIS data was not in the form required for the model. In particular, 
the problems were: 

Foundry scrap consumption is n i t  reported as such by ISIS; they report scrap 
co~lsu~llptio~l by cupolas and electric furnacee. 

There is no series on prompt industrial scrap and obsolete scrap; instead' ISIS 
reports domestically purchased scrap. 

Home scrap is not disaggregated by generating source. 

To obtain a data series on foundry scrap consumption, i t  was assumed that all cupola scrap 
was consumed by foundries along with a percentage of the electric furnace scrap. This allocation 
was determined by subtracting the amount of scrap used in steelmaking electric furnaces, as 
given by AISI, from the total amount of scrap consumed in electric furnaces, as given by ISIS. 

To develop a series on prompt industrial scrap and obsolete scrap, a variant of the procedure 
adopted by Robert Nathan Associates was used. Nathan develops a prompt industrial scrap 
series by multiplying steel-using activity by a prompt industrial generation factor. The excess of 
domestically purchased scrap over prompt industrial scrap (with some allowance for losses) was 
then treated as old scrap supply. The Nathan procedure seriously underestimated the U.S. 
supply of old scrap, since i t  ignored the fact that the United States exports a significant amount 
ul' scrap - alll-~usl all uld. 

The Arthur D. Little, Inc., prompt industrial scrap series is in essence the one used by 
Nathan, except that i t  is based on more recent revised data. In deriving the Arthur D. Little old 
scrap series, the excess of purchased over prompt industrial scrap was first calculated. Next, 
exports were added to the result of the preceding operation to give obsolete scrap supply. 

Total home scrap, as reported by ISIS, was disaggregated by Arthur D. Little, Inc., into.the 
amount generated by pig iron production, raw steel production, and foundries. Engineering-based 
parameters were multiplied by activity levels to develop a home scrap series by source. Not 
surprisingly, adding up the values for these three sources gave a figure that did not agree with the 
ISIS home scrap total. Consequently, the numbers were "calibrated" to force consistency with 
the reported data. 

The activity variables required for the Arthur D. Little model consist of data on the 
production levels in the steel and foundry industry. The source of data for steel variables was the 
American Iron and Steel institute (AISI), Annual Statistical Report. For the foundry industry, 
the source was the U.S. Department of Commerce, Bureau of the Census, Current Industrial 
Reports: Series M33A. The Arthur D. Little model also required an inventory of old scrap. This 
was obtained from the Fordham Study which obtained an inventory analysis originally done by 
Battelle.'"' 



4.2.4.4 Description of Model 
The Arthur D. Little model for ferrous scrap is articulated to determine the percentage of 

scrap that can be economically recycled in a given year. The model. forecasts the ferrous scrap 
material balance for the year and the price of scrap that will bring about such balance. In the 
model, a given material balance reflects assumed'values for demand and supply parameters; 
changing the demand parameter values will change the scrap consumption levels and, therefore, 
the percentage of metal that is recycled. Changed scrap consumption will, of course, mean a new 

. material balance and a new equilibrium scrap price. Thus, the Arthur D.' Little model can trace 
. out the scrap price corresponding to a given target. Targets are not always economically rational; 
consequently, the model has built into it logic statements that test the feasibility of a target. 

. Figure 4.2!4 contains a schematic exposition of the model logic and Tables 4.2-19 to 4.2-21 
document the model. As the figure demonstrates, the model contains a Demand Module, a (New) 
Scrap Supply ~ o d L l e ,  and an Integration Module. These modules', or blocks, are recursively 
linked. Specifically, demand for scrap and supply of new scrap (home and prompt) is predicted, 
using known technological relationships. The excess of demand over new scrap supply constitutes 
the requirement for old scrap. The Integration ~ o d u i e  solves for the scrap price necessary to 
bring forth the required old supply. 

The model's recursive structure may be criticized for ignoring the simultaneity of the 
market. Open hearth furnaces do change their scrap utilization in response to the ratio of scrap 
price to pig iron price. Also BOF's faced with an extremely low scrap-to-pig price ratio could, in 
theory, conceivably opt for'preheating and so raise their scrap demand. However, historical data 
do not 'indicate any responsiveness of BOF scrap utilization to scrap price. Therefore, from the 
data, a t  least, demand appears to be price-inelastic. 

4.2.5 special Considerations 
Several factors must be considered in analyzing the consumption of recoverable materials 

by the ferrous industries. The technical and economic considerations have been discussed in 
Sections 4.2.3 and 4.2.4. Some of the other considerations not included in those sections are: 

:'Steelmaking furnace process mix in 1987 

Variable use of scrap by basic oxygen furnaces 

The trend toward continuous casting 

Scrap substitutes 

Because these considerations'are of special importance in determining future recycling 
targets for the.ferrous industry, they are discussed in this section. 

4.2.5.1 Expected Process Mix in 1987 
In 1960, the of total raw steel .produced by open hearth and basic oxygen 

furnaces were 87.0% and 3.396, respectively. By 1976, these percentages had so drastically 
changed that basic oxygen furnaces accounted for f?!.4% and open hearths only 18.4% of raw steel 
'pr~duct~ion. In the same period, the percentage of raw steel produced by electric arc furnaces grew 
from 8.4% td 19.3%.(12) 
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Equat ion 
Number Module 

Deinand 

Denand 
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Demand 
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TABLE 4.2-19 

EQUATIONS OF THE FERROUS SCRAP MODEL 

Endogenous V a r i a b l e  Exp lana to ry  Segment 

SCBOF d l  * BOFS 

SCEF d2 * EFS 

SCOH 

SCBF 

SCFN 

SCT 

SCD 

HSRS 

HSBF 

HSFN 

PIS 

TNS 

TNPES 

NDS 

PSC 

PRSCP 

(NDS/INV ) 

RPSCP 

d3 * OHS 

d4 * BFP 

d5 * FNC 

SCBOF + SCEF + SCOH + SCBF + SCEN + SCO 

SCT + XSC f SA 

s l  * RS 

s2 * BFP 

s3 * FNC 

s4 * FSC 

HSRS + HSBF + HSFN + PIS 

T N S t N I D  . 

SCD - TNPES 

e l  + e2 (NDS/INV) 

PSC/PPIG' 

I f  2 0,015 S o l u t i o n  = Non feas i b l e  

If 0.40 . O r  ? 0.60 S o l u t i o n  = Non feas i b l e  



TABLE 4.2-20 

DEFINITION OF VARIABLES - FERROUS SCRAP MODEL 

DEMAND MODULE 

Endogenous V a r i a b l e s  

1. SCBOF = Consumption o f  scrap by b a s i c  oxygen furnaces (BOF) 

2. SCBF = Consumption o f  scrap by b l a s t  furnaces (BF) 

3. SCEF = Consumption o f  scrap by e l e c t r i c  furnaces (EF) 

4. SCFN = Consumption o f  scrap by f ound r i es  

5. SCO = Other  scrap consumption 

6. SCOH = Consumption o f  scrap by open hea r th  furnaces (OH) 

7. SCT = T o t a l  domestic scrap consumption 

Exogenous V a r i a b l e s  

1 . BOFS = Raw s t e e l  p r o d u c t i  on by BOF 

2. BFP = BF p i g  i r o n  p roduc t i on  

3. EFS = Raw s t e e l  p roduc t i on  by EF 

4. SCO = Other  scrap consumption 

5. XSC = Scrap expo r t s  

6. SA = S t a t i s t i c a l  adjustments 

7. SCD = T o t a l  scrap demand 

NEW SUPPLY MODULE 

Endogenous Va r i ab les  

1. HSRS = Home scrap p roduc t i on  by s t e e l  producers 

2. HSBF = Home sc rap  p roduc t i on  by p i g  i r o n  producers 

3. HSFN = Home sc rap  p roduc t i on  by c a s t i n g  producers 



TABLE 4.2-20 

(Cont inued)  

4. PIS = Prompt i n d u s t r i a l  scrap supp ly  

5. TNPES = T o t a l  non-pr i ce  e l a s t i c  scrap supply  

'6.  TNS = T o t a l  new scrap supply  

Exogenous Va r i ab les  

1. FSC = F i n i s h e d  s t e e l  consumption 

2. RS = Raw s t e e l  p roduc t i on  

3 ;  NID = Scrap from new technolo.gies,  e.g., urban waste 

INTEGRATION MODULE 

Endogenous V a r i a b l e s  

1. NDS = Net  requi rement  f o r  o l d  sc rap  

2. .  PSC = P r i c e  o f  scrap 

3. RPSCP = R e l a t i v e  scrap t o  p i g  p r i c e  

Exogenous--yariabl es 
-, 

1. INV = Scrap i n v e n t o r y  

2. PPIG = P r i c e  o f  p i g  



TABLE 4.2-21 

DEFINITION OF PARAMETERS - FERROUS SCRAP MODEL 

DEMAND MODULE 

1. d l  = BOF sc rap  charge c o e f f i c i e n t  

2. d2 = EF sc rap  charge c o e f f i c i e n t  

3. D3 = OH scrap  charge c o e f f i c i e n t  

4. d4 = BF sc rap  charge c o e f f i c i e n t  

5. d5 = Foundry c a s t i n g s  p roduc t i on  

NEW SUPPLY MODULE 

1. s l  = S tee l  home scrap gene ra t i on  r a t e  

2. s2 = P i g  i r o n  home scrap gene ra t i on  r a t e  

3. s3 = Cas t i ng  home scrap genera t ion  r a t e  

4. s4 = Pronlpt i n d u s t r i a l  gene ra t i on  r a t e  

INTEGRATION MODULE 

1. e l  = Withdrawal cons tan t  

2. e2 = Withdrawal p r i c e  s l ope  



The decline of the open hearth furnace and concurrent increase in basic oxygen and electric 
arc furnace production can be attributed to several factors. Foremost among these is that the cost 
of production is higher for open hearths than for competitive processes. In recent years this 
differential has been exacerbated by the need for pollution control devices. Other factors include 
the increased productivity of the basic oxygen furnace and the proliferation of small scale "mini 
mills" that produce raw steel from local sources of ferrous scrap or, in a.few cases in the United 
States, direct reduced iron. 

The trend away from open hearth furnaces is expected to continue. Predictions "3*'" of the 
percentage of total raw steel produced by open hearths for 1987 range from 0% to 10%. Industry 
observers(14' indicate that by 1987 the primary role for open hearths will be in handling swings in 
steel demand, with basic oxygen furnaces and electric arc furnaces providing most of the raw steel 
production. 

This prediction of steelmaking process mix is important when estimating recycle targets in 
that each furnace has distinct scrap utilization requirements. Electric arc furnace installations 
are generally not located near a ready supply of hot metal and are normally operated with charges 
consisting primarily of scrap or even 100% scrap. The basic oxygen furnace is constrained by the 
thermal balance within the furnace to operate with a maximum scrap charge of about 28-30%. In 
contrast, open hearth shops are extremely flexible with regard to. scrap utilization and can 
operate with virtually any scrap proportion in the metallic charge. 

A change in the process mix of the three steelmaking furnaces could therefore significantly 
affect overall scrap utilization as a fraction of steelmaking furnace charge. This has not been true, 
however, for the period 1960-1976, during which the overall scrap ratio has been surprisingly 
constant, averaging 45.2% with a standard deviation of 0.6%, despite dramatic shifts in the 
process mix (Table 4.2-22). 

A number of scenarios are presented in Section 4.2.6 in order to quantify the target under 
different process mix situations. 

4.2.5.2 Scrap Use by Basic Oxygen Furnaces 
Basic oxygen furnaces consumed 26.20 million short tons of ferrous scrap and 66.1 miilion 

short tons of hot metal in 1976 to produce 79.9 million short tons of raw.steel.(12) These statistics 
indicate that in 1976 ferrous scrap in the basic oxygen furnace metallic .charge averaged about 
28% scrap. Historically, scrap as a percentage of the charge to the basic oxygen furnace has varied 
between 26.9 and 30.6%. The iron and steel industry would like to reduce its dependence on 
purchased scrap since.its supply and prices fluctuate widely. 

The basic oxygen process utilizes ferrous scrap (and, to a lesser extent, iron oxides), not only 
as a source of iron units, but also as a coolant for controlling temperature. Consequently, scrap 
usage cannot be arbitrarily changed without adjusting other variables to maintain the thermal 
balance required for the smooth operation that is characteristic of the process. 

Theoretically, raising the hot metal temperature by 100°F would allow an increase of 67 
pounds of scrap per ton of hot metal, or about two percentage points of the charge. Other 
techniques of increasing scrap usage in the BOF include the addition of external energy sources to 
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SCRAP .IN FURNACE I:HP.RGE AS A PERCENTAGE OF RAW'STEEL PRODUCTION - 
BY FLRNP.CE TYPE (1  96C-1976) : IRON AND STEEL SEGMENT 

Basi 2 Oxygen Open Hearth E lec t r ' i c  
A1 1 Steelmaking 

Furnaces 
% Steel  % Scrap i n  5. Steel  % Scrap i n  % S tee l  
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% Scrap in % Scrap i n  Charge Charge 

ource: A ISI  Annual . S t a t i s t i c a l  Reports,. 1960-1 976. Average: 45.21 

Standard Dev ia t ion :  0.59 



the charge, such as silicon, minimizing heat lbsses of the process, or preheating the scrap. There 
. , are practical and economiclimitations to implementing,these concepts, however. On a limited 

. . scale, the Alan Wood basic oxygefl furnace operation (now closed down)(18Jg) demonstrated that . 

scrap charge ratios up to about 45% could be achieved through scrap preheating. Inland Steel also 
uses scrap preheating to increase the perdentage'of scrap in a basic oxygen furnace charge.(20) The 
economics of scrap preheating are primarily influenced by the relative costs of hot metal and 
scrap. The issue of hot metal capacity is of prime concern. Integrated plants in which the rate of 
raw steel production is limited by hot metal production find preheating an economically 

. attractive alternative to installing another blast furnace. Conversely, plants that are limited by 
steelmaking capacity will not, in general, consider preheating. Other economic factors, such as 
fuel availability and cost,, are also.importaht: Given the large variations in scrap price with 

, location, the. question of preheating economics is very site-specific. Preheating also involves the 
hroader..question of the quality of energy consumed for steel production; 'i.e., oil or gas in 

. preheating of scrap versus coal for iron production. 

. . 
On the other ,hand, the industry. is anxious to reduce its dependence on purchased scrap 

because of the uncertainties of the scrap market . '~h? concern is so strong that future integrated ' 

plants are being designed to b e  cormp1el;ely independent of the purchased scrap market. This 
. could have an effect of reducing the ratio of purchased scrap to furnace charge in the foreseeable 
future.. 

The approach taken in this investigati0n.i~ that, although it is possible to change basic 
oxygen furilace scrap demand cdefficients, it is not likely that the ratio will change significantly 
by' 1987: Thus, scrap coefficients have been estimated for 1987 to be identical to current values. 

. . 

- . 4.2.5.3 T h e  Trend Towards Continuous Casting 

The share of domestic steel output continuously cast equalled 11.8% (14.3 million net short 
tons)'in 1977. This output was an.increase of 12% over the 1976 value and almost four times that 
of 1969.(ls) . . 

.Since.its debut.in 1964;'continugus casting technology his  steadily grown within the U.S. 
iron and steel industry; 46 companies currently operate approxiniately 84 casters a t  64 different 
locations. The total number.of strands is close to 320 with billet casters.representing about 70% of 
the facilities, fol'lowed by slab. casters a t  app&imgtely 27%, and bloom units a t  2%.(16) 

. . 

Energy, .yield, and productivity gains and its compatibility with electric arc furnace oper- 
ations have . made . contir?ibus casting.an attractive alternative to'conventional ingot casting 
within the iron and steel industry. The improvement in yield associated with continuous casting 
is pertinent to this study. . . .Elliott'1uJ has estimated the average yield, defined as short tons of 
finished steel per ton of raw steel, to be 0.79 for continuous casting compared with 0.69 for 
conventional casting. Hogan and K~elb le '~ )  have estimated these yields to be 0.78 and 0.70, 
respectively. 

' 

The improvement in yield .is due primarily to a redudtion of ingot cropping and subsequent 
hot-rolling lusies. Several steps in'the conventional route are eliminated by continuous casting, 
namely, teeming the molten steel into ingot molds, stripping the molds from the ingots, placing 
the .ingots in the soaking pits to develop an even temperature, and primary rolling by which the 
ingots are transformed: into intermediate steel shapes. Increased yield necessarily means de- 
crea'sed home scrap.gener&ion rates per ton of steel produced. , 



Predictions of the percentage of total raw steel to be produced by continuous casting in 1987 
range from about 20% to 30%. In the target analysis presented in Section 4.2.6, 25% continuous 
casting is used in all scenarios. 

4.2.5.4 Scrap Substi tutes , . 

Iron oxides (ore, mill scale, etc.) and directly reduced iron can be partially substituted for 
ferrous scrap in steelmaking furnaces, although .this is pfesently not common practice in the 
domestic industry. The potential does exist, however, for substantial quantities of ferrous scrap to 
be displaced by these substitutes, particularly direct reduced iron, in the future. 

It is possible to substitute iron oxides for scrap as a coolant in ,the basic oxygen furnace. 
According to published reports, about 0.35 short tons of iron ore c in  be substituted for.each ton of 
scrap."O) Although such substitution .is not c6mmon'practice in' the United States, it is used 
extensively elsewhere in the world where hot metal may be plentifu1,and scrap is limited or scarce 

' . 

and therefore expensive. .Unless the ferrous scrap supply in this country should become exceed- , , 

ingly tight, iron oxide substitution will ,probably not be practiced to any appreciable extent by 
. .  . 

1987. 

Direct reduced iron offers a much greiit&r'potential than oxides as a scrap substitute. New 
iron oxides (oxide pellets, lump ore, etc.) can be partially reduced in. the solid state by reaction 
with a reductant a t  a temperature,of about 1800°F. These reduced materials, known as.direct 
reduced iron, can contain up to 95% of their iron content in'the metallic state. They can partially 

. . 
or completely replace ferrous scrap in the steelmaking electric arc furnace. They can also be 
charged to the blast furnace to increase its productivity or be.used in the steelmaking furnace in 
lieu of scrap and as a cooling agent."?) 

Despite the fact that  many firms will design, engineer, and construct direct reduction plants 
and that interest in making steel- by this 'route 'will be maintained, total .production of direct 
reduced iron in the United States is ,not expected to excked a few million short .tons by 1987."" 
The recycling target analysis in Section 4.2.6 includes the consumption of 2 million short tons 
prereduced iron in 1987. This figure is based on.published literature(16) and Arthur D. Little, Inc. 
estimates. 

4.2.6 Target Estimation 
. . 

4.2.6.1 Introduction 
The objective of this section is to present the 1987 reoyoling.targets for the ferrous industries 

(iron and steel, ferrous foundries, and others including ferroalloys). Recycling targets have been 
computed for a number of probable "scenarios."'The scenarios were based on analyses of 
historical data, discussions with various industry contacts, and ~ r t h i r  D. Little, Inc. estimates. 
The econometric model discussed in.Section 4.2.4 was used to determine .whether or not a given 
scenario resulted in an acceptable target in the context .of scrip availability and the economic 
viability. The nine scenarios presented in this section fulfilled these conditions. 

4.2.6.2 Scenarios Analyzed . . 

supply' and demand coefficients and other'assumptions for 1987 used in each of the nine 
scenarios are presented in Table .4.2-23.'The supply and deinand coefficients for 1975 and 1976 are 



TABLE 4.2-23 
' LIST IIF MODEL PARAMETERS AND ASSUMPTIONS 

FOR THE NINE SCENARIOS ANALYZED 
FERROUS INDUSTRY 

. . 
I. '. - 1987 . . 

CASE CASE CASE CASE 
I V  . v v I V I I  - - - - 

CASE CASE 
VIII - I X 

Parameter Un i t s  1975 - CASE CASE CASE - 1976 1 I I 111 -- .- - 
A. Supply and Demand Coe f f i c ien ts  

Ea:ic Oxygen Furnace scrap charge c o e f f i c i e n t  .ton/ton raw s tee l  0.326 

~ l e i t i i c  Arc Furnace scrap charge c o e f f i c i e n t '  ton'/ton. raw s tee l  1.015 , 

Clpen Hearth Furnace ;&ap charge c o e f f i c i e n t  , ton/ ton raw s tee l  0.532 

G las t .  Furnace scrap charge s o e f f i c i e n t  " , ton/ ton hot  metal . 0.049 

' . : .. Foundry scrap charge c o e f f i c f e n t  ton/ton casting., shipments ' 1.230 

Steel home scrap generation r a t e  t o u t o n  raw s tee l  . . '0.332 . 
. . 

. Pig i r o n  hore scrap 'generat ion r a t e  ton/ ton hot. metal 0,017. 

Ca:;ting home scrap generation r a t e  ' . . ton/ton cas t ing  shipments 0.396 

Prompt i n d u s t r i a l  generation',rate . . . . 
ton/,ton f i n j  shed steel  consumed 0.203 

Pr i ce  e l s s t i c i t y  0;64 . .' 

. . 
B. In.dustt-y A c t i v i t i e s  . . 

Tota l  raw s tee l  production thcusand net  tons . 116,640 

Basic Oxygen Furnace raw s t e i l  thcusand ne t  tons . . 71 '$804 

E l z c t r i c  Arc Furnace raw s t e l l  product ion . , thcusand ne t  tons 22,675 ' 

e .  
VI . 0p.n Hearth Furnace r?w s tee l  production . thcusand net  tons ' 

w .  
22,162 

B l s s t  Furnace production I thcsusand net  tons 79,923 

' F o ~ n d r y  cas t ing  shipments thcausind ne t  tons 15,109 
1 

.Apparent Steel Supply thousand ne t  tons 89,016 
Inventory o f  obsolete scrap. m i l  1 i on  tons '2,356 

O w r a l l  y i e l d  for  i r o n  & s tee l  sector  t o 1  f i n i shed  s tee l / ton  raw s tee l  .6955 

- (Base Case) 

0.328 0.326 

1.020 1.030 

0.526 0 . 5 2 8 .  

0.042 0.040 . . 
1.226 1.230 

0.328 11.300 

0.017 . 0.022 
0.392 . 0.370 

0.205 3.205 

0.64 .?.€.4. 

C. Arsumptions 

Finished s k e l  production/6rowth ra te  percent per annum 

F'nished s tee l  consumption/Growth r a t e  percent per annum 

Steelmaking furnace mix 
Basic Oxygen 
Open Hearth 
E l e c t r i c  Arc 

percent 
percent 
percent 

percent Raw s tee l  by continucus cas t ing  

"ame 3s the Base Case. 

' ~ I ~ a r z n t  Steel Supply = ~ o t a l  Net Shipment Less Exports Plus Imports. 
S o ~ r c e s :  AISI  Annual S t a t i s t i c a l  Reports; 33 Metal Producing, World Steel Industry  1978 

Data Handbook, Yol. 1; A r thu r  D. L i t t l e ,  Inc.  estiinates. 



8 .  

. . 

also presented for comparison. Some of the key factors in the ferrous industry, which will affect 
the 1987 recycling target and which have many uncertainties built into them, are: 

The percentage'of continuous cast steel 
. . 

Foundry scrap charge coefficient 
. . 

Total raw steel production 
, . 

Mix of steelmaking furnaces : 
. . 

, . 

The variations in the key factors are presented:in nine scenarios. Case I, the base case, .is 
considered the most likely.. The other cases are coi~sidered plausible. cases 11,111, V, VIII and IX 

' 

are based on variations in the mix of at-eqlmaking furnaces.. Cases IV and VI .preuutlie a higher , 

foundry ocrapcharge coefficient. Cave W projects a lower ovirall annual growth rate for the iron 
and steel sector. In order to minimize the number of scenarios, the percentage of continuous cast 
steel has been fixed a t  25% oftotal skel  production for all eases. ; . . 

4.2.6.3 Basis of Coefficients Used in the Analysis 
The basis of the coefficients for1987 are: 

. . 

Finished Steel Production: The prediction of raw steel production in 1987 was arrived a tby 
dividing the estimated 1987 finished steel by. the.,esti&ated overall yield for the iron 
and st,eel industry in that year. This procedure was adopted because.finished steel production can 
be predicted with reasonable accuA& from historical trend data wheress overall industry yield, 
and therefore raw steel production, cannot be; 

The prediction of future production levels requires an estimate of current production and 
rate of growth. The base ykar for this study &as 1976. During '1976 finished steel production, as 
measured by.total net shipments of finished steel, equalled 89.4 million tons, according to AISI:(12) . : 

This proi1uct;ion level was much lower than would normally be expected of the overall condition of : 
the U.S. ecbnoqy in 1976.'To account for this,. 1976.~roduction levels wire normalized so tihat ., 

predictions of 1987 levels (made with 1976 data) would be.for"'norma1" operating conditions. 

The probedwe used in normalizing.1976 finished steel shipments was as follows. A trend line . '  

for finished steel shipments for the recent (1959-1976) was determined by linear regression. 
This trend line is compared with actual historical data in,Figure 4 . 2 5  As indicated, "normal" 
production for 1976 as Predicted by the regressibn eqtiatibn is 100.65. million net tons. This 
production is cquivalen& to 144.03 million net .tons of raw steel using an average yield sf 0.6988 
tons of finished otocl pcr ton of .raw steel, which,: accordiilg t b  ~M61,'"! wds Ihe &tual overall yield 
in the iron and steel industry in 1976. Since total raw steel capacity was estimated by AISI to be . 

158.3 million net tons in 1976,(12' thig is equal to a 91% capacity utilization'. 
. . 

The quantity of finished steel fo; 1987 was calculated hy incfeasing the normal- 
ized 1976 level according to an average annual'iate of growth. The equation' used in estimating ; 
1987 levels was: . 

. . 

.= PI078 '(lti)" 
. . 

where PI,,, and PI,,, denote 1987 and' 1976 finished steel production, respectively, i is the average 
annual rate of growth and k is the number i f  years between 1976 and 1987 (eleven).An analysis bf 
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the historical data indicates that the growth rate of finished steel production has been sporadic 
and has ranged from 1.5 to 2.5 percent.   is cuss ion^ with individuals in the industry indicated 
that the expected growth rate is in the 1.5-2.0% range. In all but one of the scenarios analyzed 
here the growth rate was taken to be 2.0 percent. 

Ouerall Yield for the Iron and Steel Sector: The yearly average yields (tons of finished steel 
shipped per ton of raw steel produced) for the period 1959-1976 are given in Table 4.2-24. These 
values were calculated from AISI data.(12) As shown, the average yield for the industry has ranged 
from a low of 0.6685 in 1964 to a high of 0.7503 in 1951. The spread in these data is due to many 
factors; including uncertainties in raw steel production and changing operating practices. What is 
significant about this table is that overall yield cannot be calculated from historical data. 

The method used in this study to estimate overall yield was based on the that 
the overall yield can be partitioned between continuous casting operations and ingot casting 
operations.""' Hence, the equation used to estimate overall yield was: 

YoVera11 = Yconcaat Fconcaat + Yingot (1-F)concaat 

where YoveraI1, Yconcaat and YingOt are the overall, continuous caster and ingot yields, respectively 
and FconCast is the fraction of raw steel processed through continuous casters. Based on the 
1i tera t~re '~J~ '  and discussions with industry experts, YiniOt and Yconcaat were estimated to be 0.69 

. and 0.79, respectively. As has been discussed, the fraction of raw steel produced through strand- 
casting was estimated to be 25% for 1987. Thus the overall industry yield was calculated to be 0.72 
tons of finished steel per ton of raw steel. This compares with 0.6988 tons of finished steel per t.on 
of raw steel in 1976, an increase of 3%. I t  is important to note that, given the variation in historical 
yields shown in Table 4.2-24, it would be wrong to assume that the 1987 overall yield could be 
estimated with any higher degree of accuracy, that is, specifying four or five significant figures. 

Finished Steel Consumption: Apparent steel supply is defined by AISI to he total net, 
shipments less exports plus imports. It is therefore a measure of domestic finished steel consump- 
tion. The apparent steel supply was used within the Arthur D. Little, Inc., econometric model to 
calculate the quantities of prompt industrial scrap generated in 1987; that is, 

PIS = S4 * FSC 

where PIS denotes prompt industrial scrap supply, 54 the prompt industrial scrap generation 
factor and FSC the finished steel consumption. 

As with the finished steel production level, the apparent finished steel supply had to be 
estimated for 1987 from 1976 data. This was done in a completely allalogous ulallller as for 
finished steel production. A regression linc was determined for the recent past (1858-1876) using 
standard techriiques, as shown in Figure 4.2-6. From this regression line, the "normalized" 1976 
steel consumption was computed to be 114.58 million net tons. This value was then extrapolated 
into the future using the compound growth equation and an average annual growth rate, which 
was equal to 2% per year for the base case. Thus, the estimated finished steel consumption for the 
1987 base case equalled 142.47 million net tons. 



TABLE 4.2-24 

AVERAGE ANNUAL YIELDS FOR THE U.S. 
IRON AND STEEL INDUSTRY ( 1  951 -1 976) '  

STEEL 
YEAR SHIPMENTS 

Net Tons 

RAW STEEL 
PRODUCED 
Net Tons 

AVERAGE 

Source: A I S I  Annual S t a t i s t i c a l  Reports,  1960-1976. 
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FIGURE 4.2-6 COMPARISON OF APPARENT STEEL SUPPLY ( A MEASURE OF 
FINISHED STEEL CONSUMPTION) WITH PROJECTED TREND 
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As noted above, consumption of finished steel was assumed to increase a t  an average annual 
growth'rate of 2% until 1987. This figure is based on Arthur D. Little's inputloutput model of the 
U.S. economy. The Department of Commerce projects a growth of about 2.2%. Historically, 
finished steel consumption has averaged approximately 2.5% annually. 

Steelmaking Process Mix: The percentages of raw steel produced by basic oxygen, electric 
arc, and open hearth furnaces in 1987 were determined as follows: 

(1) The growth in raw steel production was split between the basic oxygen furnace and 
the electric arc furnace, either on a 1:1 basis or a 2:l basis. An analysis indicated 
that a 1:2 split would be unlikely because it would impose serious pressures on 
scrap prices and supply. A 1:l split was selected for the base case. 

(2) Raw steel produced by open hearth furnaces was calculated by assuming that 5% 
or 10% of total raw steel would be produced by open hearths in 1987. Numerous 
references cite the proportion of raw steel from open hearths in the mid-eighties to 
be 5-10%. A 5% figure was assumed for the base case. 

(3) The decrease in open hearth production after 1976 was apportioned between basic 
oxygen and electric arc furnaces on the basis of hot metal displaced The increase in 
basic oxygen furnace production caused by the open hearth decline was estimated 
by dividing the displaced hot metal quantity by the 1987 basic oxygen furnace 
scrap demand coefficient. 

(4) Total basic oxygen production in 1987 wa.s determined by adding Step 1 and Step 3 
values to the 1976 basic oxygen furnace production figures on the historical trend 
line. 

(5) Total electric Rrc production in 1987 was found by.subtractillg basic oxygen and 
open hearth furnace production from total raw steel production. This result was 
checked against projections by industry contacts, Arthur D. Litt.le, Inc., estimates 
and the Bureau of Mines estimates. 

(6) The mix of steelmaking processes was determined by dividing the production rates 
for each of the steelmaking furnaces by total raw steel production. 

Foundry Casting Shipments: The quantity of castings shipped in 1987 was based on Arthur 
D. Little, Inc. estimates. 

Blast Furnace Production: The production of pig iron by blast furnaces in 1987 was 
calculated by multiplying the pig iron demand coefficients for the steelmaking furnaces and 
ferrous foundries by their respective production rates. The individual process demands for pig 
iron were summed to give total pig iron production in 1987. Thus, it is implicitly assumed that pig 
iron inventories in 1987 are constant. . . 

Inventory of Obsolete Scrap: Hogan has presented the inventory data through 1982. These 
data were extended to 1987 by extrapolation and adjustment to incorporate produc.- 
tion/consumption of scrap and steel through 1987. 

Steelm.aking Scrap Dcmand Coefficient: An analysis of Lhe historical scrap demand 
coefficients (1959-1976) for the basic oxygen and electric arc furnaces indicated that t;hese 



coefficients have remained reasonably constant during recent years. This is expected to remain 
constant in the near future. Scrap demand coefficients for the years 1972-1976 were averaged to 
give the 1987 values. . 

Steelmaking Scrap Demand Coefficient: An analysis of the historical scrap demand 
coefficients (1959-1976) for the basic oxygen and electric arc furnaces indicated that these 
coefficients have remained reasonably constant during recent years. This is expected to remain 
constant in the near future. Scrap demand coefficients.for the years 1972-1976 were averaged to 
give the 1987 values. The scrap demand coefficient for open hearth indicated an increase during 
the same period. Based on a regression analysis of historical data, this coefficient.was predicted to 
be 0.58 tons scraplton raw steel in 1987. 

Blust Furnace Scrap Demand Coefficient: Historical blast furnace scrap demand 
coefficients (1955-1976) were analyzed to develop the trend line forecast to 1987. The 1987 scrap 
demand coefficient was estimated to be 0.040 short tons scraplton pig iron produced based on the 
trend dat.8. 

Foundry Scrap Demand Coefficient: Historical foundry scrap demand coefficients (1956- 
1976) were analyzed. During this period use of pig iron significantly decreased. Industry sources 
had conflicting views of whether this trend would continue. In view of this uncertainty, two values 
for the foundry scrap demand coefficient (short tons scraplton casting shipment) were used in the 
estimation of the recycle target: 1.23 (Case I) and 1;30 (Case IV). Although these figurcs sccm low, 
they are based on the best available published data. 

Steel Plant Home Scrap Generation Factor: The historical data were analyzed and adjusted 
to incorporate the change expected with the increase in continuous casting to about'25% in 1987. 
Based on the estimated overall yield of 0.72 for 1987, this factor is estimated to be 0.30. 

Foundry Home Scrap Generation Factor: This was based on 'historical trend dhtti. Although 
the documented figures seem low, the data were used because they are the best documented. 
Furthermore, any error in the figure does not affect the purchased scrap and obsolete scrap 
recycling targets significantly. 

Blast Furnace Home Scrap Factor: The 1987 figure was based on the historical trend line. 
The 1987 value was predicted to be 0.022 short tons scraplton pig iron produced. 

Prompt Industrial Scrap Generation Factor: This coefficient was assumed Lo re~utiin u11- 
changed from 1976 to 1987. Because of the nature of the scrap generating operations of the 
manufacturing industries, this factor is expected to change very little, if a t  all. 

4.2.6.4 Recycling Targets for 1987 
The recycling targets for each of the nine scenarios analyzed are presented in various 

formats. Each format represents the ratio of a specific class of ferrous scrap to a specific charge or 
product. Numerators in the target ratios are: 

Total scrap consumption - home, prompt industrial, and obsolete scrap con- 
sumed in the steel industry, ferrous foundries and ferroalloy plants. Slag scrap is 
included in total scrap 
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Purchased scrap consumption - prompt industrial and obsolete scrap consumed 
in the steel industry, ferrous foundries, and ferroalloy plants 

Obsolete scrap consumed in the steel industry, ferrous foundries and ferroalloy 
plants 

Denominators in the target ratios are: 

Pig iron and scrap. charged to steelmaking furnaces, ferrous foundries and ferroal- 
loy plants 

Raw metal equivalent (raw steel plus hot metal equivalent in ferrous foundries) 

Shipments (finished steal plus ferrous castings shipped) 

Target ratios have also been calculated for the years 1975 and 1976 in orderto validate the model. 
The analysis for 1975 and 1976 proved the validity of the model. Table 4.2-25 shows the targets for 
each of the nine scenarios. This table shows that for the base case, purchased scrap target as a 
percent of scrap and pig iron charged in the ferrous industry increases from 22.6% in 1976 to 26.4% 
by 1987. Similarly, purchased scrap target as a percent of finished product increases from 37.6% 
to 41.3%. The rise in recycling targets is due primarily to an expected increase in demand for. 
ferrous scrap by steelmaking electric arc furnaces. 

Table 4.2-26 shows the target in units selected by DOE for recovered materials as a percent 
of total shipments. 

4.2.7 Sensitivity of Targets to Key Factors 
The recycling targets presented in the previous section are directly affected by a number of 

factors. The most significant factors are: 

Predicted annual growth rates for the iron and steel and ferrous foundry sectors 

Steelmaking process mix 

scrap demand coefficients for the three steelmaking furnaces and ferrous foundries 

i Rtiw sleel to finishcd product fnr the iron and steel and ferrous foundry 
sectors 

The effect of these variables on the recycle targets is shown in Table 4.2-27. The summary of 
the results is as follows: 

Increasing the growth rate of finished steel production by 20% increases the 
purchased scrap target by 1.1% on a metallic charge basis and 1.2% o11 a finished 
product basis. Decreasing the growth rate by 20% lowers the targets by 1.1% and 
0.9%, respectively. 

Increasing the estimate of foundry shipments by 10% increases the purchased scrap 
target by 1.9% on a metallic charge basis and 1.7% on a finished product basis. . 

Decreasing foundry shipments by '10% lowers the targets by 1.5% and 1.796, 
respectively. 



Scenario -.-..- 

1975 = 

1976 = 

1987 = 

Case I: Base case 

TABLE 4.2-25 

RECYCLING RATIOS FOR FERROUS INDUSTRY FOR NINE SCENARIOS - 1987 - 
Tarqet Expressed As Ratio Of: 

Tota l  Purchased Obsolete Tota l  Purchased Obsolete 
Scrap Scrap Scrap Scrap Scrap Scrap 

consumed1 consumed2 Consumed consumed1 consumed2 Consumed 

t o  t o  

P iq  I r o n  and Scrap charged3 Raw Metal ~ q u i v a l e n t ~  

Case 11: Base case except 0.538 0.266 0.139 0.600 0.297 0.156 

- Production by open hearth 
furnaces equals 10% t o t a l  
raw s tee l  production. 

Case 111: Base case except, 0.520 0.249 0.122 0.581 0.278 0.136 

- Growth i n  raw s tee l  production 
s p l i t  2: 1 between basic  oxygen 
and e l e c t r i c  arc shops. 

Case I V :  Base case except 0.539 0.269 0.143 0.605 0.302 0.160 

- Scrap demand c o e f f i c i e n t  f o r  
foundries equals 1.3 ton/ton 
shipments. 

Case V: Base case except 0.522 0.251 0.124 0.584 0.281 0.139 

- Growth i n  raw steel  production 
, s p l i t  2 : l  between basic  oxygen 

and e l e c t r i c  arc shops. 

- Production by open hear th 
furnaces equals 10% t o t a l  
raw s tee l  production. 

Case V I :  Base case except 0.524 n 754 0.120 0.586 0.285 0.144 

- Growth i n  raw steel  production 
s p l i t  2 : l  between basic  oxygen 
and e l e c t r i c  arc shops. 

- Scrap dcmnnd ~ u r F T l c t c n t  t o r  
foundries equals 1,3 ton/tnn 
shipments. 

Case V I I  : Base case except 0.533 0.261 0.135 0.593 0.291 0.150 

- Growth r a t e  f o r  f i n i shed  
s tee l  production equals 
1.6% per  annum. 

Case V111: Base case except 0.552 0.279 0.152 0.613 0.310 0.169 

- 30% raw s tee l  production 
by e l e c t r i c  furnaces. 

Case I X :  Base c n ~ e  e z ~ e p L  0.568 0.296 0.168 0.630 0.328 0.186 

- 33% raw s tee l  production 
by e l e c t r i c  furnaces 

= . .  ..- 

1. Includes home, prompt i n d u s t r i a l  and obsolete scrap. 

2. Includes prompt i n d u s t r i a l  and obsolete scrap. 

3 .  Charged t o  steelmaking f~.~rnaces; ferrous foundries and 
f e r r o a l l o y  p lants .  

4. Raw s tee l  p lus hot metal equivalent i n  the ferrous foundries. 

Purchased Obsolete 
Scrap Scrap Scrap 

consumed1 Consumed Consumed 

5 . Product Shipments 

0.866 .382 . 0.196 

0.847 ' .376 0 . lg4  

5. Finished s tee l  plus ferrous cast ing shipments. 

SOURCE: Ar thur  0. L i t t l e .  Inc .  



TABLE 4.2-26 

RECOVERED MATERIAL TARGET FOR FERROUS INDUSTRY 
(1  987) -- 

Recovered M a t e r i a l *  
X 100 = 41.3% 

I n d u s t r y  Shipments** 

* Prompt i n d u s t r i a l  and obso le te  scrap. 

** Steel  and foundry shipments. 



TABLE 4.2-27 

SENSITIVITY OF TARGETS TO KEY FACTORS 

FERROUS INDUSTRY 

Target  Expressed as R a t i o  o f  T o t a l  Purchased Scrap t o  

Meta l  1 i cs Raw S tee l  F in i shed  
Charged Equ i va len t  Product  F a c t o r  

1976 

1987 

Base Case 

F i n i s h e d  S tee l  P roduc t i on  Growth Rate 

r i s e s  20% 
f a l l s  20% 

Foundry Shipments 

r i s e s  10% 
f a l l s  10% 

E l e c t r i c  Arc: Bas i c  Oxygen Growth Rate 

1 :1 (base case) 
1 :2 

Percent  o f  Raw S t e e l  fru111 Open Hear th  Furnace 

5% (base case) 
10% 

Scrap Demand C o e f f i c i e n t :  Bas i c  Oxygen Furnace 

r i s e s  10% I .359)  
f a l l s  l n %  .259) 

Scrap Demand C o e f f i c i e n t :  Open Hear th  Furnace 

r i s e s  10% (.64) 
f a l l s  10% ( .52)  

Scrap Demand C o e f f i c i e n t :  E l e c t r i c  Arc Furnace 

r i s e s  t o  maximum (1  .,05) 
f a l l s  10% (.93) 

Scrap Demand C o e f f i c i e n t :  Fer rous Foundr ies 

base case (1.23) 
r i s e s  6% (1.30) 

Y i e l d :  I r o n  and S t e e l  

r i s e s  10% (.79) 
f a l l s  10% ( .65)  

Y i e l d :  Ferrous Foundr ies 

r i s e s  10% (.74) 
f a l l s  10% ( - 6 1 )  



Increasing the ratio of electric arc to basic oxygen furnace growth rate from 1.:1 to 
1:2 decreases the purchased scrap target by 5.7% on a metallic charge basis and 
5.6% on a finished product basis. 

Increasing the percentage of total raw steel produced by open hearth furnaces from 
5% to 10% increases the purchased scrap target by 0.7% on a metallic charge basis 
and 1.2% on a finished product basis. 

Increasing the basic oxygen furnace scrap demand coefficient by 10% increases the 
purchased scrap target by 6.4% on a metallic charge basis and 6.3% on a finished . 
product basis. Decreasing this coefficient by 10% lowers the targets by 6.1% and 
6.3%, respectively. 

. . 

Increasing the open hearthfurnacescrap demand co.efficiept by 10% increases the 
purchased scrap target by 2.7% on a metallic charge basis and 2.4% on a finished 
product basis. Decreasing this coefficient b; 10% lowers the targets by 2.3% and 
2.276, respectively. 

Increasing the scrap demand coefficient for electric arc furnaces to-the maximum 
possible (1.05) increases the purchased scrap target by 1.1% on'a metallic charge 
basis and 1.7% on a finished product basis. -Decreasing this coefficient -by 10% 
lowers the targets by 5.7% and 7.7%, respectively. 

Increasing the scrap demand coefficient for the ferrous foundries by 6% increases 
the purchased scrap target by 1.9% on a metallic charge basis and 2.7% on a 
finished product basis. 

Increasing the yield (finished steevraw steel) for the iron'and steel sector by 10% . . 

increases the purchased scrap target by 17.4% on a metallic charge basisand 8.7% 
on a finished product basis. Decreasing the yield by 10% lowers the targets by 
17.1% and 9.7%, respectively. 

Increasing the yield (finished c a s t i n h w  steel) for the ferrous foundry sector by 
10% has little effect (<0.5%) on the purchased scrap target on a metallic charge 
basis and lowers the target by 1.4% on a finished product basis. Decreasing the 
yield by 10% increases the targets by 1.1% and 2.796, respectively. 

Indirectly, the recycling target is affected by such factors as Ll~e availability of scrnp substitutes 
(e.g. prereduced iron), scrap exports, and the inventory of obsolete scrap. . 

'The availability of scrap substitutes from domestic or imported sources could affect the 
scrap market and, therefore, the target. 'However, because the tonnage of scrap substitutes 
involved is expected to be low, the target is not very sensitive to changes in the availability of the 
scrap substitutes. In the base case scenario (Case I) it is assumed that 2 million short tons of 
grereduced iron will be available in 1987. 

Scrap exports are a major factor in the recycling target. Because scrap exports impact the 
domestic scrap supply and prices, they can, in the long run, alter the process mix in the iron and 
steel industry and the scrap demand coefficients for the steelmaking processes and ferrous 
foundries. These factors, in turn, can affect the targets. Scrap exports are a major factor in the 
recycling target. Because scrap exports impact the domestic scrap supply and prices, they can, in 
the long run, alter the process mix in the iron and steel industry and the scrap demand 



coefficients for the steelmaking processes and ferrous foundries. These factors, in turn, can affect 
the targets. Sensitivity analysis of scrap exports indicated that if exports it? 1987 exceed 15 
million or decrease below 5 million tons, they will alter scrap prices significantly. However, the 
impact of scrap exports on such factors as the process mix, industry structure, etc., is outside the 
scope of this study. 

Changes in the size of obsolete scrap inventory affect scrap supply, and therefore scrap 
prices. In turn these affect the long-term trends in process mix, furnace scrap demand 
coefficients, etc.. - thereby affecting the recycling targets. Detailed study of the impact of 
obsolete scrap inventory changes on the recycling targets is outside the scope of this study. 

The objective of thc ADL Model is to determine the scrap price necessary to bring forth t,he 
obsolete supply that is dern~nded. This price is determined ae a funstio~l of a oo-called with- 
drawal rate. This is defined as obsolete-scrap supply divided by inventory. If we were to double 
the historical inventory number, this would cause the historical withdrawal rate to be half its 
original value. Because the forecasted withdrawal rate and inventory values are based on their 
historical values, the absolute size of the inventory is consequently not important. 

The issue arises, however, as to whether in fact (as opposed to theory) the price solution of 
the ADL Model is sensitive to choice of inventory data. 

For the recycling target analysis, a scrap inventory time series from a report prepared by 
Father Hogan for the American Iron and Steel Institute entitled "Purchases Ferrous Scrap: 
United States Demand and Supply Outlook" was used. An alternative inventory series has bccn 
derived by Fhbert R. Nathan Associates entitled "Iron and Steel Scrap - Its Accilm1.1lation and 
Availability ITpdnted to Dccsmber 31, 1977." 

Substitution of the Nathan .wries for tho Hogan Wries changed tohe model rcsults only by 
ahout two percent. 



4;3 ALUMINUM 
. . 

, . 
, .  . 

4.3.1, Selection of Recoverable Materials 
The recoverable materials consideied for inclusion in the aluminum industry can be 

grouped into three broad categories: 

Purchased New Scrap 
. . 

Purchased Old Scrap 
 on-~auxite SoGrces of Alumina 

The various materials considered foi inclusion under these three categories are presented'in Table 
4.3-1. Each "recoverable material" was assessed using the selection criteria discussed in Section 
4.1, to determine whether it would be considered in this analysis. . . 

New scrap includes material generated in the production of aluminum, the fabri- 
cation of aluminum mill products, or.the manufacture of finished aluminum products. It includes 
aluminum in the form of solids such as new casting scrap; clippings or cuttings of new sheet, rod, 
wire, and cable; borings and turnings from the machining of aluminum parts; residues, drosses, 
sweepings, etc.; and aluminum foil. New scrap in any. of the above forms can be further 
categorized as being purchased or runaround scrap. Purchased new scrap (or'prompt industrial 
scrap) is scrap purchased, imported, or treated on, toll by primary or secondary smelters; all . ' 

purchased new scrap is considered in this analysis. Runaround (or home scrap), is new scrap 
recovered or recycled within the facility .generating the scrap. Such scrap, by definition, never 
leaves the company generating it and therefore is nevei marketed as scrap. Home scrap complies 
with the criterion for the selection of recoverable materials, but no data on home .scrap are. 
available, and hence it has not, been included in the estimation of targets. 

' 

Old scrap, 'all of which is purchased, comes from discarded, used and worn out products. I t  
includes aluminum pistons or body parts froni junked cars, used a.luminum cans and utensils, 
siding, awnings and other building .products and old wire and cable. '~uieated pig, which is scrap 
that has been sweated or melted into pig or ingot form, and obsolete scrap, consisting of 
technologically dbsolete aluminum parts, outdated inventory materials, 'production overruns and 
spare parts for machines and equipmont no longer being used, are included' as old scrap. 
Aluminum from the non-ferrous fraction of shredded automobiles and the aluminum fraction 
from municipal solid w a ~ t e  (MSW) are listed as separate categories; it is likely that these sources 
will be more important in the future than a t  present. 

Alumina from non-bauxite sources of recovered materials is the only type of potential 
recovered material that does not comply with the criterion for inclusion as a source. This category 
has been excluded because technology for recovering alumina from these sources is not likely to be 
commercial by 1987. 

4.3.2 Selection of Process Subdivisions for Inclusion in the Target 
The industry subdivisions tire basdd on the historicdl and current use of recovered materials 

in the industry, the potential for their use between now and 1987, and the energy consumption 
levels in the industry. 

. . 



TABLE 4.3-1 

Recovered M a t e r i a l  

SELECTION OF RECOVEPABLE MATERIALS . 

ALUMINUM INUDSTRY 

Does t h e  Recoverabl e Flater i  a1 
Meet ~ r i  t e r i a * f o r  I n c l u s i o n ?  

Yes 

NEW SCRAP 
. . 

Purchased New Scrap 

Sol i ds and C l  i pp i  ngs X 

Borings and Turnings X '  . 

Residue (Drosses and skimmings) ' X 

F o i l  and Others 

Runaround o r  Home Scrap 

OLO SCRAP 

Purchased 9 l d  Scrap 

Cast ings , Sheet, and C l  i pp i  ngs 

A1 urni num Cans 

Sweated P i g  

Copper-A1 umi num Radiators and 
Others 

A1 urni num Fract i ,on o f  Mtrnicipal 
Sol i d  bras t e s  (MSI.1) 

A1 umi nut11 F r a c t i o n  o f  Shredded 
Automobi 1 es 

ALUMINA FROM NON-BAUXITE SOURCES 

Coal Min ing Wastes .- 

Residue f rom O i l  Shale opera t ions  

* 
C r i t e r i a  f o r  1ncl  us ion out1 ined ' i n  Sect ion 4.1. 



Table 4.3-2 presents historical data on the consumption of purchased scrap by industry 
subdivision: . . 

Primary Producers, . ' . ' 

. . . Secondary Smelters,. 
Independent Fabricators, . . 

.~ lbminurn Foundries, and 
Chemi'cal Producers. 

  he' consumption figures are in thousands of.short tons of scrap type for the period 1970- 
1976. The industry subdivisions and sources of recovered materials have been summarized in 
Table 4.3-3 in a matrix form. A checked cell indicates that a defined source is presently providing 
recoverable material for a.defined industry subdivision, or could realistically be expected to do so 
in the future. As mentioned earlier, the aluminum fraction of municipal solid waste and frmi 
shredded automobiles have been identified as separate categories because they are likely to 
become more important sources in the future. 

4.3.3 Technical Considerations 
. . 

4.3.3.1 Process Constraints 
~luminum-based scrap is usually recycled by melting in gas or oil-fired reverberatory 

furnaces (10-100 short tons heat size), crucible furnaces (less than 5 short tons per hour), and 
induction furnaces (1-10 sh0r.t ton heat -size). There are no process technology constraints 
concerning the amount of scrap (percentage scrap in charge) that can be melted in each of these 
furnaces, although the different types of furnaces do provide different melting capacities. 

The principal refining stcp in the.recycling of 'aluminum-based scrap is the removal of 
magnesium by treating'the mblten metil with chlorine or aluminuni fluoride. Any other impu- 
rities in the metal are uiually controlled by dilution of the charge with pure metal. This need for 
dilution can, in many instances, limit the amount of impure scrap recycle. 

' 

The recycling furnaces are best suited for melting (as distinct from refining) and adequate 
scrap preparation is rerluirecl to minimize. contamination of the melt with impurities from the 
scrap. , , 

Suitable technology iS needid to separate aluminum from the non-magnetic fraction of 
shredded 'automobiles arid from the .non-ferrous fraction obtained in the treatment of municipal 
refuse. Techniques. in various stages of development include water elutriation, heavy media 
separation, eddy current, etc. 

4.3.3.2 Product Quality Constraints 
Product quality. constraints arise from having to meet specifications for composition. The 

composition liniits and uses of the.principa1 aluminum wrought and casting alloys are shown in 
Table 4.3-4.. 

4.3.3.3 Recoverable 'Materials Quality Cons tiaints 
Raw material consf.raints arise from thc  fact thnt. the metal produced from the scrap has to 

meet a product specification; with the exception of magnesium removal, impurity levels are 
reduced by dilution with primary aluminum, and other alloying elements are added to attain the 



TABLE 4.3-2 

CONSUMPTION OF RECOVEiABLE MATERIALS.BY INDUSTRY SUBDIVISION* (1970-1976) 
' ALUMlNUM INDUSTRY 

'(thousands o f  i h o r t  tons) .  

S e a n d a r y  S m i l t e r j  

1970 1921 1972 1973 1974 1.975 1976 - - - - - - - 
PURCHASED NEW SCRAP 

S o l i d s  8, C l i p p i n g s  2L7 2€1 303 346 2E> 1 8 1  231 

Bor inqs  & ' T u r n i n g s  ' 11'9 107 99 115 -97 1?L 136 

Drosses 'and S k i m i n a s .  34 126 

F o i l  and Others 

C a s t i n g s , S h e e t & C l i p p i n g s  126 11'8 118 112 125 8 6  ,121,  ' 

A1 umi num Cans ' 7  - 8 .  

Sweated P i g  47 58 71 56 63 6E 82 

Pr imary  Producers F a b r i c a t o r s ,  
' Foundries, Chemical Producer; 

1970 1971 1972 1973 ,1974' 1975 -1976 ------- 
. . . . 

TO t'a 1 

197.0 1971 1972 1973 1974 1975 1976 . ------- 

- .  - CU-A1 Rad ia to rs  anJ Others - . - 32 - 30 - - - 18 17 - - - - - - - -  - 50 47 
- - - - - - -- 

SUB'IOTAL 173 176 189 168 18E 140 241 21 47 63 3s 95 148 170 194 223 252 263 283 338 411  

TOTAL 8 0  639 707 7.37 631 612 759 321 ,365 447 527 576 621 707 971 1004 1154 1264 1207 1233' 1466 

Home Scrap A NP NA .NC, NA RA NA NA NA NA NA NA ' N A  NP NA NA NA NA NA NA NA 

* Source: 1970-1975: U.S. Ec~:reau o f  Miner. ~ i n e r a l s  Yearbooks. 
1976: U.S. Bureau o f  M i l e s  M i r e r a l s  Yearbook A l u m i f i ~ m  P r e p r i n t .  



TABLE 4.3-3 

SIC Code I n d u s t r y  Subd iv i s ion  

3334, 3353, 
3354, 3355, Primary Producers 
3357 

3341 Secondary Snel t e r s  

e 3353, 3354, 
4 - 3355, 3357 ~ndependent. Fabr i ca to rs  

3361 A1 uminum Foundries 

Chemical Producers 

RECOVERABLE 't.?ATERIAL.SOURCE " INDUSTRY 'I.4ATRIX 

ALUMINUM INDUSTRY 

Purchased New Scrap Purchased Old Scrap 

Sol i d s  Borings Drosses Castings, A1 -CU A1 A1 F r a c t i o n  
& & & F o i l ,  Home S h e e t t i  Sweated Radiators ,  F r a c t i o n  o f  Shredded 

'C1ippings"Tl irr i i r iqs -Residt"es '0 tRer"Scrap "C1 ipp ings"Cans~" 'P ig  ' ' 'Others o f  MSW Auto 

Source: ~ r t h u r ' ~ . -  L i t t l e ,  Inc .  



TABLE 4.3-4 

Composition limits and uses of some aluminum wrought and casting alloys1 
(Weig ht--percent) 

Aluminum 
Association Aluminum Copper Marganese Magnesium Silicon Other cansbiouents 
designations 

- --  - 

Wrought alby series: 
loo0 -------------- 9S1.00-99.75 0.2 0.m 0.05 1.0 including iron 0.1 zinc, 0.05 titanium -------- Electrical conductors, chemical 

equipment, cooking utensils. 
2000 -------------- W a r n 2  19-68 12 18 01-25 13 iron, 0.1 5 ttanium, 2.3 Screw machine products, forgings, 

nickel. aircraft, rocket fuel tanks, 
pistons. 

3000 -,-- - -- - - - ,- -- ----do .3 0.3-1.5 1.3 .6 0.4 zinc, 0.1 timiurn -------- Ductwork, can bodies, architecture, 
hydraulic tubing, roofing. 

4000 ------------- - - _--do2 .25-1.3 .I 1.3 4 5-13.5 1.3 nickel ----------------, Welding and braung wire, pistons, 
architectural fittings. 

5000 ----_--------- ---- do2 .2 1.0 0.5-5.6 05 including iron 0.35 chromium 3.2 ltanium. Bus and truck bodies, screens. 
pressure vessels, airuaft tubing, 
automotive trim, can lids. 

6O0O3 ------------- -- --do2 1.2 1.1 1.5 1.8 2.4 zinc, 1.0 iron ------------ Heavy-duty structures, pipe, railing, 
busbars. 

7000 -----_-------- - ---do2 2.6 .7 3.7 0.7 including iron 0.3 chromium, .3 0 zinc ------ Aircraft structurals and skins. 5 Dimsting ingot:' 
N A380.1 ------------ ---a2 3.04.0 .5 . I  7.5-8.5 0.5 nickel, 0.1 zinc, 1.1 iron General purposes castings, large 

413.2 -------------- ---do2 .1 .1 .07 11.0-13.0 instrument cases. street lamp 
housings. 

Sand and permanent mdd 
casting ingot:' 
201.2 -------------- ---- do2 4.0-5.2 .2- .5 .2- .55 .I 0.1 iron, 0.35 titanium -------- Aircraft and decbical transmission 

components. 
242.2 - -- - - - - -- - - - - - ----do 3.5-4.5 .1 1 . 8  .6 0.8 iron, 2.3 nickel, 0.1 zinc, Cylinder heads, diesel engine 

0.2 titanium. pistons. 
295.2 ----------------_- do2 4.0-5.0 .3 ' .03 .7-1.2 0.8 iron, 0.3 zinc, 0.20 Crankcases, wheels, fittings. 

trtanium. 
356.2 ---,---------- -- --do2 .1 .05 .3- .4 6.5-7.5 0.25 iron, 0.05 zinc, 0.2 Automatic-transmission cases, 

titanium. aircraft and marine fittings, hrdc 
axle housings. 

A390.1 ------------ ---- do2 4.0-6.0 .1 .5- -65 16.0-18.0 0.4 iron, 0.1 zinc, 0.2 titanium. Automobile engine b b ~ b ,  pumps, 
pulleys, brake shoes. 

Maximum weight-percent of :ie casting ingot or of at leas1 one of the wrought alloys in the series unless a range is given, in which case the upper and lower limits 
do not necessarily apply to the s m e  alloy in the series. 

2 Balance after deducting percent composition of specified albpng constituents plus other normal impurities. Minimum impurities for casting alkys are m d b  
specified but are not shown in this table. 

3 Alloy 6262 may contain 0.4 tc 0.7 percent each of lead and bismuth. 
4 !position of castings,may differ from that of the ingot. I 



desired composition. Even well-segregated aluminum scrap is often contaminated with other 
metals, many of which can be considered impurities. Stainless steel is particularly troublesome 
because, unlike common steel, it cannot be separated from scrap magnetically, it is difficult to 
detect visually, and i t  'dissolves in aluminum more readily than common steel. Free zinc is 
present in some borings, in jar covers, and as die castings. Magnesium, whether free or alloyed, is 
usually disadvantageous, since the principal alloys produced from scrap are permanent mold and 
die casting alloys which contain little magnesium (usually less than 0.1%). Since about 85% of the 
recoverable material available to a smelter consists of mill products (high in magnesium content) 
the molten metal contains 0.5-0.8% magnesium, and has to be brought, back into specification by 
demagging. Conversely, in the production of extrusion billets, magnesium and primary alumi- 
num generally have to be added. Demagging is also not required for deoxidizer material (used in 
the steel industry) since magnesium is not critical. 

Non-metallic contaminants in aluminum scrap such as paint, oil, plastic, insulation, and 
rubber are a major source of air pollution. 

4.3.4 Economic Considerations 
In setting a target for scrap recovery the analysis must take into account supply and 

demand, in both physical and economic terms. 

The physical aspect of scrap demand concerns the process limitations on the amount of 
scrap that can, be utilized. In the aluminum industry, unlike steel, there are no relevant physical 
demand constraints imposed by technology. The economic aspects of scrap demand relate to the 
price of scrap.   he price of scrap is driven to a large extent by demand rather than by supply (i.e., 
inelastic to supply). 

4.3.4.1 Data Sources for Arthur D. Little Model 
The Arthur D. Little scrap model is designed to predict the volume of scrap that will be 

generated under a variety .of scenarios. These volumes of scrap estimates are then used to 
calculate targets. 

For data on scrap, we have relied on the U.S. Bureau of Mines Minerals Yearbook and 
Mineral Industry Surveys. Their detailed data on scrap consumption does not represent a full 
industry coverage. The Bureau reports that, in 1976, for example, full industry coverage would 
raise their aggregate figures by 18%.(l) Using this figure, we multiplied new scrap and old scrap 
domestically consumed to a full industry equivalent. Aluminum can scrap and exports were 
assumed to be complete as reported, i.e., not requiring expansion to full coverage. 

Data on aluminum ingot production and consumption were obtained from the Aluminum 
Statistical Review published by the Aluminum Association,. Data on aluminum scrap and 
product prices were obtained from Metal Statistics. 

The U.S. Bureau of Mines, Minerals Yearbook, reports the consumptioll of new purchased 
aluminum scrap, aluminum can scrap, and other old aluminum scrap, as well as on U.S. exports 
of aluminum scrap - which is' chiefly old obsolete scrap. Ignoring year-to-year inventory 
changes, the sum of cot~sumption and exports gives us available U,S. scrap supply. 



The U.S. Bureau of Mines also reports aluminum scrap consumption by primary producers, 
secondary producers, foundries, fabricators, and chemical producers. The Bureau also presents 
calculated metal recovery from scrap. 

4.3.4.2 Aluminum Scrap Material Balance 
Table 4.3-5 shows the balance of sources and uses for aluminum scrap for 1976. This table is 

based on reported purchased scrap consumption expanded to full industry coverage for all 
categories except aluminum cans which was taken as reported. Aluminum scrap export data is as 
published by the Aluminum Statistical Review, and estimates for home or runaround scrap were 
provided by the Alurninulll Ass~ciation.~'~' We have assi~med in this analysis that aluminum 
scrap that is exported is principally old scrap. 

In 1976 purchased new scrap accounted for 68% of the supply of purchased scrap or 24% of 
the total scrap supply, i.e., purchased plus home scrap. In the category of old scrap, cans 
accounted for 6% of the purchased scrap supply or 2.1% of the total scrap supply. Other old scrap 
such as obtained from junked car and appliances accounts for the remaining 26% of the pur- 
chased scrap supply or 9% of the total scrap supply. The domestic consumption accounted for 
slightly over 95% of the U.S. purchased scrap supply. I t  is to be noted that home scrap represents 
64.6% of the total scrap supply. 

4.3.4.3 Potential for Increased Use of Recovered Material 
An examination of the statistics on scrap consumption trends (Table 4.3-2), analysis to 

identify opportunities for increased solid waste utili~ation'~', and a paper examining recycling 
opportunitie~'~' indicate that the potential tor increased sc~slp utilization is in the area of old 
scrap. Battelle stated "according to industry sources well over 90% of the new scrap is recycled," 
and their analysis assumed thul a!l new scrnp in being recycled. 12' Battelle also estimated that in 
1969, only 13% of the scrap available for recycling wae actually h ~ i n g  recycled. The amount of 
scrap available for recycle was calculated by BuLLelle on t h ~  h s ~ i s  of estimated life cycles of 
various aluminum-containing products. This approach yields estimates of tonnagcs of aluminum 
products becoming obsolete. The drawbacks of the life cycle approach are: (a) items such as 
aircraft may be exported and hence not scrapped within the United States; (b) it may be difficult 
to collect certain packaging items that are widely dispersed; (c) some obsolete items may not be 
scrapped; and (d) yield losses in recycling. Their approach, however, points out that old scrap is 
potentially attractive for augnleating scrap supplies. The main problem, however, lies in the 
collection of old scrap. The most promising sectors for improved recycling of old scrap are: 

* Cortsuiner recycling programs aimcd at sotirce segregation: Table 4.3-6 shows data 
on aluminum can reclamation for the period 1972-1976. Reclaimed cans represent 
approximately 25% of the cans being produced. We anticipate that this source will 
have significant potential for increased recycling. Most of the cans and other 
packaging items not collected go to the municipal solid waste stream. 



: . TABLE 4.3-5 

1976 MATERIAL BALANCE FOR ALUMINUM SCRAP 
(MiT1 ions  o f  Pounds) 

Sources 

Purchased Scrap 

New Scrap 1 
2,490 

Old Scrap 
1 A1 uminum Cans 21 7 

Other Old scrap1 " 946 

Purchased Scrap 3,653 

Home Scrap 3 6,675 

To ta l  10,328 

Uses 

U.S. Consumption 
o f  Purchased Scrap 3,482 

U.S. Consumption 
o f  Home scrap3 6,675 

Expor ts  2 171 

To ta l  10,328 

Source: A r t h u r  D. , L i t t l e ,  Inc.  est imates de r i ved  from: 

I AS uminum, P rep r i n  t 1976 ~ i n e r a l  s Yearbook. 
2 A l u m i n u m S t a t i s t i c a l  Review, 1976. . 

Communication, The A1 uminum Assoc ia t ion ,  May 8, 1979. 



TABLE 4.3-6 

ALUMINUM CAN RECLAMATION DATA 

(1972-1916) 

' M i l l i o n  B i l l i o n s  
Pounds o f  Aluminum o f  A1 uminum 

Year Reclaimed Cans Reclaimed 

*Represents incomplete i n d u s t r y  coverage. 
7 
1 Represents t o t a l  i ndus t r y ;  inc ludes  an a d d i t i o n a l  
1, 5, and 18 m i l l i o n  pounds i n  the  years 1972, 1973, 
and 1974, r e s p e c t i v e l y .  This  accounts f o r  a l l  aium- 
inum cans c o l l e c t e d  b.y non-members o f  the  Aluminum 
Assoc ia t ion .  

Source: A1 uminum S t a t i s t i c a l  Review, 'I 976 

Recovery of aluminum from municipal solid waste: The potential for aluminum 
from MSW has been reviewed by 'l 'e~tin.'~) The amount uf solid waste generated 
annllally in the United States is estimated by the EPA a t  136 million short tons.(4) 
The aluminum content of this material is approximately 0.7%, or ahout 2 billion 
pounds of aluminum. Present systems, which generally include Yome type of front- 
end processing followed by dense media or eddy current separation, will collect 
about half of the aluminum contained in the municipal solid waste strcam. With 
present tcchnology, lighter gauge aluminum, such as paper-backed foils as well as 
aluminum ends on steel beverage containers, are lost. Hence, the maximum 
amount of aluminum that could be recovered from this source if all the rnu~licipal 
solid waste were processed and the aluminum recovered is about a billion pounds. 
However, of nineteen U.S. locations with resource recovery systems (either on 
stream or under shakedown), only six have opted for aluminum recovery. These are 
expected to yield about 6 millivrl pounds of aluminum annually from 10,000 short 
tons per day of refuse processed.(4) Nine other locations are under construction, 

a 

with three providing for aluminum recovery and four in which aluminum recovery 
can be incorporated. These plants can process an additional 1.6% of the national 
refuse and recover an estimated 16 milliu~l pounds annually. In addition, 34 
communities have systems under design or study or have requested construction 
funds, and another 75 are undergoing feasibility studies. If every system now being 



considered were implemented and all had aluminum recovery, an absolute max- 
imum is 250 million pounds. A realistic maximum might be half as much or about 
125 million pounds. Although these figured4) are a year old and the technology can 
be classified as emerging the analysis provides a perspective on the aluminum that 
can be recovered from this source. 

The aluminum recovered is in the form of contaminated wrought product alloys 
comprising cans, rigid foil containers, extrusions, and lawn furniture with very few 
casting alloys. It should be emphasized that the technology for municipal waste 
treatment and aluminum recovery falls in the category of emerging technology. 
There is considerable uncertainty about the ability of many of the processes to 
operate on a sustained basis and about the amount of aluminum that will be 
available by 1987. It is expected to be a relatively small portion of the scrap supply 
in 1987. 

Automotive scrap: The use of aluminum in cars has been steadily increasing, from 
about 50 lbs per car ten years ago to about 114 lbs per car in 1978. (6' This trend is 
likely to .continue in order to meet the 1985 goal of 27.5 miles per gallon required by 
the Energy Policy and Conservation Act of 1975. The use of aluminum in passenger 
cars in 1985 is estimated to range from 225-425 pounds per car.(s) Therefore, 
shredded automobile scrap should represent a substantial opportunity to recover 
aluminum. There are now about 180 shredders in the United States, shredding 9 
million short tons, or approximately 5-7 million cars per year. (6)  

4.3.4.4 Description of Model 
The aluminum scrap model is, as stated before, designed to predict the volume of scrap that 

will be generated under a variety of scenarios. This volume is then used to calculate the target. 

Table 4.3-7 lists the equations of the model, Table 4.3-8 defines the symbols used in the 
equations, and Table 4.3-9 gives the values of parameters in the equations. Equations (1) through 
(5) are used to predict the.supply of scrap from different sources. Equations (6) through (9) 
forecast scrap consumption expressed in a variety of forms, e.g., gross weight as opposed to 
metallic. Equations (10) through (13) calculate the targets as the ratio of scrap cnnsumption, 
varioilsly expresocd, to d6111eslic alumiilum production. 

Equation 1: The amount of new scrap that will be generated is calculated by multiplying 
aluminum consumption by a prompt scrap generation rate. The historical generation rate is 
calculated by dividing new scrap consumption by aluminum consumption. 

Equation 2: The amount of scrap that will be recovered from cans is calculated by multi- 
plying the number of cans produced by a can reclamation rate and by the aluminum recovered 
per can. The can reclamatinn rate is the percentage uf cans produced that are turned in a t  
reclamation centers. 

Equations 3 and 4: The amount of 'other old scrap' (all old scrap except cans) is estimated 
by multiplying the withdrawal rate by the aluminum inventory. 

The aluminum inventory variable is a measure of the amount of alulriinum existing within 
the domestic economy. The aluminum inventory is defined as the cumulative total of aluminum 
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TABLE  4 . 3 - 7  

EQUATIONS OF THE ALUMINUM SCRAP MODEL 

E n d o g e n o u s  
V a r i a b l e  

NEWSP 

CANSP 

W D 

OLDSP 

DC RS P 

SCONl 

SCON2 

SCON.3 

SCON4 

' iKGT1 

TRGT2 

TRGT3 

TRGT4 

E x p l a n a t o r y  S e g m e n t  

b l  x ALCON 

b2 x b3  x NOCAN 

b4 + (b5  x PSCP) 

WD x I N V  

b6 x CARSC 

CANSP + OLDSP + DCRSP +  ST - EXP 

SCONl + NEWSP 

b7 x SCONl 

b7 x SCON3 , 

SCOMlIDOMPRD 

SCONZIDOMPRD . 

SCON3/DOMPRD 

SCON4/DOMPRD 



TABLE 4.3-8 

DEFINITION OF VARIABLES AND PARAMETERS 

ALUMINUM SCRAP MODEL 

Endogenous Variables 

i NEWSP 
2 CANSP 
3 WD 
4 OLDSP 
5 DCRSP 
6 SCON1: 
7 SCON2 
8 SCON3 
9 SCON4 

10 TRGTl 
11 TRGT2 
12 TRGT3 
13 TRGT4 

Exogenous Var iables 

1 ALCON . . 

2  NOCAN 
3 PSCP . ' 

4  I N V  
5 CARSC 
6 WST 
7 EXP 
8 DOMPRD 

Parameters 

New Scrap 
Scrap from cans 
Scrap withdrawal r a t e  
Other o l d  scrap supply 
Scrap created by increased aluminum i n  veh ic les  
U.S. o l d  scrap consumption (gross weight)  
U .S. t o t a l  scrap consumption (gross weight)  
U. S. o l d  scrap consumption (metal 1 i c  recovery) 
U.S. t o t a l  scrap consumption (metal 1 i c  recovery) 
Target 1 - Old scrap gross weight 
Target 2 - Tota l  scrap gross weight 
Target 3 - Old scrap m e t a l l i c  recovery 
Target 4 - Tota l  scrap m e t a l l i c  recovery 

Aluminum consumption 
Number o f  aluminum cans produced 
P r i c e  o f  aluminum scrap 
Aluminum scrap inven to ry '  
Number o f  cars and Class 1 t rucks  scrapped 
Scrap recovered from muni c i  pal  so l  i d waste 
Scrap exports 
Domestic a1 umi n11m product.ion from a1 1 sources 

Prompt scrap generat ion r a t e  
Aluminum recovered per  can 
Can rec lamat ion r a t e  
Withdrawal r a t e  constant 
Withdrawal r a t e  slnpe 
Add i t i ona l  aluminum scrap recovered from veh ic le  

scrapped in.1987 over veh ic le  scrapped i n  1976 
~ e t a l  1 i c  recovery fac to r  



TABLE 4.3-9 

VALUES OF PARAMETERS USED I N  TARGET EVALUATION 

ALUMINUM INDUSTRY 

I tem 

Prompt scrap generat ion r a t e ,  b l  

Aluminum recovered i n  U.S. per  can, b> 

Can rec lamat ion  r a t e ,  b 3  

Withdrawal r a t e  constant,  b 4  

Withdrawal r a t e  slope, b 5  

Add i t i ona l  aluminum scrap i n  U.S. 
recovered f rom v e h i c l e  scrapped i n  1987 
over v e h i c l e  scrapped i n  1976, b6 

M e t a l l i c  recovery fac to r ,  b7 

consumed to date less the scrap recycled. Thus the inventory a t  the beginning of a year is 
estinlated by adding to the inventory at  the beginning of the previous year, lhe a~nount  of 
a l u m i n ~ ~ m  consumed less the scrap recycled during the previous year. Values for the i n v e ~ ~ k ~ r y  
series were ubtained for the period 1965-1974 from Synergy, Inc,(I) The va!ues for 1975 and 1976 
were calculated by Arthur D. Little, Inc., using the procedure described in the Synergy report. 
The forecast of the aluminum inventory variable was based on a linear extrapolation of the series 
to 1987. The fit is represented by the following equation: 

INV = - 876189.4 + 15029 (t) R2 
(39.4) (47.4) .996 

The withdrawal rate variable is calculated by dividing old scrap consumption by the 
aluminum inventory variable for each year from 1961 to 1976. We have hypothesized that the 
withdrawal r9t.e is a function of price of scrap. We feel that the withdrawal rate is a more 
appropriate dependent variable than old scrap consumption. The major problem with trying to 
estimate the supply of old scrap as a functivri of price is that the supply curve shifts down and out 
with time as the amuurll of aluminum in the economy increases. However, by normalizing 
according to this, inventory variable, it is hoped that the supply dynamics can be captured by 
econometric estimation. 

WD = 0.001755 + 0.000218 PSCP RZ 
(3.259) (3.378) 0.533 



From the above equation, the supply price elasticity (Es) (calculated a t  the mean value of 
dependent and independent values) can be calculated as follows: 

Equation 5: The supply of other old scrap in equation'(4) does not. include the increasing 
contribution due to the increasing aluminum content of cars and Class 1 trucks.   he number of 
vehicles scrapped (in 1987) is multiplied by the incremental aluminum'content, (incremental 
aluminum is defined as the difference in aluminum recovered from a vehicle scrapped in 1987 
over a vehicle scrapped in 1976) in.order to capture the contribution to aluminum scrap supply 
due to the incretked use of aluminum in cars and Class 1 trucks. 

Equation 6: Old U.S. scrap consumption is calculated. First, the aluminum can scrap 
prediction from equation (2), the other old scrap prediction from equation (4), and the in- 
cremental vehicle scrap from equation (6) are summed to give U.S. old scrap supply. Next, an 
exogenous scrap export is deducted from scrap supply to give U.S. old scrap consumption. 

Equation 7: Total U:S. scrap consumption is computed by summing old scrap consumption 
as predicted by equation (6) and new scrap as predicted by equation (1). 

I 

Equations 8-and 9: U.S. scrap consumption is put on a metallic recovery basis. In equation 
(8), old scrap consumption on a gross weight basis from equation (6) is multiplied by a recovery 
factor to give metal recovered from-old scrap. Equation (9) performs an  analogous operation to 
give metal recovered from total scrap. 

Equations 10 to 13: The four targets are calculated. The numerator of the first and second 
targets are on a gross weight basis and the numerators of the third and fourth are on a metallic 
recovery basis. In all cases, the denominator is domestic secondary metallic recovery plus 
domestic primary production. 

The numerator of the first target is from equation (6) and is old scrap gross weight; the 
numerator of .the second is total scrap gross weight and is predicted from equation (7); the 
numerator of the third is old scrap metallic recovery and is from equation (8); and the numerator 
of the fourth is total scrap metallic recovery. 

4.3.5 Special Considerations 
The targets in Section 4.3.6 do not consider the effect of nationwide legislation such as 

"bottle" bills that now apply in several states (Connecticut, Iowa, Maine, Vermont, Michigan 
and Delaware*) i.e., requiring deposits on beverage containers. This legislation can be either 
single tier ('uniform') or 'two tier' (discriminatory). In the two tier law, a lower deposit is required 
on refillable containers i.e., glass than on non-refillable containers. Although, in general, such 
legislation is like$ to increase the reclamation ratio as it promotes intreased sourde segregation, 
concerns .have been expressed that a two tier legislation may promote a shift toward refillable 
beverage containers. In Oregon, for instance, it is claimed that the reclamation ratio has in- 

* The law has been passed, but will take effect only when neighboring states Pennsylvania and Maryland adopt a 
'bottle' bill. 
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creased to 80%. Any federal legislation requiring mandatory segregation of recyclable materials 
might have a similar effect. Also, action taken to reduce solid waste in dumps might also result in 
increased aluminum supply. 

Another important consideration is that in the past the primary and secondary aluminum 
industries have generally catered to different markets. Traditionally, the primary industry 
bought little scrap and supplied the wrought products market, while the secondary industry was 
scrap-based and supplied the cast product market. Recently, the secondary a'luminum industry 
has supplied almost 75-80% of the ingot metal for the foundry and die casting trades and has 
depended on the casting industry to consume almost 90% of its production. In the period 1965- 
1976, the amount of scrap consumed by secondary sm~lt.ets has increased by about 19%, whereas 
that consumed by primary producers has almost doubled. Part of this increased scrap supply has 
been the result of consumer recycling programs for can reclamation. Since not much additional 
primary capacity is planned, it is likely that the competition for scrap between secondary and 
primary producers will increase. The primary industry now ships hot metal to automotive 
foundries. These shipments represent about 5-6% of the secondary aluminum capacity of about 
2.45 billion pounds. There is also the possibility of primary producers increasing their market 
share in shipments to foundries. Recycling targets may well accelerate those structural changes 
that are already taking place. 

4.3.6 Target Estimation 
Recycling targets for 1987 have been developed for the aluminum industry utilizing the 

economic model developed in Section 4.3.4. The model is designed to predict the volume of scrap 
that will be available for recycling from different sources based on forecasts for exogenous 
variablcs used in the model. These volumes are then used to calculate targets. Because the 
projected targets are based on forecasts for exogenous variables, various possible scenarios have 
been considered. 

Case I - Most Probable Exogenous Variables 

(a) Projected aluminum con.9umption in 1987. The Economic Advisory Service a t  
Arthur D. Little, Inc. assumes a 5% growth rate which has been selected for this case. 
The U.S. Bureau of Mines, on the other hand, projects a probable annual growth rate 
of 7.1% for the period 1976-1985, slowing to 4.3% between 1985-2000.(8' This averages 
5.3% from 1976-2000. 

(b) Price of scrap. 'The price of scrap is assumed to remain constant in real terms 
(1967 $). 

(c) Scrap from cans? We project that this soilrce nf scrnp will provide 505 million 
pounds by 1987, and that the aluminum reclaimed per can will decrease by 27% 
between 1976 and 1987. The can reclamation rate is expected to increase to 40% of cans 
made in 1987 and aluminum dan production will increase from 20.1 billion in 1976 to 
,383 billion in 1987. 

(d) Aluminum imports. During the 1968-1977 period, the U.S. produced 94% of the 
primary aluminum it  con~utned.'~) However, industry plans to increase its primary 
metal production capacity by less than 10% in the next five years. In 1985, domestic 
production of primary aluminum metal will comprise about 85% of the U.S. primary 
metal demand and 80% of the demand in 2000.(8) We have assumed that in 1987, the 
United States will produce about 85% of its primary metal demand. In the model, the 
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.estimated scrap supply is based on aluminum consumption and the price of scrap from 
which secondary recovery is estimated. When the ratio of pr.imary production to 
primary plus'imports is known, primary production c m  be determined. 

(e) Scrap :recovered from municipal solid waste. We have assumed a reasonably 
optimistic view of ahminum recovery from solid waste streams of 100 million pounds 
in 1987. There is considerable.'uncertainty, however, about the ability of resource 
recovery plants equipped for aluminum recovery to operate on a sustained basis.and 
about the amount of aluminum scrap available from this source. We have, therefore, 
examined the effects of + 50% variation in supply .from this source in the section on 
sensitivity analysis. 

(f) Alumirtum scrap inventory. The time series of inventory (defined as the cumula- 
tive total of domestic aluminum consuinptiori, less, the cumulative scrap reclamation 
to date) for the period 1965-1976, described in Section 4.3.4, was extrapolated to 1987 
to yield an esti~ntlte of 43.1 billion pounds. 

(g) Number of vehicles scrapped in.1987. The riumber of vehicles scrapped in a given ' 

year has been around 70% of the number of cars sold in that year. On the basis of an 
estimated 15.8 million cars and Class I trucks projected to be produced in'1987, and 
using the 70% factor for scrappage; we estimate that 11 million cars will be scrapped 
and 80% of these, or 8.8 million vehicles, will be processed. If each of these vehicles 
yields about 38 pounds more' of aluminum than cars processed in 1976, 334 million 
pounds of aluminum will be added to the scrap supply. If'current trends continue, 
more scrap will be available from this 'source after 1987. We expect this trend to 
continue up to the early 1990's, after which the scrap from this'source is likely to level 
off, as cars scarpped will be post 1985 cars. - . 

(h) Scrap export. Exports of aluminum scrap are expected to increase slightly but 
decrease as a percentage of scrap.consumption. For 1987, scrap exports are estimated 
a t  200 million pounds. . . 

Case I1 - Identical to the base case except that the real price of scrap rises to 13.1 
cents per pound (1975). 

Although the ratio of the price of secondary ingot to the.price of old scrap is aboiit. 3.5 
in 1976 (base case.scrap price nf 7.,55@/lb), it has been as low as 2 historically. 

. We have assunied that this ratio represents the miriimum feasible margin under which 
secondary smelters may operate. A price of 13.1$/lb (1975) forscrap with the price of 
secondary ingot held constant in real terms simulates this minimum ratio. l'his results. 
in an increase in withdrawal rate for old scrap of 0.00461 compa;ed to the base case . 

withdrawal rate of 0.0034. 
. . 

Case 111. -Identical to the base case, except exports in in 1987 drop to zero, to 
simulate a policy of restricting scrap ixports. 

Case I V  -identical to the base case, except that'the n e i  scrap generation coefficient 
is 0.19 compared to the. base case coefficient of 0.206. ,This represents about a 1% 
improvement in fabrication yields, which Battelle' believes tq be technically feasible 
and econo~nically practi~able."~. 12'. " . . 



Recycling targets are presented in Table 4.3-10 for the 1987 scenarios. These targets 
represent ratios of: 

(a) gross weight of old scrap 

(b) gross weight of total scrap , 

(c) metallic recovery from old scrap, and 

(d) total scrap metallic recovery to domestic primary production plus domestic sec- 
ondary metallic production. 

Table 4.3-10 shows that the recycle targets for total purchased scrap consumed increases 
8.8% on a gross weight basis and 8.9% on a metallic recovery basis between 1976 and 1987 (base 
case). The target for old scrap consumed increases 18.0% on a gross weight.basis and 18.3% on a 
metallic recovery basis between 1976 and 1987.(base case). 

A comparison of the targets for the various cases indicates: 

Increasing the price of scrap by 73.5% over the base price of scrap increases old 
scrap target. by about 23.7% on a gross weight basis and on a metallic recovery 
basis by 23%. The total scrap target increases approximately 7.5%, both on a total 
scrap and metallic recovery basis. . . . 

Reducing exports to zero increases old scrap target by about 9;3% on a gross weight 
basis and 9.0% on a metallic recovery basis, The total.&crap targets increase 2.9% 
on a gross weight basis and 3.1% 0n.a metallic recovery basis. ,. 

Increasing the new scrap generation coefficient to 0.19 from 0.203 does not affect 
old scrap recovery targets. Total scrap recovery on a gross weight basis and 
recover~d metal basis decreases by about 4% from the hase case target. 

4.3.7 Sensitivity of Target to Key Factors 
Table 4.3-11 shows the target in units,sel;?cted by DOE .for .the target,, i:e.; the ratio of 

pur~hase scrap (prompt industrial and old, to total shipments or production of the primary and 
secondary industries. 

The recycling targets presented in the previous section are directly affected by: 

Maximum withdrawal .rate for old scrap, which is .one of the most important 
determinants of old scrap supply. It has been hs high as 0,53%, though it was only 
0.34% in 1976. We have examinecl thc cff&t of t.hc t ~ o - ~ e ~ r  maximum withdrawal 
rate.of 0.48%. : .  

Variation of new scrap generation coefficient. 

Scrap reclaimed from cans. 

Scrap recovered from municipal solid waste. 

Growth rate in consumption (a) 7% (b) 3%. 

Level of imports. 



TABLE. 4.3-1 0 

RECYCLING RATIOS FOR ALUMINUM INDUSTRY 
FOR FOUR SCENARIOS - 1987 . 

~ a r ~ e t  Expressed as Ra t i o  o f  
Old Scrap Old Scrap, To ta l  purchased To ta l  Scrap 

Scenario Consumption Metal 1 i c  Recovery Scrap Consumption Metal 1 i c  Rec0ve.r.y 

t o  - 
~ o m e s t i c . . ~ r i m a r ~  production' Plus.  Secondary Metal 1 i c  Product ion 

Case I . . 

Base Case 

Case 11' 
Base Case except 
P r i c e  o f .  scrap=13? l d l l  b . 

. WD = 0.00461 ' , ' ' 0.146 0.. 123 0.373 0.315 

Case I11 
Base Case except 
Exports = 0 0.129 0.109 0.357 . 0.302 

Case I V  . . 

Base case except 
New Scrap Genera t i  on 

C o e f f i c i e n t  = 0.19 0.118 . ' 0.100 0.333 0.281 
.' . 

TABLE 4.3-11 . 

RECOVERED MATERIAL TARGET FOR ALUMINUM INDUSTRY - 1987 

Recovered 'Mater ia l  * 
X 100 '= 34.7% 

Domestic Primary & Secondary Production 

*Tota l  Purchased Scrap ~onsu.mptlon (prompt i n d u s t r i a l  and obsolete) .  
. . 



The effect of these variables on the recycle targets is shown in Table 4.3-12. 

Increasing the withdrawal rate to the historic two-year high of 0.0477 increases old 
scrap consumption targets by 26.3% on a gross weight basis and 26% on a metallic 
recovery basis and total scrap consumption by 8.6% on a gross weight basis and 
8.5% on a metallic recovery basis. 

Increasing new scrap generation rate by 10% increases total scrap consumption by 
about 6% on a gross weight basis and on a metallic recovery basis'. 

. Increasing. scrap from cans by 1076, .or incriasing the aluminum scrap recovered 
from MSW by 50% increases old scrap consumption target by 2.5% on a gross 
weight basis and.2.0% on a metallic recovery basis and the total scrap'consumption 

,.by 0.6% on a gross weight basis and 0.7% on a metallic recovery basis. 

If imports increase to 20% of domestic primary metal demand (domestic primary 
. plus imports), the old'scrap target increases by 4.2% on a gross weight basis and 

. . 4.0% on a metallic recovery basis. The total scrap consumption target increases by 
4.3%. on a gross weight basis and 4.4% on a metallic recovery basis. . 

For a 7% growth rate in consumption .for the period, the old scrap .consumption 
target"decreases 18.6% on a gross weight basis and by 19% on a metallic recovery 
basis. The total scrap. target decreases by 3.7% on a gross weight basis and 3.75% 
0n.a metallic recovery basis. ,. 

For a 3% increase in consu~nption of aluminum, the old scrap target increases by 
30% on a gross weight basis and 29% on a metallic recovery basis. The total scrap 
consumption target increases by 13% on a gross weight basis and 13.3% on a 
metallic recovery basis. 

. . 
4.4 COPPER. 

4.4.1 Selection of ~ecoverable Materials 
Recoverable materials in the copper industry may come from a variety of solid wastes. In 

order to determine which of these should be included in the 1987 Recovered Materials Target, the 
criteria described in 4.1 Introduction have been used. 

Table 4;4-1 lists all solid wastes containing copper, and notes which of them meet the 
criteria fbr inclusion in the 1987 Recovered Materials Target. 

 ater rials meeting the criteria can be placed in'the following categories: 

No. 1 wire and heavy copper scrap includes clean, uncoated, and unalloyed copper 
scrap kontaining more than 99% copper. This type of scrap normally does not 
requiri refining but is remelted and cast into shapes. Because ofits high quality, 
this type of scrap is used by brass and bronze ingot makers, brass mills and 
secondary producers of unalloyed copper. ' . . 

No. 2 wire, mixed light and heavy scrap includes unalloyed copper relatively free of 
contaminants. The copper content normally is 92-9696. This type of scrap is mainly 
consumed by brass and bronze ingot makers and secondary producers of unalloyed 
copper. 

. . 



TABLE 4.3-12 

' Fac tor  

1 987 : 

Base Case 

SENSITIVITY OF TARGETS TO KEY FACTORS 

ALUMINUM INDUSTRY 
I 

Withdrawal r a t e  i s  average o f  
h i s t o r i c a l  two-year h igh  

WD = 0.00477 

01 d 01 d .Total To ta l  
Scrap Scrap Scrap Scrap 

COnsump$ion M e t a l l i c  Consumption M e t a l l i c  
Recovery Recovery . . . .  

Domestic Pr imary Product ion p lus  Secondary 
M e t a l l i c  Product ion 

New scrap genera t ion  c o e f f i c i e n t  
r i s e s  10% (.223) 
f a l l s  10% ( .  183) 

Scrap f rom cans 
r i s e s  10% 
f a l l s  10% 

scrap from MSW 
r i s e s  50% 
f a l l s  50% 

Target Expressed as Ra t i o  of 

Imports  as a r a t i o  o f  pr imary 
p roduc t ion  pl'us imports  

r a t i o  20% 0.123 0.1 011 0.362 0.306 
r a t i o  10% 0.114 0.096 0.333 0.281 

Growth r a t e  f o r  aluminum 
consumption . .  . 

' . growth r a t e  7% 0.096 0.081 0.334 0.282 . .. . . 

growth r a t e  3% 0.153 0.129 0.392 0.332 



TABLE 4.4-1 

SELECTION OF RECOVERABLE MATERIALS 
COPPER INDUSTRY 

Does the  Recoverable Ma te r ia l  
Meet C r i t e r i a  f o r  1nc.l usion? 

M a t e r i a l s  Poss ib le  
t o  Recover - Yes - No 

No. 1 Wire & heavy copper 

No. 2 Wire-, mix heavy and 1 i g h t  

Composit ioy o f  Red Brass 

Rai 1 road Car Boxes 

Ye1 1 ow Brass 

Car t r i dge  Cases & Brass- 

Auto Rad ia tors  

Bronze 

N icke l  S i l v e r  & Cupronickel 

A1 uminum Bronze 

Low Brass 

Re f ine ry  Brass 

Low-Grade Scrap & Residues 

Aluminum Base Scrap 

NicI(c1 Base Scrnp 

Ti11 Base Scrap 

Zinc Base Scrap 

,Home Scrap 

Smelter Waste Slag o r  Slag T a i l i n g s  

Sludge 

Ski.mming 

Fume 

Sol u.t i on 

Mine Waste 

* C r i t e r i a  . f o r  i n c l u s i o n  ou t1  ined i n  Sect ion 4.1. 



Brass and bronze scrap includes various types of alloyed copper such as composi- 
tion or red brass containing 82.5% copper; yellow brass containing 65%; low brass 

. scrap with 80%; and bronze with 57.5% copper. These types of scrap are mainly 
consumed by brass and bronze ingot makers and brass mills. 

Other alloyed copper scrap such as railroad car boxes with 73% copper, consumed 
mainly by foundries; cartridge cases, 70%, consumed almost entirely by brass 
mills; auto radiators, 70%, consumed by brass and bronze ingot makers; nickel- 
silver and aluminum-bronze, consumed mainly by brass mills; refinery brass with 
65% copper, consumed by primary refiners. 

Low-grade scrap and residues: this form of copper scrap, which is difficult to 
define, is estimated to contain an average of 34% copper and is consumed entirely 
by primary and secondary smelters making unalloyed copper. Although the copper 
content in this scrap category is low the copper is relatively free of unwanted 
contaminants, such as bismuth. A major part of low-grade scrap consists of 
armatures from electrical motors and consequently contains major amounts of iron 
besides the copper. 

Home scrap: the industry generates home scrap.in various forms and, if i t  is not 
contaminated during processing and handling, it is generally recycled to 100% 
within the industry segments. Included in homescrap are the dusts generated in 
various air poHution control devices. 

0.  Mine waste: this recoverable material is derived from leaching of mine waste 
dumps, that is, dumps containing mined material not classified as ore because the 
low grade of copper precludes economic processing in the beneficiation plant. 
Copper is recovered in the form of cement copper and is consumed entirely by 
primary smelters. The mine waste category does not include copper recovered from 
the leaching of'copper concentrate. 

Excluded as not meeting the criteria are the following materials: 

Sludge: The amount of copper contained in majority is not sufficient to make 
recovery economically viable by 1987 and is therefore excluded from the analysis. 

Skimming:, Small amounts of skimmings are presently recycled. The amount is 
insignificant today; however, and no increase is foreseen before 1987. 

Slag: Waste smelter slags are usually low in copper (less than 1 percent). Recovery 
of copper from waste slag is unlikely in the foreseeable future and is excluded from 
the analysis. 

Fume: The amount of copper contained in fumes is insignificant and is excluded 
from the analysis. 

Solution: The amount of copper contained in solutions is insignificant and is 
excluded from the analysis. . 

Aluminum-, Nickel-, Tin-, and Zinc-based sarnp: These materials are rccy.cled and 
the contailled copper recovered. However, the recycling is not normally done 
within the copper industry. Therefore these materials are excluded from the 1987 
Recoverable Materials Target for copper. 

4-8 9 



4.4.2 Selection of Process Subdivision for Inclusion in the Target 
Table 4.4-2 shows the consumption pattern of recoverable materials in the copper industry 

for the following four industry subdivisions: 

Primary Producers, including primary smelters and refiners producing refined 

copper, 

Secondary Smelters, producing refined copper, and brass and bronze ingot makers. 

Brass Mills 

Foundries, chemical plants and other manufacturers. 

Table 4.4-3 shnw~l that braaa mills were the largest consumer ul puicliased copper scrap (LC., 
all recoverable materials excluding home scrap and mine waste) consuming 662,454 short tons, 
which represents 44% of the total scrap consumption of 1,513,972 short tons in 1976. Of this scrap, 
95% was new and 5% was old scrap. 

Primary producers used 425,790 short tons or 28% of total scrap consumed in 1976. Of this, 
44% was new and 56% old scrap. Secondary smelters consumed 356,786 short tons or 24% of total 
scrap consumption, of which 29% was new and 71% was old. 

The remainder, 68,912 short tons or 5% of the purchased scrap consumed in 1976 went to 
foundries, chemical plants, and other manufacturers; 29% of this was new scrap and 71% old. A 
summary of the flow of purchased copper scrap in 1976, divided between new and old scrap is 
shown in Figure 4.4-1. 

The historical (1970-1976) consumption of the recoverable materials meeting the criteria for 
inclusion in the 1987 copper recycling are shown in Table 4.4-4. This table aloo shows the average 
dealers' buying prices for various types of purchased copper scrap in this period. 

Table 4.4-5 shows the historical consumption of recoverable materials from 1970 to 1976 
with consumption split among the four industry subdivisions. 

4.4.3 .Technical Considerations 

4.4.3.1 Process Constraints 

4.4.3.1.1 Secondary Smelters 

Secondary smelters can be subdivided into two categories -those which can smelt and 
refine and those which are essentially remelters and refiners and have no smelting capability. 
Secondary smelters. having smelting and refining capability can process s wide variety of scrap, 
low or high grade, old or new, to produce "black copper" which contains over 80% copper. The 
black copper is then fire or electr~lyliccilly-refined to producc ~econdary refined cnppar, or it is 
used to produce alloy ingot. These types of secondary smelters are 100% scrap based and have 
practically no process constraints in processing copper scrap. 

A class of secondary smelters, mostly ingol makers, can process only those types of scrap 
which require no smelting or converting operations. They can only melt and fire refine high grade 



TABLE 4.4-2 

RECOVERABLE MATERIAL - SOURCE - INDUSTRY MATRIX - 
COPPER INDUSTRY . . . . .  
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1ndustr.y Subd iv is ion  

Secondary S ~ e l  t e r s  x x x x x ~ x x x x x x  x 

Pr imary Producers x x x x x ,  x 

Brass M i l  1 s 

Foundries 
Chemical P lan ts  
Other Manuf. 

X X X X X X X X X X X  X X 

Source: A r thu r  D. L i t t l e ,  Inc. 



TABLE 4.4-2 
1 

CONSU'IPTION OF RECO'rIRA3LE PIATERIALS 1976 - COPPER INDUSTRY 
i G n s s  Ideight i n  Tons) 

Low 
I n d u s t r y  No. 1 No. 2 Compo- R a i l r c a d  Ye1 low Car t r i dge  Auto N icke l  Alum. Low Ref in .  Grade Home Mine 
Subd iv i s ion  - - -  Wire W i  r ?  s i t i o n  ' CarBox  ' B h s s  Cases R a d i a t o r s  , -Bronze " S i l v e r  Bronze Brass Brass Scrap Scrap Waste 

Secondary Smelters 27,028 59,930 58.605 1,852 36:217 195 57,823 19,920 3,085 567 2,882 - 78,712 0 

Pr imary Producers 117,669 128,MO 

Brass M i l l s  159,250 71,778 263,074 78,028 

Foundries, Chemical 29,187 9,228 4,518 4,325 8,048 
P lan ts  and Other  
Manufacturers 

'u.s. Bureau o f  Mines Minera ls  Yearbook 19?6, Copper - Table 23 

2 ~ e t  !deight o f  Copper, U.S. Bureau ,of  Mines, i4inerals Yearbook 
1976, Copper - Table 7. 



Copper 
Fabricated 
Products 942,000 

Figures are expressed in short tons. 

Copper in 
End Use 
Products 

Includes ~ the r  than copper-jase scrap. 

Source: U.S.B.M. Minerals Yearbook 1976, Copper Tables, 20.23. 18. 

Primary Producers 
Stock 

-- . . 
Net Exports 145,000 

Net Addition 
50,000 

I 24,000 
i 

I 

Total Scrap 
Total Copper Brass Mills 

Consumption Recovery 
30,000 

1,145,000 

Alloying Elements 
Foundry and Others 

and Impurities. 

- Old Scrap 
Consumption 

572,000 

.. -. 
Copper Recovery - Secondary Smelters 
From Old Scrap 188,000 

419,000 

FIGURE 4.4-1 FLOW OF PURCHASED COPPER SCRAP IN 1976 

I 

- Secondary Smelters 
57,000 '- 

Copper Recovery 
From New Scrap 

726,000 

- Brass Mills 
487,000 

- 
Primary Producey 

144,000 

- Foundry and Others 

38,0001/ 



TABLE 4.4-4 

PRICE/CJAKT'ITY DATA FOR RECOVERABLE MATERIALS (1970-1976) 
'COPPER INDUSTRY 

Recoverable 
M a t e r i a l  

No. 1 Wire 

No. 2 Wire 

Composition 

R a i l  road Car 

Yel low Brass 

C a r t r i d g e  Case 

Auto Radia tors  
f 
U) 
P Bronze 

N icke l  S i l v e r  

A1 uminum Bronze 

~ o n s u m p t i o n l  
- Gross Ideight (shor-, t o n s ) .  P r i c e -  ( $ / t o n ) 4  

1970 - 971 1972 197.3 1914 1975 . 14TFT' 1911 1972 - - - - - - -  1970 - - - -  1974 1973 - 

Low Grass 49398 54291 42481 294-9 31 362 31 31 7 50296 (625) (600) (590) (810) (860) 

Re f i ne ry  Brass 6540 6195 61 27 5112 

Lowgrade. Scrap 381862 330495 31 5437 333538 

Home Scrap N A N A N A N P. 

Mine Waste6 171 968 15451 5, 170993 159Q3 

'USEM Minera ls  Yearbo~k  1970-1975, Copper - Table 23 (24). 

* ~ e t a l  S t a t i s t i c s  1977, p .  101,, Dealers Buying P r i ce .  

3Metal S t a t i s t i c s  1977, p. 117, Dealers  Buying P r i ce .  

4Rmerican Metal  Market 1970,1974. 

5( ) Arthur.,D.' L i t t l e  Est imate. 

% e t  weight  ( s h o r t  tons)  copper content .  
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scraps because of process equipment limitations. Most low grade scraps require some form d 
melting and converting, or converting and complex fire refining; whereas high grade scrap can be 
just smelted and fire refined in a conventional manner. 

In general, secondary smelters are 100% scrap based and can process a wide range of copper 
scrap. The process limitations depend on the type of equipment installed in the smelter. 

4.4.3.1.2 Primary Producers 

Primary refiners can produce anodes by melting high-grade scrap. The anodes are in turn 
used to produce electrolytically-refined copper. Although there are no process restraints on 
refining of high-grade scrap, there are definite limits to scrap utilization in the smelting process. 
Primary smelters, like secondary, purchase large amounts of low-grade scrap and residues for 
upgrading to blister. The scrap is normally added in the converter step. Smelting furnaces can, in 
principle, melt scrap, but they are deaigned for handling finely-pokdered concentrates and not 
heavy, bulky scrap. It is not likely that the b a c e s  will be altered for the feeding of substantial 
quantities of heavy scrap in the near term. 

Since there are no external heat inputs, the scrap handling abilily of a converter is 
determined by its ability to absorb heat losses incurred from addition of scrap into the molten 
matte this in turn is determined by the matte grade. Assuming the average matte grade in the 
U.S. industry to be 35%, the maximum consumption of recoverable materials in the converter 
step would be approximately 35% of blister output. 

4.4.3.1.3 Brass Mills 

Brass mills melt copper, copper scrap, a small amount of recycled alloy ingot, and alloying 
material into billets, slabs, or cakes. From these they then fabricate tubes, sheets, rods, and 
mechanical wire. Because brass mills usually have only melting facilities, they purchase clean 
and well-sorted scrap and do not recycle any low-grade scrap or residues; the amaunt of old scrap 
ctrrr~umed is very small. Hrass produced from scrap is, however, interchangeable with brass 
produced from refined metal if alloying constituents are comparable. 

4.4.3.1.4 Foundries, Chemical Plants and 0 ther Manufacturers 

Foundries, like brass mills, are basically remelters and as such have very limited ability to 
consume low-grade scrap and residues. Scrap conai~rnptim in foundries is based on high gradc 
unalloyed copper scrap used as a substitute for refined copper. For such high-grade scrap there 
are no process restraints. Consumption of lower grade scrap is limited to scrap with a desired and 
well-known composition. 

Consumption of copper scrap by powder manufacturers, chemicxl plants, and other manu- 
facturers, such as the steel and aluminum industries, is.limited and will have no impact on the 
target setting for recoverable materials. 

4.4.3.2 Product Quality Constraints 
As secondary refined copper is a perfect substitute for primary refined copper and as brass 

and foundry products produced from scrap are interchangeable with brass produced from refined 
metal if alloying constituents are comparable, there are no product quality constraints that will 
have any impact on the 1987 recycling target. In specific plants, however, the requirement for 
impurity dilution will constrain the type and amount of recovered material that can be used. 



4.4.3.3 Recoverable Materials Quality Constraints 
Purchased 'Scrap: Almost any type of copper-containing material can be reclaimed 
and used in the production of secondary copper, regardless of age, condition, or degree 
of contamination. Quality constraints must, however, be recognized when discussing 
the various consumers. 

High-grade copper scrap can theoretically be used in all segments of the industry, 
although most of it is consumed by brass mills, ingot makers, and foundries, all 
remelters with process constraints on using low-grade scrap. 

Low-grade scrap and residues can only be used by primary, and to a much lesser 
degree, secondary smelters because upgrading is required. Brass and bronze scrap 
cannot be used to produce refined copper. This type of scrap is corlsequently limited to 
brass mills, ingot makers, and foundries. 

Home Scrap: There are no quality constraints to the recovery of copper in home scrap 
as long as the quality of the home scrap is well-defined. Included under the term home 
scrap are such recoverable materials generated within the consuming plant such as 
cuttings, grindings, trimmings, flue dust, spills, and sweeps.. 

Mine Wastes: Copper in mine wastes is recovered by leaching of mine waste dumps 
and precipitation on iron to form cement copper. Because of the iron and other 
impurities in the cement copper, and because the primary producers all of the cement 
copper, consumption is constrained to primary smelters. 

4.4.4 Economic Considerations in Recycling 
As with other metals, copper can be recovered from old and new scrap sources. New scrap is 

generated auto~r~atically from fabricating activities in copper processing and fabricating in- 
dustries. Thus, the supply fluctuates with the level of copper-based production and is relatively 
independent of price considerations. Old scrap, on the other hand, .represents recovery of the 
copper embodied in discarded materials, and some degree of price responsiveness in its avail- 
ability is to be expected. 

As Table 4.4-6 indicates, old scrap has played a significent, but not dominant role as a 
balancing agent in U.S. refined copper production. Since the production of copper ore is relatively 
inflexible in the short run, and new scrap production is largely determined by activity levels in 
the copper fabricating industry, old scrap plays an important role in meeting fluctuating levels of 
excess demand in the system. Because scrap copper can be recovered with varying degrees of 
difficully from different materials, it is natural to expect some degree of price responsiveness from 
old scrap suppliers. 

The major sources of secondary scrap copper are No. 1 and No. 2 wire, yellow brass, and low- 
grade scrap, with cartridge cases and composition/red brass playing a significant but secondary 
role. Since the high-exploitation sources (No. 1 and No. 2 wire) are usable a t  low cost, most 
expansion in periods of heightened demand will come from the marginal sources a t  intermediate 
and low levels .of exploitabilitv (yellow brass/ cartridge cases and low-grade scrap/cumpusilion, 
respectively). The r.esulling relationship between scrap price and supply levels is likely to be 



TABLE 4.4-6 

COPPER PRODUCTION BY REFINERIES 
(BY INPUT SOURCE), 1974-1976 

To ta l  Product ion ( ' 000  shor t  
tons) ,  2,068 1,714 1,826 

Primary Refined (%) 80.0 84.2 84.2 

Secondary Ref ined (%) 

New Scrap (%) 
Old Scrap (%) 

Source: U.S. Bureau o f  Mines, Mineral I ndus t ry  Surveys, 
"Copper i n  1976", A p r i l  15, 1977, p. 4. 

discontinuous. Nevertheless, it is useful for long-range policy planning to have some estimale of 
the average price elasticity of the secondary scrap supply. The best available numbers are 
provided by three econometric models of the copper industry that use recent time series data. 

'['he three models are Forecasts and Analysis of the Copper Market, prepared for the 
General Services Administration by Charles River Associates, Inc., in May 1973 (hencefort11 
keferred to ng CRA); An Economic Analysis of the Secondary Copper Industry in the United 
States, a Ph. D. dissertation submitted to the College of Earth and Mineral Sciences, Pennsylva- 
nia State University, in August 1976 by Elizabeth S. Bonczar (henceforth PS); and An Econo- 
metric Model of the World Copper Industry by F.M. Fisher, O.H. Cootner, and M.N. Bailey 
(originally published in The Bell Journal of Economics and Management (1971) ) (hencelurlh 
FCB). The evidence prov~ded by each of these l~ludels is regardcd ao relevant, be cons^ all use 
acc~ptahle corrsctians for the simultaneity problem and all make use of the Fair technique.* 

The general apprnach to estimation in the three models is similar, but differences in 
estimates nf short- and long-run price elasticities of copper scrap supply in the United States 
result from differences in the design of the estimating equations, the periods over wh~cll the 
estimates are taken, and the unit of time used for the econometric exercises. Although no final 
judgment on Lhe relative quality of the three models can be made, it  appears that the model of the 
market incorporated in the CRA and FCB approaches is superior to that in Lhe PS effort. 

The short-run estimates for the scrap supply elasticities do not differ widely for the three 
models: CRA (0.491, FCB (0.42), PS (0.24). Using the reported standard errors for the CRA and 
FCB results, it is also possible to estimate the interval of values within which it is 95% probable 
that the true short-run elasticity (SRE) lies by the sta~ldard statistical criteria: CRA (0.30 5SRE 

See Section 2.1.6 on econometric estimation procedures for a discussion of these points. 



0.68), FCB (0.20 SSRE 50.65). If both results areconsidered as equal in value, any estimate of 
the SRE between 0.20 and 0.68 cannot be rejected as implausible. 

. . 

The long-range estimates are quite different. The best estimates of long-run elasticities 
.(LRE9s) are quite different: CRA (0.66), FCB (0.31), PS (0.24). The.CRA specification seems 
somewhat superior to the others, but the difference does not seem sufficient to gelierate such 
divergent long-run estimates. In any case, the.existing estimates serve to define the range within 
which an appropriate estimate of the LRE's may be supposed to'lie. 

. . 
4.4.5 Special considerations . . 

One of the special considerations in recycling of copper is the proposed governmental 
pollution control regulat'ions and theii.impact,o* the industry structure and the ability'of the 
industry to process scrap and low quality materials in compliance.with these regulations. 

4.4.6 Target Estimation 
Shown in Table 4.4-7 is the historical consumption of the various forms of .recoverable 

material being considered for the 1987 target. The quantities are given in short tons of contained 
copper and are derived from Table 4.4-4 by applying the average figures for contained metal in 
the various.forms of recoverable materials discussed in'section 4.4.1.1. Table 4.4-7 also gives the 
historical recycling ratio, which is defined as the ratio of .redovered copper to (recovered copper 
plus primary production) expressed as a percentage for the period 1970-1976. The recycling ratio 
over this period has a mean value of 47.0%, a maximum value of 49.4%, and a minimum value of 
44.8%. ~ o n s ~ ~ u e ' n t l y ,  the recycling ratio has been relatively stable between 1970 and 1976. 

. . 

The econometric results discussed in Section 4.4.4 are useful for projecting copper recovery 
given projections of scrap price and the size of the recoverable copper reservoir can be provided. 

, ' Calculation of the recycling ratio (recovered copper/(recovered copper plus primary product'ion)) 
also requires a projection of primary refined copper production. This,report employs the projected . 

increase rates for scrap price and primary production which are found in the Arthur D. Little, 
Inc., report "Economic Impact of Environmental Regulations on the United States Copper 
Industry," submitted to the U.S. Environmental Protection Agency in January 1978. The Arthur 
D. Little projections also illcorporate the' anticipated impact of pollution abatement legislation 
during the coming decade. The increase in the recoverable copper reservoir has been calculated 
using an observable average lag of approximately 20 years between the use of copper in capital 
equipment and its release through scrapping. The. estimated rate of increase from 1974 to 1987 
has been extrapolated from data on copper consumption during the period. 1954-1967.''' 'l'he 
estimated short-run scrap price elasticities for the C M C B  models are similar, while the long- 
run elasticities diverge considerably: 0.45 is adopted here.as a reasonable intermediate figure.' 
The CRA estimate of the elasticity of recovery from the available reservoir (0.55) is also em- 

' ployed. With these price, production, and reservoir gowth ri te projections (summarized in Table 
4.4-a), and the C M C B  estimates of responge elasticities for scrtip price and reservoir recovery, ' 

the copper recovery level is projected to' increase 26.3% through 1987. Table 44-9 shows the 
target in units selected by DOE 'for the target, i.e., recovered material as a percentage of total 
shipments or production of the primary and secondary industries; As Table 4.4-10 reveals, the 
target does differ significantly from the typical ratio that has prevailed during the 1970's. 

. . 

. . 



TABLE 4.4-7 

HISTORICAL RECYCLING DATA - 1970-1976 
.COPPER'INDUSTRY 

(Shor t  Tons Contained Copper) 

Recovered 
M a t e r i a l  

No. 1 Wire 

No. 2 Wire 

Composition 63,517 59,066 72,194 

Ra i l road  Car Boxes 21,493 7,661 6,566 

Yel low Brass 203,735 139,718 262,875 

C a r ~ r i d g ~  Cases . 81,761 130,762 ?8,e79 

Auto Radiators  33,699 15,490 51,473 

Bromze 13,850 " 18,001 -18,487 
. - 

N i c k e l - S i l v e r  . . .. 14,917 . . . 18,305 . - 21,191. 

Low Brass '39?518. 43,433 .' '33,985 

Ref' nery Brass - 1,251 4,027 3,983 . . 

Low-Grade Scrap 1241833 . 112,368 
.- . 

107., 249 

Mine Waste ' 17-,968 154,515 170,993 
. . 

T0TC.L 
COPFER RECOVERED 1,33:,544 1,353,,445 . 1,472,444 

. . 

TOTAL PRIMARY* 
PRODUCTION' . . 1,59: ,126 1,457,26? 1,702',240 

. . 
RECC4ERED COPPER -456 .435 .464 

RECCcVERED COPPER 
AND PRIMARY PROWCTION . 

*Excltid-ing mine vas te  - d z f i n e d  as secondary. . 

Sour,ce: U . S .  Bureau o f  Mines Minera ls  Y e a r b o ~ k  1970-1 976, Copper. 

A r t h u r  3. L i t t l e .  Inc. est imates. 



TABLE ' 4.4-8 

COPPER.  INDUSTRY ESTIMATED INCREASE (1 974-1 987) - 
. . . . .  

, . . . 

. . primary ' ~ e f i n ~ d  O u t p u t  
. . 

'.21.5%* 

Scrap. Price . . . . 17. o%** 
. . 

.~ecdverable  Reservoir 34.0%*** 

* ~ccnomi c Impact of f nvi ronmenta1,~egul a t i  ons on the Llni ted States 
Copper Industry, Report to  the U.S. EPA by A r t h u r  D. L i t t l e ,  Inc., 
January, 1978, Table  XII-7, p. : XI 1-9. 

** Op. C i t . ,  Table XII-9, p.XII-25. 

** Metal S t a t i s t i c s ,  (1,955, 1062,' 1971, 1376) 
. . 

RECOVERED MATERIAL TARGET FOR COPPER INDUSTRY 
. . (1 987) 

Recovered Material.* ,: 
X 100 = 50.4% 

Domestic Primary. & Secondary Production 

*Prompt industrial  and obsolete scrap, plus precipitate copper 
from mine waste, 



. . . . . . . . 
. . 

. TABLE 4.4-10 

,COPPER RECY.CLING RATIOS, 1970-1976*. 
, . 

Year. R a t i o  
. . 

45.6% 

~ e a n '  Rat io :  .47.0% 

. . 

* Rat ios  de r i ved  f rom f a b l e  4.4-7. 



4.4.7 Sensitivity of Target to Key Factors 
Key factors that could have a positive effect on the 1987 target are: 

Rising energy costs will probably be the most important commercial incentive for 
recycling of more copper in the near future. Industry sources estimate that  energy 
consumed per pound of refined metal recovered from low-grade obsolete scrap is 
approximately one-third that needed to produce refined copper from virgin 
material. 

The high level uf industrial activity during the 1960's will result in a surge of copper 
scrap entering the market in the 1980's. Regulatory and public pressure could 
influence increased recycling. 

Further regulations governing the mining industry which would .drastically in- 
crease the cost df primary production. 

Changes in freight rates might favor scrap transportation. 

Key factors that could have a negative effect on the 1987 target are: 

e Legislative action that would reduce the amount of recycling, such as sale of 
emergency copper stockpiles. 

. A decrease in the amount of less desirable scrap recycled. All industrial, or new 
scrap is already recycled to almost 100% which means that any change in the 
recycling ratio would have to he from obsolete or old scrap. A Battelle study'21 
shows that the approximate composition of old scrap that is not recycled is: 

1.6% - End uses in which copper is widely dispersed, as in consumer 
durables. 

15% - Magnet wire used primarily in small electric motors. 

iO% - A copper used as sacrificial additives that  disappear during 
processing. 

8% - Unrecovered cartridge brass, often spread out over large areas. 

51% - "Other brass" including thousands of relatively minor end uses. 

Because the collection, sorting, and preparation of the above categories of copper scrap are 
extremely labor-intensive and costs for transportation are high, recycling of these categories is 
very dependent on scrap prices, particularly on a short-term basis. The only situation that could 
have an important positive influence on the recycling of this scrap would probably be a significant 
increase of scrap prices over the long term, and no such long-term stability is evident in the scrap 
price historical data. Labor and transportation costs are likely to increase further, and reduction 
in recycling of the above described scrap categories could be the result by 1987. 



4.5 ZINC 

4.5.1 Selection of Recoverable Materials 
-Recovered material for the zinc industry means zinc recovered from any waste. This 

includes both materials generated in the manufacture of zinc products (new scrap) and post 
consumer materials (old scrap) that  have been collected or recovered from discarded products. 
The criteria that  have been used to determine if a particular source of material should be 
considered in the context of this study include: 

The quality, dispersion, and quantity of existing sources; 

Any changes in existing sources for the period to 1987; 

Any potential new sources; 

Any wastes listed in the National Energy Conservation Act, such as mine wastes; 

Any source that  may provide recovered material to replace any virgin materials in 
any zinc industry subdivision. 

Materials specifically excluded are: 

Any wastes not among those listed in the National Energy Conservation Act; 

Any wastes that  are not expected to be used as a recovered mrlt,erirll hy 1987 for 
whatever reason - technical, economic, or institutional. 

The sources screened for inclusion as recoverable material are listed in Table 4.5-1. Each 
type of scrap is checked against the criteria for inclusion to see if it should be included as a 
recoverable material in the target. Many of the new zinc scraps, both purchased and home scrap, 
are included in the target setting; these are most often recycled a t  present. For example, thc zinc 
supplier to a galvanizer generally contracts to buy back all zinc-containing residues. Tbe galvani- 
zer residues repurchased under these agreements includes drosses, skimming, ashes, and sal 
skimmings. Zinc die casters generally do not enter into such contracts, but their scrap is generally 
recycled as home scrap or sold to dealers for recycle. Some chemical residues and flue dusts are 
also recycled as sources of recoverable materials. The main new stream source is electroplating 
liquors, which will not be reprocessed for their zinc content by any zinc industry subsector before 
1987. Other industry sectors might reprocess these electroplating solutions for their more valuable 
metal content. 

The zinc contained in brass scrap is not included in the zinc target, primarily because it 
would result in double counting. Brass has its own targets (see discussion of the copper industry, 
Section 4.4) and zinc is included there. The concern about double counting zinc should not allow 
any recycle zinc to go unreported since the zinc in brass always remains in recovered brass alloys. 

The old purchased scrap category shown in 'l'able 4.5-1 includes several materials that will 
be included in the target and several that are not. The old die cast scrap, mainly recovered from 
automobiles and home appliances is included and is an area for increased recovery. The general 
zinc scrap includes old engravers plates and old zinc metal. The zinc-containing fractions from 
municipal incinerators are a category which might make a small contribution before 1987. The 



TABLE 4.5-1 

SELECTION OF RECOVERABLE MATERIALS 

ZINC INDUSTRY 

Does t h e  Recgverable M a t e r i a l  Meet 
t he  C r i t e r i a  f o r  I n c l  us ion? 

Recovered Ma te r i  a1 Yes - No -. 

New Scrap 

purchased New Scrap 

Galvanizers ' Residues X 

Prompt Die-Cast Scrap X 

Chemical Residue and Flue Dust . X 

E l e c t r o p l a t i n g  L iquors  

Home Scrap X 

Old Purchased Scrap 

e Old Die-Cast Scrap X 

'a  General Z inc  Scrap X 

~ u n i c i p a l  I n c i n e r a t o r  Wastes X 

M i s c e l l  aneous Wastes Conta in ing Z inc 

e Rubber Products and T i r e s  

P a i n t  Pigments 

e B u i l d i n g  Demol i t inn  Wastes 

0 Munic ipa l  Land f i  11 s . 

e Old Mine Wastes 

'* 
C r i t e r i a  i s  o u t l i n e d  i n  Sect ion 4.1. 



other miscellaneous wastes that contain zinc are not included in the target because they are either 
dissipative uses of zinc or they are not expected to be recovered before 1987. For example, the zinc 
oxide will not be recovered from rubber products until a process is developed to recover the energy 
or chemicals from the rubber. Paint pigments are a dissipative use of zinc, and building 
demolition wastes will not be sorted for metals because of labor costs. The zinc content of old 
inunicipal landfills or old mine wastes is not high enough to warrant its processing before 1987. 

4.5.2 Selection of Process Subdivision for Inclusion in the Target 
The historical consumption pattern for waste materials in each of the major industry 

processes is given in Table 4.5-2. The different recoverable materials have historically gone to 
different types of processing depending upon the process and recoverable matcrial constraints. 
011e of the striking features of this table is that electrolytic reduction plants do not generally 
process any scrap except their home scrap. The major factor restricting Ihe use of recovered 
materials in these plants is the necessity of avoiding contaminating metal ions in the electrolytic 
bath solutions. Another feature of Table 4.5-2 is that secondary distillers process all types of 
scrap, both metallic and oxidized. 

4.5.3 Technical Considerations 
The technological factors controlling recycling can be discussed in terms of process con- 

straints, product quality constraints, and recovered material q1.1ality constraints. The recoverable 
materials that pass a11 these constraints are the basis of the technological targets. 

4.5.3.1 Process Constraints 
' Looking at  the process contraints by class of recoverable material, the following statemento 

can he made: 

The only processes that generally recover zinc products from oxidized zinc mate- 
rials arc! tohe vertical distillatioil returl.~ and the chemical and pigment plants. The 
types ~f ficrsp thnt are geacrully highly uxidized include the galvanizers' scrap, the 
chemical residues, and the flue dusts. 

The foundries recover zinc from scrap that has a high metallic zinc content and 
controlled metallic impurities. They usually process their own home scrap and 
other new zinc die-cast scrap. 

The secondary distillers process all zinc scrap, but can recover only the metallic 
zinc content. of the scrap. They must sell the residues to other plants for recovery of 
the zinc values from the oxidincd zinc coutent. 

Table 4.5-3' shows the amounts of scrap utilized by each zinc producing process. The 
secondary distillers, vertical distillers, and chemical plants are the largest processors of scrap in 
that order. 

If all smelter capacity capable of processing scrap processed scrap rather than virgin ore, an 
additional 350,000 short tons of zinc scrap could be processed per year. Most of this additional 
capacity is' in the primary vertical retorts, which could accept more scrap in their charge. The 
.large excess smelting capacity indicates that processing is not a major restriction to increased 
zinc recycling. 



. . .  

Process 

E l e c t r o l y t i c  

Reduct ion 

TABLE 4.5-2 
. . . . 

RECOVERABLE MATERIAL -'SOURCE - INDUSTRY MATRIX - 
, ZINC INDUSTRY 

~ ~ ~ e s  o f  8ecoverabl.e Ma te r i  a1 s 

V e r t i c a l  D i s t i l l a t i o n  

Re to r t s  

Secondary Di  s t i  1 l .e rs  

- Foundries 

. Chemical and Pigment 
, . 

P l an t s  

~ a l  va'nizers ' New D ie  Chemical Home Old D ie  General 
Residues Cast 'Scrap 'Residues Scrap Cast Scrap Z inc  Scrap 

Source: 1970-1 976 Miner'al Yearbooks, Volume I ,  Metals  , 
Minera ls  and Fuels, U.S. Department o f  t h e  
11.1 tervi  or ,  Bureau o f  Mi ncs.. 

, -Tables 13,. 14, 15 f o r  Z inc.  



TABLE 4.5-3 

Process 

E l e c t r o l y t i c  

Reduct i  on 

CONSUMPTIOt-4 OF RECOVERABLE KATERIALS - 1976 

ZINC INDUSTRY 

Types o= Recovered F la te r i a l s  i n  Tons o f  Z inc Contained 

Galvanizers ' New Die Chemical Home Old Die Cast General 
Resi dues Cast Scrap Resi dues Scrap Scrap Scrap To ta l  

f 
V e r t i c a l  D i s t i l l a t i o n  

03 

Reports 31,500 

Secondary D i s t i  1 l e r s  ' 55,800 7,900 .1,500 N A 53,300 10,800 12.9,300 

Foundries N A 2,200 2,200 

Chemical and Pigment 

P lan ts  8,300 22,700 N A 0 31,000 
, + - 

NA: Data n o t  a . ~ a i l a b l e .  

Source: Estimates based on unpubl ished Tables 13, 14, 15 f o r  Z inc t o  be i n  t he  1976 Minera l  
Yearbook, Volutre I, Metals, M inera ls  and Fuels, U.S. Department o f  t h e  i n t e r i o r ,  
Bureau o f  Mines. 



4.5.3.2 Product Quality Constraints 
Very little recycle zinc is used by the die-cast industry except for home scrap because of the 

tight ,standards required for the main raw material, specification 49 zinc. This zinc can contain 
less than'0.001% of lead, tin, or cadmium, a degree of purity that is difficult to obtain from recycle 
zinc. The other applications, such'as galvanizing and zinc oxide products, do not have the same 
stringent requirements. For example, prime western grade zinc with 98.5% zinc, the standard 
grade of zinc needed for galvanizing, can be produced from recovered materials. The presence of 
zinc oxides in the recoverable material is also not a major problem, since the vertical distillation 
retorts can reduce the oxides to metallic zinc. 

4.5.3.3 Recoverable Materials Quality Constraints 
The recoverable materials quality constraints are not very severe as long as there is some 

type of reducing distillation system available. All types of recoverable materials projected to be 
significant before 1987 could be processed. 

4.5.4 Economic Considerations in Recycling 
Economic considerations were not directly evaluated in this industry analysis. However, 

they are incorporated in assumptions used in the analysis and in the projection of historic trends. 

The recovery of new materials, including galvanizers' residues and prompt die-cast scrap, 
has very favorable economics and is'widely practiced; ~ 1 1  galvanizers' residues are generally 
repurchased under contract by the zinc smelter or distiller supplying the zinc metal. Die-cast 
scrap also has a high value and is either reprocessed as home scrap or sold to dealers for 
subsequent use. With a stable consumption of zinc, the recovery of these new scraps should 
remain approximately a t  present levels. The recovery of chemical residue and flue dust is also 
fairly steady over the long term, although it is very sensitive to short-term swings in the zinc 
prices. 

The great majority of old zinc scrap comes from the shredding of old automobiles and 
appliances. The resulting shredded materials are sorted into a ferrous fraction, a nonferrous 
fraction, and fluff by magnetic and air classifiers. The copper and brass are hand picked from the 
nonferrous fraction, leaving a mixture of aluminum, zinc, and solder. 'T'he zinc that is sweated 
from the remaining mixture and sold as ingot makes up the bulk of the old general zinc scrap. If 
the aluminum is separated from the zinc and solder by heavy media separation, the zinc and 
solder go into the old die-cast scrap category. 

Automobiles scrapped in 1978 contain about 250,000 short tons of zinc die castings. Because 
new cars contain less zinc, those scrapped in 1987 will have only 125,000 short tons of zinc. More 
efficient recovery, however, could still meet a 1987 target of 70,000 short tons per year. This target 
is a growth rate of 3% annual increase of zinc Dom die-cast scrap. However, the level of 70,000 
short tons per year of requi~ed old die castings predicted for 1987 should start dropping by 1990 as 
automobiles built in the very late 1970's reach the shredders in significant numbers. 

The other uses of zinc, such as galvanizing, rubber products, and paints are largely dis- 
sipative uses where the zinc is not generally recovered. The only exception is some zinc from 
galvanized steel recovered from electric arc furnace dusts. 



4.5.5 Special Considerations 
Zinc is a metal with very mature types of demand patterns. I t  is unlikely that any large new 

uses or new regulatory pressures will shake the zinc industry before 1987. All zinc markets face 
competition from other metals such as aluminum and from plastics, which should severely limit 
any significant growth for zinc. However, zinc has sufficient advantage in price and properties to 
ensure its continued use in most existing applications. The consumer's perception of a metal 
product as being more durable than plastic and the acceptance of new thin-wall die-cast 
technology should help stabilize the important die-cast market. 

The output of zinc products should not change dramatically from present levels before 1987. 
By 1976 all of the older, marginal, and more polluting horizontal retort plants had been shut 
down. &me form of both electrolytic and pyrometallurgical reduction should survive'to 1987. 

4.5.6 Target Estimation 
As discussed in Section 4.5.5, increased recovery of zinc will center on old die castings. The 

recovery rate for old die casting should increase from a 1973-1976 average of 49,600 short tons per 
year to 70,000 short tons per year by 1987. This increase in recovery coupled with a decrease in 
zinc content of automobiles would raise the proportion of old automobile die castings recovered 
from 20% in 1976 to 64% in 1987. The other categories of recoverable materials should remain 
fairly constant if zinc consumption remains fairly level until 1987. The recovery target would then 
increase from 33% of production in 1976 to 36% of production in 1987. 

4.5.7 Sensitivity of Target to Key Factors 
Teblo 4.5-4 showo the target in units selected by DOE for the target, i.e., the ratio of 

purchased scrap (prompt industrial and old) to total shipments or production of the primary and 
secondary industries. The target of 36% recovery nf the domestic zino omclt'cd by 1387 will depend 
on galvanizer zinc consumption, t-hp rate of increase of automobile shredder suurt:es with the 
ability to separate out the nonferrnil~ fract4iono, any increaoo in thc recovery of flue d u d  tlnd 
chemical residues, and domestic production rates. Since new galvanizers' scrap accounts for 49% 
of the 1987 target, any major change in galvanized steel production would directly affect the 
overall zinc target. Several conflicting forces tend to ohsriir~ the actual level of rocovcry of new 
galvanizing residues by 1987. Positive frlctors include predicted increased use of galvatliztd sheet 
in automobiles, galvanized rebar steel, and post-fabrication galvanized steel. Negative factors on 
zinc consumption include the penetration int.n the galvanizing marlrot of otccl sheet galvauized 
only on one side and the use of aluminum/zinc alloy (Galvalume) for galvanizing. The projected 
29% of target represented by old die casting could change, depending on the technology for the 
separation of the nonferrous fraction from nutomobilo abedders. Incrrased adaptioll of new 
methods for separating nonferrous a t  the shredder could produce a purer zinc fraction that would 
be a more desirable recovered material. Based on historical patterns, the recovery of zinc from 
flue dust could fluctuate by about 30,000 short tons per year, depending on the price of zinc. The 
higher prices for zinc relative to the general price index would tend to lead to higher recovery 
rates. The final important assumption is that the domestic smelting of zinc in both primary and 
secondary smelters will remain constant for the next ten years. I t  is expected that any smelter 
capacity retired will be replaced, but that the economics in the industry may not justify much 
expansion of capacity. 



TABLE 4.5-4 

RECOVERED MATERIAL TARGET FOR ZINC INDUSTRY 
(1 987) 

Recovered M a t e r i a l *  
X 100 = 36% 

Domestic Pr imary & Secondary Produc t ion  

* Purchased .scrap, i .e., prompt i n d u s t r i a l  and obso le te  scrap. 

4.6 LEAD 

4.6.1 Selection of Recoverable Materials 
The scrap materials considered for inclusion in target selection are presented in Table 4.6-1. 

They are broadly grouped as new scrap, old scrap, slags, and dusts. Each catcgory of scrap was 
assessed using the selection criteria (see, Section 4.1) to determine whether it would contribute 
significantly to recycling in the lead industry by 1987. 

New scrap is composed of purchased drosses and residues that result from melting, smelt- 
ing, refining, .and manufacturing of lead and lead products (principally batteries and TEL). 
Drosses and residues normally contain various impurities and must be refined for reuse; they 
normally are sold to a reprocessor. Home scrap (or runaround scrap) also results from manufac- 
turing operations and is generally in the form of lead metal. It requires only remelting for reuse 
and is normally recycled within the plant and is not sold. Home scrap is not included in target 
selection due lu lack of data. 

Old scrap, or post-consumer scrap, is broken down into the major categories by which scrap 
is normally sold or traded; battery plates, cable lead, soft lead, hard lead, type metal,'babbit, and 
solders. All of the old scrap categories are in target selection. 

Slags include secondary reverberatory slag, secondary blast furnace slag, and primary blast 
furnace slag. Secondary reverberatory slag contains significant quantities of lead and antimony 
and is normally recycled to a blast furnace; however due to lack of data it is not included in the 
target. Because of the low lead content of secondary blast furnace slag, i t  is normally dumped. A 
small quantity of secondary blast furnace slag is recycled to'the blast furnace. I t  is used as a 
slagging agent however, not. for its lead content. Because secondary blast furnace slag contains 
little recoverable lead and is not substitutable for virgin ore, it is excluded from this analysis. 
Primary blast furnace slag is normally dumped. Because of its low lead content, this slag will 
probably not be recycled by 1987 and, therefore, is not included in the target: The high sulfur 
matte from secondary blast furnace smelting of battery plates is normally dumped. Because it is 
produced in very small quantities and it is unlikely that it would be reprocessed for its lead 
content by 1987, it is also excluded from this analy&. 

Dusts are mainly from air pollution control equipment and are generally recycled because sf 
their lead content. However, due to lack of data,, neither primary nor secondary dusts are 
included in the target. 

4-1 11 



TABLE 4.6-1 

SELECTION OF RECOVERABLE MATERIALS - LEAD INDUSTRY 

Does t h e  Recoverable M a t e r i a l  meet 
M a t e r i a l  

New Scrap: 
Drosses and Residues 
Home Scrap 

O ld  Scrap: 
B a t t e r y  P l a t e s  
Cable Lead 
S o f t  Lead 
Hard Lead 
Type Meta l  
M i  xed Common 'Babbi t 
So lders  and T.inny Lead 

Pr imary  B l a s t  Furnace S lag  

Pr imary  B1,ast Furnace Dust 

Secondary Reverbera to ry  S l  ag 

Secondary Reverbera to ry  Dust 

Secondary B l  asC Furnace S l ag  

Secondary B l a s t  Furnace Dust 

Ma t te  f r o m . d i r e c t  Secondary B l a s t  
Furnace Me1 tl ng 

t h e  ~ r i  t e r i a *  f o r  I n c l u s i o n ?  
Yes N o 

* 
C r i t e r i a , i s  o u t l i n e d  i n  Sec t i on  4.1. 



4.6.2 Selection of Process Subdivisions for Inclusion in the Target 
The historical consumption pattern for waste materials consumed by the primary and 

secondary lead industries is given in Table 4.6-2. The different recoverable materials (RM) have 
historically gone to different types of processing, depending upon the process and RM constraints. 
Primary blast furnaces use very little, if any, recoverable materials other than the small quan- 
tities of dusts, drosses, and skimmings generated in the plant. Secondary blast furnaces or 
reverberatory/blast furnace combinations can treat most wastes including oxides. Kettles can 
treat a variety of metallic lead materials but cannot handle wastes which require refining. 

4.6.3 Technical Considerations 

4.6.3.1 Process Constraints 
'l'he blast furnace is the principal process in the primary lead industry that can handle 

recoverable materials. The blast furnace is an efficient reducer (metallic oxides to metal) and 
could, therefore, process a wide range of recoverable materials including oxidized materials, dust, 
drosses, skimmings, etc. I t  could also be used to melt metallic scrap, although it is not designed 
for this use. The blast furnace reduces to metal most of the impurities found in the recoverable 
materials charge. Since the primary industry, for the most part, produces pure lead, these 
impurities will have to be removed from the lead by refining before use. 

The blast fumace used by the secondary lead industry has process characteristics similar to 
those of the blast furnaces used in the primary industry. Reduction of impurities to metal is an 
advantage in this case, because of the difference in product and product specifications, i.e., alloys 
instead of pure lead. Unlike the primary blast furnace, the secondary blast furnace is used almost 
entirely to process recoverable material. Its ability to reduce to metal other elements in the 
recoverable materials (notably antimony), along with the lead, is a desirable feature for the 
secondary industry, which produces, for example, antimonial lead from high-antimony recov- 
erable materials. A possible constraint on blast furnaces (both primary and secondary) is that 
very fine recoverable materials (e.g., dusts) must be agglomerated before use to avoid being blown 
nut  of the furnace. 

The reverberatory furnace is employed only in thc occondary lead industry. The furnace, 
even with furnace atmosphere control, is essentially a non-reducing process. In the secondary lead 
industry, reverbs are often used in conjunction with a blast furnace to process recoverable 
materials that contain both metallic lead and oxides. The recoverable material charge is melted 
in the reverberatory furnace, producing metallic lead and a slag layer containing any oxidized 
material (e.g., lead, antimony). The slag layer is reduced in the blast furnace, producing metallic 
lead (or alloy). Without the blast furnace, the reverb is extremely limited and can only process 
recoverable materials that contain metallic lead. 

The kettle is essentially a melter and can handle only scrap materials requiring melting 
only. The kettle is also used for refining operations. Because of heat transfer considerations and 
because kettle meltinghefining is a batch operation, kettle melting is used only on small batches 
of scrap. 



TABLE 4.6-2 

SCRAP CONSUMPTION I N  THE LEAD INDUSTRY (1 970-1 976) 
(Gross Tons) 

New Scrap: 
Drosses & 'Xesidues 

Home Scrap 

01 d Scrap: 
B a t t e r y  P la tes  

Cable Lead 

S o f t  Lead 

Hard Lead 

' + Type Metal  
I 
C - Mi xed Common B a b b i t t *  

. + 
Solders  & T inny  Lead 

Slag : 
Secondary Reverbera t3ry 

Dust : 
Pr imary  B l a s t  Furnace - - - - - - - - - - - - - - - - -  NA - - - - - - - - - - - - - - -  
Secondary B l  a s t  Furnace - - - - - - - - - - - - - - - - -  NA - - - - - - - - - - - - - - -  
Secondary Reverberatory  - - - - - - - - - - - - - - - - -  A - - - - - - - - - - - - - - - 

-- -- 

* inc ludes  ~ o n ~ s u m p t i o n  a t  f ound r i es  

NA: Not a v a i l a b l e .  
Source: U.S. Bureau o f  Mines M ine ra l s  Yearbook, 1976. 

A r t h u r  D. L i t f  l e ,  I n z .  



4.6.3.2 Product Constraints 
Product constraints are set .by the compositional limits imposed on the product by the 

, 

applicable specification.. Table 4.6-3 presents the specifications for pig lead; Table 4.6-4 presents 
. .  . . . 

. the nornial compositions for alloyed products. 
. . 

. . 4.6.3.3 Recoverable   ate rial Quality Constraints ' . .  

, - Constraints on therecoverable material are set by the product specifications, the technical 
' 

limitations of the available equipment, and the chemistry of the process. 
. - 

The recoverable material can be altered in the following ways: 

It can be melted. 

If oxides (PbO) are present, they can be reduced to metallic lead in a blasit furnace. 

If impurities cannot.be removed, they can be diluted t o  acceptable limits by.the 
addition of pure (or purer) metal. 

If higher levels of certain'constituent$.are desired, the melt can be alloyed: 

Normally, it is .advantageous to match the feed material as closely as possible to the final 
product specifications. Thus, battery plates.are normally recycled as antimonial lead, type metal 
is recycled totype, cable to soft lead; etc. 

. . 

Theoretically, there'is no technical limit to the amount.of recoverable material a secondary 
plant can rdcycle, provided the. product consGaints are overcome. 

However, on an industry level, the amount of recoverable material that  can be recycled is .' 
limited by the availability of scrap materials. Based on historical &covery rates and the type of 
material under consideration, i t  is possible to estimate the maximum amount of material . .  that '  . 

can be recycled under foreseeable economic conditiohs.:~his information, along with projected 
growth rates for the various end uses, and knoiledge of the lifetime (i.e., years from production to 
.-availability for recycle) allows the calculation of a theoretical maximum of production which is 
sustainable in the long run by the  secondary producers, based on scrap availability: , 

For 1987, we estimate that the maximum secondary production based on scrap ayailability 
constraints is about 61% of total (primary plus secondary) productibn. The following assumptions. . 
were used in this calculation. 

Primary production will remain relatively constant at:700,000 short tons of lead 
annually. 

. Demand for lead in batteries will grow a t  4% annually. . 
' 

Demand for lead 5n metal Goducts (except batteries and ammunition) i l l  grow at 
1% annually. ' . . 

. . 
re  mind for lead in a11 ,other products together will grow little, if a t  all. 

@ '.In the long run, 75% ,of the lead used in batteries is.recycled as scrap three years 
later. 



STANDk?D SPECIFICATIONS FOR PIG LEAD 

Acid Common 
Corrodi ng Chemi cal Copper Desi 1 verized 

Lead* Lead* Lead* Lead* 

~i 1 ver , max, percent 

S i l ve r ,  min, percent . '  
- 0.002 - - 

Copper, max, perce'nt . 0.0015 . 0.080 0 ..080 0.0025 
. . 

- .  0.040 0.040 - . . Copper, m i n ,  percent  . . 

Si 1 ver and copper together ,  rnax, percertt . . . . 

Arsenic, antimonj' and t z n  together ,  . fiax, . 

, percent . . . . 0.002 0'. 002 : 0.002 .0.005 . 

Zinc, m3x', p.erc.errt. . . 0;.001 . - . -  0.001. . 0.001" " 0.~002-,  . , .  . . . . . . . .  . . .  . . + 

Iron,  max, percent . . .. . .  0.002 . 0.002 . ,0;002 .0.002 : 
. . ~ i s m u t h ,  max, perzent' . ' 0.050 .. 0.005. 0.025 '. .0.1,50 . . 

~ e a d  (by di f ference) ,  min., percent .  '. 9 9 . 9 4 .  9 9 . 9 0  . '99.90 9 9 - 8 5 .  . . . .  

.. . . . . . . . 
.. . 

*NnTC: corroding 1 ead is a designation t l a t  has been used i n  t h e  t rade  f o r  many. , 

y e a r s  t o  describe lead ref ined t o  a h i g i  degree of pur i ty .  Chemical lead h a s  been . used . i n .  ' 

the  t r pde  t o  describe the  undesi 1 verized 1 ead produced from Southeastern ' Missouri ores.  
Acid-copper lead is mad- by adding copper t o  fu l  l y  ref ined l e a d .  Common desi lver ized lead 
i s  a designation used t 3  describe f u i l y  ref ined des i lver ized l e a d .  Chemical analyses t o  
be.made in  accordance with methods prescribed .in A.S.T.M. Designation E37. 

. . 

source: Metal S t i i t i s t i c s  , .1977. 



. . 

' . TABLE-, 4.6-4. 

Name Pb 

B a b b i t t  , 1 ead-antimony, 
No. 6 . 63.5 

Babb i t t ,  lead-antimony, ' . . 
No. 12 89.3 

Cable,  sheathi,ng, lead-  
antimony 90.0 

. . 
Cable sheathing, lead-  

ca lc ium 99.9 

Fus ib le  p lug  a l l o y ,  m.p., 
68°C 25.0 

. . 
Fus ib le  p lug  a l l o y ,  .m.p. ,, 

100°C 20.0 

Hard lead, 6% antimony 94 

Hard lead, 12% ant'imony , - 88 

Pewter 10 

Shot 94 

Sol der, common 5 0 

Solder , p l  umber' s .60 ' 

Terne, low . t i n  " 75 

Terne, h igh  t i n  , , .50 

Type metal  , foundry 62 

e l e c t r o y t y p e  94 

. s te reo type . . . 81' 
. . 

Source: Bray, J. L., Non-Ferrous Product ion Meta l lu rgy .  John Wi ley & Sons, Inc .  
New Y o ~ k y  New York, 1947. 



In the long run., 40% of the lead used in metal ~roducts  is recycled ten years later. 

.@ -On the average, drosses amount to  about '15% of the lead consumed in batteries in 
. . 

the same year. 

. , Net scrap.exports bill be zero. . . 

. .. 
4.6.4. Economic Considerations .. 

Econometric modeling was nob used to explicitly evaluate the.economics of using recovered . 

metals in this industry analysis. Howeirer, economic considerations are incorporgted in assump- 
tions used in the analysis and in the projection.'of historic trends. 

Figure 2.6-1 presents data for the ratio of secondary to total production for the period 1970- 
1976 and a least-squares fit ,to that data. As cari be seen, if historic trends continue. secondary 
production may reach 63% of total production by. 1987. 

. . 

The changeover to maintenance-free batteries .niay affect the profitability ,of the secondary 
lead industry. Traditionally, antimonial-lead battery plates, (about 7% antimony) have been 
produced .by the secondary. producers who purchase antimonial lead scrap at  the cost of the lead 
and sell the antimony a t  a profit. wi th  the introduction of mtiintenance-free batteries, the plates 
ark being produced with low-antimony or calcium-lead alloys. With the& alloys, the secondary 
producers lose the antimony credit (calcium is.not recoverable with current technology) and also 
must produce costlier -pure lead 'for the battery plates. The speed a t  which maintenance-free 
batteries penetrate the market and the. type'of alloy ultimately used' for the plites may affect the 

. profitability of the 'secondary industry as well as the supply structure of the lead industry (i.e., 
the'cost to secoridaries .;ay be increased vis-A-vis the irirnaries). 

4.6;5 Special Considerations 
Signifitant baseline structural .qhanges in the'U.S. lead industry 'may result from decreased 

demand for lead because of EPA regulations, the changeover from antimonial-lead to.'calcium~ 
lead maintenance-free batteries (discussed i n  Section 4.6.4), and t,he.economic impact of pro- ' .  
posed EPA and OSHA regulations which' could potentially result in many plant closings and a 
lower rate of utilization of recovered materials. 

Two end-use markets, pigments and chemicals, will probably experience significant de- 
mand reductions over the next 5-10 years. Chemicals demand will decrease as, a result of EPA 
regulations limiting the amount of TEL '(about 99% of chemicals) in gasoline. Similarly, the 
demand for lead oxides in pig~nents will decrease as a result of various regulations concerning the 
lcad content of paint. Denland reduction in tlieae Iwu elld-use secluru will decrease lead demand 
proportionately. Most of the lead consumed in pigments and. chemicals is refined soft lead and 
has historically come primarily'from the primary industry (about two-thirds). Sirice primary and 
secondary lead are technical substitutes in most cases, this decrease in demand for soft lead may 
cause some market reorganization. 

Finally, the outcome of proposed EPA air and OSHA air regulations may adversely affect 
both primary and secondary producers in the lead industry. The final economic outcome of these 
regulations is unknown a t  this time. 





4.6.6 Target Estimation 
The recycling target for the lead industry has been estimated based upon the following 

information and assumptions: 

There will be no significant use of recoverable material in the primary industry by 
1987. 

@ The secondary industry uses recoverable material as 100% of its raw material. 

a Based on DOE guidelines, the recycling target has been defined as the percentage 
of recovered material to primary plus secondary production (in net short tons). 

The capacity of the primary industry will remain a t  its 1976 level. Because of the 
lead-time requirements for mine/mill/smelter/refinery, no new capacity will come 
ongtream by 1987. The net effect of any additions to capacity a t  existing smelters 
will be offset by capacity decreases caused by regulations. 

In the long term, maximum capacity utilization by the primary industry is about 
86% or 700,000 short tons of lead annually. 

Secondary capacity can be increased in a relatively short (several years) period of 
timc. 

The changeover to maintenance-free batteries will not adversely affect the second- 
ary industfy. 

The demand reduction in chemicals and pigments will not adversely affect the 
primary industry. 

Based on scrap availability, the maximum secondary production of lead is 61% of 
total production. 

Based on historic projections, secondary production might increase to 63% of total 
production, without technical constraints. 

Total demand for lead will increase by 1987; demand in h~tt~eriefi 'will increme qt 
4% annually, and in metal products a t  1% annually. 

Net scrap exports in 1987 will be zero. 

Based on this information, Table 4.6-5 shows the target in units selected by DOE, i.e., 
recovered material as a percent of primary and secondary production. 

4.6.7 Sensitivity of Target to Key Factor 
In developing the recycling target for the primary and secondary lead industry, it was 

necessary to make a variety of plausible assumptions concerning the evolution of the industry 
between 1976 and 1987. I t  was beyond the scope of this analysis to evaluate the effects of 
alternative assumptions. 

The extent to which these assumptions hold true over the next eight years will affect the 
validity of the target; to the extent that these assumptions do not hold true, the target should be 
modified. 



TABLE 4.6-5 

RECOVERED MATERIAL TARGET FOR LEAD INDUSTRY 
(1 9871 

~ecokered Material  * 
X 100 = 60% 

Domestic Primary & Secondary Production 

* purchased sc rap ,  i . e . ,  prompt i n d u s t r i a l  and obso le t e  s c rap .  

The assumptions used in target estimation fall into two broad categories and were evaluated 
somewhat differently. The assumptions concerning the environment (scenario) within which the 
industry will evolve (e.g., effect of the introduction of maintenance-free batteries) could only be 
judged qualitatively based upon our knowledge of the industry. Numerical assumptions con- 
cerning the growth of the industry within this scenario (e.g., growth rate of demand for lead in 
batteries) were evaluated analytically using the economic concept of elasticity (i.e., the percent- 
age change in the value of interest divided by percentage change of the variable in question). For 
example, an elasticity of 1.0 for the growth rate of battery lead demand implies that a 1% change 
in growth will change the target by 1%; an elasticity of 0.5 implies a 1% change will cause a 0.5% 
change in the target, etc. In other words, the lower (relative to 0) the elasticity, the less sensitive 
the result to the variable in question. 

There are four critical assumptions vis-a-vis scenario development: long run demand growth 
is 1.8% annually, net scrap exports are zero, maintenance-free batteries will not adversely affect 
the secondary industry, and the decrease in lead demand for TEL and pigments will not adversely 
affect the primary industry. The last two assumptions have been discussed in Section 4.6.5 - 
Special Considerations. 

Because of the large amount of lead thal  is potentially recoverable after consumption, if 
demand for lead products does not continue increasing, scrap will be added to the scrap pool, 
increasing its size. This, in turn, would tend to decrease the price of scrap and give secondary 
producers a cost advantage vis-a-vis the primaries. The minimum growth rate (based on 1976 
consumption and the scrap availability equation) required to avoid this problem is 1.5% annually 
to 1987. This assumes that domestic producers can undersell imported metal. If imported metal 
remains a t  1976 levels, the required growth is 2.2%. If this overall level of growth is not obtained 
by 1987, the target will be inaccurate, with the direction of the error depending upon where 
demand constraints occur. Thie analysis assumed an a n n u ~ l  growth rate of 1.8% (as indicated by 
the Bureau of Mines) and some displacement of imports. 

Scrap exporters compete directly with secondary producers for lead scrap from the scrap 
pool. Therefore, scrap exports represent lost prod~lction to the secondaries (if the scrap is 
exported it cannot be used domestically) and their output in the long run will be reduced 
accordingly. This analysis assumed lhal Ly 1987, net scrap exports of lcad will bo eoro. If they are 
not, the target will be increased if there are net imports, or decreased if there are net exports. 



The marginal sensitivity of the target to the individual growth rates used in the scrap 
availability equation.was evaluated relative to the projected 1987 data; the resultant elasticities 
are presented below, and expressed as: 

% Change in Target 

% Change in Variable 

Variable Elasticity 

where: 

P, = Domestic primary lead production. 

P, = Llomestic secondary production, 

CB = Consumption of lead in batteries. 

K, - Fraction of Ct, which is ultimately recycled. 

iB = Annual growth rate of C,.  

KU = Fraction of CM which is recycled as dross or residue. 

CM = Consumption of lead in metal products, but not batteries, ammunition, or brass or 
hrnnze. 

KM = Fraction of CM which is ultimately recycled (old scrap). 

iM = Annual growth rate of CM. 

As can be seen, the most critical assumption is that primary production'will remain at. 
700,000 short tons annually. For each 7,000 short ton difference (1%). the target (0.60) would 
change by 0.00234 (0.39%). The second critical assumption is that K, the ultimate recovery rate 
for batteries, is 0.75. For each 0.0075 difference in KB (l%), the target would change by 0.0019 
(0.31%). The other variables have relatively little effect on'the target, given their precision. 
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