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1 .O SUMMARY 

1 .I INTRODUCTION 

The National Energy Conservation Policy Act, signed by the President on November 9, 
1978, directs the Secretary of 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 products, paper and allied products, textile mill products, and rubber. These 
targets are to be established a t  levels representing the maximum feasible increase in the utiliza- 
tion of recovered materials that can be achieved progressively by January 1, 1987 and is con- 
sistent 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: , , 

J 

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. 

This report is the product of work done for the first two tasks enumerated above. ., 

1.3 APPROACH 
This study was carried aut over a four-month period and relied principally on published 

information and inputs from various government and industry sources and industry trade associ- 
ations listed below 

U.S. Department of Energy 
U.S. Bureau of Mines 
U.S. Department of Commerce 
U.3. E ~ ~ v i r u ~ ~ ~ n e n t a l  Protection Agency 
National Association of Recycling Industries, Inc. 
Institute of Scrap Iron and Steel, Inc. 



American Iron and Steel Institute 
Aluminum Recycling Association 

a The Aluminum Association 
Copper Development Association 
Zinc Institute, Inc. 
Lead Industries Association, Inc. 
Brass and Bronze Ingot Institute 

The following approach was used to arrive a t  draft targets for energy-saving recovered mate- 
rials in each industry category. 

Wherever appropriate, the industry was subdivided for analytical convenience. 

Sources of recoverable materials were defined on lhe basis of data availability, 
whether they could replace any virgin material used by an industry subdivision, 
a ~ l d  whether such replacement was feasible before 1987. 

Technica.! cnnst.raint.s nn the m e  of these recoverable materials were analyzed. 
Finally, the economic constraints on the availability of these recoverable ~nalerials 
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 lhe use o l  econolnetric modeling techniques 
to estimate the targets for recovered materials for 1987. The modeling used 1976 as 
a base year. The  technical/economic analysis considered such factors as  capacity 
growth, impurity specifications, and other factors that  would affect the demand for 
recoverable materials. On the supply side, the price responsiveness of the supply 
was evaluated in order to arrive a t  draft targets for these recoverable materials. 
The sensitivity of the targets to variations in key variables was also evaluated. 

A benefit to be derived from the increased use of recoverable materials is in energy savings, 
a s  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, ferruus laundries 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 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 this study is'focused on the ferrous scrap users, followed by the alumlnum 
alld cuppel. industries. 

1.4.1 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., thcse that  mainly 
sllpply scrap andlor 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 deposits 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 the 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. 

l 'he 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, 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 remitted 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 g;enerat.ed in a particular industry reflects the techtiolugy uf 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. 
Ia~proverrier~ts 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 quantities, they have been reliable sources of scrap to the 
scrap rles\ler~/collcctors in the saille faskliull tliat ure deposits are a reliable source of raw materials 
lu the primary industry. Obsolete scrap is also referred to as 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 landfilllwaste 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. 

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 idenlical l~loducts).  In contrast, tho ~econdary industries, hy virtue 
of the large number of firms in the irldustry, resemble more closely the competitive model of 
ornnnmic theory. 

Proce,s,sin.g ttschno1uk.y in Llle pl;ilnary inelustry 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 a ~ ~ d  cal,i 
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 cooper industries) requires a fixed amount of scrap for lhermal balance. 

The equipment used in the secondary iridilscry Is ge~~eral ly desigued for the trcatmcnt of 
metallic materials arid usually involves equipment for melling arid for refining to rcmovc 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 fur llleil. iecovery. 

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 pollut.ion 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 (expecially 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 ECONOMICS OF SCRAP RECYCLING 
Since the amount of new scrap generated is a function 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 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 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 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 : Basically, the steepness of the demand curve for old scrap is set by,.the,&asi 
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. This steepness is not 
immutable of course. It  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 short-run demand curve for scrap will be steeper than the long-run curve. 

The Supply Curve: The scrap supply curve can also be thought of in terms of slope and position. 
Over longer periods, the price responsiveness of the old scrap supply is likely to be greater than in 
the short run. 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 production of any quantity of scrap becomes less 
costly. On the other hand, increased prices for a number of factors (e.g., wages, implicit rental 
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. 

Market Dynamics: Obviously, the determination 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 some significant 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 business cycles are 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. 

3wap suppliers generally run small-scale operations and, in the absence of appropriate 
insurance or buffering mechanisms, must tend to be somewhat averse to risk. 

Econometric Estimation: 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 
address the question of how much more scrap will be forthcoming if scrap prices rise. The models 
used in this report, while limited by the availability of data resources and time, have been 
specified and estimated taking into account the "simultaneity" problem, the "identification" 
problem, and the statistical validity of thc cstilnated parameters. 



1.4.3 Ferrous Industry 
Industry Definition: The ferrous industry is defined as that collection of industries that 

consume iron and steel scrap. The major segments in this industry are: 

The iron and steel industry (SIC 3312, 3315, 3316, and 3317). This segment 
includes fully integrated establishments engaged in manufacturing iron and steel 
from virgin sources as well as from scrap (including blast furnaces) as well as cold 
metal shops that  rely on scrap and the fabricators of iron and steel into basic 
shaped by hot or cold rolling. 

Ferrous foundries (SIC 3321, 3322, 3324, and 3325). This segment includes estab- 
lishments that produce gray iron, ductile iron, malleable iron, and steel castings. 

Ferroalloys (SIC 3313). Thia scgmcnt includes establishments engaged in ferroallny 
manufacture by blast furnace, electro-metallurgical, or metallo-thermic processes. 

Selection of  Recoverable Materials: In each of the ~ect~ors, 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 or 
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. 'l'ables 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 existing 
process equipment and/or by limitations imposed by the impurity content of the recoverable 
material. For sinter strands and blast furnaces, any limitations on the use of recovered material 
primarily derive from the impurity content, alLhougll Lllere are also other process limitations. Thc 
quantity of ferrous scrap the basic oxygen furnace (BOF) process is limited by the amount of 
energy available for melting. In current practice, a BOF can use no more lhar~ about 30% scrap 
without the addition of fuel energy to the furnace or to the scrap. Other processes do not have 
such a thermal process constraint but only constraints imposed by the impurity content of the 
recovered material. 

Economic Considerations: In 1976, lhe ratio of ferrous scrap consumption to production of 
raw steel and castings (hot metal equivalent) was aboul 5U%. Whether this percentage caii 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 constrained by such technical factors as 
the split in steelmaking capacity between BOF's, open hearths, and electric furnaces. The supply 
consists of new scrap generated by current industrial activity and old scrap 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 ferrous scrap market illcorporatillg 
both engineering and economic parameters in an attempt depict realistically the technological 
and microeconomic factors that characterize 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 tlle price elasticity of obsolete scrap 
supply, in order to generate draft targets that are both technically feasible and economically 
achievable. 

Any draft target for the ferrous industry is affected by a number of factors, 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, seven different scenarios were tested in the Arthur D. 
Little model. The results of these seven scenarios are shown in Table 4.2-24 reproduced here for 
convenience. Case I, the base case, is considered the most likely; the other cases are considered 
plausible. Cases 11,111, and V are based on variations in the mix of steelmaking furnaces. Cases IV 
and VI presume a higher foundry scrap charge coefficient; and Case VII 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 draft target could change 
significantly if ,the level of scrap exports were to change because of structural changes in the 
international iron and steel industry. 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 
Industry 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 dross. . . 

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 segmenls. However, some 
fabricators with melting facilities are also able to use aluminum 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 
~ o l i d  wastes that col~la i l~  ~rletallics 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 
iricrease belween now and 1987. 'l'he 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 4.2-24 

RECYCLING RATIOS FOR FERROUS INDUSTRY FOR SEVEN SCENARIOS - 1987 

Tarqet Expressed As Ra t i o  Of: 

Tota l  Purchased Obsolete To ta l  Purchased Obsolete 
Scrap Scrap Scrap Scrap Scrap - Scrap 

consumed1 consumed2 Consumed consumed1 consumed2 Consumed 

To ta l  Purchased Obsolete 
Scrap Scrap Scrap 

consumed1 consumed2 Consumed 

Scenario 

P i g  I r o n  and Scrap charged3 Raw Metal ~ q u i v a l e n t ~  Product shipments5 

1987 = 

Case I: Base case 

Case 11: Base case except 

- Product ion by open hea r th  
furnaces equals 10% t o t a l  
raw s t e e l  product ion.  

Case 111: Base case except 

- Growth i n  raw s t e e l  p roduc t i on  
s p l i t  2 : l  between bas i c  oxygen 
and e l e c t r i c  a r c  shops. 

Case IV: Base case except 

- Scrap demand c o e f f i c i e n t  f o r  
foundr ies  equals 1 . 3  t n n l t n n  
shipments. 

Case V: Base case except 

- Growth i n  raw s t e e i  proauct lu l l  
s p l i t  2 : l  between bas i c  oxygen 
and e l e c t r i c  a r c  shops. 

- Product ion by open hea r th  
furnaces equals 10% t o t a l  
raw s t e e l  product ion.  

Case V I :  Base case except 0.524 0.254 0.128 0.500 0.285 0.144 

Crowth i n  raw steel p r n r l ~ ~ r t i n n  
s p l i t  2:  1 between bas ic  oxygen 
and e l e c t r i c  a r c  shops. 

- Scrap demand c o e f f i c i e n t  f o r  
foundric: equals 1.3 ton/ ton 
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 s h e d  
s t e e l  p foduc t i on  equdls 
1.6% per  annum. 

-..- - 

1. Inc ludes home, prompt i n d u s t r i a l  and obso le te  scrap. 

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

3. Charged t o  steelmaking furnaces, f e r rous  foundr ies  and 
f e r r o a l l o y  p lan t s .  

4. Raw s t e e l  p l us  h o t  metal  equ iva lent  i n  t he  f e r rous  foundr ies .  

5. Fin ished s t e e l  p l u s  f e r rous  cas t i ng  shipments. 

SOURCE: A r thu r  D. L i t t l e ,  I nc .  



TABLE 3.4-1 

RECOVERED MATERIAL TARGETS FOR 1987 

I n d u s t r y  Segment Target  

Recovered M a t e r i a l  
Product ion*  

Ferrous 41.3% 

A1 umi num 

Copper 

Z inc 

Lead 

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



TABLE 3.3-8 

CONSUP,IPTION 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  

Bo r i ngs  and Turn ings  

F o i  1 

n rnss  and Skimmings 

O the r  

T o t a l  New Scrap 

O l d  Scrap 

Secondary Pr imary  Producers 
Smel ters  and Others*** T o t a l  

Cas t ings ,  Sheet and 121 
C l  i p p i  ngs 

A1 umi num Cans 8 101 

Other**** 36 17 

S u b t o t a l  159 153 

Sweated P i g  

T o t a l  O ld  Scrap 

TOTAL 759 707 1,466 

* I nc l udes  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% 
of' t o t a l  r e c e i p t s  o f  aluminum-based sc rap  o r  97,800 s h o r t  t ons  was 
r e c e i v e d  on t o l l  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 .  

* * * * I n c l ~ ~ d e s  data on aluminum-copper r a d i a t o r s .  

Source: A1 uminum, P r e ~ r i n t  f r om  ;!inera1 s Yearbool:, 1976. 



In general, recycling can be constrained by limitations of existing process equipment and by 
limitations imposed by the impurity content of the recoverable materials. All industry sub- 
divisions utilize melting furnaces and there is no process constraint concerning the amount of 
scrap that can be melted in the furnaces. However, 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 aluminum-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 with pure 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 value because 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 year, old scrap accounted for about 11% 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 economic aspects 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 is then used to calculate the draft target. The 
model contains five equations that predict the supply of scrap from new scrap, obsolete scrap 
from cans, as well as the withdrawal rate for other old scrap from the inventory of aluminum 
available for scrapping. This inventory is adjusted to exclude the contribution by the increasing 
aluminum content of cars and Class I trucks. 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 draft targets. 

The draft targets are directly affected by the maximum withdrawal rale for old scrap and by 
variations in new scrap generation, scrap reclamation from cans, scrap recovery from municipal 
solid waste, growth rate in aluminum consumption, 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 real price nf scrap i s  higher. In Case 111, exports are assumed to drop to zero to simulate a 
policy of restricting scrap exports. In Case IV, new scrap generation rate is assumed to be lower, 
consistent with predicted improvement in fabrication yields. The base case target is also shown in 
Table 1.4-1. 

1.4.5 Copper Industry 
Industry Definition: The copper industry is defined as that group of industries that 

consume copper-bearing scrap. The major segments in this industry are: 

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

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



TABLE 4.3-5 

1976 MATERIAL BALANCE FOR ALUMINUM SCRAP 
( M i l l  i ons  o f  Pounds) 

Sources Uses 

Purchased Scrap 

New Scrap 1 

O l d  Scrap 
1 

U.S. Consumption 
of  Purchased Scrap 3,482 

U.S. Cnnslrmpt.inn 
o f  Home scrap3 6,675 

A1 ~ ~ m i n i ~ m  Cans ' 21 7 
Expor ts  2 

Other  01 d scrap1 " 946 

Purchased Scrap 3,653 

Home Scrap 3 6,675 

T o t a l  10,328 T o t a l  

Source: A r t h u r  D. L i t t l e ,  I n c .  es t imates  d e r i v e d  from: 

A1 uminum, Prep,.int 1976 M ine ra l s  Yearbook. 

Alunlinun~ S t a t i s t i c a l  Review, 1976. 

Communication, The Aluminum Assoc ia t i on ,  May 8, 1979. 



TABLE 4.3-10 

Scenar io  

Case I 
Base Case 

RECYCLING RATIOS FOR ALUMINUM INDUSTRY 
FOR FOUR SCENARIOS - 1987 

Targe t  Expressed as R a t i o  o f  
Old Scrap O ld  Scrap T o t a l  Scrap T o t a l  Scrap 

Consumption M e t a l l i c  Recovery Consumption M e t a l l i c  Recovery 

t 0 - 
Domestic Pr imary P roduc t i on  P lus  Secondary Meta l  1 i c  P roduc t i on  

Case I 1  
Base Case except  
P r i c e  o f  scrap=13.1$/1 b 
WD = 0.00461 0.146 0.123 

Case I 1 1  
Base Case except  
Expor ts  = 0 0.129 0.109 

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 
I 



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 considered 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- and low-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 smelters is limited. Although 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 recoverable 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 plus primary copper production) has been relatively stable between 1970 and 
1976. The econometric results given in the literature, price and output projections that in- 
corporate the anticipated impact of pollution abatement legislat,inn d~lr ing the cnming decade, 
and the size of the recoverable copper reservoir have been used to calculate the draft target that 
appears technically and economically feasible. Table 4.4-9 shows the draft target for 1987. 

1.4.6 Zinc'lndustry 
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 process 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 



Indust ry  
Subdiv is ion 

Secondary Smelters 

Primary Producers 

Brass   ills 

Found-ies. Chemical 
P lants  and Other 

-Manufacturers 

TABLE 4.4-3 

CONSUMPTION OF RECOLERABLE MATERIALS 1976 - CCPPER INDUSTRY' 
(Gross Weight i n  Tons) 

Low 
No. 1 No. 2 C~mpo- Rai l road Yedlow Cart r idge Auto Nickel  Alum. Low Ref in .  Grade Home Mine 
Wire Wire sd t ion  Car Box - - - -  - - - - - - - -  Brass Cases Radiators Bronze S i l v e r  Bronze Brass Brass Scrap Scrap Waste 

27,028 59,900 58.605 1,852 46,217 195 57,823 19,920 3.085 567 2,882 - 78.712 0 

'u.s. Bureau o f  Mines Micera ls  dearbook 1976. Copper - Table 23 
/ 

2 ~ e t  deight  o f  Copper, U.S. Bur?au o f  Mines, I.l inerals Yearbook 
1976, 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% 

46.4.2 

47.4% 

49.4% 

44.8% 

46.9% 

Mean R a t i o :  47.0% 

. *  RdLivs  d e r i v e d  f rom Tab le  4.4-1. 



TABLE 4.4-9 

RECOVERED MATERIAL TARGET FOR COPPER INDUSTRY 
(1 987) 

Recovered M a t e r i a l  * 
X 100 = 50.4% 

Domestic Pr imary  & Secondary Produc t ion  

* Prompt i n d u s t r i a l  and o l d  scrap, p l u s  p r e c i p i t a t e  copper 
f rom mine waste. 



TABLE 4.5-3 

CONSUMPTION OF RECOVERABLE NATERIPLS - 1576 

ZINC I MDUSTR'I' 

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

Galvanizers ' N ~ N  D i e  Chemical Home Old D ie  Cast General 
Process Residues Cast Scrap Residues Scrap Scrap Scrap To ta l  

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

Reduction 

7 - V e r t i c a l  D i s t i l l a t i o n  
CO 

Reports 31,500 

Secondary D i  s t i  11 e r s  55,800 i ,000 1,500 N A 53,300 10,800 129,300 

Foundries N A 2,200 2,200 

Chemical and Pigment 

P lan ts  8,300 

NA: Data n o t  ava i l ab le .  

Source: Estimates jased on ~cnpubl ished Tables 1.3, 14, 15 f o r  Z inc t o  be i n  the  1976 Minera l  
'tearbook, Yo1 ume I, Metals,  M inera ls  and Fuels, U.S. Departnent o' 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 consumption, 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 the 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) for 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. Analyses of the impact of policy changes in 
these areas was outside the scope of the present study. The significant areas are: 

Tax Policy 
Freight Rates 
Product Specifications 
Residuals (Pollution Control) 
Market Structure 
Export Controls on Scrap 



TABLE 4.5-4 

RECOVERED MATERIAL' TARGET FOR ZINC INDUSTRY 
(1987) 

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

Domestic Pr imary & Secondary Product i on 

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



TABLE 4.6-2 

SCRAP CONSUMPTION I N  THE LEAD INDUSTRY (1970-1976) 
(Gross Tons) 

1970 1971 1972 1973 

New Scrap: 
Drosses & Residues 121,766 143,382 158,881 154,682 

Home Scrap N A N A N A N A 

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 Metal  32,001 25,813 23,690 27,950 
- Mixed Comnon B a b b i t t *  
tL 

11,799 11,665 11,049 13,534 
C- Solders & T inny  Lead 10,640 11,464 9,815 11,991 

Slag : 
Secondary Revorberatory - - - - - - - - - - - - - - - - -  N A 

Dust : 
Pr imary  B ' las t  Furnace - - - - - - - - - - - - - - - - -  N A 

Secondary B l  a s t  Furnace - - - - -  - - - - - - - - - - -  - NA 

Secondary Rev'2rberatory - - - - - - - - - - - - - - - - -  N A 

* inc ludes consum3tion 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 t l e ,  Inc. 



TABLE 4.6-5 

RECOVERED MATERIAL  TARGET FOR LEAD INDUSTRY 
(1 987) 

Recovered Material * 
-- - -- - -- X 108 = 60% 

Do111es.t i c Primary & Secondary Production 

* Purekased scrap,  i .c., prompt indus t r i a l  and ohsolete 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 r~lelals and, therefore, 011 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-differentiated 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 i t  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 i t  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 durrlyed it1 surface l ~ ~ i l ~ i n g  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 the deposit above the cut-off grade may be exploited economically, 
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: a t  least 30% 
iron fc: 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 more com- 
plicated processing and decrease the value nf t h e  ore. Transportation costs are important in the 
primary metals industry; plants are usually located near the ore deposits in order to minimize 
lransportation 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 he classified into three groups: home scrap, prompt 
industrial scrap, and obsolete scrap. 

Home scrap is generated internally within a 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, gcncratcd as a result of manufacturing operations, is sold by tile 
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 industriai scrap is also referred to as 
new scrap. 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 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 
Itit! 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 avail- 
ability of such scrap. Also, this reduction in home and prompt scrap generation contributes more 
towards energy saving than scrap recycle. 

Obsolete scrap is recovered from materials that have reached the end of their useful life 
and/or have been discarded. It 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 part of industrial or municipal waste collection operations. Whether this obsolete 
scrap is recycled or is lost to a landfilllwaste 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, i t  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. I t  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 i t  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 impu- 
rities. This equipment cannot accept ores or concentrates since i t  is generally not capable of 
performing upgrading and reduction functions. 

Both industries, but 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 t,he 
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 stringent requirements for controlling in-plant emissions a s  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 reqwisement,~ affect the different. 
segments to varying degrees. 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, 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 number of firms in the industry, resemble more closely the competitive model of 
economic theory. 

A recent study has shown that  market slructure of these industries and the degree o l  
competition does not have much bearing on the rate of' recyclil~g."' In the nonfcrrouu nlttlals 
~ndustries, the degree of recycling is determined primarily by: 

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

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

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

The study concludes tha t  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 each metal and that  the rapidly 
rising cost of energy will provide a stimulus for increasing nonferrous nletals scrap recovcry. 

2.1.5 Economics of Scrap Hecycling 
The supply of scrap consists of "new" scrap (home and prompl industrial) and "old" or 

obsolete scrap. The amount of new scrap geliel.ated is a function of touhnological fact.nr~ in t8hc 
metal-producing and metal-fabricating industries and is lulally price inelastic in both the short 
and long run. 

The problem of recycling, therefore, can best be addressed by considering the market for old 
scraw, which is the output of past production. (New scrap may be regarded as a byproduct of 
rilrrent, production and cannot be said to have a market in any meaningful sense.) D u r i ~ ~ g  ally 
given period, the market clears a t  some level of scrap delivery and price. 'l'his pricelquantity 
combination will be determined primarily by the steepness ul lhe supply and demand curvoE (i,e., 
their degree of price responsiveness or elasticity), by the length of the market period being 
considered ("short-run" curves may well be different from "lung-rull" curves), and by cxogenous 
factors such as lhe level ul'ecoi10111ic activity thut  muvu llle two C U ~ V P R  nrnilnd. 

2.1.5.1 The 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 i t  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 is 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 short-run demand curve for scrap will be steeper than the long-run 
curve. In the short run, industrial plants 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 to use less scrap (and more ore). At 
the same time, price-responsive market demand will shift in favor of products from relatively ore- 
intensive a s  opposed to scrap-intensive processes. For both these reasons, long-run demand for 
scrap will be considerably more price-responsive than short-run demand. 

While the steepness of 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 price of metA products). The higher the price of new ore, the more 
scrap will be demanded a t  any given scrap price. Similarly, the higher the demand for metal 
products, the higher the demand for scrap a t  any given price. 

2.1.5.2 The Supply Curve 
The scrap supply curve can also be thought of in terms of slope and position. Basically, the 

steepness of the curve in the short run will reflect the extra cost a t  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 "minable" refuse for scrap recovery is limited in any period, and 
diminishing returns are bound to apply (unit increases in supply will require ever-greater 
inten~it~ies of extraction effort, since the most readily available scrap will be utilized first). 

Over longer periods, the price responsiveness of the old scrap supply is likely to be greater 
than in the short run. More labor can be hired a t  the going (non-overtime) wage, and old, 
relatively inefficient, scrapping equipment can be profitably pressed back into service. In addi- 
tion, users of capital equipment will adjust their scrapping rates 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 derriand curve, the supply curve can also shift in response tzo 
changes in exogenous factors. Technical progress in the design of scrapping equipment will result 
in an outward shift of the supply curve as  production of any quantity of scrap becomes less costly. 
011 the other hand, increased prices for a number of fact.nrs (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 Murkel- Dynanzics 
Obviously, the determinatio,.. 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 some significant 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 business cycles are themselves sufficient to guarantee substantial 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 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 i t  is important to know how much 

  no re scrap will be forthcoming if scrap prices rise. While econometric models of scrap metals 
markets are obviously useful in this context, they must hs properly specified and estimated if 
they are to yicld meaningful results. 'l'his discussion provides 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 

sialullarieously 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 "the 
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 quantity of scrap 
supplied varies with price, i t  is not sl.lfficient siinply to observe the time paths of scrap price and 
quantity delivered and hope tha t  this information will yield adequate information about price 
responsiveness. Demand-side variables will inevit.ahly have intervened, as will exogcnous forccs 
that  have shifted the supply schedule. Shifts in the price of metal products and oro may havc 
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 indi~st~ry is t . h ~  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. 

I t  is along the supply curve in this figure that  any demand-induced increase in price will 
have to trace out its consequences for the o~~t.put ,  nf scrap. Although i t  is not immediately obvious 
how to deduce the shape of the supply curve from t,he recnrrl nf price-quantity combinationo 
generated by the interaction of supply and demand, econometricians have developed a series of 
methods for doing so. No econometric estimates of price responsiveness on the supply side can be 
taken seriously unless they have been generated by a technique which takes t,his prohlem of 
"simultaneity" into account. 

2.1.6.3 The Problem of Supply Equation Specification 
A second major problem in estimating price-responsiveness 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 ILLUS'I'KATION 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 esliniating an 
equation of the following type:' 

where Q, = quantity of scrap supplied a t  time t 

Q,, - quantity of scrap s~lpplied during the 
previous time interval t-1 

P, = price of scrap a t  time t 

P,,.B,.O, = 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 immediately preceding the present. I t  may 
be helpful to think of this latter term as an "inertia factor" which describes the importance of 
recent activity levels in determining the current level. Given this specification of the price- 
quantity relatioriship, it. 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 the response parameter PI, which 
predicts some resulting increase in scrap output during the 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 of 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 cornplelely da~npeiled by thc paooago of time, the 
condit.ion Q, = Q,., 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 PII(l-P;). 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 centsllb, 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, Pl in this revised form would measure the percent change in quantity that  would 
resull from a percent change in price in the short run, and similarly for Pl/(l-0,) 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 

comp~lt,er 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 more 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. T o  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 arc really random draws from the 
pnp1.1lat.ion of possible outeomcs, and the resultirlg 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 
environment are essentially random. In most reports of econometric results, the estimated 
~ncer ta in t~y  level is presented as the "standard error" of the estiniated 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 i t  to the estimated parameter value to form'the upper bound for 
the plausible range, and subtract i t  from the estimated parameter to form the corresponding 
lower bound. As an example, suppose tha t  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 Qt = 1.26 + 0.49 Log Pt + 0.27 Log Qt-l 

(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 elaslicily 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 timc, there is a good argumeril. f i ~ r  
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 successfully "explained" the observed variation 
in the behavior of some variable (in this case, the supply of scrap). In econometric work that  
involves bhe analysis of movements of variables through time, R2 is frequently of little practical 
use. Given the t,endency of variables such as output to exhibit persistent strong trends and the 
fact that  conventional supply equations frequently specify presenl oulput as  a function of past 
output (among other things), i t  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 esli~nalecl K' values. 

2.2 METHODOLOGY 

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

paper, riihber, and textile indu~tr ies . '~ '  

Figure 2-2 indicates a series of steps required for developing draft targcts for recoverable 
materials (RM) for all industries. These steps are discussed below. 



Step 4.2 
Alternative 

Uses of 
Recoverable 

Materials 

Step 4.3 
Sensitivity 
Analysis 

- 

Step 4.4 
Iteration- 
Required? 

FIGURE 2-2 METHODOLOGY NETWORK ENERGY SAVING'RECOVERED MATERIALS TARGETS 

Step 3.1 

Technical 
Feasibility 

Analysis for 
Industry 

Subdivision 

w 

Defines 
Recoverable 

Materials 
Source-Industry 

Subdivision 
Matrix 

Step 1 
Select 

lndustry 
Subdivision 

- 

1 
Step 3.3 

m 

Recoverable 
-Materials 

m 

L 

Step 3.2 

Is Industry 
Ability to 

Use Recoverable 
Materials 
Limiting? 

Step 2 

Define 
Sources 

of 

) See Figure 2 1 

. 
Step 4.1 

Application of 
Economic 
Criteria 

3 

I 
I 

A I 

Technical 
Feasibility 

Analysis for 
Recoverable 

Materials 
Source 

Through Source 
Technological 

Feasibility 
Analysis 

I 

I 

I 

I 

I 
L 

! I 

I 
L-  

Yes r -  
Analysis 

Step 4 
Economic 
Feasibility 

1 I 



S t e p  I :  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 legislation. 

B. Portions of the i ~ d u s t r y  (e.g., fabricating plants) were excluded from .further consideration 
since additional study of these segments would not contribute anything useful lu 111e ~esults .  

C. Each industry segment was carefully studied to determine whether an SIC, process, pruducl 
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 RM source ~natrix," shown in Figurc 2. 
3. 

S t e p  2: Select Sources o f  Recoverable Materials 

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

1. ' ~ u a l i t ~  of waste 

2. llispersion of waste 

3. Quantity of waste 

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

5. Changes in existing sources. 

R. Sources of' KM do include: 

1. Wastes that contain matcriols 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 lhe United States (none were fuurld). 

3. Any waste that may provide RM to replace any virgin material used by any of the industry 
subdivisions defined in Step 1. 

Sources u l  RM do not includc: 

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, inslitutional, 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. 

S t e p  3: Technological Feasibility Analysis 

A. Current and historical use of RM within each indusLry sub-division, by source of 11M, 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 by decisions already made (e.g., plant expansions, new 
plant construction, etc.) were determined. 

D. Realistic 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 Feasibi1it.y Anal.ysis 

The approach used in the economic analysis by Arthur D. Little, Inc., was adapted from 
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 11%, copper for about 396, 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 ferrous 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 tha t  affect the target: Major actions that  could realistically increase the use of RNI by 
a defined industry subdivision were addressed. These incentives could be financial, regu- 
latory, institutional, etc. in nature. 

13. 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 industrics. Thc significant areas are: 

Tax Policy 

Freight Rates 

Product Specifications 

Residuals (pollution control) 

Market Structure 

Export Controls on Scrap 
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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 Management 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 ferrous and nonferrous metals; in the 
manufacture of castings and other hasic 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 stampings 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 to eliminate sections not pertinent to recycling. 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: 

Ferrous Industry (including Iron & Steel, Ferrous Foundries, and Ferroalloys) 
Aluminum 
Copper 
Zinc 
Lead 

The  resulting industrjr subdivisions and tho SIC catcgorico included arc given below:' 

Industry Subdivision 

Ferrous Industry 

Aluminum 

Copper 

Ziric 

Lead 

SIC Categories 

3312,3315,3316,3317,3321, 
3322,3324, 3325,'3313 

1. SIC 3341 has been allocated by a five-digit SIC number into 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; 

Ferroalloys, which includes SIC 3313. 

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

silverv pig iron, and ferroalloys from iron ore and iron and steel scrap; converting pig irua, 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 f i~~ish ing  and processing these products in thc 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 sheels 
and strip from purchased hot rolled sheets, (2) cold drawing steel bars and steel shapes from 
purchased hot rolled steel bars and (3) pruciuc~r~g 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 Foundries 
The domestic ferrous foundry industry includes establishments primarily engaged in manu- 

hcturing 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 alsu niake sleel 
castings. 

YlC 3321 iilcludes establishments primarily cngugcd ill nlu~iufuclul.i~~g giaji ~;PUII  iastil1g.3, 
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 SLC 3325 
(:a t,egory. 

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

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



centage ferroalloys and high percentage nonferrous additive alloys." Ferroalloys produced by the 
blast furnacc process wil! also be included in the analysis for this report. 

3.2.2 Industry Structure 

3.2.2.1 Iron and Steel 
The United States consistently ranks first or second among world producers of raw steel.' 

Table 3.2-1 compares U.S. raw steel output with the world. total for the years 1950-1976. 
Geographic distribution of raw steel production 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 growth rate 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 million short tons.' 

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

In 1976 reported net shipments were about 90 million short tons.4 Total revenues for firms 
accounting for nearly 90% of the nation's raw steel production (128 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 consumption 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 categorized into three broad groups - fully integrated, 
cold metal shops and non-integrated. Fully integrated plants are engaged in both iron and 
steelmaking 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 produce molten raw steel, which is subsequently cast and 
fabricated to finished steel products. In 1976, a total of 58 integrated plants were in ~ p e r a t i o n . ~  

The cold metal shops operate their steel furnaces with cold metal charge - scrap, pig iron, 
or, more recentply, sponge iron made by direct reduction - which is melted and refined in the 
steelmaking furnaces. These plants do not produce hot metal from ore. Most cold metal plants in 
the United States use electric arc furnaces, 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 annual capacities of less than 200,000 short tons 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 
purchase semi-finished steel from integrated or cold metal producers for finish rolling and 
additional fabrication to final products. Many of the non-integrated plants are satellite finishing 
operations for the raw steel producers. This group includes facilities that  reroll carbon steel 
products and others that finish alloy steel intermediates. 



TABLE 3.2-1 

Year 

RAW STEEL PRODUCTION : 1950-1 976 

P roduc t i on  
( m i  11 i o n  s h o r t  t ons )  

World U.S. 

97 

9 3 

xx 
11 5 
XS 

99 

98 

127 

134 

131 

132 

121 

133 

151 
146 

117 

128 

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

Source: A I S I  S t a t i s t i c a l  Reports,  1950-1 977 



TABLE 3.2-2 

SIC Category 

331 2 

331 5 

3316 

331 7 

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 '1 976 

1 599.5 1321.8 1427.4 

15.4 12.2 13.7 

19.8 13.4 15.8 

18.1 15.3 12.2 

Source: U.S. Department o f  Commerce, Annual Survey 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 tha t  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 1.012 BTU equivalents. Of this amount, gray (including ductile) iron 
foundries consumed 67%. steel foundries 23% and malleable iron foundries 

Gray iron foundries are the largest segllient of the fcrrous foundry industry with 68% of total 
output in 1976. 

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  employee^.^ However, the number of small 
f'oundries 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 nat.ion 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 cu~l;umers.~ 

Production of ductile iron castings started in the United States in the late 1940's, and has 
had the highest growth rate of all cast ferrous materials over the last ZU y e a r ~ . ~  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 uf ductilc iron has been at. the 
cxpenfie of o t h ~ r  f'prrous castings. 

In 1976, 88 foundries produced ductile iron as their major metal product. Of these, 42% had 
50-250 employees and 37% had 10-49  employee^.^ Most of the ductile iron foundries are located in 
the Great Lakes and East South Central regions arid most are job-oriented with 60% of the 
f'oundries selling all oftheir uutput.' 

Malleable iron has been produced since the 1800's. i ts  positiur~ ill llle industry io now 
relat.ivaly minor in terms of tonnage and value of shipments. Because production of malleable 
iron is energy-intensive, its position in the future will be even less compelilive. 

In 1976,59 foundries produced malleable iron castings as  their major pruduct. Most of these 
were large f'oundries with about half having more than 250  employee^.^ The malleable iron 
fbundries are concentrated in the Great Lakes and Middle Atlantic regions and 66% of them are 
independel11 j0bbers.O 

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



TABLE 3.2-3 

NUMBER OF FOUNDRIES AND CASTING SHIPMENTS- 1976 

Number o f  
Major Metal Cast 

Gray I r o n  

D u c t i l e  I r o n  

Ma1 1 eabl e I r o n  

Stee l  

Es tab l  ishments Shipments 
thousands m i l l i o n s  
o f  tons o f  d o l l a r s  

To ta l  1,764 16,750 10,080 

Source: Bureau o f  Census 
A r t h u r  D. L l t t l e ,  Inc. ,  est imates 
Penton P u b l i c a t i o n s  



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!';1 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 st,ates 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 produced 1.9 million shorl lulls u l  
t'orroalloyc ~ I A I I I A ~  at, close to $1 billion ('l'able 3.2-6).1° Ferrualluys c u ~ ~ l a ~ ~ l i n g  eithcr mangunut;e, 
silicon, or chromium accounled for slightly over 90% of pruduct.ion.'" 'I'hese materials were 
prndr~ced by 19 companies, which operated 37 plants.'" 

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 are 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. Along with scrap (about half of which is recycled from 
subsequent operations) the hot metal may be fed into any of three different types of refining 
t'urnaces to product! nrol1el.1 sleel. The molten eteol is then either cast, into ingots and rolled in 
primary breakdown lr~ills t,a semifinished forms by conventinnal practice, or direct cast into 
semifinished forms (blooms, slabs, or billets) by the continuous casting process. As indicated in 
tho figure, the semifinished raw steel is routed through various rolling mills to be finished into a 
wide range of products such as structural shapes, bars, plates, a r ~ d  hot or cold rolled sheet. 

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

Sinter plant 

Blast furnace (for producing pig iron) 

Direct reduction (for producing prereduced iron) 

Raoic oxygen furnace 

Open hearth furnace 

Electric arc furnace 

Conli~iuous casting 

Rolling and finishing operations 



TABLE 3.2-? 

FERROALLOY PRODUCERS -- 

PRODUCER PLANT LOCATIONS 

A I R C O  ALLOYS DIV. Cal v e r t  City, KY 
A i r co ,  I n c .  Char1 eston,  SC 
3801 H igh land  Ave. Mob i le ,  AL. 
Niagara F a l l s ,  NY N i  agara Fa1 1 s , NY 

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

CHROMIUM M I N I N G  & 
SMELTING CORP. DIV. 

Chromasco L t d .  
Memphis, TN Woodstock, TN 

CLIMAX MOLYBDENUM CO. 
D i v .  o f  Amax, I n c .  
1270 Ave. o f  Americas 
New York, NY Lange lo th  , PA 

DIAMOND SHAMROCK CORP. 
Chemetal s D i  v. 
711 P i t t a m  Road 
Ba l t imo re ,  MD K i  ngwood, WV 

DUVAL CORP. 
9-00 Southwest Tower 
Houston, TX Sahuar i  t a  , AZ 

ENGLEHARD MINERALS & 
CHEMICALS CORP. 

299 Park Avenue Rockwood, TN 
New York, NY S t rasbu rg  , VA 

FMC CORP. 
I n d u s t r i a l  Chemicals D i  v Poca te l  l o ,  I D  
633 T h i r d  Avenue 
New York, NY 

FOOTE MINERAL CO. Cambri dge , OH 
F e r r o a l l  oys Di  v .  Graham, W V  
Route 100 Keokuk, I A  
Exton, PA New Johnsonvi  1 1 e , TN 

PRODUCTS FURNACE TYPE 

FeCr ,. FeMn e l e c t r i c  
FeCrSi , 
FeSi,  SiMn 

FeMo 
FeSi e l e c t r i c  

FeCr, FeSi e l e c t r i c  

Fe Mo meta l  l o t h e r n i c  

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

FeMo meta l  1 o thermic  

FeMn, FeSi e l e c t r i c  
FeV meta l  l o t h e r m i  c 

FeP e l  e c t r i  c 

FeCrSi , FeV e l e c t r i c  
FeCr, FeSi  
FeSi Mg , Mn 
CaS1 , s i l v e r y  
p i g  i r o n  



TABLE 3.2-4 (Cont inued)  

PRODUCER PLANT LOCATIONS 

GLOBE METALLURGICAL DIV. 
I n t e r l a k e ,  I n c .  Beve r l y ,  OH 
1556 Union Corrunerce B l d g  Selma, AL 
C l  eve1 and, OH To1 edo , OH 

GULF & WESTERN INC. 
New J e r s e y  Z i n c  Co. 
2045 City L i r ~ e  Rd. 
Bethlehem, PA Pal  mer ton , PA 

HANNA MINING CO. 
100 E r i e v i e w  P laza  R i d d l e ,  OR 
C l  eve1 and, OH Wenatchee, WA 

HOOKER CHEMICAL D l  V .  
O c c i d e n t a l  Pe t ro leum 
600 Union S t r e e t  
N i a g a r a  F a l l s ,  NY Columbia, TN 

INTERNATIONAL MINERALS 
& CHEMICAL CORP. 

Tennessee A1 1 oys Di v.  
818 Harni l t o n  Bank B l d g  0 r l  dgepor t  , AL 
Chattanooga, TN Kimbal 1 , TN 

KAWECKI BERYLCO IND. 
P.O. Box 1462 S p r i n g f i e l d ,  OR 
Reading, PA Revere, PA 

KERR McGEE CHEMICAL 
K e r r  McGee Center  
Oklahoma City, UK Oklahoma City , OK 

METALLURG, INC. 
S h i e l d a l l o y  Corp. 
West Bou leva rd  
N e w f i e l d ,  NJ New ii e l  d, NJ 

MOBIL CHEMICAL CO. 
Mob i l  O i l  Corp. 
150 E. 42nd S t r e e t  
New York,  NY 

MOLY CORP, I N C .  
280 Park  Avenue 
New York,  NY 

N i cho l s ,  FL 

Washington, PA 

3-10 

PRODUCTS FURNACE TYPE 

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

Spl  n e l  e c t  r i  c 

FeNi, S i  , e l  e c t r i  c 
FeS 1' 

FeP 

S i 
FeCb 

Mi l  

e l e c t r i c  

e l e c t r i c  

e l e c t r i c  
meta l  1 o thermic  

FeV , 
FeCb, FeTi , e l e c t r i c  , 
FcAl , FeB meta l  l o t h ~ r m i c  

FeB, FeMo e l e c t r i c  
Few meta l  l o t h e r m i c  

I 



TABLE 3.2-4 (Continued) 

PLANT LOCATIONS 

MONSANTO COMPANY 
I n d u s t r i a l  Chemicals 
800 N.  Lindbergh B l v d .  Col umbi a, TN 
S t .  Lou is ,  MO Soda Springs , I D '  FeP 

FURNACE TYPE 

e l  e c t  ri 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 N i  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. P h i l o ,  OH FeB, FeMn 
Canton, OH Powhatan P t . ,  OH FeSi, S i ,  

Montgomery, AL SiMn e l e c t r i c  

THE PESSES COMPANY FeSi A1 , FeSiMg, e l e c t r i c ,  
29605 Hal 1 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 s  burgh, PA FeSi, FeTi e l e c t r i c  

READING ALLOYS 
P.O. Box 53 
Robesoni a, PA Robeson i a, PA FeCb, Few metal 1 othenni  c 

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

SABIN METAL CORP. 
31 0 Messerol e S t .  
Brooklyn, NY Brooklyn,  NY 

S i e l e c t r i c  

FeNi , Few 

SATRALLOY I NC. 
625 Stanwix S t r e e t  FeCr, FeMn, e l e c t r i c  
P i t t sbu rgh ,  PA Steubenvi l  l e ,  OH FeCrSi 

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

TENN-TEX ALLOY CORP 
Div.  o f  Sandgate Corp. 
13501 Indus tri a1 Road 
Houston, TX Houston, TX 

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



TABLE 3.2-4 (Cont inued)  

PRODUCER PLANT LOCATIONS PRODUCTS FURNACE TYPE 

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

UNION CARBIDE CORP. A1 l o y  , WV FeB , FeCr e l e c t r i c  
Me ta l s  D i v i s i o n  Ashtabul  a, OH FeCrSi , FeMn, 
270 Park Avenue M a r i e t t a ,  OH FeSi , FeV , 
New York, NY N iagara  F a l l s ,  NY Few, S i  

Po r t l and ,  OR 
S h e f f i e l d ,  AL 

U N l P t U  S l A l t S  SltkL C O W  
600 Gran t  Street McKeesport , PA 
PS t tsburgh,  PA C l  d i  r t o n  , PA FeMn b l a s t  

Sources: S tee l  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 S tee l  Stud ies,  W.E. P ie t rucha  and R.L. D e i l y ,  1977, 
U.S. Bureau of  ):lines, " l i ne ra ls  Yearbook, 1977. 



TABLE 3.2-5 

Silicomanganese 

Ferros i 1 i con 

5"' - Chromium A1 l o y s  

Ferrochromi um 

High carbon 

Low carbon 

Ferrochromi um-si 1 i c o n  

Other A1 1 clys 

FERROALLOYS PRODUCED AND SHIPPED - 1976 

1976 Product ion 1976 Shipments 

A1 l o y  
E l  emen t 

Gross Weight Contained Gross Weight Value 
( s h o r t  t ons )  (averaqe % )  ( s h o r t  t ons )  (thousands $ )  

TOTAL 269,247 6 0 

Fer roco l  umbi ~m 1,205 6 5 

Ferrophosphorus 11 0,903 2 4 

Others 56,485 xx  

GRAND TOTAL 1,910,218 x x 

Source: U.S. Bureau o f  Mines M ine ra ls  Yearbook, 1976. 
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3.2.3.1.1 Sinter Pla.nt 

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. I t  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 reductionlarc-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 plentilul 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 thc United States in 1954; since that  time raw 
steel production by this process has grown to more than 80 million short tons.4 This growth has 
been largely a t  the expensc of the less econo~nical 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 70-8096 of the ferrous charge mater iak4  Other metallic charge materials 
include scrap and cold pig iron. 



TABLE 3.2-6 

Year 

BASIC OXYGEN STEEL PRODUCTION - 1957-1 976 

(thousand) 

Basic Oxygen Steel  
To ta l  Raw Basic Oxygen as % o f  To ta l  Raw 

Steel  Produc t ion  -.. Produc t ion  Steel  Product ion 

Source: A ISI  Annual S t a t i s t i c a l  Reports, 1956-1976 
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After charging the furnace with metallics, oxygen is injected and lime and fluorspar fluxes 
are added. Carbon, ferromanganese, ferrosilicon, 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 not readily oxidize - such as nickel, copper and molybdenum. 

3.2.3.1.5 Open Hearth Furnace 

The open hearth process, for many years the mainstay of the domestic steel industry, has 
yielded to the dominance of the basic oxygen processes during the last ten years. In fact, because 
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 Furnace 

The first electric 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 
p r o d ~ c t i o n . ~  

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, i t  is expected to be more important in the future.12 

The capacity of electric arc furnaces has 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 ~ r n a c e . ~  

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

3.2.3.1.7 Continuous Casting 

In continuous or strand casting, molten steel is converted directly into billets, blooms, or 
slabs in one continuous operation. This process bypasses the traditional steps of ingot casting, 
heating the solidified ingots in soaking pits, and primary shaping of the ingots in suitable mills to 
smaller semifinished forms. Thc 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 
6 

and therefore, the consllmption of purchased scrap. In 1976 about 12% ol  sleel in the United 
States W ~ E  produced by contilluous casling.13 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 Breakdowr. 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 i t  to  the shapes and dimensions desired by the steel 
consumers. Thus, the first step in l l ~ e  processing of the ingot in the primary shapir~g uperal.isrn is 
hot rolling t.n intermediate shapes suitable for further prucessing. 

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 diameler 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.18 

Generally, the first step in producing flat rolled products from ingots is rolling the ingul; illto 
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, inspectlun, 
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 ulher r~~aterials.  Some hot strip, depcnding 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 conversion to bar, rod, wire 
and seamless pipes. Capacities of billet mills range from about 100,UUU short tons to over unt! 
million short tons per year.3 

After passing through the primary breakdown mill, blooms, billets and slabs are ready to be 
converted to semifinished and finished products. This is accuml~lislled.eit11er by hot rolling or by 
hul rullillg I'ullowed by cold rcduction. 

Hot strip rolling mills account for about half t,he steel products. A modern hot strip rolling 
mill consists of in line roughing 111ill stands in tandem through which a slab is passed sequentially 
tan redlice 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. 

T o  produce thin-gauge steel, the hot rolled strip or 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 reduction in a tandem cold mill is about 
80-93s of the original hot-band thickness. The cold rolled strip is cleaned and annealed for 
optimum properties. 

Because of .increased demand for lighter-gauge stock, current practice is to follow the 
annealing operation with a second cold reduction of the cold-rolled strip intended for tin plate. A . 

temper mill is used to harden the 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 galvanized 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 evolved along with the bar mill, and the development of looping (i.e., 
taking the work piece in a second pass through an intermediate stand) made possible the rolling 
of small rounds. The fully continuous 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 
successively smaller dies. The drawn wire is then fabricated to wire products 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 from 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 which are used in bridges, buildings, ships, freight cars, etc. 
These are produced in special mills designed for the appropriate st,rilct8~lral shape. 

3.2.3.2 Ferrous Foundries 
A typical foundry can be divided into some ten interconnected operations: 

Raw materials storage and handling 
Pat.ternmaking 
Sand preparation 
Molding 
Coremaking 
Melting 
Pouring 
Cooling 
Shakeout 
Clea~lil~g alld fi~lisliiiig 



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. It  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. It  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 stccl. Bccause induction furnaces are essentially melting and ~ i o l  
refiniiig furnaces they operate only on clean scrip. induction fi~rnacss arc? generally smaller t.han 
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. It  
varies in capacity from as little as 10 short tons to more than 200 short tons. The use of the open- 
hearth is limited to a few plants in the steel foundry industry. 

3.2.3.3 Ferroalloys 
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 ferromanganese. 

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 ecoriomic fuctors. 

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 

IIELTING METHODS USED IN FERROUS FOUNDRIES 

Major Product 

Me1 t i n g  Method 

Cupo la 

, E l e c t r i c  Arc Furnace 

Core1 e s s  Induction 

Air Furnace 

Reverberatory 

Open Hearth 

Gray 
Iron 

Ductile Malleable 
Iron Iron Steel  

(percentage of foundries)  

Total 
Ferrous Ind. 

Number of Foundries I195 88 59 422 1764 
In Major Product 
Class i f i ca t ion  

Source: Penton Publicat ions Foundry Data Base 
Arthur D. L i t t l e ,  Inc,. , est imates 



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 10-2096 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. 

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 
producing medium-carbon ferromanganese 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 classification 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 

Figure 3.2-4, constructed from U.S. Bureau of Mines and 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. I .  I .  1 Production of Pig Iron 

Domestic production of pig iron tota!ed 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 proce~ses.~~' 

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 and sludges, limestone and dolomite, 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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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 c ~ 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. 

T a t ~ l  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, 12.3 million short tons of scrap, 1.5 million short tons of fluxes, and 40.6 billion cubic feet of 
oxygen in 1976. Open hearth products included 23.5 million short tons of raw steel, about 4.9 
million short tons of slag, and U.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 
sludges. 

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 wrappings; billet, pipe and bar 
ends; hot metal spills and runnings; and plate shearing and sheet trimmings. Prompt ind~lstrial 
scrap is generated directly by metalworking firms in the fabrication of industrial and consilmer 
products. It  consists for the most part of clips, turnings, hnrings, punchings, stampings, trim- 
mings and drillings. In contrast, obsolete scrap is generated by consumers of finished 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 
C~rilil~uuus casli~~g 

r Hot rolliiig mill 
Cold rolling mill 

In addition to iron, these scales can contain small concentrations of trace 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 steelmaking furnaces for recovery of iron and to promote lime or limestone dissolution. 

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. 

Blast 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 
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TABLE 3.2-8 

CONSUMPTION OF FERROUS SCRAP BY GRADE 
(Thousands o f  n e t  t ons )  

Low, phosphorous p l a t e  & punchings 
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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 & e l e c t r i c  furnace bundles 

No. 2 & a1 1 o t h e r  bundles 

Turn ings & bo r i ngs  

Slag scrap (Fe con ten t )  

Shredded o r  f ragment ized 

A1 1 o t h e r  carbon s t e e l  scrap 

TOTAL CARBON STEEL 

S t a i n l e s s  S tee l  

A1 l o y  s t e e l  ( s t a i n l e s s )  

I r o n  scrap 

Other  grades o r  types o f  scrap 

TOTAL SCRAP 
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I n s t i t u t e ,  1976 and 1977. , 



amounts of carbon. In order to recycle this fine material it  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 steel 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 dust.s and sludges, t.hey are excluded from the 
target aniily~is. 

3.2.4.1.2.4 Slag 

Slags are produced by blast, 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 and steel industry for processing. Such slag scrap is included in 
the category of ferrous scrap. 

Open hearth and BOF slags are sometimes partially recycled to the sinter plant or used 
directly in the blast furnace. Reasons for this recycle include recovery of contained iron values. 
Lime values are also recovered to enhance sinter basicity. Electric furnace 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 recyclabie materials 
f'or each unit operation are described. Types of materials, quantities recycled, and technological 
reasons for their utilization are given. Thus a general recycle profile for the iron and steel industry 
is developed. 

3.2.4. I .3. I Sinter Plants 

Materials currently being recycled to sinter plants include BOF and OHF slag, dust and 
sludge f'rom 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 plants 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 steel 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 it 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 i t  a useful 
source of this element. It  is 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 recover iron units and secondarily to serve as a sink for thermal energy. On 
the average, basic oxygen charges consist of approximately 30% 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 Furttuces 

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 furnace 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 
Slag 
Floor sweepings 
Refractories - H U I I ~ ~  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 given 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 foundry where it is generated. Only very minor amounts of generated home scrap are 
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 depend on type 
of foundry product, are not recycled a t  all because of technical/economic limitations. 

3.2.4.3 Ferroa 1 loys 

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 gravel used is obtained from sources in the United States. Purchased 
ferrous scrap is consumed a t  a rate of 0.30 short tons per ton of ferrosilicon. Revert ferrous scrap is 
consumed a t  the rate of 0.30 short tons per ton of ferrosilicon. Revert ferrous scrap is consumed a t  
the rate of 0.02 short tons per short ton of ferrosilicon. 

Slag is not generated in the production of ferrosilicon. Particulates are emitted from 
furnaces a t  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 
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TABLE 3.2-9 

WASTE GENERATION FACTORS AND 1976 WASTE GENERATION - I R O N  AND STEEL FOUNDRIES 

Foundry Type o f  Waste 

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

M a l l e a b l e  I r o n  

S t e e l  Cas t ings  

S l  udge 

Dust 

Sand 

R ~ f r a c t n r i  es 

Home Scrap ( 2 )  

S lag  

S l  udge 

Dust 

Sand 

K e f r a c t o r i  es 

Home Scrap ( 2, 

S lag  

Sludge 

Dust 

Sand 

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

Hume Scrap ( 2 )  

Generat ion 
(1  1 

Fac to r  I bs/ST o f  
F i n i s h e d  Cast ings 

1976 
Waste Generat ion 

Tons X 103 

Sources : 

1. Assessment of I n d u s t r i a l  Hazardous Waste P r a c t i c e s  i n  t h e  Metal  Smel t ing  
and R e f i n e r y  I n d u s t r y ,  Volume 111, No. ND-5520-M-1, Calspan. 

2. " I r o n  and S tee l  D i s t r i b u t i o n  i n  U.S.A.," Modern Cast ing,  October 1977, p. 85. 
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Africa, Turkey and the USSR. A typical high-carbon chromium plant consumes 0.053 short tons 
of ferrous scrap per short ton of ferrochromium. 

By-products of ferrochromium production are particulates and slag. Approximately 0.17 
short tons of particulates are entrained in furnace gas per ton of ferrochromium produced. If a dry 
removal system is 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 per short 
ton of ferrochromium. This slag is either open dumped or used in road building. 

3.2.4.3.1.3 Ferromanganese 

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

The furnace charge consists of manganese ore, coke, mill scale, remelted ferromanganese, 
and possibly scrap from outside the plant. At least one plant includes silicomanganese in the 
charge. Most, if not all, of the domestic ore consumed comes from shipments of government 
stockpile excesses. Ore from Africa, Australia, and Brazil accounted for 79% of the manganese 
units and 78% of the gross wcight in 1976. 

Furnace products include ferromanganese, particulates, and slag. Slag, containing 53% Mn, 
is produced a t  the rate of 0.60 short ton per short ton of ferromanganese. This slag can be charged 
to silicomanganese furnaces if the plant is integrated with silicomanganese 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 possible use in future silicomanganese production. 
Particulates in gaseous emissions are produced a t  the rate of 0.17 short ton per short ton of 
ferromanganese. Most of this material is disposed of by du111ping. 

3.2.4.3.1.4 Silicomanganese 

Of the nine plants producing silicomanganese, eight were combined with ferromanganese 
furnaces. The charge to silicomanganese furnaces contains ferromanganese slag, manganese ore, 
coal, coke, dolomite, quartz, mill scale, and remelts. Ferromanganese slag is consumed a t  the rate 
of 1.34 ton por ton of silicornanganese leaving the plant. 

1 

Furnace byproducts include slag and particulates. Slag is produced a t  the rate of 1.10 ton 
per ton of silicomanganese. Approximately 0.79 ton of this is used for road base and 0.32 ton is 
transported to open dumps. 

3.2.4.3.2 Classification of Recoverable Material 

Sources of recoverable materials in the ferroalloy industry are slag, dust and sludge, and 
lerrous scrap. 

3.2.4.3.3 Recycle Profile 

Figure 3.2-6 shows the paths taken by recyclable materials. Flow rates in 1976 are given in 
Table 3.2-10. Of major significance is the flow of manganese units in ferromanganese slag to the 
silicomanganese furnace. 
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TABLE 3.2-10 

Mater ial  

NATERIALS FLOW - 1976 

FERROALLOYS SEGMENT 

(Gross Weight, Shor t  Tons) 

Ferrosi  1 icon Fe rrochromi um Ferromanganese Silicomanganese 

Fer roa l loy  Production 860,799 ' 

Pig Iron N A NA. N A N A 

S lag  - p r o a c e d  by 

Y e l e c t r i c  fu rnaces  
W 
4 

Slag - recycled t o  
furnaces  

S lag  - storled f o r  
poss ib l e  f u t u r e  use 

Slag - dum~ed 0 N A N A 40,609 

Slag - usec. i n  road 
bui ld ing  

Dust and Sludge 290,950 45,233 80,798 ' 14,052 

SOl!RCES : 11. S. Bureau of Mines Mineral s Yearbook, 1976. 
Cal span,  "Assessment of Indus t r i  a1 Hazardous Waste Practi .ces 
i n  Metal Smelting and Refining Indus t ry ,"  Volume 1.11, 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 a t  1.5-2.0% 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 steel output for each of these furnaces for the years 1952-1976 is given in Table 
3.2-11. Most of 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 been achieved a t  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 shops 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 by a number 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 over 30%. 

Another significant factor in the iron and steel industry is the acceptance of continuous 
casting for high volume production. I t  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 1977.13 By the end of 1978, 31 
million short tons of capacity will be installed in 66 steel plants in t,he IJnited St.at.es. 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 - 1952-1 976 

Year - 

1952 

1953 

1954 

1955 

1556 

1557 

1558 

1559 

1560 

1561 

Open 'Hear th  

Thousands 
Net Toris - % 

Bas ic  Oxygen Bessemer E l e c t r i c  

Thousands Thousands Thousands 
Net Tons - % Net Tons - X Net Tons - % 

T o t a l  

Thousands 
Net  Tons 

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



TABLE 3.2-12 

PRODUCTION OF IRON CASTINGS - 1955-1976 

(thousand n e t  t o n s )  

Gray and Duct i le  Ma1 1 eabl e 
Year Cas t i  nqs Cast inqs Total -.. 

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



with t.he 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 industry .6 

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 sh i r t  tons. 

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

total ferrosilicon 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 last 10 years is shown in Table 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  tons)  

Year 
S tee l  

Cast ings 

Source: U.S. Department o f  Commerce,. Bureau o f  Census, 
c u r r e n t  i n d u s t r i  a1 r e p o r t s ,  M33, 1955-1976. 



TABLE 3.2-14 

FERROALLOYS PRODUCED AND SHIPPED - 1967-1976 

P roduc t i on  o f  P r o j u c t i o n  o f  P roduc t i on  o f  P roduc t i on  o f  T o t a l  F e r r o a l  l o y  
F e r r o s i l  ocon A l l o y  Element Fer  -0manganese A l l o y  Element Chromium A l l o y s  A l l o y  Element S i l  i c o  Manganese P roduc t i on  

(g ross  we igh t )  Conta ined :gross we igh t )  Contained (g ross  we igh t )  Contained (g ross  we igh t )  ( g ross  w e i g h t )  
Year ( s h o r t  t o n s )  (average pe rcen t )  (s  i o r t  t o n s )  (average p e r c e n t 1  ( s h o r t  t o n s )  (averaqe pe rcen t )  ( s h o r t  t o n s )  (average p e r c e n t )  ( s h o r t  t o n s )  

Source: U.S. Bureau o f  K inss ,  M ine ra l s  Ysarbook, 1576. 



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 

r Tlie par1 vl SIC 3341 - Secondary 811ielLi1ig a ~ i d  Relini~ig ol Nunlerrous Melals 
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/activities (aluminum related) of these establishments are: 

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

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 producing welded tube. Also in- 
cluded are establishments primarily producing similar products by continuous 
casting. The  products from these establishments are as  follows: 

- Coiled, sheet: aluminum 
- Foil, plain: aluminum 
- Plate: 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 
Estrudcd shapes: aluminum 

-- Pipe, aluminum: extruded 
- Rod, aluminum: extruded 
- Tube, aluminum: extruded or drawn 
- Tube blooms, al~iminiim: extruded 

SIC 3355 - Aluminum Rolling and Urawing, 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 pait 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) 

- Automotive and aircraft wire and cable, aluminum 
- Cable, aluminum: bare, or reinforced, conductor 
- Coaxial cable 
- Communications wife and cable 
- Shipboard cable 
- Signal and control cable 
- Weatherproof wire and cable 
- Wire, insulated, or covered (mec) 

SIC 3361 - Aluminum Foundries (Castings) includes establishments primarily 
engaged in manufacturing sand, permanent mold, a r ~ d  die castings of aluminum 
and aluminum-based alloys. 

A part of SIC 3399 - Primary Metal Products Not Elsewhere Classified includes 
establishments primarily engaged in the production of aluminum nails, brads, 
spikes, powder, flake and 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 
The aluminum industry can be divided into four segments: 

Primary Aluminum (SIC 3334) 

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

Aluminum Foundries (SIC 3361) 

Others (SIC 3353, 3354, 3555, 3357,3361, 3399, and 3463) 



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, i t  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 
segments of the aluminum industry are shown schematically in ~ i ~ u r e ' 3 . 3 - 1 .  

3.3.2.1 Primary Aluminum Industry 
The most important activities carried out by the industry are: 

Production of alumina from ha11xit.e 1 ~ y  l l ~ e  Bayer process 

Reduction of alumina to aluminum metal by the Hall-Heroult electrolytic reduc- 
tion process. 

These two activities are carried out, at. ent.irely 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 nf ~ l u m i n u m  (or approximatcly 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 Tahle 3.3-2. 

The 12 domestic firms are of unequal size and are multiwlant. vert,ically integrated corpo- 
rations. The three largest domestic companies (Alcoa, Reynolds, and Kaiser) accounted for 65% 
of d o ~ ~ ~ e s l i c  primary aluminum capacity in 1976. Aluminum Company of Canada, Ltd., via its 
U.S. subsidiary, Alcan Aluminum Corporation, is the folirth largest. 1.1 S. aluminum fabrioator 
and an  ii~lpurlant seller of primary ingot in the country.(') Consequently, Alcan, eve11 t h ~ u g h  it, 
does not have a primary smelter in the United States, plays a significant role in domestic 
aluminum shipments. 

3.3.2.2 Secondary Aluminum Industry 
The secondary aluminum industry cnmprises: 

Producers of alloy ingot and hot metal for foundries and die casters and bar and 
shot for steel deoxidation, and 

Producers of secondary extrusion ingots fnr ext.riasion plants. 

Most firms in the secondary aluminum industry have one plant and are either family-owned or 
vwned by small corporations. The minority of firms, which represent a large portion of thc 
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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Source : Aluminum Prices 1974-75 Executive Office of the President 
Council on Wage and Price Stability, Staff Report September 1976. 

FIGURE 3.3-1 ALUMINUM PRODUCTION PROCESS 
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Source: Environmental' Consideration$ of Selecfed Energy Conserving 
~Wanufacturmg Process Options: Val. VI I I .  Alumina/Alumr'num lnd~rstry 
tieport, U .S .  EPA, EPA-60017-76-034h, 
December 197 3. 

FIGURE 3.3-2 LOCATION OF' ALUMINA 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 

Mobi le,  AL 
Bauxite,  AR 
P o i n t  Comfort, TX 

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

S t .  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 

To ta 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  ' Company 

*A 66-34 j o i n t  venture between Consol i dated A1 uminum Corpora t i  on 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  tons pe r  year .  

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 ,  I nc .  es t i r r~a les .  



Company and P l a n t  

A1 uminum Company o f  America 

TABLE 3.3-2 

PRIMARY ALUMINUM PLANTS 

Alcoa, TN 
Badin, NC 
t v a n s v i l l e ,  I N  
Massena, NY 
Po in t  Comfort, TX 
Rockdale, TX 
Vancouver, WA 
Wanatchee , WA 
Pa les t i ne ,  TX 

Anaconda Aluminum 

Columbia F a l l s ,  MT 
Sebree, KY 

Consol idated Aluminum 

New Johnsonv i l le ,  TN 
Lake Charles, LA 

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

The Dal l e s ,  OR 
Go1 dendal e, WA 

kasta' l  co* 

Freder ick ,  MD 

I n t a l  co* 

Bel l ingham, WA 

Ka iser  Aluminum and Chemical 

Chalmette, LA 
Mead, WA 
Ravenswood, WV 
Tacoma, WA 

Capaci ty  i n  1976 
(Thousand Shor t  Tons/Year) 
P l a n t  Co~iipzny 



Company and P l a n t  

Ormet** 

Noranda 

New Mad.rid, MO 

TABLE 3.3-2 (Cont inued) 

PRIMARY ALUMINUM PLANTS 

Capacity i n  1976 
(Thousand Shor t  Tons/Year) 
P l a n t  Company 

Nat iona l  Southwire Aluminum*** 

Hawesvi 11 e , KY 

Revere Copper and Brass 

Scottsboro, AL 

Reynolds 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. 

* ALUMAX, Inc .  and Howmet Aluminium Corp. each have a 50% i n t e r e s t  
i n  Easta lco and I n t a l c o .  

** Ormet i s  owned j o i n t l y  by Consol idated Aluminum Corp. (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 Southwire Company (50%). 

Source : Minera l  Commodi ty 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 ,  Inc. ,  est imates.  



In 1976, 91 plants produced secondary alloy ingot, hot metal, and extrusion ingot.I3' 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 California."' 
Production in individual secondary aluminum plants can range from 3,000 to 55,000 short tons 
per year.I5' 

3.3.2.3 A Luminum Foundries 
In the United States about 1400 foundries produce aluminum castings as the major metal; 

half of which cast aluminum exclusively. About 80% of aluminum foundries are jobbers. About 
923,000 tons of aluminum castings, valued a t  $2.75 billion, were produced in 1976, representing 
about 40% of all nonferrous  casting^.'^' 

Because of their light weight, castability, machinability, and high strength-to-weight ratio, 
aluminum castings serve such important markets as automotive, appliance, and aerospace. The 
automotive industry consumed approximately half of ail 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 foundries employ fewer than 50 people, and about half of these 
have fewer than 10 employees. 

3.3.2.4 Others 
Besides the primary and secondary aluminum producers and foundries, there are a number 

of companies producing a wide variety of aluminum prodiicts. Table 3.3-3 is based on unofficial 
directories currently prepared by the U.S. Department of Commerce Uomestic and lnternationai 
Business Administration. The figures show the number of companies and plants involved in the 
manufacture of each product. In many instances, one company 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 company's use. In many instances, the companies 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 metal 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 
arc bricfly dcocribcd bclow. 

3.3.3.1.1 Bayer Process 

In 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 I n g o t  

Secondary I n g o t  

Master A1 1 oys 

Sheet and P l a t e  

Foi 1 

Extruded Shapes 

R o l l e d  and Continuous Cast Rod and Bar 

Wire, Bare, Conductor and Nonconductor 

ACSR and Cable, Bare 

Wire and Cable, I n s u l a t e d  o r  Covered 

Drawn Tube 

Welded Tube 

Flake, Powder and Pastc 

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  
Companies 

Number 
o f  'P lan ts  

*Prepared f o r  government use and n o t  t o  be considered o f f i c i a l  o r  
complete. 

Source: D i r e c t o r y  o f  Aluminum Supp l ie rs  i n  t he  Un i ted  States,  
U.S. Depa.rtment o f  Commerce, I n d u s t r y  and Trade 
Admin i s t ra t i on ,  Bureau o f  Domestic Business Development 
O f f i c e  o f  Basic  I n d u s 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 the cell serve as the cathode in the 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 a t  the bottom of the cell. This pool of molten aluminum is the active cathode. Calhodes 
are more or less a permanent installation. Typically, the cathodes last three to six years, about 
thesame 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 steel conncector rods that 
connect to the anode bus. The carbon anodes used in the reduction cells are produced by two 
methods, Soderberg or prebake, both of which use a combination of petroleum pitch and 
petroleum coke. In 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 
t.he v~lnt.i lcs.  

In the prebake system, prebaked anodes are manufactured in a separate installation from 
high-purity petroleum coke, which is ground, calcined, and blended with pitch to produce a paste 
that can be pressed into high-density shapes. Approximately 1975 pounds of petroleunl 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 
anode bus. Molten 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 a number of advantages over 
the Soderberg system. It requires significantly less energy than the Soderberg system and because 
the anodes are baked in separate facilities, it  is easier to recover the volatiles released from the 
anode paste. 

Aluminum reduction cells operate continuously with periodic additions of alur~ii~ia arid 
electrolyte additives, replacement of anodes, and removal of molten aluminum. Aluminum is 
removed periodically a t  one- to three-day intervals arid blerlded 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: En viranmental Cnnsiderations of Selected Encrgy Conserving 
~Wanufacturing Process Opl.ions: Vol. V I I I .  Alum/na/Alumlnum Industry 
Report, U.S. EPA, EPA-60017-76-034h, 
December 1976. 

FIGURE 3.3-3 BAYER PROCESS FOR PRODUCING ALUMINA 



TABLE 3.3-4 

BAYER PLANTS - RANGES OF RAW MATERIALS 
AND ENERGY REQUIREMENTS 

Range 

Raw Mater i  a1 s : 

Bauxi t c  

Limestone 

Soda Ash 

Starch 

Power: 

Fuel ; 

Steam genera t ion  

Lime 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  A1 urni na 

2.05 - 2.63* 

.09 - -18 -  

.05 - .l 

kWh/ton A1 umi na 

200 - 300 

l o 6  B tu / ton  Alumina 

4.4 - 11.3 

.21 - .43 

2.8 - 5.0 

*Bauxi te  consumption v a r i e s  from 2.05-2.37 f o r  South American 
baux i t e  and 2.41-2.63 f o r  Caribbean baux i t e .  

S o u r w ;  Envi rwnwental cons idera t ions  s f  Sel ested Lnel-gy 
Curlserving Manufactur ing Process Options : Vol I  I  I ,  
Alumina/Aluminum I n d u s t r i e s  Report, EPA, 
December 1976. 

Minera l  CUIIIIIIU~ i t  i es Prsu.f i 1 e, MCP-14, May 1978. 



TABLE 3.3-5 

PRIMARY ALUMINUM PLANTS - RANGES OF 
RAW MATERIALS AND ENERGY REQUIREMENTS 

(Prebaked Operat ion)  

Raw Ma te r i a l s :  

A1 umi na 

~ a j c i  ned P e t r o l  eum coke 

P i t c h  

Cry01 i t e  

A1 umi num F l u o r i d e  

Cal c i  um F l u o r i d e  

Power: 

Fuel : 

Baking Anodes 

Cast i ng 

Range 

ton / ton  A1 umi num 

1.91 - 1.95 

0.43 - 0.60 

0.10 - 0.20 

0.01 - 0.05 
0 

0.01 - 0.05 

kWh/ton A1 umi num 

14,000 - 18,000 

l o 6  B tu / ton  A1 uminum 

2.3 - 3 .6 '  

1.5 - 11.0 

Source: Environmental cons idera t ions  o f  Selected Energy 
Conserving Manufactur ing Process Options : 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.(7) 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 its new electrolytic chloride process for aluminum smelting in 1973. The 
process involves the electrolysis of aluminum chloride from an electrolyte consisting of alkali and 
alkali earth chlorides. Alcoa has built a demonstration plant in Palestine, 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% alumina. 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 electrodes can be 
used, and the expensive energy-consuming anode baking facilities are eliminated. 

Becausc clectrodcs can now be permanently emplaced, it  is possible to design 
chloride process cells with multiple sheet electrodes stacked one above another 
(the EO-called "multipolar" elootrodo oonfiguration). One coll thon bccomeo thc 
equivalent of several single cells, with coi~sequeilt savings afforded by the nluch 
more compact cell .design. 

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

The chloride cell operating temperature is about 1292°F rather than the 1742"- 
1832°F temperature of the Hall process. 

Several refractory hard metals 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 because of its superior electrical conductivity, and the fact that I t  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 cell itself has a normal life of four years. Recently, interest has shifted to replacing 
not only the iron and carbon, but also the molten aluminum pad so t.hat the titanium diboride 
would provide connections between the cathode bus and the electrolyte. The aluminum produced 
a t  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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Source: Environmental Considerations of Selected Energy Conserving 
Manufacturing Process Options: Vol . V I I I. Alumina/Aluminum Industry 
Report, U .S .  EPA, EPA-60017-76-034h. 
December 1976. 

FIGURE 3.3-4 ALCOA CHLORIDE PROCESS (ASSUMED SCHEME) 



It 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 Prcsmolting 

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 Skimm i r~gs (Residues) 
- Other (includes foil and high-iron scrap) 

Old Scrap 

- Castings, Sheet and Clippings 
- Aluminum Cans 
- Other ( i ~ l ~ l u d c o  nluminum-copper rarliat,nrs and other high-iron scrap). 

. New solids and clippings are largely uncontaminated and require little presmelter treat- 
ment.. Tron inclusions or other non-aluminum contaminants, are removed eilllel? inai~ually or 
mechanically (shredding and magnetic separalion). Scrap consisting of borings and I . ~ ~ r . ~ i i ~ l g s  is 
often contaminated with cutting oils. It  is first shredded in ring crushers and then dried in rotary- 
kiln type dryers. The borings are then passed over magnetic separators where iron is removed and 
the clean dry borings are sent to storage for later use. 

Urosses and skimmingb: are when aluminum ingot nr scrap is melted or when 
molten aluminum is handled. The primary constituents of dross are aluminum metal and 
alumina, but significant quantities of other constituents may be present. These include alumi- 
nllm carbide and aluminum nitride; other metals and their oxides, depending on the alloy 
composition of the melt; fluorine compounds, if the aluminum comes from a reductiori cell; and 
r e s i d ~ l ~ s  of fluxes used to control melt loss or alloy properlles, or to trcat drosb: irl l l ~ e  1nelt.ing or 
holding furnace. The most valuable constituent of dross is the free aluminum . 

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 beca1.1sa all~minum 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 con~erved. '~)  In a melting or holding furnace, 
if the mclt 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- 
l i c ~  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.Ig) 
The dross is fed intu a long drum and washed with water to dissolve the salts. The washed residue 
is then screened, dried, and poured through a magnetic 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 coreless 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 magnetic 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. 
Alternatively, the shredded cans are charged directly to the melting and holding furnace along 
with virgin aluminum, proparcd ncw scrap a i d  rullarvu~ld 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 allay (melting point of about 1100°F) a t  a teinperature 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) to the molten scrap charge to 
bring 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 wall has 
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. 

Sr.va11 is chargcd to tho furnace either manually nr mechanically through side doors, or the 
top of the furnace or the forewell depending on 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 sulids ale 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 ufl 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 composition 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 removed by 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. 

Thc specifications lur must of t.he major alloys supplicd to the diecastings industry call for a 
magnesium content of less than 0.1%. In spite of the fact that scrap is carefully selected so that 
the charge will meet product specificatiuns, tihe bath still usually contains 0.5% to 0.8% magne- 
sium. Excess rrlagnesium is removed from the bath through the addit.ion of aluminurrl fluolide 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 
he as high as 98%. Melal losses are mostly to thc slag, which is stored until shipped to a residue 
processor, reprocessed by the coaipany, or dumped. 

Alloys for extrusion billet manufacture are also melted in reverb furnaces, but the scrap 
used is restricted to certain alloys that  require the addition of magnesium and, possibly, primary 
aluminum ingnt, to r l i l~~ te  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 not required. These alloys are produced 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-pound 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 mctal is skinlined lo 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 Aluminum Foundry Technology 
Most aluminum foundries (over 90%) have less than a 5 tons per hour meltingcapacity. 

Although 65% use sand casting and only 25% use die casting, a much larger proportion of castings 
are produced 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 alunlil~urn 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.(lO) The 1976 domestic secondary recovery was an estimated 1.5 million short 
tons.(ll) This primary and secondary production, together with the imports and inventory change, 
constituted the aluminum metal flow. Figure 3.3-5 shows schematically the alilminilrn metal flow 
iii 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 hy the same company that gene~.aLes it. 
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Primary smelters aiso 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 t o  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 aluminum 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 scrap."' 

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 Recycling Profile 
Figure 3.3-5 shows 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.(lO' 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."O' The 
potential supply of old scrap is a direct function of the stock of aluminum goods and their age. 
The actual supply of old scrap is a function of the price of scrap, technological considerations, and 
transportation costs.'5' 

Table 3 3 . 7  shows the corisumption 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 purchased scrap (as reported) new scrap represented 1.06 
million short tons (71.9% of the reported total); The remainder was made up by old scrap, 
including sweated pig. 

The Aluminum Association reported that in 1976; based .on partial industry coverage, 
106,000 short tons of aluminum represeilting 4.8 billion aluminum cans were re~la imed. '~ '  In 1977, 
140,000 short, lons 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 Reynold~."~) 



TABLE 3.3-6 

Scrap* 

CLASSIFICATION OF ALUMINUM BASE FURCHASED SCRAP 

Typical Contents Origin 

Level of 
Recycl i ng 
Foll owed ** 

New Scrap 
Solids and Clippings Clippings-painted & containing Cu Aircraf t  industry; fabr ica tors  High 

and Zn a1 loys i n a segregated (by and manufacture.rs: 
a l loy)  o r  mixed form; forgings;  
special  cas t s  and a l loy  sol ids .  

Borings and Turnings Borings--segregated o r  mixed; Machining of cas t ings ,  rods, Moderate 
turni'ngs--contaninated or  clean. bars,  e tc . ;  a i r z r a f t  and t o  high 

automobile industr ies .  
Foi l - Manufacturers Moderate 
Drosses and Skimrings Aluminum oxide, metal l ic  aluminum Primary and secondary Moderate 

and aluminum s a l t s .  a1 umi num producers. 
Other S c r d ~  containing high iron content. Fabricators 8 manufacturers Low t o  Moderate 

Old Scrap 
Castings, Sheet aid Cast & sheet  products; cable- Manufacturers h end-users. Low 

C l  i ppi ngs i n s ~ l a t e d ,  s t e e l  reinforced. 
Al umi num Cans Consuners, ca l l  x t o r s  of Moderate 

cans & municipal refuse. 
Automotive, Other A1 uninum-copper rad ia to rs .  Automobile j ~ n k  yards. Low 
Sweated Pig Mixture of aluminum base scrap. Manufacturers 81 fabr ica tors .  Low 

*Scrap categories 3re those pub1 ished by Bureau of Mines. 

**Prel imi nary Arthur D. L i t t l e ,  Inc. estimates. 



TABLE 3.3-7 

Class 

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

Secondary Smelters 

Primary Producers 

Ca lcu la ted  
Cons umpt i on* A1 umi num Recovery 

Fabr ica to rs  121,212 1.07,506 

Foundries 99,907 86,458 

  he mi c a i  Producers 120,161 46,139 

To ta l  1,465,462 1,153,116 

-- 

*As repo r ted  by companies t o  U.S. Bureau 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 s h o r t  tons, w i t h  c a l c u l a t e d  aluminum 
recovery of 1,371,000 s h o r t  tons and a m e t a l l i c  recovery o f  
1,471,000 s h o r t  tons. 

Source: A1 uminum, P,repr i r i t  ,f.rorn J l inera l  s Yearbook, 1976. 



TABLE 3.3-8 

CONSUMPTION OF ALUMINUM SCRAP BY TYPE - 1976* 

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

Secondary Primary Producers 
Smelters  and Others*** Total 

New Scrap 

So l ids  and  Clippings 231 350 58 1 

Borings and Turnings 136 16 152 

r a i  1 1 6 7 

Dross and Skimmings 126 104 2 30 

Other 24 61 . 85 

Total New Scrap 51 8 537 1,055 - 

Old Scrap 

Cas t ings ,  Sheet and 121 
Cl i ppi ngs 

A1 umi num Cans 8 101 109 

Other**** 3 0 17 

Sub to ta l  159 153 

sweated Pig 

Total Old Scrap 

TOTAL 753 707 1,466 

*Includes imported sc rap .  The r epor t ing  companies repor ted  t h a t  6.62% 
of  t o t a l  r e c e i p t s  of aluminum-based sc rap  o r  97,8UU s h o r t  tons  was 
received on t o l l  arrangements. 

**Rounded t o  the  n e a r e s t  thousand. 

***Others include foundr i e s ,  f a b r i c a t o r s ,  and chemical p l a n t s .  

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

Source: A1 u m i n u m ,  P r e p r i n t  from :.!inera1 s Yearbook, 1976. 



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

can be attributed to two main fact,nrs - 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.(l0' 

The Bureau of Mines has estimated that total demand for aluminum in metal and non- 
metal form will 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 Smclting and Refining of Copper 
SIC 33412 - Secondary Copper 
SIC 3351 - Rolling, Drawing and Extruding of Copper 
SIC 3362 - Brass, Bronze and Copper Foundries 

3.4.1.1 Definition of  SIC Classifications 
SIC 3331 Primary Smelting and Refining of Capper - includes establishments 
primarily engaged in smelting copper from the ore, and in refining copper by 
electrolytic ur ullier proccsscs. 

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



TABLE 3.3-9 

ALUMINUM SHIPMENTS BY MARKETS - 19.72-1977* 

B u i l d i n g  Const ruc t ion  

Tr'anspor.ld 1 i 011 

Conta iners & Packaging 

t l e c t r i c a l  

f.onS.urnrlr Uurabl es 

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 

1u.s 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 9.1 13.4 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 

tO.1 +1.6 t 1 . 0  +0.1 tO.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  Shipments (Thousand 6,023 7,343 6,866 4,965 6,374 6,678 
Shur-l; Tor1 s )  

*The da ta  a r e  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  data as repo r ted  i n  Aluminum Monthly,  October 1978 
i s  used I n  t h e  t a b l e .  

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

Aluminum ~ o n t h l ~ ,  October 1978, f o r  1976 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 (14) 

1974 5,124 304 5,428 ( I * )  

1975 3,570 337 3,907 (14)  

1976 4,704 409 5,113 (11) 

1977 4,937 50 2 5,439 (13) 

*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 he  r e v i s i o n s  
made by t h e  B u r e a ~ ~  i n  R e f ~ r e n c e  8. Secnndary metal  i s  t h e  amount 
ob ta ined from o l d  scrap. 

**Calculated by A r thu r  D. L i t t l e ,  I nc .  based on the  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 lndustry Structure 
Although significant transactions in copper concentrates or blister 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, lherel'ure, del'ine 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. 
Ry 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 of Mines. Domestically mined 
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 another 20%. 

Production of refined copper in the United 8t.gtes hy primary and secnndary prnd~lcers, 
1950-1976, is given in Table 3.4-2. Estimated production of secondary refined copper by both 
primary 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 lndustry 
The primary sector consists principally of 12 firms, vertically integrated to different degrees 

from mining to refining and semifabrication. Several independent mining firms are also included 
in the primary sector. 

Mine production of copper was the principal product of nearly 200 mines in 1972. Most uf 
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* 
( thousaids '  o f  s h o r t  tons )  

Produced by: Produced by: Produced by:  

S3URCE TOTAL Secondarx TOTAL Secondpyy,, TOTAL S e c o n d a r ~  
R e f i n e r i e s  'p lan ts * "  * R e f i n e r i e s  P l a n t s  R e f i n e r i e s  p l a n t s *  *** 

TITAL ( p r i m a r y  and second3ry) 2,151,566 2,067,177 84,339 1,787,864 1,714,258 73,606 1 $91 1,668 1,825,874 85,794 

Pr imary (new) r e f i n e d  copper 
3roduced i n  t h e  U n i t e d  S ta tes  1,654,658 1,654,658 - 1,443,378 1,443,378 - 1,537,188 1,537,188 

f rom domestic ores, as ** 
r e p o r t e d  by r e f i n e r i e s  1,420,905 1,420,905 - 1,286,189 1,286,189 - 1,420,603 1,420,603 

f rom f o r e i g n  ores, matte:, 
e tc . ,  as r e p o r t e d  by  
r e f i n e r i e s * *  235,753 233,753 - 157,189 157,189 - 116,585 116,585 - 

S x o n d a r y  r e f i n e d  copper 
3roduced i n  t h e  U n i t e d  
j ta tes* * *  496,908 412,519 84,389 344,486 2 70,880 73,606 374,480 288,686 85,794 

W f rom new sc rap  N A 229,328 N A N A 139,230 N A N A 144,215 N A 
.I 
w f rom o l d  sc rap  N A 183,191 N A N A 131,650 N A NA . 144,471 N A 

NITES AND SOURCES: 

*u.s. Bureau o f  Mines, M inera l  ' I n d u s t r y  Surveys, "Copper i n  1976" ( A p r i l  15, 1977), p.4. 
** 

The s e p a r a t i o n  o f  r e f i n e d  copper i n t o  meta l  o f  domestic and f o r e i g n  o r i g i n  i s  o n l y  approximate, as accura te  separa t ion  
i s  n o t  p o s s i b l e  a t  t h i s  s tage o f  process ing.  

*** 
Inc ludes  copper r e p o r t e d  f rom f o r e i g n  scrap. 

**** 
U.S. Bureau o f  Mines, 1974 Minera ls  Yearbook, Copper, P r e p r i n t ,  p. 29. 

a**** 
U.S- Bureau o f  Mines, Minera l  ' I n d u s t r y  Surveys, "Copper i n  December 1976" (March 10, 1977), p. 3. 

NA: Not a v a i l a b l e  on a c o n s i s t e n t  bas is  f rom p u b l i c  sources. 



TABLE 3.4-2 

Year - 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
I 9 5 )  
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975' 
1976 

PRODUCTION OF REFINED COPPER BY . 

PRIMARY AND SECONDARY PRODUCERS, 1950-1 976 
(thousands o f  s h o r t  t o n s )  

T o t a l  
Ref ined  

Produc t ion  . .. . ,- - - 

1446.4 
1367 5 
1320.5 
1504.0 
1418.4 
1562.8 
1687.8 
1676.1 
1579.5 
1331.5 
1794.6 
1813.9 
1884.5 
1884.4 
1990.4 
2214.8 
2183.3 
1526.6 
1839.0 
2214.9 
2242.7 
1962.4 
2258.5 
2312.6 
2151.6 
1775.0 
1995.0 

Pr imary 
Producer 

Ref ined 

1300.8 
1347.2 
1220.2 
1345.G 
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.a 
'1 2ss.2 
1565.4 
1951.8 
1991 .U  
1747.6 
2006.3 
1963.0 
1769.5 
1550.5 
1739.8 

Secondary 
Producer 

Ref ined 

145.6 
115.3 
1 00.3 
150.4 
169.3 
207.4 
186.5 
208.7 
190.2 
243.6 
229.3 
190.0 
195.1 
235.5 
24U. I 
268.2 
277.5 
271 - 4  
273.6 
263.1 
251.7 
214.8 
75%. % 
348.8 
382.1 
224.5 
255.2 

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 cas t  Basebook, 1938. 



TABLE 3.4-3 

Year . 

Source: 

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

(thousands of s h o r t  t ons )  

Total Copper Refined Copper Refined Copper Refined 
Production of from Scrap by from Scrap from Scrap by 
Refined Copper Secondary by Primary Secondary 

from Scrap Producers Producers Producers (%)  

Economic Impact of Environmental Regulations on t h e  United S t a t e s  Copper 
Industry.  January 1978, Table 111-7. 

U.S.  B ~ r e a u  of Mines, Minerals Yearbook, 1976. 



TABLE 3.4-4 

P40DUCTION OF SECONDARY COPPER, REFINED AND UNREFINED 
R:COVERED FRIIM PU2CHASED SCRAP, 1974-1 976 

( t iousands o f  shor: tons  o f  copFer con ten t )  

T o t a l  secondary copper groduced i n  t h e  Uni ted States*  1 ,344,32C 971,965 1,106,000 

recovered as unall.3yed copper 

recovered as a l l oys * *  

Less: 

To ta l  r e f i n e d  copp l r  produced from scrap i n  t he  
Y 
4 Uni ted States*** 
m 

Equal s : 

T o t a l  secondary c o ~ p e r  p-oduced i n  t h e  Un i ted  
States which i s  u s l d  d i r e c t l y  

* U.S. Bureau o f  Mines, Minera l  Indust-y  Su~veys ,  "Copper i n  197E." ( A p r i l  15, 1977), p. 4. 
Inc ludes  copper recovered f rom both copge:-base scrap and o t h w  t k r  copper-base scrap. 

** Inc ludes copper i n  chemicals as f o l l o w s :  
1974: 2,649 
1975: 2,'80 
1976: 4,1607 

U.5,. 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 tiom 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 companies, including these four, accounted for 88% of the 
total. Seven firms 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 Firms 

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 all 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 generally fit a series of specifications that have 
been outlined by both ASTM arid Lhe Brass and Bronze Ingot Institute (BBII) and are in the form 
of 3U-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 small, with production ranging from 500-1500 short tons per month 
and employment ranging from 10-SUU people. 'T'he facilities vary in age; some plants are 40-50 



TABLE 3.4-5 

BASIC DATA ON PRIMARY PRODUCERS OF'COPPER'1974-1976 

Mine Produc t ion  o f  Recoverable 
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  Capaci ty*  
(anntral s h n r t  t a n s )  

* Capac i ty  i nc l udes  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  S t a t i s t i c s ,  I nc . ,  Nonferrous Metal  
Data f o r  1974, 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-finislied 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 ra,w 
material and turning out a finished pruduct, 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 coppef 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. Segment 2 
(unalloyed copper) contains only 10% of the plants in the industry, but accounts for about 65% of 
the production, and 4476 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 t,he copper-containing minerals are separated from waste rock to 
produce a concentrate containing about 25% copper; 

Smelting - where cnncent.rat,es are melted 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 hydrometallurgical processes combine the func- 
tions performed by smelting and refining. 

A generalized flowsheet for copper extraction 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 mining 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. Each 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 "gangue" is rejected as tailings. Generally, 
only sulfide ores are amenable to concentration procedures. The output of this beneficiation 
process, concentrates, may contain 11-32% copper. 

In native copper ores the copper occurs in metallic 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 form from 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 sulfide 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 sulfide 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, smelting, 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 for this purpose while the new smelters 
use fluidi.zed bed roasters. 

Roasted or unroasted dried 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 of the charge or by electric resistance heating of 
the slag. 

In the smelting 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 mctals. 

The remainder of the molten 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 flot,ation nr,in an e1~ct.ric fi~rnace for copper recovery. The copper contsinod in 
the discard slag is a major cause of copper loss in pyrometallurgical practice. 



Matte produced in the reverberatory furnace is transferred to the converters in order to 
convert i t  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 a s  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 molten 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. I t  may contain silver and gold as well as  such other elements as  arsenic, 
antimony, bismuth, lead, selenium, tellurium, and iron. Two methods are used for refining 
copper-fire refining and electrolysis. 

The fire-refining process employs oxidation, fluxing and reduction. The molten metal is 
agitated with compressed air; sulfur dioxide is liberated, and some of the impurities form metallic 
oxides, which combine with added silica to for111 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-containing silver is desired, the fire-refined copper is casl 

directly into forms. If i t  is of such a nature as  to warrant the recovery of precious metals, fire 
refining is carried out only to insure homogeneous anodes 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 current is applied, copper is 
dissolved from the anode and an equivalent amount of copper plates out of solution on the 
cathode. Such impurities as  gold, silver, platinum-group metals, and the selenides and tellurides 
fall to  the bottom of the tank and form anode slime or mud. Arsenic, antimony, bismuth, and 
nickel enter the electrolyte. The  electrolyte has to 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 ul' 99.9%. 

3.4.3.1.4 Hydrometallurgy of Oxides 

About 10-157" 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 
established 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 and mill tailings is 
widely practiced, as well as  leaching of oxide ores mined specifically for this purpose. Since many 
of these materials contain limestone, such a leaching process indirectly disposes the acid by 
neutralization. 

Once in solution, 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 Raw Materials 

The basic raw material of the secondary copper industry is copper and copper-based alloy 
scrap. About two-thirds 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 from consumers of copper. Purchased scrap may move from one location to 
another within the 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 i t  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 of its source or previous use, for example, copper wire, radiator fins, brass fittings, etc. 

3.4.3.2.3 Scrap Preparation 

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 the 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 h a i n i ~ ~ e r  
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 over 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 hy 
heating in muffle furnaces or kilns. Scrap, such as journal bearings, lead-sheathed cable, and 
-radiators, can be sweated to remove low melting point components, such as babbill, lead, and 
solder as  valuable byproducts which would otherwise contaminate a melt. Sweating is performed 
in a conventional sloping-hearth, gas-fired furnace or in a rotary kiln. The process can be a 
continuous or batch operation. 



TPBLE 3.4-6 

TYPES OF CCPPER-BEARING SCRAP 

No. 1 Coppe~ Wire 2 8 
No. 2 CoppeY Wire 29 
No. 1 Heavy Copper 3 0 
Mixed Heavy Copper 31 
L i g h t  Copper 3 2 
Composition o r  Red Brass 3 3 
Red Brass C c m p ~ s i t i o n  Turnings 3 4 
Genuine Babz~ i t t -L ined Brass Bushings 3 5 
High-Grade, Low Lead Bronze So l i ds  3 6 
Bronze Papermil 1 Wire C lo th  37 
High-Lead Bronze So l i ds  and Borings 38 
Machinery o r  h r d  Red Brass So l ids  3 9 
Ur l i ned  Sta-~dard Red Car Boxes 40 
(Clean J o u r r ~ a l s )  
L ined Stand2rd Red Car Boxes (L ined Jourr,al)  41 
Cocks and Faucets 42 
Mixed Brass Screens 43 
Yellow Brass Scrap 4 4 
Ye1 1 ow Brass Castings 4 5 
Old Ro l led  Brass 46 
New Brass C l ipp ings  4 7 
Brass She l l  Cases w i thou t  Primers 4 8 
Brass She l l  Cases w i t h  Primers 49 
Small Brass Arms and R i f l e  Shel l  s, Clean 5 0 
F i r e s  5 1 
Small Brass Ams and R i f l e  She1 1 s, Clean 5 2 
Muff1 ed (Popped) 53 
Yellow Brass Primer 54 
Brass Pipe 
Yellow Brass Rod Turnings 

Y e l 1 0 ~ ~ ~  Brass Rod Ends 
Yellow Brass Turvings 
Mixed Unsweated l u t o  kad ia to rs  
Admi ra l ty  Brass :ondenser Tubes 
Aluminum Brass C~ndenser Tubes 
Muntz Metal Tubes 
P la ted  Ro l led  Brass 
Manganese Bronze Sol i d s  
New Cupro-Nickel C l ipp ings  and So l i ds  
01 d Cupro-Ni ckel  Sol i d s  
Soldered Cupro-Ni ckel  Sol i d s  
Cupro-Nickel Turnings and Borings 
Miscel laneous N icke l  Copper and N icke l  - 
Copper-Iron Scrap 
New b n e l  C l ipp ings  and So l i ds  
Monel Rods and Forgings 
Old Llonel Sheet and Sol i d s  
Soldered M o ~ e l  gheet and So l i ds  
Sol dered Monel W re ,  Screen and C lo th  
New Monel Wire, Screen and C lo th  
Monel Cast i rcs  
Monel Turniriqs and Borings 
Mixed N icke l  S i l v e r  C l  i ppings 
New Nicke l  S i l v e r  C l ipp ings  and Sol i d s  
New Segregated N icke l  S i l v e r  C l ipp ings  
Old N icke l  S i l v e r  
N icke l  S i l v e r  Castings 
N icke l  S i l v e r  Turnings 



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 foundries 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 the 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. I t  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 
f'l~rnaces are used in the secondary-copper industry for melting clean, well-segregated scrap - 
mostly in foundries. Very littlc firc-refining is performed in crucibles. 

The stationary reverberatory is the most practicable furnace 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 precise 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 system 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 refining is often required to produce billets, slabs, cakes 
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. 

3.4.4.1 General 
'The flow of copper in the copper industry in the United States for 19% 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 following 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 Testing 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 States. 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, previously NASMI). These are listed 
in Table 3.4-6. 

3-86 



Sources: U.S.B.M. Minerals Industry Surveys, Copper Industry in Dec. 1977. 
U.S.B.M. Minerals Industry Surveys, Copper in 1977. 
Arthur 0. Little, Inc., cstimates. 
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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 88961, 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: Miscellaneous copper-containing skimmings, grindings, ashes, 
iron-containing brass, and copper residues and slags. 

Brass and Bronze scrap: This category is usually kept segregated by the type of 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 
'l'he main consumers of copper and copper-based alloy scrap are smelter/refineries, 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 a t  the anode melting step before electrorefining and No. 1 
copper a t  the cathode melting step. The cathodes are melted and cast into refinery shapes. Brass 
and bronze ingot-makers make casting alloy ingots mainly from brass and bronze scrap supple- 
mented by other 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 nicltel, as shown in Table 3.4-7. 

In 1976 primary and secondary copper producers consumed 767,000 short tons of scrap, as 
shown in Table 3.4-7. Of this, No. 1 copper made up about 19%, 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* - 

Consumption 
(000 Shor t  Tons) 

O ld  Scrap 
01 

New Scrap 
% - Class o f  Consumer and Scrap I tem 

Secondary Copper Smel ters  

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. 
Cow-grade scrap and res idues  

TOTAL 

Pr imary Producers 

No. 1 w i r e  and heavy 
No. 2 w i re ,  mixed heavy and l i g h t  
R e f i n e r y  b rass  
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 1 i g h t  
Ye l low brass 
C a r t r i d g e  cases and b rass  
Bronze 
N i c k e l ,  s i l v e r  and cupron icke l  
Low brass 
A1 uminum bronze 

TOTAL 

TOTAL ALL PRODUCERS 

* 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  
A r t h u r  D. L i t t l e  es t imates  based on 1974 da ta  i n  U.S. Bureau o f  Mines M ine ra l s  
Yearbook 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 tha t  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 a t  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  remains 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 tor 
certain forms of scrap during such low demand periods. This would be particularly true for No. 1 
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 tact tha t  there are no tirm plans for any new smelter construction iii the 
United States, we do not expect any new smelters to come on-stream until 1985. Furthermore, 
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 secondary segments of the industry. 
Consequently, we' do not believe tha t  the industry structure will have any impact on the 1987 
recycling target. 

3.4.5.3 lndustry 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. 
projected growth rate of 21.5% or 1.5% annually. 



TABLE 3.4-8 

ESTIMATED COPPER SCRAP AVAILABLE FOR RECYCLING - 1976 

S c r a ~  I t e m  

Recycled Copper** Not  Recycled 
Scrap as % o f  Copper Scrap Copper Scrap 

Recycl ed* Copper Scrap A v a i l a b l e  f o r  as % o f  Copper Not  Recycl ed 
Copper Scrap A v a i l a b l e  f o r  Recycl i n g  Scrap Ava i  1 a b l e  Copper Scrap 

(000 Shor t  Tons) Recycl i n g  (000 Shor t  Tons) f o r  Recyc l i ng  (000 S h o r t  Tons) 

No. 1 WSre and Heavy 299 E 6 348 14 49 

No. 2 W're Heavy and L i g h t  2 60 E 7 299 13 3 9 

Composit ion, Red Brass 58 36 161 64 103 

R a i l r o a d  Car Boxes 

Ye l l ow  Brass 

C a r t r i d g e  Cases 

Auto Radiato-s 

Bronze 2 4 

N i c k e l ,  S i l v e r ,  Coppern icke l  32 

Low Brass 48 

R e f i n e r y  Brass 4 

Low Grade Sc-ap, Residues 253 

TOTAL 1425 4 9 2897 

* Re fe r  t o  Tab le  3.4-7. 

** E s t i n a t i o n  based on B a t t e l l e  s tudy  "A Study t o  1 d e n t i . f ~  O p p o r t u n i t i e s  f o r  Increased 
S o l i d  Wasie U t i l i z a t i o n " ,  1972. 



3.5 ZINC 

3.5.1 lndustry 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 engaged in manclfacturing 
castings and die castings. 

Of the above SIC classifications, the primary (3333) and secondary (33414) smelters are 
producers of zinc metal. The 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 lndustry 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 
accounting 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 AMAX Inc., diversified corporations that  mine and smelt many 
metals. 

6 Gulf Resources and Chemical Corporation, the owner of Bunker Hill Company. 

Engelhard Minerals and Chemical Corporation, the owner of National Zinc 
Company. 

Gulf and Western Industries, the owner of New Jersey Zinc Company. 

St .  Joe Minerals Corporation, the owner of St.  Joe Zinc Company. 

'l'he total primary zinc capacity in the United States is 653,000 short tons of zinc slab per year. 

The secondary zinc sineltii~g industry, with about 15% of U.S. capacity is coi~lposed of a 
comparatively large number of smaller operations. Table 3.5-2 shows a sample of secondary 
smelters in the United States. These 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 Met hod Rated Capacity Operated 

Asarco, Inc. Corpus Christi, TX Electrolytic 100,000 tons 1941 

Amax Zinc Co. Sauget, IL Electrolytic 84,000 tons 1941 
rebuilt 1973 

The Bunker Hi1 1 Co. Kel logg, ID Electrolytic 104,000 tons 1928 

National Zinc Co. Bartlesville, OK El ectrolytic 57,000 tons 1977 

: 
W 

New Jersey Zinc Co. Palmerton, PA Pyrometal 1 urgi cal 118,000 tons 1899 

St. Joe Zinc Co. Monaca, PA Pyrometal 1 urgi cal 190,000tons . 1938 

Total Capacity 653,000 tons 

Source: Statement on Behalf o,f Canadian Slab Zinc Suppliers in United States International Trade 
Commission Investigation TA-201-31; Unalloyed Unwrought Zinc, March 21, 1978. 



TABLE 3.5-2 

SECONDARY ZINC DISTILLERS 

A lge r  P a t t e r n  Work, I nc .  I nd ianapo l i s ,  I N  

Arco D ie  Cast and Meta l ,  I nc .  D e t r o i t ,  M I  

Asarco 

Federated Meta ls  D i v i s i o n :  
Sand Springs P l a n t  
Trenton P l a n t  
Whi t ing  P lan t  

Sand Springs, OK 
Trenton, NJ 
Whit ing, I N  

Belmont Smel t ing and R e f i n i n g  Works Brooklyn, NY 

W. J. Bu l l ock ,  I n c .  

G u l f  Reduct ion Corpora t ion  

F a i r f i e l d ,  AL 

Houston, TX 

T. L. Diamond Company 

Meadowbrook Metal & Chemical D i v i s i o n  Spel t e r  , WV 

Hugo Neu-Pro1 e r  Las Angeles, CA 

I l l i n o i s  Smel t ing and R e f i n i n g  Company Chicago, I L  

New Engl and Smel t ing Works Company 

P a c i f i c  Smel t i  ng Company 

West S p r i n g f i e l d ,  MA 

Torrance, CA 

Pro1 e r  Company Houston, TX 

Proler izer-Schiabo-Neu Corpora t ion  Bayonee, NJ 

S. G. Meta ls  I n d u s t r i e s  Kansas City, KS 

Source: Minera l  Yearbook 1975, Vol ume I, Metals,  M inera ls  
and Fuels,  U.S. Departrrlent o f  t he  I n t e r i o r ,  
Bureau o f  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.* 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, 
some 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 segments 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. They process very little scrap material. The extremely pure grade of 
slab zinc produced a t  electrolytic refineries is used where metal impurities could be detrimental, 
such as in zinc 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 slab zinc 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 of scrap and byproduct as 
raw material. They produce a small amount of slab zinc, but they are significant sources of zinc 
oxide and zinc powder. 

3.5.4.2 Classification of Recyclable Materials 
Zinc scrap is classified as prompt industrial scrap if it  comes from a fabricating or semi- 

fabricating operation and old scrap if it  comes from discarded products. The prompt industrial 
scrap and old scrap are further subdivided into the following six 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 miscellaneous category of recoverable mate- 
rials which includes all zinc-bearing residues from chemical manufacture and flue 
dusts from all fcrrous and nonferrous smelters. The flue dust should contain about 30% 
zinc by weight. 

Home includes scrap recovered and reprocessed by producers of zinc products. 

Old Scrap: 

Mixed Die Cast consists of such products as auto shredders' scrap, old auto parts, and 
old appliance parts. It  forms a substantial portion of the total old zinc scrap supply. 

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 Rec.ycling 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 haserl nllnys, and zinc dust.. Zinc 
metal contained 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. About 58,000 short tons of zinc were 
recovered from old scrap; a major source was obsolete die-cast scrap from automobiles that  have 
been shredded. 

The five figures starting with Figure 3.5-2 outline the material flows for both the primary 
and secondary segments of the zinc smelting industry. 
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FIGURE 3.5-1 SCRAP COLLECTION BY SOURCE-1976 
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Source: Nonferrous Metal Data 1976, American Bureau of Metal Statistics, inc. 
New York, N.Y. 1977, p. 66. 
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FIQURE 3.5-2 SLAB ZINC FLOW DIAGRAM 1976 
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In summarizing 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% of zinc pigments and chemicals come from scrap. 

Figure 3.5-5 shows that 2% of zinc alloys come from scrap. 

Figure 3.5-6 shows that 75% of zinc dust comes from zinc scrap. 

The recovered materials replace both ore concentrates and slab zinc in the various product 
applications. 

3.5.5 Future Trends 
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 compared 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 million short tons per year of zinc values during this 28-year period. Any increase in recycling 
of domestic scrap and wastes may 'reduce the import requirements. Present trends indicate 
demand will increase about 2% per year from 1977 to 1985 and 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 stream. All of the obsolete horizontal retort primary plants have closed, as have most of the 
very old smelters. Most of the U.S. present and future in domestic zinc production will be made 
up by importing slab zinc. Slab zinc imports amounted to 695,000 short tons in 1976 and imported 
zinc concentrates contained another 125,000 short tons of zinc. 

Most zinc markets will face increasing competition from aluminum and plastics. The 
competition from substitutes will be most severely felt in die cast materials. 

3.6 LEAD 

3.6.1 Industry Definition 
The lead industry as defined in this study includes plants in the following SIC categories: 

SIC 3332 - Primary smelting and refining of lead - establishments primarily 
engaged in smelting lead from the ore and in refining lead by any process. 

SIC 3341 - Secondary smelting and refining of nonferrous metals - estab- 
lishments primarily engaged in recovering lead and lead alioys from new and used 
scrap and dross, 

SIC 3356 - Rolling and drawing of nonferrous metals (N.E.C.) - establishments 
primarily engaged in producing lead and lead base alloy mill shapes. 

SIC 3369 - Nonferrous Foundries (N.E.C.) - establishments primarily engaged 
in producing lead die castings. 
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FIGURE 3.5-3 ZINC OXIDE FLUW UIAGKAM 
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Source: Nonferrous Metal Data 1976, American. Bureau of Metal Statistics Inc. 
New York, N.Y. 1977, p 66. 
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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 Inc. 

New York, N.Y. 1977, p. 66. 

FIGURE-3.5-5 ZINC BASE ALLOYS FLOW DIAGRAM 



Source: Nonferrous Metal Data 1976, American Bureau of Metal 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 s h o r t  tons,  recoverab le  z i n c )  
U.S. Pr imarv Domest i c ., 

Year Demand Mine Product ion 

Source: V .  Anthony Cammarota, Z inc Minera l  Commodity 
P r o f i l e s ,  U.S. Department o f  t h e  I n t e r i o r ,  
Bureau o f  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 
t,hese 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; i t  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 
shortrun. 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. I t  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 

Gasol ine Add i t i ves  

B a t t e r i e s  

Pigments 

Ammunition 

Other 

To t a  1 

SWORT'TONS 

240,000 

822,000 

Source: American Bureau o f  M e t a l  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. 

Bunker H i  11 

Rl~nker Hill 

Asarco, Inc. 

Asarsco, Inc. 

Asarco, Inc. 

Amax-Homestake 

S t .  Joe Lead Co. 

Omaha, Nebraska 

Kel 1 ogg , Idaho 

Kelloqg, Idaho 

East He1 ena, Montana 

El Paso, Texas 

Glover, Missouri 

Boss, Missouri 

Herculaneum, Missouri 

Refinery 180,000 ST ( a )  

Refinery 130,000 ST ( a )  

Smelter 390,000 ST ( b )  

Smel ter  420,000 ST (b )  

Smelter 420,000 ST ( b )  

Smel ter/Refinery ( c )  110,000 ST ( a )  

Smel ter/Refinery ( c )  140,000 ST ( a )  

Smel ter/Ref inery ( c )  225,000 ST ( a )  

( a )  ref ined 1 ead 

(IJ) charge capaci ty  

( c )  l imi ted t o  the  ref in ing of r"1issour-i 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 fahric~t~ion.  

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 itsconcentrate 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 production of lead concentrate. St.  Joe occasionally does some custom 
smelting, but is not forward-integrated into fabrication. 

The smelter a t  Buick, 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 prndilcers. 

Most of the independer~t 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 (Federa l  Meta ls  D i v i s i o n )  

Con t rac t  Manufac tu r ing  ( C h l o r i d e  Me ta l s )  

General Ba t te r ,y  

Gould, I n c .  

NL I n d u s t r i e s  

RS R 

Western E l  e c t r i c  (Nassau Recyc le)  

* 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  F e a s i b i l i t y ,  Cost o f  Compliance and 
Economic Impact Ana l ys i s  o f  t h e  Proposed OSHA Standard f o r  
Lead. John Sho r t  and Assoc ia tes,  January 4, 1977. 



TABLE 3.6-4 

INDEPENDENT SECONDARY LEAD SMELTERS AND REFINERS* 

ALCO M in ing  

A l l i e d  Smel t ing  

East  Penn Manufac tu r ing  Co. 

F l o r i d a  Smel t ing  

Gopher Smel t ing  & R e f i n i n g  

G u l f  Coast Lead 

< 

Hyman V iener  & Sons 

I n l a n d  Meta ls  

Lead Produc ts  Co. 

Roth B ro the rs  Metal  Co. 

Schuyki 11 Meta l  s 

S e i t z i n g e r ' s  I n c .  

W i l l a r d  Sme1tin.g Co. 

* Note: T h i s  i s  n o t  a complete l i s t i n g .  

Source: Amerircan Bure.au o f  ! M a 1  Sta. t i '$t  i.cs , 1977 



Two of the integrated companies (NL Industries, Inc. and RSR Corporation) account for 
about 60% of secondary lead capacity. Thirteen other companies operating about 25 plants 
produce most of the remainder. 

RSR operates five secondary smelters located in Texas, Indiana, California, New York, and 
Washington State. Some of the lead is converted to 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. Most NL lead is sold to battery 
manufacturers. 

The large integrated national producers are surronnderl hy indepelidents serving regional 
markets. Most of the remainder of thc plants are s111all and scattered, although a fcw are t.he 
result of verlical integration of the battery indllst,ry. These smaller regional firms have all average 
of about 60 employees and produce an average of approximately 8000 short tolls 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, the smaller secondaries will usually follow. On 
the other hand, when at.t,empts are mado to oupport price3 Ly lill~ilirlg the supply ot lead, the 
smaller secondari~s have shown little hcsitation in taking full advantage of the support price 
without limiting their output. 

3.6.3 Process i ecnnology 

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 hecai.lsp. of the more cornplcx 
nature ot 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 
smelter. 

The primary raw mat,erial is lead sulfide concsntzrat,e. T1.iis is lriixed with direct smelting ore 
rich in silica, zinc plant residues, siliceous and limestone flux, and small quantities of scrap iron if 
necessary. The charge is prepared by mixing, sizing and crushing. Recycled sinter fines are also 
blended in with the charge to form the feed to the sintering operation. 

The purpuse of sintering is the elimination of the sulfur in the charge and the production of a 
dustfree lumpy charge suitable for treating in a blast furnace. The charge to the blast furnace 
consists of coarse sinter with about 10-12% lump coke. Low pressure air is blown into the blast 
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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 furnace 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." 
T h t  matte layer is predominantly copper, iron, nickel, and cobalt sulfides while the speiss layer 
contains a mixture of complex copper arsenides and antimonides. Cadmium in the charge is 
volatilized. 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 Weslerr~ alld most foreign ore 
contains enough gold and silver to make recovery profitable. It  also contains various bast! 111eLal 
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 the removal of copper, tin, antimony, and arsenic in a drossing or 
refining kettle. Copper is removed 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 to 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 oxidaclon. Tin, 
arsenic, and antimony are oxidized and the oxides rise to the surface wilh some lead oxide and are 
skimmed off as slag. 

The softened bullion is usually desilverized by the Parkes process (stirring ~~ielal l ic  x i i i~  illto 
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. 

'l'he recovery of byproducts is subject to many varialions ia practice but they arc bcyond the 
scope of this discussion. 

3.0'. 3.2 Secondary Lcad P I ' u c ' c ~ s ~ I ~ ~  
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 or ammonia. The 
battery top, containing the connectors and posts, is fed to a crusher and then to an air separator 
wilere 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, reverbblast 
furnace combination, and pot melting. 

The blast furnace is the workhorse of the secondary lead industry. 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 feel al; 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 reverbblast 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 
oue e11d wilh 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 meet final specifications. The reverb slag is cast, 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 dust's. 

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 lead 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 melting 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 it  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 small amounts. 

The secondary smelt,ers 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 have produced mostly hard (antimonial) 
lead for use in batteries. 

3.6.4.2 Classification of  Recyclable Material 
Until recently the supply of and demand for lead scrap has been highly oriented toward 

specific cnd use segment,s of t,he 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. Antimonial 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 Crunl plXilrlary lead. 



'Flows are not balanced lor inventories. 

Source: U.S. Bureau of Mines 

Arthur D. Little, Inc. 

Ex ~ o r t s  - Scrap 
2.6.884 

FIGURE 3.6-4 

Chemicals 
239,904 

Exports - Metal 
2,850 

MPTERIAL FLOW - LEAD INDUSTRY.' 
1926 - ST CONTAINED LEAD 



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 uld 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 typk 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 scrap 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 nf in varying degrees: blast furnacc slag, and gas cleaning wastes. 

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. 

Alllluugh gas cleaniiig 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 larid 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 cstimated that 20,900 short tons per year are handled in this manner from 
lhe 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. In 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, <I%. 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, 1596.' 

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 bet.weerl rlow a ~ i d  1987. 

There is a technological shift occurring in the battery industry, however, that may have 
serious repercussions for lead producers. The introduction of maintenance-free batteries has 
decreased the demand for antimonial lead and increased the demand tbr 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 causir~g secondaries to switch their product 
mix to a greater proportion of pure lead, which puts them in cumpeliliull will1 llle prirliary 
producers. 

This change in market structure may, in turn, affect the mix of primaries and secondaries in 
the industry. Additionally the' emphasis on pure lead may lead to the development of new 
technology to produce pure lead from scrap more efficiently. ('l'he current reverblblast furnace 
combination is geared toward production of antimonial lead.) Although the primarylsecondary 
mix will probably be altered by 1985, we do not anticipate significant new technology by then. 

3.6.5.2 Demand 
The consumption pattern for lead in 1976 is given in Table 3.6-1. Dumeslic denland call 

probably be met by domestic sources in the foreseeable future. The U.S. Bureau of Mines projects 
an overall growth rate of 1.8% annually lhruugh the year 2000. 

An cstimatcd 1987 breakdown is given in Table 3.6-5. A decrease in consi~mption 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  

Other Metal Products 194,000 ST 

Gasol ine Add i t i ves  100,000 ST 

Other Miscel laneous 269,000 ST 

Tota l .  

Source: A r t h u r  D. L i t t l e ,  I nc .  
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4.0 EVALUATION OF RECYCLING TARGETS 
BY INDUSTRY GROUPS IN SIC 33 

4.1 INTRODUCTION 

This section presents 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 

Lead 

The sixth industry group -Miscellaneous Nonferrous Metals Operations - is excluded from this 
section because the segments contained in this industry group are either not relevant to the 
recycling target estimation or their contribution to overall 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 1196, copper for about 3%, lead and zinc each less than 196, and all others 
the balance. Therefore, most of the effort in the target evaluation is focused on the ferrous scrap 
users, followed by aluminum and copper. 

The target evaluation procedure is based on a general methodology recommended by the 
DOE. I t  is described in detail in Section 2. 

In this section, each industry group is discussed under the following general headings: 

Selection nf recoverable mat,erials 

Selection of process subdivisions for inclusion in the target 

Technical considerations 

Economic considerations 

Special considerations 

Target esdmation 

Sensitivity of target to key factors 

4.1.1 Selection of Recoverable Materials 
The portions of each industry group to be included in the target estimation analysis are 

based on: 

Quality of thc rccovcrablc matcrial 

Dispersion of the recoverable material 
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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 tha t  may provide recoverable materials and replace virgin materials 

Sources of recoverable materials do not include: 

Waste materials generated and introduced back into the process within the same 
plant. 

Waste materials not among those listed in the Energy Act. 

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 
though 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, 
only copper mine waste meets the Department of Energy's recoverable material 
selection criteria. Therefore, mine waste is not included in the.analysis, except for 
copper. 

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 nlaterials are not included in the analysis. 

4.1.2. Selection of Process Subdivisions for Inclusion in the Target 
For each industry group i t  is necessary to subdivide the industry on the basis of process or 

other industry classification. For 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 scraplhot metal ratio that  can be processed in a copper converter and 



the basic oxygen furnace is limited because of heat balance considerations. In 
contrast, the reverberatory furnace and crucible in the aluini~lur~l industry can 
process 100% scrap. 

Product Quality Constraints - The use of recoverable material 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 producing wirebars but could 
be acceptable in a plant making certain specific copper alloys,which include 
antimony, nickel and tin. . . 

. . 

Recoverable Material Quality Constraints - The recoverable material quality 
constraints are indirectly related to Process 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. These have been discussed in Section 2. The 
approach used by Arthur D. Little, Inc., for the economic analysis differs somewhat from that in 
the Department of Energy guidelines. Arthur D. Little 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, draft 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 considerations. An example of special 
corisideration 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 diversity 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, every effort has been made to present the targets for individual industry 
segments in a similar format. 

4.1.7 Sensitivity of Target to Key Factors 
Because the develop~nent of a large1 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 
future conditions can affect the target. The section on sensitivity analysis attempts to address 
this prnhlem. 



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 gcncral categories: 

Ferrous scrap 
Mill ~ c a l e  
Dust and sludge 
Slag 

A brief description of the materials comprising each of these categories has been given in Scction 
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 defined by the Department of 
Energy. The selection criteria are outlined in Section 4.1. 

Significant quantities of the thrce types of scrap material (home, ohsolet,e 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 fro111 Llie 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 fur~iace slag is recyclecl to some extcnt in 
order to provide a protective slag layer in the furnace. I t  is not recycled as a source of iron and, 
therefore, does not meet the inclusion criteria. Basic oxygen and open hearth furnace slags are 
hoth processed to some degree to recover contained iron and the processed slag is either sold, 
rlr~mped 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 corilairi srllall conceiltrations of chromium, copper, manganese, 
nickel, lead, and zinc. Mill scale may also contain over 1.0% oil and grease. Tl~ese 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 

Recoverable M a t e r i a l  s 

SELECTION OF RECOVERABLE MATERIALS 
I R O N  AND STEEL SEGMENT 

Ferrous Scrap 

Home 

Prompt I n d u s t r i a l  

Obsolete 

M i l l  Sca le  

Dust and Sludge 

B l  a s t  Furnace 

Basic  Oxygen Furnace 

E l e c t r i c  Arc  Furnace 

Open Hear th  Furnace 

R o l l i n g  Operat ions 

Slag 

B l  a s t  Furnace 

Basic  Oxygen Furnace 

E l  e c t r i  c Arc Furnace 

Open Hear th  Furnace 

* The c r i t e r i a  a r e  o u t l i n e d  i n  Sec t ion  4.1. 
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Does t h e  Recoverable M a t e r i a l  Meet 
t h e  C r i t e r i a *  f o r  I n c l u s i o n ?  

Yes - No 



steelmaking 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 mills produce sludges from water pollution control operaliuris a1 a rale 
ranging from 0.1 to 10 kglmetric ton of finished steel."' In general, these sludges are not recycled 
because they contain significant amounts of oil and grease. For this reason, as  well as  the fact that  
they are generated in relatively small amounls, Ihese sludges will not be coilsidered 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 patterns (1970-1976) for the selected recoverable materials within the 
iron and steel segment are given in Table 4.2-2. Table 4.2-3 contains consumption data for various . 
categories of purchased and home scrap. 

4.2.1.2 Ferrous fiundries 
Table 4.2-4 lists the potential sources of recoverable material for the ferrous foundry 

industry and identifies those that  meet the criteria necessary for inclusion in this study. The 
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 ferrous foundry industry, it is 
excluded from this analysis because i t  does not contribute ferrous or metallic units and, therefore, 
does not relate to SIC 33. 

Scrap is the most important source of recoverable material in the ferrous foundry industry. 
The various types of iron and steel scraps that  are important recyclable materials are shown in 
Table 4.2-4. Home scrap consists of the risers and runners, skulls and reject castings generated in 
the foundries. In most foundries thk home scrap is a major component of the charge to the melting 
furnace, in some instances as  high as 50-7096 of the metallic charge. 



Type o f  

Recoverable Ma t e r i  a1 

Scrap : 

Home* 

Purchased** 

TABLE 4.2-2 

CONSUMPTION OF RECOVERABLE MATERIALS (1  970--1976) 

I R O N  AND STEEL SEGMENT 

Q u a n t i t y  Consumed - M i l l i o n  Shor t  Tons 

TOTAL 69.32 63.69 73.42 82.47 81.07 

M i l l  Scale 
P 
4 Dust and Sludge 

Slag N A N A N A N A N A 

*Home Scrap Produc t ion  

** Inc ludes Prompt I n d u s t r i a l  and Obsolete scrap 

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

Sources: U.S. Bureau o f  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 



Type o f  Scrap 

Carbon Steel  : 

CONSUMPTION OF SCRAP* BY GRADE (1971 -1 976) 

IECN AND STEEL SEGMENT 

(Thousznd Shor t  Tonsj 

Low .phos. p l a t e  & ,mnctnings 

Cut s t r u c t u r a l  

No. 1 heavy m e l t i n g  

No. 2 heavy m e l ~ i n ~  

No. 1 and EF bundl zs 

e No. 2 and o t h e r  bundles 
00 Turnings and bor ings  

Slag scrap 

Shredded o r  f r a c .  

A l l  o t h e r  

S ta in less  S tee l  

A1 l o y  Steel  

Cast I r on* *  

Other Grades 

TOTAL 64,619 73,408 82,467 81,07,4 62,836 

* Inc ludes  home scrap. 

** Inc ludes i n g o t  mcld and st.091 scrap, machin2ry and cupola cas t  i r on ,  zzs t  i r o n  
bor ings and motor b locks  an.d o t h e r  i r o n  scrap. 

Source: U.S. B w r ~ a u  o f  M i n s ,  Minera l  Yearbook, 1971-1976 



TABLE 4.2-4 

SELECTION OF RECOVERABLE MATERIALS 

Recoverabl e F la te r i a l  -- 

Scrap 

Carbon S tee l  

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 - N 0 - 

- 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 me1 t i n g  s t e e l  
- No. 2 heavy me1 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 bo r i ngs  
- 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 u d e s  b o r i n g s )  

Other Grades of Scrap 

Ferrous F r a c t i o n  o f  Mun ic ipa l  S o l i d  Waste 

Home Scrap 

Dust and Sludge 

Cupola Dust 

E l e c t r i c  Furnace Dust 

S lag 

Cupola Slag 

E l  e c t r i  c Furnace S l  ag 

Used Mold M a t e r i a l s  

*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 . 1 .  



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 sma11,concentrations. Because of its low iron content and because it  
contains small quantities of zinc, lead, and other undesirable impurities,' cupola dust is not 
expected to be recycled for its ferrous, lead or zinc content by 1987. Therefore it  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 and economic 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 shown in Table 4.2-5. 

'H~ryclahle mat.eriaIs ass~)cia ted with ferraalloy smelting can be uouped intu fuur 
categories: 

Purchased ferrous scrap 
Ferroalloy home scrap 
Dust and ~ l u d g e  
Slag 

As shown in Table 4.2-6, only purchased ferrous scrap and electric arc furnace slag 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 electric 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 
yuantities and are not expected to be in the near future. 



TABLE 4.2-5 

CONSUMPTION OF RECOVERABLE MATERIALS (1971-1976) 
FERROUS FOUNDRY SEGYENT 

Type o f  Home Scrap .P lus  Purchased Scrap Consumed i n  
Recoverable Mateh-i a1 I r o n  and S tee l  F o u n d r i e i  (Thousand Shor t  Tons ) * 

-. 

1971 1972 1973 1974 1975 1976 

Carbon  tee-1 : 
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  

No. 1 Heavy Me1 t i n g  

No. 2 Heavy Me1 ti ng 

No. 1 & EF Bunales 

No. 2 & Other  Eundles 480 6 86 625 658 347 44 1 

P 
L 

Turn ings and B o r i  ngs 
L 

Slag Scrap 

Shredded and Frag. 

A l l  Other**  

S t a i n l e s s  S tee l  197 3 9 3 8 83 1 00 7 1 

A1 l o y  S tee l  

Cast I ron** *  

Other Grades*** * 690 890 943 8838 5477 5929 

To ta l  : 17948 ,19956 21122 24409 19495 21 483 

* Inc ludes  misce l laneous scrap users.  
** Inc ludes  " a l l  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 and s t e e l  scrap, machinery and cupola c a s t  i r o n ,  c a s t  i r o n  bo r i ngs  and motor b l ocks  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 t h e r  mixed scrap. 

Source: U.S. Bureau o f  Mines, M ine ra l s  Yearbooks, 1971 - 1976 



TABLE 4 .2-  6 

SELECTION OF RECOVERABLE MATERIALS 

FERROALLOYS SEGMENT 

Does the Recoverable Material Meet 
the Criteria* fo r  Inclusion? 

Recoverable Material 

Purchased Ferrous Scrap 

Ferroall oy Home Scrap 

$1 ag 
Blast Furnace 

Electr ic  Arc Furnace 

Ferrochromi um 
Ferromanganese 

Sil  i comanganese 

Other 

Dust and Sludge 

Blast Furnace 

Electr ic  Arc Furnace 

* The c r i t e r i a  i s  outlined in section 4.1. 

Yes 



Recent consumption (1970-1976) for the selected recyclable materials within the ferroalloys 
segment are given iiiTable 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, i t  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. 

Recoverable materials can enter the steelmaking sequence a t  three points: 

Sinter strand (agglomeration facility) 

Blast furnace 

Steelmaking furnace (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 steelmakiilg furnace slag, inill 
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 ferrous 
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 ferrous foundry industry can be segregated into two well-defined segments: 

lron foundry industry 
Steel foundry industry 

This breakdown is chosen because the steel foundry industry is essentially 100% scrap-based, 
whereas the iron foundry industry 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 9713-1 976) 

FERRCALLOY S SEGMEN:T 

q u a n t i t y  Consumed (thousand Shor t  t ons )  
Type o f  
Recoverable M a t e r i a l  ; 970 1971 11972 1973 1974 1975 1976 

Purchased Ferrous Scrap* 573 51 5 558 557 505 926 422 

El  e c t r i  c Arc Furnace 

Ferromanganese Slag** 30 1 274 288 24 6 196 207 174 
P 
e 

P 

Sources : 

* F e r r o a l l o y  p roduc t i on  f rom U.S. Bureau o f  F ines  M ine ra l s  Yearbooks, 1970-1976. 
Ferrous scrap f a c t o r  f rom c Pred i cas t  co rnp~ te r  ou tpu t ,  1978, based I n  U.S.  Census data.  

** Ferromanganese p r o d u c t i c n  s t a t i s t i c s  from L.S. Bureau o f  Mines M ine ra l s  Yearbooks, 1970-1 976. 
Recycled s l a g  f a - t o r  f rom "Assessment o f  I n d u s t r i a l  Hazardous Waste P r a c t i c e s  i n  t h e  
Metal  Smel t ing  a i d  R e f i n i n g  I n d u s ~ r y " ,  Volume 111, 1977. 



TABLE 4.2-8 

Subd i v i s i on  by  
Process 

. j i n t e r  P l a n t  

B l a s t  Furnace 

Bas ic  Oxygen 

? - E l e c t r i c  Arc 
ul 

Open Hear th  

RECOVERABLE MATERIAL SOURCE - INDUSTRY MATRIX 
I R O N  AND STEEL SEGMENT 

Types o f  Recoverable M a t e r i a l  s 

Ferrous Scrap M i l l  Scale Dust & Sludge Sl  ag 

Prompt B l a s t  Bas ic  Open . Basic  Open 

Home I n d u s t r i  a1 Obsolete R o l l  i nq M i  1 1 s Furnace Oxygen Hear th  O x v ~ e n  Hearth  

X X X X X X 

X X X 

Source: A r t h u r  D. L i t t l e ,  I n c .  



TABLE 4.2-9 

CO.NSUMPTIOP4 O F  FECOVERABLE MATERIALS BY P?OCESS [N  1976 

IRON AND STEEL SEGMENT 

Type o f  Recoverable Mater ial ]  
i 

( thousand s h o r t  tons)  

F e r r o ~ s  S c r a ~  

Subd i v i s i on  Prompt M i l l  Dusts and 
I by Process Home I n d u s t r i  z l  C.bsol e t e  T o t a l  Scale S l  udges Slag 
I- 

S i n t e r  P l a n t  0 0 0 0 ! 3,531 2,452 2,156 

N A 0 N A 3,692 
I 

B l a s t  Furnace N 9 0 N A 

Bas ic  Oxygen MA N A N A 26,204 N.l 0 N A 
e 
C 

O\ E l e c t r i c  Arc N A N A N A 25,099 ' NA 0 N A 

Open Hearth PJ A N A N A 12,251 RA 0 N A 

T o t a l  -Steel  making r4 A N A N A 63,554 N A 0 N A 

TOTAL N A N A N A E7,245 I NA 0 N A 

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

Source: A IS I  Ann!-la1 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) 
Iuord AND STEEL S E G M L I ~  

Type o f  Rezoverabl e -- - . . 
M i l l i o n  Net Tons 

Ma te r i  a1 -- 1970 -. - .- 1971 -- 1972 1973 1974 -- 1975 - 1976 - 

M i l l  Scale 3.695 3.324 3.464 4.031 3.799 3.211 3.51 

Dust & Sludge 

B l a s t  Furnace N A MA N A N A N A N A N A 

Basi c Oxygen Furnance N A MA N A N A N A N A N A 

Open Hear th  N A N A N A N A N A N A N A 

To ta l  3.228 2.877 2.575 2.289 2.357 1 .999 2.452 

S lag  

Basi  c Oxygen Furnace HA N A N A N A N A N A N A 

Open Hear th  Furnace N A N A N A N A N A N A N A 

T o t a l  * 0.625 0.934 1.251 1.770 1 .699 1.467 2.156 

*Cinder and s l a g .  
NA: n o t  a l l a i l a b l e  

Source : A I S I  Annual S t a t i s t i c a l  Report ,  1970-1 977. 



TABLE 4.2-1 0-B 

CONSUMPTION OF RECOVEEABLE MATERIALS BY THE BLAST FURNACE (1 970-1 976) 
I R O N  AND STEEL SEGMENT 
+ 

Type o f  !?ecoverable M i  - 1 i o n  Ne: Tons 

M a t e r i a l  1970 1971 1972 1973 1974 1975 1976- 

Ferrous Scrap 

Home 

To ta l  Scrap* 
M i l l  Scale 
S lag 

Bas ic  Oxygen 

Open Hear th  

* ' Inc l  wdes home and obso le te  scrap. 

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

Source: A IS I  Annuzl S t a t i j t . i c a 1  Report, 1970-1977. 



TABLE 4.2-1 0-C 

CONSUMPTION OF RECOVERABLE MATERIALS BY THE BASIC OXYGEN FURNACE (1970-1976) 
I R O N  AND STEEL SEGMENT 

Type o f  Recoverable 
M a t e r i a l  

Ferrous Scrap 

Home 

Prompt I n d ~ s t r i a l  

Obsolete 

To ta l  Scrap* 

e - M i l l  Sca l?  
\O 

M i l  1 i o n  Net Tons 

* I n c l u d i s  home, 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 l S I  Annual S t a t i s t i c a l  Reports, 1970-1 977. 



TABLE 4.2-1 0-3 

CClNSUMPTION OF RECOVERABLE MkTERIALS BY THE ELEC-RIC ARtZ FURVACE (1970-1976) 
IROb AND STEEL SESMENT 

Type o f  Recov2rable M i l l i o n  Net Tons --- 

Ma te r i  a1 1970 1971 1972 1973 i 974 1975 1976 

Ferrous Scrap 

Home 

Prompt I n d u s t r i a l  

Obsolete 

To ta l  Scrap* 18.834 20.150 24.826 2E.615 29.710 23.010 25.099 
e 
h, 
0 

M j l l  Scale N A N A N A IM N A N A N A 

* Inc ludes  h o w ,  prompt i n c h s t r i a l  and obso!ete scrap. 

NA: Not Avai 'able 

Source: A I S I  .Annual S t a t i s t i c a l  Reports, 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  Recoverabl e 
M i l l i o n  Net Tons 

M a t e r i a l  1970 1971 1972 1973 1974 1975 1 97K  

Ferrous Scrap 

Home 

Prompc I n d u s t r i a l  

Obsolete 

T o t a l  Scrap* 21.935 18.572 18.637 20.419 19.005 11.669 12.251 

2 
C 

M i l  1 Scale 

* Inc ludes home, prompt i n d u s t r i a l  and obso le te  scrap. 

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. 



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 the consumption 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 o n s )  

Indus t ry  Subdivis ion 

Gray Iron 1 

Home Scrap Purchased ,Scrap** 

~ u c t  i 1 e I ron 
5567* 

Malleable  Iron Foundries 

S t ee l  Cast ings 9 64 

*Includes miscel laneous s c r a p  use r s .  

**Includes prompt i n d u s t r i a l  and obso le t e  s c rap .  

Source: U.S. Bureau o f  Mines, Mineral Yearbuuk, 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: 

Available data are broken down by type of ferroalloy. 
Recycle of slag is dependent on type of ferroalloy. 

Amounts of recoverable materials consumed in 1976 are shown in Table 4.2-13. Ferrochromium, 
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 
amounts of recoverable material that  can be recycled. In this section, technological factors 
affecting recycle within the ferrous industry will be described. 



TABLE 4.2-1 2 

CONSUYPTION OF SC-RAP*(] 971 -1 976) 
FERROUS FOUNDRY SEGMENT 

T ~ p e  o f  Scrap 

Carbon S t e e l  

Low Phosphorus P l a t e  and Punchings 

c u t '  S t r u c t u r a l  

No. 1 Heavy Ye1 t i n g  

No. 2 Heavy Me1 t i n g  

No. 1 and E l e c t r i c  Furnace Bundles 

No. 2 and Other  Bundles 

Turn ings and Bor ings 

S lag  Scrap 

2 Shredded o r  Fragmentized 
W A l l  Other  

S t a i n l e s s  S t e e l  

A1 l o y  S t e e l  (excep t  s t a i n l e s s  1 

Cast I r o n  

Other  Grades 

S tee l  Foundr ies - I r o n  Foundries** 

1971 1972 1973 1974 1975 E?L - - - - 1971 1972 1973 1974 1975 1976 - - - - - - -  

TOTAL 2787 2664 2949 3269 3173 2851 15161 17292 18173 21140 16322 18632 

* I n c l u d e s  home and purchased scrap.  
** I n c l u d e s  m i s c e l l  aneous sc rap  users.  

Source: U. S. Bureau o f  Mines M i n e r a l s  Yearbooks, 1971 -1 976. 



TABLE 4.2-13 

Subd iv i s i on  by 
Type o f  Fe r roa l  1 oy 

Ferrochromi um 

Ferronianganese 

S i  1 i comanganese 

Fer ros  i 1 i con 

TOTAL 

CONSUMPTION OF RECOVERABLE MATERIALS - 1976 
FERROALLOY SEGMENT 

Scrap 
(thousand o f  s h o r t  tons)  

Home Purchased Slag 
(Fe r roa l  l o y  (Ferrous To ta l  - 
Scrap) Scrap) Scrap FeCr FeMn 

NA = n o t  a v a i l a b l e .  

* Pred i cas t  Data Base, 1978. 

** Calspan, 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  Smel t ing and R e f i n i n g  Indus t r y ,  Volume 111, 1977. 

4.2.3.1 Process Constraints 

4.2.3.1.1 Iron and Steel 

Uperations 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.'21 



Blast Furnace: The blast furnace has severe limitations on the chemical specifications of its 
feedstock; carhon is an asset in any material added to the burden, but zinc and lcad 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 Furnace: 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 varied substantially. However, 
certain limiting relations among the elements of the charge must be observed. Elements such as 
copper and nickel, which are not oxidized 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 volatilized 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 i t  can process is limited by the amount of energy available 
for melting. In current practice, BOF7s 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: 

Reducing heat losses of the process 

Adding external fuel to the process 

Raising the t,emperat,ure 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 opcratc a t  almost 45% scrap using this method.('6' The extent towhich 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 
fbr the open hearth furnace. . 



TABLE 4.2-14 

DfSTRIBUTICN 0' ELEMENTS BETWE3N SLAG AND METAL I N  AN CPEN HEARTH FURNACE 

E l  en-ents Pr imar i  l y  Elements D i s t r -  buted 
Report ing t o  tl-e Slag Between Slag and Metal 

S i  1  i con  Manganese 

A1 umi num Phosphorus 

T i  t a n i  um Sul 'ur 

Z i  r con i  urn Chromi urn 

Boron 

Vanadi urn 

Elenents P r i m a r i l y  Elements E l  iminated 
Rep3rt ing t o  Metal From Slag and Metal 

Copper Z inc 

N icke l  Cadmi urn 

T i n  Lead 

Pol ybdenum 

(Ant i m n y  ) 

( = P r o b a b l y  

Source: AIPIE, Basic Open Hearth st ell ma kin^, 1951. 



Basis: 
Normal 2400 F Hot Metal Uses 25% Scrap 

Steel Tapping Temperature is 2925 F. 

2300 2400 2500 2600 2700 2800 
Hot Metal Temperature - Deg.F 

Source: Iron & Steel Engineer, June 1963, page 68. 

FIGURE 4.2-1 HOT METAL TEMPERATURE VS. % OF 
FERROUS.SCRAP I N  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 

'l'he 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 quality 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 efficient melting and 
handling, very large scrap is undesirable for the cupola. 

The electric arc and induction melting furnaces are 100% scrap based melting operations. 
l'he 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 ~r inc ipa l  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 silicomanganese 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 thc thrce 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 
VI  inch in size and a minimum of material larger than % inch."(3' 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 (fbr 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 furnaces. 

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. 
The 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 
sleel Suur~dries. 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 Ferroalloys 

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. 



COMPOSITION RANGES OF IRON FOR STEELMAKIkG 

Type 

Basic P ig  - N o r t ~ e r n  
I n  steps o f  

Basic P ig  - Sout iern 
I n  steps o f  

Ac id  P ig  - Bessemer 

f Acid P ig  - Open dearth 
W 
0 

Oxygen Steelmakiqg P ig  

S i  1 i c o n  Sulphur 

Composition F.ange (%)  

Phosphorus Manganese 

1 .501 0.05 max 0.400 nax 1.01-2.00 
0.25 . - - 0.50 

1 .50 max 0 .'05 max 0.700-0.900 0.40-0.75 
0.25 - - - 

1 .OO-2.25 0.045 max 0.04-0.135 0.50-1 .OO 

0.70-1.50 0.045 max Under 0.05 0.50-2.50 

0.20-2 .lo0 0.05 max 0.400 max** 0.40-2.50 

Tota l  carbonm 

*Carbon n o t  s p e c i f i e d .  
**Up t o  2.00 p e x e n t  phos.rlhorus may be used. by double s lagg ing  i n  t h e  basic  oxygen furnace. 

Source: "The Mak.ing, Shapin? d Treat in9  o f  Steel , "  Uni ted States S tee l  Corp., 
9 th  e c i t i o n .  



Type o f  Cast ing S i  1 i c o n  

TABLE 4.2-16 

FERROUS FOUNDRY SPECIFICATIONS 

Composition, % 
Carbon 'S l i l  f u r  

Gray I r o n  1 .O-3 .O ' 2.5-4.0 0.02-0.25 

White I r o n  0.5-1 - 9  1.8-3.6 0.06-0.20 

Ma1 l e a b l e  I r o n  1 . lo-7.60 2.00-2.60 0.04-0.18 

D u c t i l e  I r o n  1.8-2.8 3.0-4'. 0 0.03 max 

Steel  0.2-0.8 0.20-0.50 0.06 max 

Ptiosphorus Manganese 

0.05-1 .O 0.25-1 .O 

0.06-0.18 0.25-0.80 

0.18 max 0.20-1 .OO 

0.10 max 0 . lo-1 .OO 

0.05 max 0.5-1 .O 

Sources: American Foundrymen ' s  Society,  P r i n c i p l e s  o f  Metal  Cas ti rig, 1955, 
Gray and D u c t i l e  I r o n  Founders ' Society ,  I r o n  Castincis ' Waridbook. 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 t, 

F 
G 

Nitrogen Bearing 

Ferromanganese: 

Composition, % 
P~os- 

Si 1 icon Carbon Sulfur phorus Manganese Chromium 

Standard A 1.2 
B 1.2 
C 1.2 

Medium Carbon A 1 .O 
B 1.5 
C 0.70 
D 0.35 

Nf tri,dcd 1.5 
Low Carbon A 2.0 

B 5.0-7.0 

Ferrosilicon: 

Steelmaking A 92.0-95.0 0.10 0.025 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 1 .OO - 
G 14.0-17.0 0.70 0.025 0.120 1.25 - 

Silicomanganese: 

Standard A 15.5-21.0 1.5 0.04 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 ~ c r a p , ' ~ '  and about 70% of this is charged to the furnaces with only minimal 
preparation. In general, the only processing required for the remaining 30% is to cut i t  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.   el tin^ 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 
econon~ically possible ur~ly wil;h 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 the value of the 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 nonmet,allic 
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. 

All exalr~ple uf lhe 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 example 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 metals, and PVC are also undesirable in recoverable and 
scrap materials in order to meet product, process or environmental constraints. 



Pounds No.2 Bundles (in 1000's) 

FIGURE 4.2-2 EFFECT OF NO. 2 BUNDLE SCRAP ON RESIDUAL COPPER 

Source: Blast Furnace and Steel Plant,  "The Operating Econo~~~ ' i c  
and Qual i ty  Considerations o f  Scrap Preheating in the 
Basic Oxygen Process ," W. F. Kemner, December 1969. 

4-34 



Legend : 

- Less than .030 Hot Metal Sulfur 
-.030 - .049Hot Metal Sulfur 

A - .050 - .069 Hot Metal Sulfur 

0 - Over .069 Hot Metal Sulfur 
0 

0 10-39 40-69 70-99 > 99 
Pounds No.2 Bundles 

FIGURE 4.2-3 EFFECT OF NO. 2 BUNDLES AND HOT METAL SULFUR 
ON TURNDOWN SULFUR 

Source: Blast Furnace and Steel Plant, "The Operating Economic 
and Qual i ty  Considerations of Scrap Preheating in the 
Basic Oxygen Process, " W .  F. Kemner, December 1969. 



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 contains is in a 
calcined form. This means a saving in the heat of calcination and hence leads to a 
small 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 production of sinter of about 1.0 
basicity has a beneficial effect both on the cold strength of the sinter and on its resistance to 
degradation during high temperature red~ct ion. '~ '  The use of this sinter results in lower coke 
rates. 

Quality constraints for recycling steel slags include tramp element content and size distri- 
hution. 'l'rarnp elements, such as manganese, alloy metal, and phosphorus are transferred to the 
hot metal in thc blast furnace. The type of steel being made determines 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 weeks. Longer stockpiling 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. In contrast, 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 remove 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. 

4.2.3.3.3 Ferroalloys 

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 Econonic 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 consisting almost entirely of scrap. 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 more 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 long run, industry could change capital stock - e.g., 
opt for electric furnaces - and thereby increase scrap utilization. 

Supply consists of "new" scrap generated by current industrial activity and immediately 
reused, and "old" scrap extracted from discarded steel-containing products. The amount of new 
scrap generated is a function of technological factors in the steelmaking and steel/consuming 
industries and is totally 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 supp1y:The amount of old scrap 
used is a function of price; the short-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 ori-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 both 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 described 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 second 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 reflect the technological 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 niudel urganizes the extensive technical knowledge coiicerning this market into a flexible 
framework that can be used to test the economic viability of a recycling target. 

The information incorporated into the model includes details on: the process characteristics 
of scrap-using and scrap-generating 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. 

4.2i4.1 Ferrous Scrap Material Balance 
Developing a consistent material balance for ferrous scrap has proved to be a difficult task. 

We have relied on the Yearbook of the Institute of Scrap Iron and Steel, Inc. (ISIS) as the basic 



data source. I t  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 major categories: home scrap, prompt industrial scrap, and old (obsolete) scrap. Demand 
(or uses) includes: steel producers, foundries, other domestic uses, and exports. 

Home scrap accounted for about half of the 98 million short tons of U.S. scrap supply in 
197tj. 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, the name "home." The volume of home scrap generated is directly 
related to the level of activity a t  the steelmaking arrd 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. 

Frompt industrial scrap accounted for about 21% of supply 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 scrap. This is a highly heterogeneous 
category, and unlike the new scrap categories of home and prompt industrial, its composition is 
not well known. ?'he sources 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 source of intermediate economic value. The number 
of hulks processed is typically a high portion of the cars scrapped, but the relatively low profit 
margin on car processing continues to make abandoned vehicles in remote regions an unprofitable 
source of scrap. 

On the demand side of the material balance the steel producers clearly dominate. In 1976, 
69% of the U.S. scrap supply was consumed by the steelmaking and pig iron-producing furnaces. 

Foundries produce ferrous castings from charges of iron and steel scrap, pig iron, and 
inoculants. They represent a major source of scrap demand and accounted for 21% of the 1976 
supply. Foundries depend on scrap considerably more than steel manufacturers. 

The remainder of the U.S. 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 as 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 

El  e c t r i c  Furnace 

Open Hear th  Furnace 

Foundries 

B l a s t  Furnaces 

Other 

T o t a l  Domestic Demand 

Net Expor ts  

To ta l  Q u a n t i t y  Demanded 

Q u a n t i t y  Suppl i ed 

Home Scrap - S tee l  

Home Scrap - Foundr ies 

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  

T o t a l  Q u a n t i t y  Suppl i ed 

Source: A r t h u r  D. L i t t l e ,  I n c .  es t imates .  

A I S I  S t a t i s t i c a l  Report ,  1976. 
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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 '7)  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 Research 
lnstitute 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 Foundat i~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."" 

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 pal-anleters 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 Elliot report contains no mention of scrap price, while the Fordham report concludes 
that the supplylprice 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 regression; for example, during 1974 a 
shortage of gondola cars limited the shipment of scrap. Also, the number of automobiles scrapped 
during that period was low - a factor unrelated to scrap price - thus reducing the available 
scrap pool. 

The Nathan report describes a standard econometric model. There are equations for de- 
mand, supply, and price estimated from quarterly data for the period 1961-1976. The econonletric 
equations contain an unduly large number of independent variables - the average number per 
equation exceeds six. Undoubtedly, the multicollinearity that this causes raises concern as to the 
precision of the parameter estimates. 

The Nathan equations are highly aggregative and do not. rcnlist~icnlly capture the tech- 
nological characteristics of this market. On the demand side, scrap consumption is not dis- 
aggregated by furnace type, and on the supply side home scrap is not disaggregated by the 
gcncrating source. 

.. . . . 
'l'he Nathan study obtains a value of 0.833 for price elasticitji of old supply. This is more 

than ten times greater than the value obtained by the Fordham study. A major specification 
problem with the Nathan equation for old scrap leads us to conclude that while the Nathan 
elasticity is closer to the true value than Fordham's, it is nevertheless too high. 'l'he problem is 
that there is no scrap inventory in the Nathan equation. The inventory of old scrap plays a crucial 
role in determining the volume that can be supplied. With time;this inventory increases, thereby 
permitting larger scrap supplies even if real scrap price is unchanged. 



4.2.4.3 Data Sources for Arthur D. Little Model 
In order to develop the Arthur D. Little model for this study, it was necessary to have 

consistent material balance, such as the one presented in Table 4.2-18. I t  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 not reported as such by ISIS; they report scrap 
consumption by cupolas and electric furnaces. 

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 
of scrap - almost all old. 

The Arthur D. Little, Inc., prompt industrial scrap series is in essence the one used by 
Nathan, except that  it 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 
B a t t ~ l l c . ( ~ ~ '  



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. 1n.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 Module, and an  lntegratinn M n d ~ ~ l e ,  These modules, or blocks, are rec~lrsively . 
linked. Specifically, dcmand for scrap and supply of new scrap (home and pron~pl) is predicted, 
using known technological relationships. The excess of demand over new scrap supply constitutes 
the requirement for old scrap. The Integration Module solves for the scrap price necessary to 
bring forth the required old supply. 

The model's recursive structure may be criticized for ignoring the simultancity 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 heen disc~lssed in 
Sections 4.2.3 and 4.2.4. Some of the other considerations nnt 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 percentages of total raw steel prodl~ced hy 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 62.4% and open hearths only 18.4% of raw steel 
production. In the same period, the percentage of raw steel produced by electric arc furnaces grew 
fi-om 8.4% to 19.3!'o.'L2' 



FERROUS SCRAP MODEL SCHEMATIC 
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T4BLE 4.2-19 

EQUATICNS OF THE FERROUS SCRAP M9DEL 

Equa t ion  
Number Yodule 

Denand 

Demand 

Denand 

Denand 

Denand 

genand 

Demand 

New 'Supply 

New Supply 

New Supply 

New Supp l y  

New Supply 

New Supply 

I n t e g r a t i o n  

I n t e g r a t i o n  

I n t e g r a t i o n  

I n t e g r a t i o n  

I n t e g r a t i o n  

Endcc~nous  J a r i  a b l  e 

SCBOF 

SCEF 

SCOH 

SCBF 

SCFN 

SCT 

SCD 

HSRS 

HSBF 

HSFK 

PIS 

TNS 

TNPES 

NDS 

PSC 

PRSC? 

(NDS/ INV ) 

RPSCP 

E x p l a n a t o r y  Segment 

d l  * BOFS. 

d2 * EFS 

d3 * OHS 

d4 * BFP 

d5 * FNC 

SCBlIF + SCEF + SCOH + SCBF + SCEN + SCO 

SCT + XSC f SA 

s l  * RS 

s2 * BFP 

s3 * FNC 

s4 * FSC 

HSRS + HSBF + HSFN + PIS 

TNS + NID 

SCD - TNPES 

e l  + e2 (NDS/INV) 

PSC/PPIC 

I f  2 0.015 S o l u t i o n  = N o n f e a s i b l e  

If 0-LO . o r  2 0.60 S o l u t i o n  = N o n f e a s i b l e  



TABLE 4.2-20 

DEFINITION OF VARIABLES - FERROUS SCRAP MODEL 

DEMAND .MODULE 

Endoaenous Va r i ab les  

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 = ~ o n ' s u m ~ t i o n  o f  scrap by e l e c t r i c  furnaces (EF) 

4. SCFN = Consumption o f  scrap by f o u n d r i e s  

5 . '  SCO = Other  sc rap  consumption 

6. SCOH = Consumption o f  scrap by open h e a r t h  fu rnaces  (OH) 

7. SCT = T o t a l  domest ic sc rap  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 o n  by BOF 

2. BFP = BF p i g  i r o n  p r o d u c t i o n  

3. EFS = Raw s t e e l  p r o d u c t i o n  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  ad justments  

7. SCD = T o t a l  scrap demand 

NEW SUPPLY MODULE 

Endogenous Va r i ab les  

1. HSRS = Home scrap p r o d u c t i o n  by s t e e l  producers  

2. HSBF = Home scrap p roduc t i on  by p i g  i r o n  producers 

3.. HSFN = Home sc rap  product ion by cas t i ng  producers 



TABLE 4.2-20 

(Cont inued) 

4. PIS = Prompt i n d u s t r i a l  scrap supply  

5. TNPES = T o t a l  non -p r i ce  e l a s t i c  scrap supp ly  

6. TNS = T o t a l  new scrap supply  

~ x o ~ e n o u s  Va r i ab l  es 

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 r o d u c t i o n  

3. NID = Scrap f rom new technologies, c;g. ,  urban wastc 

INTEGRATION MODULE 

Endogenous Va r i ab les  

1. NDS = Wet requi rement  f o r  o l d  scrap 

2.  PSC = P r i c e  o t  sc rap  

3. RPSCP = R e l a t i v e  sc rap  t o  p i g  p r i c e  

Exogenous Va r i ab l  es 

1. I N V  = Scrap i nvent0r.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 scrap 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 sc rap  charge c o e f f i c i e n t  

4. d4 = BF scrap charge c o e f f i c i e n t  

5. d5 = Foundry c a s t i n g s  p r o d u c t i o n  

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 sc rap  gene ra t i on  r a t e  

4, 5.4 = Prompt i n d u s t r i a l  gene ra t i on  r a t e  

INTEGRATION MODULE 

1. el  = 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 3 1 4 '  of the 
percentage of total raw steel produced by open hearths for 1987 range from 0% to 10%. Industry 
 observer^"^' 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 flcxible 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 0.676, despite dramatic shifts in  t,he 
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 million 

short tons of hot metal in 1976 to produce 79.9 million short tons of raw steel.(''' These statistics 
indicate that  in 1976 metallic charges to basic oxygen furnace shops averaged about 28% scrap. 
Historically, scrap as a percentage of the charge to the hasic oxygen fi~rnace 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 



TABLE 4.2-22 

SCRAP I N  FURNACE CHARGE AS A PERCENTAGE OF RAW STEEL PRODUCTION - - 

EY FURNP.CE TYPE (1960-1976): I R O N  AND STEEL SEGMENT 

Basic Oxygen Open Hearth E l e c t r i c  
A1 1 Steelmaking 

Furnaces 
Year % S tee l  % Scrap i n  % Steel  % Scrap i n  % S tee l  

Piroduc ti on Charge Product ion Charge Product ion 
% Scrap in % Scrap i n  Charge Charge 

Source: AISI Annual S t a t i s f i c a l  Reports, 1960-1976. Average: 45.21 

Standard Dev ia t ion :  0.59 



the charge, such as.silicon, minimizing heat losses of the process, or preheating the scrap. There 
are practical and economic limitations to implementing these concepts, however. On a limited 
scale, the Alan Wood basic oxygen furnace operation (now closed down)(18) demonstrated that  
scrap charge ratios u p  to  about 45% could be achieved through scrap preheating. The  economics 
of scrap preheating varies with scrap and energy prices as  well as with capital costs of retrofitting 
the preheating system and is very site-specific. 

.On the other hand, the industry is anxious to reduce its dependence on purchased scrap 
because of the uncertainties of the scrap market. The  concern is so strong that  future integrated 
plants are being designed to be completely independent of the purchased scrap market. This 
cduld have an effect of reducing the ratio of purchased scrap to furnace charge in the foreseeable 
future. 

'l'he approach taken in this investigation is that,  although i t  is possible to change basic 
oxygen furnace scrap demand coefficients, i t  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.'16) 

Since its debut in 1964, continuous casting technology has steadily grown within the U.S. 
iron and steel industry; 46 companies currently operate approximately 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, followed by slab casters a t  approximately 27%, and bloom units a t  2%.'161 

Energy, yield, and productivity gains and its compatibility with electric arc furnace oper- 
ations have made continuous 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('O) 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 ~ e l b l e ' ~ )  have estimated these yields to be 0.78 and 0.70, 
roopccti~.~oly. 

The improvement in yield is due primarily to a reduction of ingot cropping and subsequent 
hot-rolling losses. 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 t o  develop an even temperature, and primary rolling by which the 
ingots are transformed into intermediate steel shapes. Increased yield necessarily means de- 
creased home scrap generation 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',',i1 to 3ofKr. In the target analysis presented in Section 4.2.6, 254'0 continuous 
casting is used in all scenarios. 



4.2.5.4 Scrap Substitutes 
Iron oxides (ore, mill scale, etc.) and directly reduced iron can be partially substituted for 

ferrous scrap in steelmaking furnaces, although this is presently 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 can be substituted for each ton of 
scrap."O' Although such substitution is not common practice in the United States, it is used 
extensively elsewhere in the world where hot metal may be plentiful 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 greater 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 exceed a few million short tons by 1987."e' 
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 literatureu6' 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 recycling 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 Arthur 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 scrap availability and the economic 
viability. The seven scenarios presented in this section fulfilled these conditions. 

4.2.6.2 Scenarios Analyzed 
Supply and demand coefficients and other assumptions for 1987 uscd in each of the seven 

scenarios are presented in Table 4.2-23. The supply and demand coefficients for 1975 and 1976 are 



TABLE 4 . 2 - 2 3  

L I  5T.oF. EODEC.IARA_F?ETEFS..ANe-ASSUMPTION.$ 
FOR-THE. SEVEN SCENAF.!OS.NALYZED 

FERROUS INDLETRY 

1975 - 
CASI 

1976 1 CASE CASE CASE CASE CASE CASE 
-- I I I I I I V  v V I  V I  I - - - - - -  

Parameter Un'ts 

(Base :ase) 
A. Supply and Demand C o e f f i c i ~ n t s  

Bas i c  Oxygen Furnace scrap charge c o e f f i c ' e i t  

E l e c t r i c  Arc Furnace scrap charge c o e f f i c - e i t  

Open Hea r th  Furnace scrap zharge coe ' f ic ient  

B l a s t  Furnace scrap charge c o e f f i c i e n t  

Foundry scrap ci-arge c o e f f i c i e n t  

S tee l  home scrap-generat ion r e t e  

P i g  i r o n  hcme scrap gene ra t i on  r a t e  

Cas t i ng  home scrap gene radon  r a t e  

Prompt i n d ~ s t r i z l  gene ra t i on  r a t e  

P r i c e  e l a s t . i c i t g  

t o n l t o n  raw s t e e l  

ton/t ,on raw s t e e l  

t o n l t o n  raw s t e e l  

t o n l t o n  h o t  n e t a l  

t o n l t o n  c a s t i n g  shiaments 

t o n l t o n  raw s t e e l  

t on ldon  h o t  n e t a l  

ton/t .on c a s t i n g  sh ipments  

t o n l i o n  f i n i  shec s t e e l  consumed 

I n d u s t r y  A c t i v i t i e s  

T o t a l  raw s t e e l  p r o d u c t i o i  

Bas ic  Oxygen F u r n a ~ e  raw s tee '  p roduz t i on  

E l e c t r i c  Arc Furnace raw %tee-  p r o d u z t i o n  

Open Hear th  Furnace r a k  st ,eel  p r c d u c t i o n  

B l a s t  Furn6ce p roduc t i on  

Foundry c a s t i n g  shipments 

F in i shed  s t e e l  consumptior 

I n v e n t o r y  o f  obso le te  s c m p  

thousand n e t  t o r s  

thousand n e t  t o r s  

thousand n e t  t o r s  

thousand n e t  t o r s  

thousand n e t  t o r s  

thouzand ne7 t o r s  

thousand ne: t o r s  

mi 11 i o n  tons 

C. Assumptions 

F in i shed  s:eel p roduc t i o t vGrou th  r a t e  percent  p e r  annum 

pe rc?n t  p e r  annum F in i shed  s:eel consumpt i cn IGr~wth  r a t e  

Steelmaking f ~ r n a c e  mix  
Bas ic  Oxygen 
Open Hea r th  
E l e c t r i c  Arc  

p e r c w t  
pe rcsn t  
pe rcsn t  

Raw s t e e l  by  cont inuous c ~ s t i i g  

* 
Same as t he  Base Case. 

Sources: A IS I  I\nnual S t a t i s t i c 3 1  Repcrts,  33 Metal  P-oducing, W3rld S t e e l  I n d u s t r y  
Da:a Handbook, Vc:. 1,  A r t h u r  D. L i t t l e ,  I nc .  es t im3tes.  



also presented for comparison. Some of the key factors in the ferrous industry, which will affect 
lhe 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 seven scenarios. Case I, the base case, is 
considered the most likely. The other cases are considered plausible. Cases 11, I11 and V are based 
on variations in the mix of steelmaking furnaces. Cases IV and VI presume a higher foundry scrap 
charge coefficient. Case VII 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. 

4.2.6.3 Basis of Coefficients Used in the Analysis 
The basis of the coefficients for 1987 are: 

Raw Steel Production Growth Rate: An analysis of the historical data indicates that the 
growth rate of raw steel production has been sporadic and has ranged between 1.5 and 2.5%. 
Discussions with individuals in the industry indicated that the expected growth rate is antici- 
pated to be in the 1.5-2.0% range. All but one scenario has taken the growth rate as 2%. 

Finished Steel Consumption: Consumption of finished steel was assumed to increase a t  an 
average annual growth rate of about 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 2.25%. Historically, finished steel consumption has averaged approximately 2.5% annually. 

Steelmaking Process Mix: The percentages of raw steel produced hy 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:l basis or a 2:l basis. An analysis indicated 
that a 2:l 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 ?'he 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 was 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 arc production in 1987 was found by subtracting basic oxygen and 
open hearth furnace production from total raw steel production. This result was 
checked against projections by industry contacts, Arthur D. Little, 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. 

Steelnzakitzg Scrap Demund Coejjicient: An analysis of the historical scrap demand 
coefficients (1959-1976) for the basic oxygen, open hearth, and electric arc furnaces indicated that 
for each of these furnaces 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 target analysis is based, therefore, on 
the growth of the electric arc furnace versus BOF rather than any changes on the Scrap Demand 
Coefficients of the -steelmaking furnaces. 

Blast Furnace Scrap Demand Coefficient: Historical blast furnace scrap demand 
coefficients (1955-1976) were analyzed to develop the trend line forecast to 1987. The 1.987 scrap 
demand coefficient was estimated to be 0.041) short tons scraplton pig iron produced based on the 
trend data. 

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 scrap/ton casting shipment) were used in the 
estimation of the recycle target: 1.23 (Case I) and 1.30 (Case IV). Although these figures seem low, 
they are based on the best available published data. 

Stccl Plant Hornc Scrap Generation Factor: The historical data were analyzed and acljusled 
to incorporate the change expected with the increase in continuous casting to about 25% in 1987. 

Foundry Home Scrap Generation Factor: This was based on historical trend data. Although 
the documented figures seem low, the data were used because they are the best docnmented. 
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 to remain un- 
changed from 1976 to 1987. Because of the nature of the scrap generating operations of the 
manulacluring industries, this factor is expected to change very litkle, if a t  all. 

4.2.6.4 Recycling Targets for 1987 
The recycling targets for each of the seven 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 

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 steel plus ferrous castings shipped) 

Target ratios have also been calculated for the years 1975 and 1976 in order to validate the model. 
The analysis for 1975 and 1976 proved the validity of the model. Table 4.2-24 shows the targets for 
each nf the seven 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. 

Because iron and steel is the most relevent with respect to recycling of the three sectors (iron 
and sled,  feiious foundpica and fcrronlloys) recycle t.8rget.s specific to this sector are given 
separately in Table 4.2-25. 

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 sf Targets to Key Factors 
The recycling targets presented in the previous section are directly affected by a number of 

factors. The r~lusl significanl factors arc: 

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 ferrotls foundries 

Raw steel to finished pruhucl yields for the iron and stccl and ferrous foi.indry 
sectors 

4-5 5 



TABLE 4.2-24 

RECYCLING RATIOS FOR FERROUS INDUSTRY FOR SEVEN SCENARIOS - 1987 

Tarqet Expressed As Ra t i o  Of:  

To ta l  Purchased Obsolete Tota l  Purchased Obsolete Tota l  Purchased Obsolete 
Scrap Scrap Scrap Scrap Scrap Scrap Scrap Scrap Scrap 

consumed1 Consumed2 Consumed Consumed1 ~ o n ~ u r n e d ~  Gnnsllm~d ~ n n r  umodl consumcdE Conwmed 
Sccnari  o 

P i q  I r o n  and Scrap_ ChargedJ ' Raw Met.al, ~ ~ u i v a l e n t ~  -,- - Prndl l r t  ~hipnle ! l ls$  

1907 - 
Case I: Base case 

Case 11: Base case except 

- Pt 'oduuLiu~~ by w e n  hear th  
furnaces equals 10% t o t a l  
raw s t e e l  product ion.  

Case 111: Base case except 0.520 

- Growth i n  raw s t e e l  product ion 
sp l  i t  2: 1 between bas ic  oxygen 
and e l e c t r i c  a r c  shops. 

Case I V :  Base case except 0.539 

- Scrai? demand c n c f f i c i ~ n t  f n r  
foundries equals 1.3 t on / t on  
shipments. 

Case V :  Base case exccpt  n.522 

- Growth i n  raw s t e e l  product ion 
s p l i t  2 : l  between bas ic  oxygen 
and e l e c t r i c  a r c  shops. 

- Product ion by open hea r th  
furnaces equals 10% t o t a l  
raw s t e e l  production.. 

Case V I :  Base case except 0.524 - 81 UWLII III r-dw seee i  p roa t i t t i oh  
s p l i t  211 bctwccn b o ~ i i .  i ~ i y g w l  
and e q e c t r i c  a r c  shops. 

- Srrap d~mand coefficient f o r  
foundr ies  equals 1.3 ton/ ton 
shipments. 

cdse VII: Base case except 

- Growth r a t c  f o r  f i n i s h c d  
s t e e l  product ion equals 
1.6% pe r  annum. 

1. Inc ludes home, prompt i n d u s t r i a l  and obso le te  scrap. 

2 .  Inc ludes prompt i n d u s t r i a l ,  and obsolete scrbp. 

3. Charged t o  steelmaking furnaces, fe r rous foundr ies  and 
f e r r o a l l o y  p lan t s .  

4. Raw s t e e l  p l u s  ho t  metal  equ i va len t  i n  t he  f e r rous  foundr ies .  

5. F in ished s t e e l  p l us  f e r rous  cas t i ng  shipments. 

SOUKCE: A r thu r  D. L i t t l e ,  Inc .  



TABLE 4.2-25 

RECYCLING RATIOS FOR THE IRON & STEEL SEGMENT FOR SEVEN SCENARIOS - 1 9 8 7 ~  

Scenar io  

Target  Expressed As R a t i o  O f :  

T o t a l  Purchased T o t a l  Purchased T o t a l  Purchased 
Scrap Scrap Scrap Scrap Scrap Scrap 

consumed2 consumed3 Consumed Consumed Consumed Consumed 

t o  t o  t o  

P i g  I r o n  and Scrap Raw Metal Product  
charged4 Eq'ui v a l  en t5  Shipments6 

0.447 0.158 0.531 0.188 0.775 0.274 

1987 = 

Case I: Base case 

Case 11: Base case except 0.492 0.216 0.557 0.244 0.773 0.339 

- p r o d u c t i o n  by open h e a r t h  
furnaces equals 10% t o t a l  
raw s t e e l  p roduc t ion .  

Case 111: Base case except  0.472 0.195 0.534 0.221 0.742 0.307 

- Growth i n  raw s t e e l  p r o d u c t i o n  
s p l i t  2 : l  between b a s i c  oxygen 
and e l e c t r i c  a r c  shops. 

Case I V :  Base case except  0.490 0.213 0.553 0.241 0.768 0.334 

- Scrap demand c o e f f i c i e n t  f o r  
f o u n d r i e s  equals 1.3 t o n / t o n  
shipments. 

Case V :  Base case except  0.473 

- Growth i n  raw s t e e l  p roduc t ion  
s p l  i t  2: 1 between b a s i c  oxygen 
and e l e c t r i c  a r c  shops. 

- Produc t ion  by open h e a r t h  
furnaces equals 10% t o t a l  
raw s t e e l  p roduc t ion .  

Case V I :  Base case except  0.472 

- Growth i n  raw s t e e l  p roduc t ion  
s p l i t  2 : l  between b a s i c  oxygen 
and e l e c t r i c  a r c  shops. 

- Scrap demand c o e f f i c i e n t  f o r  
foundr ies  equals 1.3 t o n / t o n  
shipments. 

Case V I I :  Base case except  0.484 

- Growth r a t e  f o r  f i n i s h e d  
s t e e l  p roduc t ion  equals 
1.6% p e r  annum. 

1. Inc ludes  f e r r o a l l o y  segment 

2. Inc ludes  home, prompt i n d u s t r i a l  and nhso le te  scrap. 

3. Inc ludes  prompt i n d u s t r i a l  and obso le te  scrap. 

4. Charged t o  s tee lmaking furnaces and f e r r o a l  l o y  p l a n t s .  

t 5. Raw s t e e l .  

6. F i n i s h e d  s t e e l  

Source: A r t h u r  D. L i t t l e ,  I n c .  



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.  

** S tee l  and foundry  shipments. 

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% on a finished 
product basis. Der.:re;.rsir~g the growth rate by 1036 lowers thc targets by 1.176 and 
0.990, respectively. 

Increasing the estimate of foundry shipments by 10% increases the purchased scrap 
target by 1.99; 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, 
respectivcly. 

lncreasing the ratio of eiectric arc to basic oxygen funlace gruwlh rale Crulll 1.1 lo 
1:2 decreases the purchased scrap target by 5.7% on a rr~alallic charge basis and 
5.67;) on a finished product basis. 

lncreasing the percentage of total raw steel produced by Open I.1eart11 furllaces from 
540 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 
producl basis. Decreasing this coefficient. by 10% lowers the targets by 6.1% and 
6.37i1, respectively. 

, Increasing the open hearth furnace scrap demand coefficient by 10% increases the 
purchased scrap target by 2.7?6 on n met.allic charge hasis and 2.4% on a finished 
product basin: necreasing this coefficient by 10% lowers the targets by 2.3% and 
2.2!';,, rcspcctively. 

Increasing the scrap d e m ~ n d  coefficient for electric arc furnaces to the maximum 
pussible (1.05) increases the purchascd 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 7.796, 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. 



TABLE 4.2-27 

SENSITIVITY OF TARGETS TO KEY FACTORS 

FERROUS INDUSTRY 

Tarqet  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 t e e l  F in ished  
Charqed E q u i v a l e n t  Product  

.226 .261 .376 

F a c t o r  

1976 

1987 

Base Case 

F i n i s h e d  S tee l  P roduc t ion  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 ic  Oxygen Growth Rate 

1 :: (base case) 
1 :2 

Percent  o f  Raw Stee l  f rom Open Hearth Furnace 

5% (base case)  
10% 

Scrap Demand C o e f f i c i e n t :  Bas ic  Oxygen Furnace 

r i s e s  10% ( .  359) 
f a l l s  10% (.259) 

Scrap Demand C o e f f i c i e n t :  Open Hearth 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 :  Ferrous 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 tee 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% ( .61)  



Increasing the yield (finished steellraw steel) for the iron and steel sector by 10% 
increases the purchased scrap target by 17.4% on a metallic charge basis and 8.7% 
on a finished product basis, Decreasing the yield by 10% lowers the targets by 
17.136 and 9.7%, respectively. 

Increasing the yield (finished castinglraw steel) for the ferrous foundry sector by 
103i1 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 2.7%, respectively. 

Indirectly, the recycling target is affected by such factors as the availability of scrap 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 il~illio~l shurt tons of 
prereduced 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 st.eelmaking processes and fcrrous 
foundries. These factors, in turn, can affect the targets. 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 thesc affect the long-terin trends in process mix, furnace scrap demand 
coefficients, etc. thereby affect.ing the recycling targets. Detailed study of the impact of 
obsolete scrap inventory changes on the recycling  target,^ is niit.sidc the scope of this sludy. 

4.3 ALUMINUM 

4.3.1 Selection of Recoverable Materials 
The recoverable materials considered for inclusion in the aluminum industtry. can hp 

grouped into three broad categories. 

Purcllased New Scrap 
Purchased Old Scrap 
Null-Bauxite Sources of Alumina 

The various materials considered for inclusion under these three categories are presented in Table 
4.3-1. Each "recoverable material" was assessed using thc selection criteria discussed in Section 
4.1, to determine whether i t  would be considered in this analysis. 

New scrap includes material generated in the production of primary aluminum, the fabri- 
cation of aluminum mill products, or the manufacture of finished aluminum products. I t  includes 
aluminum in the form of solids such a s  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 



TABLE 4.3-1 

Recovered M a t e r i  a1 

SELECTION OF RECOVERABLE MATERIALS 

ALUMINUM INUDSTRY 

Does t h e  Recoverable F la te r i a l  
Meet ~ r i t e r i a * f o r  I n c l u s i o n ?  

NEb! SCRAP 

Purchased New Scrap 

Sol i ds and C l  i p p i  ngs 

Borings and Turn ings 

Residue (Drosses and Skimmings) 

F o i l  and Others 

Runaround o r  Home Scrap 

OLD SCRAP 

Purchased 9 l d  Scrap 

Cast ings, Sheet, and C l ipp ings ,  

A1 umi num Cans 

Sweated P i g  

Copper-Aluminum Rad ia to rs  and 
Others 

A1 uminum F r a c t i o n  o f  Mun ic ipa l  
Sol i d  Wastes (MSW) 

Aluminum F r a c t i o n  o f  Shredded 
Automobi 1 es 

ALUMINA FROM NON-BAUXITE SOURCES 

Coal M in ing  Wastes 

Residue f rom Oll.Shale Operat ions 

F l  y-As h 

Yes - No - 

* 
C r i t e r i a  f o r  I n c l u s i o n  o u t l i n e d  i n  Sec t i on  4.1. 



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 i t  and therefore is never 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 i t  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 from junked cars, used aluminum cans and utensils, 
siding, awnings and other building products and old wire and cable. Sweated pig, which is scrap 
that  has been sweated or melted into pig or ingot form, and obsolete scrap, consisting of 
technologically obsolete aluminum parts, outdated inventory materials, production overrun8 and 
spare parts for machincs nnd equipment no longer being uscd, are included as old scrap. 
Aluminum from the nun-ferrous fraction of shredded automobiles and the a111minl.lm fraction 
from municipal solid waste (MSW) are listed as separate categnries; it. is likely that these sourcco 
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 tha t  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 are based on the historical 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 4.3-2 presents hist,orical data on the consumption of purchased scrap by induslry 
subdivision: 

Primary Producers, 
Secondary Smelters, 
Indcpendcllt Fabr icaturs, 
Alulnil~ulrl E'uul~dries, and 
Chemical Prod~~cers .  

The consumption figures are in t.hnl.~sands of short tonn of ocrap type for the pei.iucl 1970- 
1976. The industry subdivisions and sources nf r~covcred  material^ havc bccn allmmnrixed in 
'l'able 4.3-3 in a matrix form. A checked cell indicates that  a defined source is presently prvviding 
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 from 
shredded automobiles have been identified as  separate categories because they are likely to 
become more important sources in the future. 



TABLE 4.3-2 

CONSUMPTION OF RECOVERABLE MATERIALS BY INOUSTRY SUBDIVISION* (1970-1976) 
ALUMINUM INOUSTRY 

(thousands o f  s h o r t  ton;) 

Secondary Smel ters  

1970 1971 1972 1973 1974 1975 19?6 - - - - - - - 
PURCHASED NEW SCRAP 

S o l i d s  & C l i p p i n g s  247 261 303 346 262 189 231 

Bor i?qs  & Turn ings  119 107 99 115 97 124 136 

Oros jes and Skimminas 94 1'76 
111 95 116 108 84 

F o i l  and Others  15 ?5 - - - - - - -  

Primary  Producers F a b r i c a t o r s ,  
Foundr ies,  Chemical Producers 

1970 1971 1 9 i 2  1973 1974 1975 1976 - - - - - - - 
T o t a l  

1970 1971 1972 1973 1974 1975 1'376 

PURCtUISEO OLD SCRA? 
e 
, Cast ings,  Sheet & C l i p p i n g s  126 118 118 112 125 86 121 10 20 34 65 71 28 35 136 138 152 177 196 114 156 

A1 umi num Cans 7 8 - 77 101 - 84 109 

Sweated P i g  47 58 71 56 63 65 82  11 27 29 30 24 25 17  58 85 100 86 87 90 99 

CU-P1 Rad ia to rs  a n d o t h e r s  A A - - - 32 - 30 - 18 17 - - - - - - - - 50 517 

SUBlOTAL 173 176 139 168 188 190 241 21 47 53 95 95 148 170 194 223 252 263 283 338 .ill 

TOTAL 650 639 737 737 631 612 759 321 365 417 527 576 621 707 971 1004 1154 1264 1207 1233 1366 . 

Home Scrap NA NA N.4 NA NA NA h'A NA NA NA NA NA NA NA NA NA NA NA NA NA l4A 

* Source: 1970-1975: U.S. BI--eau o f  Mines M i n e r c l s  Yearbooks. 
1976: .U.S. Bureac o f  Mines M i n e r a l s  Yearbook Aluminum P r e p r i n t .  



TABLE 4.3-3 

RECOVERRBLE !.IP,TEP.IAL SOURCE - IN3LSTP.Y 'i-IATRIX -. 

ALUMINUM .INDUSTRY --..-.. 

Jurchased' New Scrsr, p 
Sol i d s  3or ings Drosses Cast'ngs, A1 -Cu A1 A1 F r a c t i o n  

& & & F o i l ,  Home Sheet & Sweated Radiators ,  F r a c t i o n  o f  Shredded 
SIC Code I n d u s t r y  Subdivizio! C l i p p i n g s  Turn incs Residues Other Scrap C l i p p i n g s  Cans P i g  Others o f  MSW Auto 

3334, 3353, 
3354, 3355, P r i m a ~ y  Producers X X X X X X X X X X X 
3357 

3341 Secondary Smelters X X X X )r X X X X X 

3353, 3354, 
3355, 3357 Independent F a b r i c a t o r s  X X 

3361 Aluminum Foundries X X 

Chemical P r o d ~ c e r s  X X 

Source: A r t h u r  D. L i t t l e ,  I n c .  



4.3.3 Technical Considerations 

4.3.3.1 Process Constraints 
Aluminum-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 short 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 step in the recycling of aluminum-based scrap is the removal of 
magnesium by treating the molten metal with chlorine or aluminum fluoride. Any other impu- 
rities in the metal are usually 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 required to minimize contamination of the melt with impurities from the 
scrap. 

Suitable technology is needed to separate aluminum from the non-magnetic fraction of 
shredded automobiles and 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 limits and uses of the principal aluminum wrought and casting alloys are shown in 
Table 4.3-4. 

4.3.3.3 Recoverable Materials Quality Constraints 
Raw material constraints arise from the fact that  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 
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 it 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 
dic casting alloys which contain 1it.t.l~: 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 mctal contains 0.5-0.8041 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 malerial (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 p~lluliurl. 



TABLE 4.3-4 

ALUMINUM 

Composition limits and uses of some aluminum wrought and casting alloys1 
(Weight-percent) 

Aluminum 
Association Aluminum Copper Manganese Magnesium Silicon Other constituents 
designations 

Wrought alloy series. 
loo0 -------------- 99.CO-99.75 0.2 

2000 -------------- Balancea 19-68 

0.05 1.0 including iron 0.1 zinc. 0.05 titanium -------- Electrical conductors, chernicir.1 
equipment, cooking utensils. 

Screw machine products, forgings, 
aircraft, rocket fuel tanks, 
pistons. 

Ductwork, can bodies, architecture, 
hydraulic tubing roofing. 

Welding and brazlng wire, pistons, 
architectural rings. 

Bus and truck bodies, screens, 
pressure vessels, airaaft tubing. 
automotive trim, can lids. 

Heavy-duty structures, pipe, railing, 
busbars. 

Aircraft structurals and skins. 

18 01-25 13, iron, 0.1 5 titanium, 2.3 
nickel. 

1.3 .6 0.4 zinc, 0.1 titanium -------- 
1.3 4.513.5 1.3 nicke ------------------ 

(156.6 0.5 including iron 0.35 chrmicli, 0.2 titanium. 

1.5 1.8 2.4 zinc, 1.0 iron ------------ 

3.7 0.7 including iron 0.3 chromium, 8.0 zinc ------ e 7000 - - - - - - - - - - - - - - 
m Diecasting ingot4 
m A380.1 ------------ 

413.2 -------------- 
.1 7.5-9.5 0.5 nick&. 0.1 zinc, 1.1 iron 
.07 11.0-13.0 

General purposes castings, large 
instrument cases, street lamp 
housings. 

Sand and permanent mold 
casting ingot4 
201.2 -------- ------ .2- .55 .1 0.1 iron, 0.35 titanium -------- Aircraft and elecbical transmission 

components. 
Cylinder heads, diesel engine 

pistons. 
Crankcases, wheels, fittings. 

13-1.8 .6 0.6 iron, 2.3 nickel, 0.1 zinc, 
a2 titanium. 

.03 .7-1.2 0.8 iron, 0.3 zinc, 0.20 
titanium. 

'3- .4 6.5-7.5 0.25 iron, 10.05 zim, 0.2 
tiianiurr. 

Automatic-transmission cases, 
aircraft and marine fittings, truck 
axle housings. 

Automobile engine Mocks. pumps, 
pulleys, brake shoes. 

.5- .65 16.0-18.0 0.4 imn, C.l zinc. 0.2 titanium. 

l Maximum weight-percent of the casting ingd or of at least one d ttm 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.ame alloy In the series. 

Balance after deducting mrcent compositicn of specified doying .:onstituents plus other normal impurities. Minimum impurities for casting alloys are normally 
specified but are not show in this table. 

Alloy 6262 may contain 0.4 to 0.7 percent each of lead and bismuth. 
Composition of castings may diier from that of the ingot. 

Source: U.S. Bureal, of Mines Mineral Commodity Profiles - Aluminum, Yay '1978, p. 7.  



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. The price of scrap is driven to a large extent by demand rather than by supply (i.e., 
inelastic to supply). 

4.3.4. I 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 doverage would 
raise their aggregate figures by 18%.'" 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 consumption 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 consumption 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 Aluminum Association.(1s) We have assumed 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 



TABLE 4.3-5 

1976 MATERIAL BALANCE FOR ALUMINUM SCRAP 
(Mill ions of  Pounds) 

Sources Uses 

Purchased Scrap 

New Scrap 1 
U.S. Consumption , 

of Purchased Scrap 3,482 

U . S .  Consumption 
o f  Home scrap3 6,675 

A l  ~irn'in~~rn Cans ' 31 7 
Exports 2 

Other 01 d scrap1 " 946 

Purchased Scrap 3,653 

Home Scrap 3 6,675 

Total  10,328 Total 

Source: Arthur D.  L i t t l e ,  Inc. e s t ima tes  derived from: 

A1 uminum, Preprin t 1976 ~ i n i r a l  s Yearbook. 
2 A1 u m i n u m  S t a t i s t i c a l  Review, 1976. 

Communication, The Aluminum Associat ion,  May 8, 1979. 



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) an analysis to 

identify opportunities for increased solid waste utilization(*), and a paper examining recycling 
opportunitiesi3' indicate that the potential for increased scrap 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 that all new scrap is being recycled. Battelle also estimated that in 
1969, only 13% of the scrap available for recycling was actually being recycled. The amount of 
scrap available for recycle was calculated by Battelle on the basis of estimated life cycles of 
various aluminum-containing products. This approach yields estimates of tonnages 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 augmenting scrap supplies. The main problem, however, lies in the 
collection of old scrap. The most promising sectors for improved recycling of old scrap are: 

Consumer recycling programs aimed a t  source 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. 

Recovery o f  aluminum from municipal solid waste: The potential for aluminum 
from MSW has been reviewed by T e ~ t i n . ' ~ )  The amount of solid waste generated 
annually 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 about 2 billion 
pounds of aluminum. Present systems, which generally include some type of front- 
end processing followed by dense media or eddy current separation, will collect 
abuul hall ul l l ~ e  a l u n ~ i n u ~ a  contained in the nlunicipal solid waste stream. With 
present technology, 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 municipal 
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 million pounds of aluminum annually from 10,000 short 
tons per day of refuse proce~sed. '~) Nine other locations are under construction, 
with three providing fur alurniriurrl recuvery 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 million 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 



TABLE 4.3-6 

Year 

1972 

1973 

1974 

1975 

1976 

ALUMINUM CAN RECLAMATION DATA 
(1972-1 976) 

M I  1 1  ion 
Pounds of Aluminum 

Reclaimed 

53l 

68' 

103' 

Billions 
of A1 uminum 
Cans Reclaimed 

*Represents inc~mpl e t e  industry coverage. 
'1 
1 Represents total industry; includes an additional 
1, 5, and 18 million pounds in the years 1972, 1973, 
and 1974, respectively. This accounts for all alum- 
inum cans collected by non-members of t he  Aluminum 
Association. 

Source: A1 uminum Statistical Review, 1976 



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 wchnology. 
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 
inr 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. '5) 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.(6) Therefore, 
shredded automobile scrap should represent a substantial opportunity to recover 
aluminum. 'l'here are now about 180 shredders in the United States, shredding 9 
million short tons, or approximately 5-7 million cars per year. 

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 consumption, 
variously expressed, to domestic aluminum productioa. 

EYuuLiur~ 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 uf 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 reclamation rate is the percentage of cans produced that are turned in a t  
reclamation centers. 

Equutions 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 aluminum existing within 
the domestic economy. The aluminum inventory is defined as the cumulative total of aluminum 



Equat ion  
Number 

TABLE 4.3-7 

EQUATIONS OF THE ALUMINUM SCRAP MODEL 

Endogenous 
V a r i a b l e  

NEWSP 

CANSP 

w !I 

OLDSP 

DC RS P 

SCONl 

SCON2 

SCON3 

SCON4 

TRGTl 

TRGT2 

TRGT3 

TRGT4 

Exp lana to ry  Segment 

b l  x ALCON 

b2 x b3  x NOCAN 

h 4  + - ( b s  x PSCP) 

WD x INV 

b6 x CARSC 

CANSP + OLDSP + DCRSP .I WSf - EXP 

SCUNl + NtWSP 

b7  x SCONl  

b7 x SCON3 

SCONI /UUMPKU 

SCONZ/DOMPRD 

SCON3/DOMPRD 

SCON4/DOMPRD 



TABLE 4.3-8 

DEFINITION OF VARIABLES AND PARAMETERS 

ALUMINUM SCRAP MODEL 

Endogenous ~ a r i  a b l  es 

1 NEWSP 
2 CANSP 
3 WD 
4 OLDSP 
5 DCRSP 
6 SCONl 
7 SCON2 
8 SCON3 
9 SCON4 

10 TRGTl 
11 TRGT2 
12 TRGT3 
13 TRGT4 

Exogenous ~ a r i  ab l  es 

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 wi thdrawal  r a t e  
Other o l d  scrap supply  
Scrap c rea ted  by increased aluminum i n  veh i c les  
U. S. 01 d scrap consumption (gross we igh t )  
U. S. t o t a l  scrap consumption (gross we igh t )  
U. S. 01 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  
Targe t  2 - To ta l  scrap gross weight  
Target  3 - Old scrap m e t a l l i c  recovery 
Target  4 - To ta 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 i n v e n t o r y  
Number o f  cars  and Class 1 t r u c k s  scrapped 
Scrap recovered from mun ic ipa l  s o l i d  waste 
Scrap expor ts  
Domestic aluminum produc t ion  f rom a l l  sources 

Prompt scrap genera t ion  r a t e  
Aluminum recovered per  can 
Can rec lamat ion  r a t e  
Withdrawal r a t e  cons tan t  
Withdrawal r a t e  s lope 
A d d i t i o n a l  aluminum scrap recovered from v e h i c l e  

scrapped i n  1987 ovc r  v c h i c l c  scrapped i n  197G 
Metdl  1  Sc recovery f a c t o r  



TABLE 4.3-9 

VALUES OF PARAMETERS USED I N  TARGET EVALUATION 

ALUMINUM INDUSTRY 

I tem 

Prompt scrap genera t ion  r a t e ,  b l  

Aluminum recovered i n  U.S. per  can, b 2  

Can r e c l  allla t i o n  r a t e ,  b 3  

W i  thdrawal  r a t e  constant ,  b4 

Withdrawal r a t e  slope, b 5  

A d d i t i o n a l  aluminum scrap i n  U.S. 
recovered from 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  f a c t o r ,  b7 

conslimed to date less the scrap recycled. Thus the inventory a t  the beginning of a year is 
estimated by adding to the inventory a t  the beginning of the previous year, the amount of 
aluminum consumed less the scrap recycled during the previous year. Values for lhe ir~veiltory 
series were obtained for the period 1965-1974 from Synergy, Inc.(I' The values for 1975 a r ~ d  1976 
were calculated by Arthur U. Little, Inc., using the prvced~.lrt! tlest:l.il~ed i ~ i  the Synergy report. 
The forecast of the aluminum inventory variable was based on a linear extrapolation ol Lhe series 
to 1987. The fit is represented by the following equation: 

TNV = - 876189.4 + 15029 (t) R2 
(39.4) (47.4) .996 

The withdrawal rate variable is calculated by dividing old scrap consumption by lhe 
aluminum inventory variable for each year from 1961 to 1976. We have hypothesized that the 
withdrawal rate is a function of price of scrap. We feel that the withdrawal rate is a more 
appropriate dependent variable lhan old scrap consumption. Thc major problem with trying to 
estimate the supply of old scrap as a function of price is that thc supply curve shifts down and out. 
with time as the amount of aluminurrl in llie econoiny increases. However, by normalizing 
according to this, inventory variable, it is hoped that the supply dynamics can be captured by 
econon~etric estimation. 

WD = 0.001755 + 0.000218 PSCP R2 
(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 he 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. The 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) inorder to capture the contribution to aluminum scrap supply 
due to the increased 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). 

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 tatal scrap met.allic 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 likely to increase .the reclamation ratio as  i t  promotes intreased source segregation, 
concerns have been expressed that  a two tier legislation may promote a shift toward refillable 
beverage containers. In Oregon, for instance, i t  is claimed that  the reclamation ratio has in- 

A 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 aluminum industry 
has supplied almost 7540% 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 smelters has increased by about 1996, whereas 
that  consumed by primary producers has almost doubled. Part  of this increased scrap supply has 
been the result of consumer recycling prograrris for can reclamation. Since not much additional 
primary capacity is planned, i t  is likely that  the competition for scrap belween secondary and 
primary producers will increase. The primary induslry r~uw ships hot metal to automotive 
foundries. These shipments represent about 5-6% of the secondary aluminum capacily 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 
variables 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 
beell consiclered . 

Case 1 - Most Probable Exogenous Variables 

(a)  Projected a luminum consumption i n  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 IY'16-2UU0. 

(b) Price o f  scrap. The price of scrap is assumed to remain constant in real terms 
(1967 $). 

(c) Scrap from cans. We project that this source of scrap 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 tu increase lu  40% ol' cans 
made in 1987 and aluminum can production will increase from 20.1 billion in 1976 to 
38.5 billion in 1987. 

( d )  A l u m i n u m  imports. During the 1968-1977 period, the U.S. produced 94% of the 
primary aluminum' i t  con~umed . '~ '  However, industry plans lo irlcrease its prin~ary 
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 



estimated scrap supply is based on aluminum consumption and the price of scrap from 
which sccondary recovery is estimated. When the ratio of pr.imary production to 
primary plus imports is known, primary produ~t~ion can be determined. 

(e) Scrap recovered from municipal solid waste. We have assumed a reasonably 
optimistic view of aluminum 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) Aluminum scrap inventory. The time series of inventory (defined as the cumula- 
tive total of domestic aluminum consumption, 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 estimate of 43.1 billion pounds. 

(g) Number  of vehicles scrapped i n  1987. The number 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 estimat.ed 
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 about 3.5 
in 1976 (base case scrap price of 7.55$/1b), i t  has been as low as 2 historically. 

We have assumed that  this ratio represents the minimum feasible margin under which 
secondary smelters may operate. A price of 13.1$/lb (1975) for scrap with the price of 
secondary ingot held constant in real terms simulates this minimum ratio. This results 
in an increase in withdrawal rate for old scrap of 0.00461 compared to the base case 
withdrawal rate of 0.0034. 

Case I11 -Identical to the base case, except exports in in 1987 drop to zero, to 
simulate a policy of restricting scrap exports. 

Case IV -Identical to the base case, except that  the new 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 to be technically feasible 
and economically pra~ticable."~.  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 grnss 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 cnmparison 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%. Tlle total scrap target increases approximately 7.596, b(.)l;ll rrn 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 scrap targets increase 2.9% 
on a gross weight basis and 3.1% on 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 weigh1 basis a113 
recovered metal basis decreases by about 4% from the base case targct. 

4.3.7 Sensitivity of Target to Key Factors 
Table 4.3-11 shows the target in units selected by DOE for the target, i.e., the ratio of 

purchase scrap (prompt industrial and old, to total shipments or production of the primary and 
secondary industries. 

The recycling targets presented in the previuus secliu~i are directly affcctcd by: 

Maximum withdrawal rate for old scrap, which is one of the most important 
dst.erminants of old scrap supply. It  has been as high as 0.53%, though it was only 
0.34% in 1976. We have examined the effect of the two-year 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 4.3-10 

RECYCLING RATIOS FOR ALUMINUM INDUSTRY 

Scenario 

Case I 
Base Case 

FOR FOUR SCENARIOS - 1987 

Tarqet  Expressed as Ra t io  o f  
o l d  Scrap Old Scrap ,, To ta l  Scrap To ta l  Scrap 

Consumption Metal 1 i c Recovery Consumpti on Metal 1 i c Recovery 

t 0 - 
Domestic Primary Product ion Plus Secondary M e t a l l i c  Product ion  

Case I 1  
Base Case except 
P r i c e  o f  scrap=13. l d l l  b 
WD = 0.00461 0.146 0.123 

Case I11 
Base Case except 
Exports  = 0 0.129 0.109 

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 

TABLE 4.3-11 

RECOVERED MATERIAL TARGET FOR ALUMINUM INDUSTRY - 1987 

Recovered M a t e r i a l *  
X 100 = 34.7% 

Domestic Primary & Secondary Product ion 

* Purchased scrap (proi i~pt; i n d u s t r i a l  and obsolete) .  
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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 lo%, or increasing 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% url a gross weight basis and IJ.'l"/o on a metallic recovery basis. 

If imports increase to  20% of domestic primary metal demand (domestic primary 
plus imports), the old scrap targel illcreases by 4.2% on a gross wcight basis and 
4.0% on a metallic recovery basis. The total scrap consumption target increases by 
4.3% on a gross welghl basis a d  4.4% uii a i ~ ~ t t a l l i e  rccovcry ba~io ,  

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 a ~ l d  3.75% 
on a metallic recovery basis. 

For a 3% increase in consumption 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 Recoverable 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 for inclusion in the 1987 Recovered Materials Target. 

Materials meeting the criteria can be placed in the following categories: 

No. I wire and heavy copper scrap includes clean, uncoated, and unalloycd coppttr 
scrap containing more than 99% copper. This type of scrap normally does not 
require refining bul is remelted and cast into shapes. Because of its high qua lit.^, 
this type of scrap is used by brass and bronze ingot makers, brass ~nills and 
~econdary producers of unellnyd cnpper. 

No. 2 wire, mixed light and heavy scrap includes unalloyed copper relatively free of 
contaminants. The copper content normally is 92-96%. This type of scrap is mainly 
consumed by brass and bronze ingot makers and secondary producers of unalloyed 
copper. 



TABLE 4.3-12 

SENSITIVITY OF TARGETS TO KEY FACTORS 

ALUMINUM INDUSTRY 

Fac to r  Targe t  Expressed as R a t i o  o f  

01 d 01 d T o t a l  T o t a l  
Scrap Scrap Scrap Scrap 

Consumption M e t a l l i c  Consumption M e t a l l i c  
Recovery Recovery 

Domestic Pr imary  Produc t ion  p l u s  Secondary 
M e t a l l i c  Produc t ion  

1987: 

Base Case 

Withdrawal r a t e  i s  average o f  
h i s t o r i c a l  two-year h i g h  

IdD = 0.00477 

New scrap gene ra t i on  c o c 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% 

Scrag f rom MSW 
r i s e s  50% 
f a l l s  50% 

Impor ts  as a r a t i o  o f  p r ima ry  
p roduc t i on  p l u s  impor ts  

r a t i o  20% 
r a t i o  10% 

Growth r a t e  f o r  aluminum 
canzumptinn 

growth r a t e  7% 
growth r a t e  3% 



TABLE 4.4-1 

SELECTION OF RECOVERABLE MATERIALS 
COPPER INDUSTRY 

M a t e r i a l  s Poss ib l e  
t o  Recover 

No. 1 Wire & heavy copper 

No. 2 Wire, mix  heavy and 1 i g h t  

Composit ion o f  Red Brass 

R a i l r o a d  Car Boxes 

Y e l  1 ow Brass 

C a r t r i d g e  Cases & Brass 

Auto Rad ia to rs  

Bronze 

N i c k e l  S i l v e r  & Cupronicke l  

A1 umi num Bronze 

Low Brass 

R e f i n e r y  Brass 

Low-Grade Scrap & Residues 

Does t h e  Recoverabl e M a t e r i a l  
Meet C r i t e r i a  f o r  I n c l u s i o n ?  

Yes - No 

A l  umi num base Scrap 

N i cke l  Base Scrap 

T i n  Basc Scrap 

Z inc  Base Scrap 

Home Scrap 

Smel ter  Waste S lag  o r  S lag  T a i l i n g s  

S l  udye 

Ski.mming 

Fume 

S o l u t i o n  

Mine Waste X 

* C r i t e r i a  f o r  i n c l u s i o n  o u t l i n e d  i n  Sec t i on  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 makcrs 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, 7096, 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 it 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 pollution control devices. 

Mine waste: this recoverable material is derived from leaching of mine waste 
dumps, that is, dumps ~ o n t a i n i n ~ m i n e d  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 
illsigl~iGcalll luday, l~uweve~, auil liu i~icrease is foreseen before 1907. 

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 scrap: These materials are recycled and 
the contained copper recovered. However, the recycling is not normally done 
within the copper industry. Therefore these materials are excluded from thc 1087 
Recoverable Materials Target for copper. 
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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, 

9 Secondary Smelters, producing refined copper, and brass and bronze ingot makers. 

Brass Mills 

Foundries, chemical plants and other manufacturers. 

Table 4.4-3 shows that  brass mills were the largest consumer of purchased copper scrap (i.e., 
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 consu~rled in 1976. Of lhis, 
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 (1970-19763) consumption of the recoverable materials meeting the criteria for 
inclusion in the 198'/ copper recycling are shown in 'l'able 4.4-4. 'l'his table also 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 Smellers 

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 a 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 electrolytically-refined to produce secondary refined copper, or it is 
used to produce alloy ingot. 'These types of secondary smelters are 100% scrap based anrl have 
practically no process constraints in processing copper scrap. 

A class of secondary smelters, mostly ingot makers, can process only those types of scrap 
which require no smelting or converting operations. They can only melt and fire refine high grade 
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I n d u s t r y  
Subd iv i s ion  

Sezonda?y Smelters 

Primery Producers 

Brass M i l l s  

Foundries, Chemical 
P13nts and Other 
Manufacturers 

T?BLE 4.4-3 

CONSUMPTION 0 '  RECOVERAB-E b'ATERIALS 1976 - C3PPER INDU5TRY 
1 

(Gross kleight i n  Tons) 

Low 
ho. 1 No. 2 Cmmpo- ' Ra i l road  Yed low Car t r i dge  Auto P icke l  Alum. Low Ref in .  Grade Home Mine 
 hi^ Wire s-  t 'on Car Box 3ra;s Cases Radiators  Z i l v e r  Bronze Brass Brass Scrap Scrao Waste - - - -  - - -  
27,0!8 59,900 9 8 6 0 5  1 ;8E2 46,217 195 57,823 19,520 3,085 567 2,882 - 78,712 0 

e 'u.s. Bureau o f  Mine; M i ~ l e r a l s  Yearbook 1976, Copptr - Table !3 

'Net Weight o f  Copper, U. 5 .  Bureau o f  Nines, I . f inemls Y2arbooC 
1976, Copper - Table 7. 



Figures are expressed in shor~ tons. 

" Includes other than copper-base sc-ap. 

Source: U.S.B.M. Minerals Yearbook 1976. Copper Tables, 20, 23, 18. 

FIGURE 4.4-1 FLOW OF PURCHASED COPPER SCRAP IN 1976 
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TABLE 4.4-4 

PRICE/QUANTITY DATA FOE RECCVERABLE MATERiALS (1970-1976) 
COPFE4 IFOUSTRY 

Recoverable ~ o n s u m p t i o n l  
M a t e r i a l  - ~ r o s s  l l e i g h t  ( s i o r t  t ons )  P r i c e  ( $ / t o n ) 4  

19;O 1971 1972 1973 1514 19/5  19/6  1971 1972 - - - - - - -  T9; 0 - - - -  1974 1975 1976 1973 - - - 
No. 1 Wire  3C14€?1 297752 331 470 421 570 31 1343 285947 3331 34 1 ( 7 3 0 ) ~  (880) (1140) 1300 (810) (980) 

No. 2 Wire 346:OO 299372 332476 346366 345083 242514 269946 7 ~ 9 ~  551 780 1004 1098 679 81 4 

Composit ion 84263 83716 87508 84692 81796 53968 63123 7 i 5 3  598 591 81 7 875 649 681 

R a i l r o a d  Car 28G73 10395 8994 9427 81 07 5668 6 i  77 5:O (140) (520) (740) 750 (480) (580) 

Ye l low Brass 321 131 307258 404423 405375 358291 254769 323339 460 (370) (460) (680) 716 (420) (510) 

C a r t r i d g e  Cas? 116E01 143346 112684 89053. 77450 56062 78223 (520) (100) (500) (710) (760)  (460) (540) 

Auto Radia tors  E.6713 64385 73540 68?44 69215 53321 68081 520 1100) (500) (710) 800 (460) (540) 

Bronze 34522 31 306 32152 34575 32153 24114 24737 (4CO) (310) (390) (630) (660) (380) (470)  

$ N i c k e l  S i l v e r  22559 28161 32E01 32895 40140 42028 36958 (1EO) (370) (460) (680) (720) (420) (510) 
m 

Aluminum Bronze 1483 1177 1381 1963 1497 1002 1371 

Low Brass 49:98 54291 42481 29419 31 362 31317 50296 (625) (500) (590) (810)  (860) (560) (650) 

R e f i n e r y  Brass 6E40 6195 61 27 5-12 9953 3229 4230 (4EO) (370) (460) (680) (720) (420) (510) 

Lowgrade S c r a ~  3ElEb2 330395 315437 333938 311139 198629 254327 2GO (180)  (240) (470) 540 (210) (320) 

Home Scrap NP ' N4 N A N A 1 W N A N A 

Mine Waste6 171 958 15451 5 170993 159023 14E108 134294 1261 44 

lUSB~ Mineral ;  ~ e a r b b o k  1S70--976, C o p p ~ r  - Table 23 (24) .  

2 ~ e t a l  S t a t i s t i c s  1977, p. l o ' ,  Dealers B ~ , y i n g  P r i c e .  

3Metal S t a t i s t i c s  1977, p. 107, Dealers B ~ y i n g  P r i c e .  

'+Arne-ican Meta l  ~ a r k e t  11970,1971. 

5( 1 Arbhur D. L i t t l e  Est imate. 

6Net w e i q t t  ( s h o r t  ~ o n s :  copper con ten t .  
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scraps because of process equipment limitations. Most low grade scraps require some form of 
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 anodcs 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 convcrter step. Smelting furnaces can, in 
principle, melt scrap, but they are designed for handling finely-powdered concentrates and not 
heavy, bulky scrap. I t  is not likely that  the furnaces will be altered for t , h ~  f ~ ~ r l i n g  of subctantial 
quant~ties  of heavy scrap in the near term . 

Since there are no external heat inputs, the scrap handling ability 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 mat,f.e 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 f a h r i r a t ~  tl.lhes, ~hootn, mdn, aisd 
mechanical wire. Because brass mills usually have only melting facilit.ies, they pu rcha~e  clcan 
and well-surled scrap and do not recycle any low-grade scrap or residues; the amount of old scrap 
consulned is very small. Brass produced from scrap is, however, interchangeablc with brass 
produccd from refilled 111elal if alloying constituents are comparable. 

4.4.3.1.4 Foundries, Chemical Plants and Other Manufacturers 

Foundries, like brass mills,, are basically remelters and as such have very limited ability to 
consume low-grade scrap and residues. Scrap consumption in foundries is based on high-grade 
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 limit.eA t.o scrap with s dcoircd and 
well-known composition. 

Consumption of copper scrap by powder manufacturers, chemical plants, and other msnu 
facturers, sucli 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 Constrntn.ts 
As secondary relined 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 consequently 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 automatically 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 Tahle 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 
difficulty from different materials, i t  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, wit.h cart.ridge 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 exploitability (yellow brass/ cartridge cases and low-grade scrap/composition, 
respectively). The resulting relationship between scrap price and supply levels is likely to be 



TABLE 4.4-6 

COPPER PRODUCTION BY REFINERIES 
(BY INPUT SOURCE), 1974-1 976 

T o t a l  Produc t ion  ( ' 0 0 0  s h o r t  
t o n s )  2,068 1,714 1,826 

Pr imary  Ref ined (%)  80.0 84.2 84.2 

Secondary Ref ined  (%)  

New Scrap (%)  

O ld  Scrap (%)  

Source: U.S. Bureau o f  Mines, M inera l  I n d u s t r y  Surveys, 
"Copper i n  1976", A p r i l  15, 1977, p.  4. 

discontinuous. Nevertheless, i t  is ,useful for long-range policy planning tn have some est.imate 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. 

The  three models are  forecast.^ and Analysis of the Copper Market, preparcd for the 
General Services Administration by Charles River Associates, Inc., in May 1973 (hencefort,h 
referred to as  CHA); An Economic Analysis of the Secondary Copper Industry in the United 
States, a Ph.  D. dissertation submitted to the College of F,art,h 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) ) (henceforth 
FCB). 'I'he evidence provided by each nf these mndcls i.s regarded as relevant, becau~o  all uoo 
acceptable corrections for the simultaneity problem and all make use of the Fair technique.* 

The  general approach to estimation in the three models is similar, but  differences in 
estimates of short- and long-run price elasticities of co,pper scrap supply in t,he TJniterl St.at.ea 
result from differences in the design of the estimating equations, the periods over which the 
estimates are taken, and the unit of time used for the econometric exercises. Alt,hniig;h no final 
judgment on the 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 the P S  effort. 

The  short-run estimates for the scrap supply elasticities do not differ widely for the three 
models: CRA (0.49), FCB (0.42), P S  (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 
tha t  the true short-run elasticity (SRE) lies by the standard statistical criteria: CRA (0.30 l S R E  

See Section 2.1.6 on econometric estimation procedures for a discussion of these points. 
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0.68), FCB (0.20 1 S R E  10.65). If both results are considered as equal in value, any estimate of 
the SRE between O.2U and 0.68 cannot be rejected as implausible. 

The long-range estimates are quite different. The best estimates of long-run elasticities 
(LRE's) are quite different: CRA (0.66), FCB (0.31), P S  (0.24). The CRA specification seems 
somewhat superior to the others, but the difference does not seem sufficient to generate 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 regulations and their impact on 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 recovered 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%). Consequently, 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 production)) 
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 
Indust.ry," submitted to the U.S. Environmental Protection Agency in January 1978. The Arthur 
D. Little projections also incorporate 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."' The 
estimated short-run scrap price elasticities for the CRAIFCB 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 growth rate projections (summarized in Table 
4.4-8), and the CRAIFCB estimates of response elasticities for scrap price and reservoir recovery, 
the copper recovery level is projected to increase 26.3% through 1987. Table 4.4-9 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 - 1970-19,6 

Recovered 
M a t e r i a l  - 1970 

No. 1 Wi re  304,516 

No. 2 Wire 231,522 

Composi t ion 69,517 

R a i l r o a d  Car Boxes 20,493 

Y e l l o w  Brass  208,735 

C a r t r i d g e  Cases 81,761 

A u t o  R a d i a t o r s  39,699 

Bronze 19,850 

N i c k e l  - S i l v e r  % 
P 

A1 uminum-Gronze 

Low Brass 3t,518 

R e f i n e r y  E.rass 4,251 

Low-Grade Scrap 129,833 
2 . .  

Mine Waste 171 ,968 

TOTAL 
COPPER RECOVFRED 1,337,544 

TOTAL PRIMARY* 
PRODUCTION 1,593,126 

RECOVERED COPPER .456 

RECOVERED COPPER 
AND PRIMARY PRODUCTION 

*Exc lud ing  mine  waste - d e f i n e d  as secondary. 

COPPER INDUSTRY 
( S h o r t  Tons Conta ined  Copper) 

Source: U.S. Bureau o f  Mines M i n e r a l s  Yearhook 1970-1976: Copper. 

A.pthur D. L i t ~ l e ,  I n c .  e s t i m a t e s .  



TABLE 4.4-8 

COPPER INDUSTRY ESTIMATED INCREASE (1974-1987) - 

Primary Refined Output 

Scrap Pr ice  

Recoverable Reservoi r 

* Economic Impact of Environmental- Regulations on the  United S t a t e s  
Copper Industry, Report t o  t h e  U.S. EPA by A r t h u r  D. L i t t l e ,  Inc.,  
January, 1978, Table XII-7, p. XII-9. 

** Op. C i t . ,  Table XII-9, p.XII-25. 

** Metal S t a t i s t i c s ,  (1955, 1962, 1971, 1976) 

TABLE 4.4-9 

Recovered Materi a1 * 
X 100 = 50.4% 

Domestic Primary & Secondary Production 

*Prompt indus t r i a l  and obsolete scrap,  plus p rec ip i t a te  copper 
Prom mine waste. 



TABLE 4.4-10 

COPPER RECYCLING RATIOS, 1970-1 976* 

Year 

1970 

I Y /  I 

1972 

1973 

1974 

1975 

1976 

R a t i o  

45.6% 

48.51 

46.4% 

47.4% 

49.4% 

44.8% 

46.9% 

Mean Ra t i o :  47.0% 

* Ra t i os  de r i ved  f rom Tab le  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 tha t  needed to  produce refined copper from virgin 
material. 

The high level of 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 of primary production. 

Changes in freight rates might favor scrap transportation. 

Key factors that  could have a negative effect. on the 1987 target arc: 

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 be from obsolete or old scrap. A Battelle ~ t u d y ' ~ '  
shows that  the approximate compositiol; of old scrap that  is not recycled is: 

16(2 - End uses in which copper is widely dispersed, as in consumer 
durables. 

153" - Magnet wire used primarily in small electric motors. 

10% - A copper used as  sacrificial additives that  disappear during 
prncessing. 

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 dependelil UII  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 
illcrease uf scrap prices over the long term, and no such long-term stability is evident in the scrap 
price historical data. Labor and transport.at,ion costs are likely to incrensc further, and reduction 
in recycling of the above described scrap categories could be the result by 1987. 



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 prvvide recovered material to  replace any virgin materials in 
any zinc industry s~~hdivisiori. 

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 recvvered lnaterial by 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 i s  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, the zinc 
supplier to a galvanizer generally contracts to buy back all zinc-containi~~g residues. Tlle galvani- 
zer residues repurchased under these agreements includes drosses, skimming, ashes, arid 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 nnt, he reprocessed for their zinc content by ally zinc industry subsector bcfore 
1987. Other industry sectors might reprocess these electroplating solutions for their mure valuable 
metal content. 

The zinc contained in brass scrap is not included in the zinc target, primarily because i t  
would result in double counting. Brass has its own targets (see discussion of the copper indusl;ry, 
Section 4.4) and zinc. is included there. The c u ~ ~ c e l ~ ~  about double counting zinc should rivl a l l u ~ ~  
any recycle zinc to go unreported since the zinc in brass always remains in recovered brass alloys. 

The old purchased scrap category shown in Table 4.5-1 includes several r~~alerials  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 

Recovered Ma te r i  a1 

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 u s i o n ?  

Yes No - 

New Scrap 

Purchased New Scrap 

e Gal vani  ze rs  ' Residues X 

o Prompt Die-Cast Scrap X 

0 Chemical Residue and F lue  Dust X 

E l e c t r o p l a t i n g  L i quo rs  

Home Scrap X 

O ld  Purchased Scrap 

o Old  Die-Cast Scrap X 

General Z i n c  Scrap X 

o Mun ic i pa l  I n c i n e r a t o r  Wastes X 

Misce l laneous Wastes Conta in ing  Z inc  

e Rubber Products  and T i r e s  

e P a i n t  Pigments 

e B u i l d i n g  Demol i t i on  Wastes 

a Mun ic i pa l  Landf i  11 s 
e Old  Mine Wastes 

* 
C r i t e r i a  i s  ou t1  i ned  i t i  Sec.Lcicln 4.1 . 



other n~iscellaneous wastes that  contain zinc are not included in the target because they are either 
dissipat.ive 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 
clemolit.ion wastes will not be sorted for metals because of labor costs. The zinc content of old 
municipal 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 material constraints. 
One of the striking features of this table is tha t  electrolytic reduction plants do not generally 
process any scrap except their home scrap. The ~najor  factor restricting the use of rccovcrcd 
materials in these plants is the necessity of avoiding cun tami~~a l i l~g  111elal iuus ill llle electrolytic 
bath solutions. Another featurc 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, an3 recovered material quality constraints. 'i'hc rccoverable 
materials that  pass all these constraints are the basis of the technological targets. 

4.5.3.1 Process Constraints 
Looking a t  the process contraints by class of recoverable material, the following statements 

can be made: 

The u111y processes tha t  generally recover zinc products from oxidized zinc mate- 
rials are the vertical distillation retorts and the chemical and pigment plants. The 
types of scrap that  arc gcncrally highly oxidi~cd includc tho galvanizers' scrap, the 
chemical fesidiles, and ihe 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 oxidized zinc contcnt. 

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. 



TABLE 4.5-2 

Process 

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

Reduct ion 

RECOVERABLE MATERIAL - SOURCE - INDUSTRY MATRIX - 
ZINC INDUSTRY 

Types o f  Recoverable M a t e r i a l s  

V e r t i c a l  D i s t i  1 l a t i o n  

R e t o r t s  

Secondary D i  s t i  11 e r s  

Foundries 

Chemical and Pigment 

P lan t s  

Gal van i  ze rs  ' New D ie  Chemi c a l  Home Old  D ie  General 
Residues Cast Scrap 'Residues Scrap Cast Scrap Z inc  Scrap 

Source: 1970-1 976 Minera l  Yearbooks, Volume I, Metal  s , 
Mine ra l s  and Fuels.  U.S. D e ~ a r t m e n t  o f  t h e  . .  

I n t e r i o r ,  Bureau o f  Mines. ' 

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 ion 

P 
V e r t i c a l  D i s t i l  l a t i m  

h) 

Reports 

Secondary 3 i  s t i  11 e rs  

Foundries 

Chemical and Pigment 

P l a n t s  

CONSUMPTION OF RECOVERABLE KATERIALS - 1976 

Z I N C  INDUSTRY 

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

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

Gal var i z e r s  ' New D i  e Chemical Home 01 d D ie  Cast General 
R e s i d ~ e s  Cast Scrap Residues Scrap Scrap Scrap T o t a l  

Source: Est imates based on u r p ~ b l i s h e d  Tables 13, 14, 15 f o r  Z inc  t o  be i n  t h e  1976 Minera l  
Yearbook, Volume I, Meta ls ,  M ine ra l s  and Fuels ,  U.S. Department o f  t h e  - I n t e r i o r ,  
Bureau o f  Nines. 



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. All 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. The 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 i s  septirat,sd 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 from die-cast scrap. However, the level of 70,000 
short tons per year of required old die castings predicted for 1987 should start dropping by 1990 as 
automobiles built in the very iate 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. It 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. Some form of both electrolytic and pvrometallusgical reduction shniilrl si~rvive t,o 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 m ~ t ~ e r i ~ l s  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 
Table 4.5-4 shows 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 
secundary industries. The target of 36% recovery of the domestic zinc smelted by 1987 will depend 
on galvanizer zinc consumption, the rate of increase of automobile shredder sources with the 
ability to separate out the nonferrous fractions, any increase in the recovery of flue dust and 
chemical residues, and domestic production rates. Since new galvanizers' scrap accounts for 49% 
uf Iht! 1987 target, ariy major change in galvanized steel production would directly affect the 
overall zinc target. Several conflicting forces tend to obscure the actual level of recovery of new 
galvanizing residues by 1987. Positive factors include predicted increased use of galvanized sheet 
in automobiles, galvanized rebar steel, and post-fabrication galvanized steel. Negative factors on 
zinc consumption include the penetration into the galvanizing market of stmeel sheet. galvanized 
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 automobile shredders. Increased adoption 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. It  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 
(19871 

Recovered M a t e r i  a1 * 
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 in'clusion in target selection are presented in Table 4.6-1. 

They are 'broadly grouped as new scrap, old scrap, slags, and dusts. Each category of scrap was 
assessed using the selection criteria (see Section 4.1) to determine whether i t  would contribute 
significantly to recyclit~g 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. I t  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 to 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 i t  is not included in the 
target. Because of the low lead content of secondary blast furnace slag, it 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, i t  is, excluded from this analysis. 
Primary biast furnace slag is normally dumped. Because of its low lead content, this slag will 
probably not be recyc1ed.b~ 1987 and, therefore, is not included in the target. The high s~~lf 'ur  
matte from secondary hlast, furnace smelting of battery plates is normally dumped. Because it is 
p rod~~ced  in very small quantities and i t  is unlikeljr that  il; would be reprocessed for its lead 
content by 1987, it is also excluded from this.analysis. 

Dusts are mainly from air pollution control equipment and are generally recycled because of 
their lead content. However, d ~ l e  t,n lack of data, neither primary nor secondary d ~ l s  are 
included in the target. 

4-1 05 



TABLE 4.6-1 

SELECTION OF RECOVERABLE MATERIALS - LEAD INDUSTRY 

M a t e r i a l  

New Scrap: 
Drosses and Residues 
Home Scrap 

Old 5ct-ap: 
Battery P l a t e s  
Cable Lead 
S o f t  Lead 
Hard Lead 
Type Meta l  
Mixed Common B a b b i t  
Solders  and T inny  Lead 

Pr imary  B l a s t  Furnace S lag  

Pr imary  B l a s t  Furnace Dust  

Secondary Reverbera to ry  S lag  

'Secondary Reverbera to ry  Dust 

Secondary B l  a s t  Furnace S l  ag 

Secondary B l  a s t  Furnace Dust 

Ma t te  f r om d i r e c t  Secondary B l a s t  
F l ~ r n a c e  Me1 t j  nq 

Does t h e  Rec tverab le  M a t e r i a l  meet 
t h e  C r i t e r i a  f o r  I n c l  us ion?  

Yes - N 0 - 

* 
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 
The 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 i t  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 furnace 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 
secundary 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 
out of the furinace. 

The reverberatory furnace is employed only in the secondary 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 considerat.ions and 
because kettle meltingirefining is a batch operation, kettle melting is used only on small batches 
of scrap. 



SZPAP CONSUMPTION I N  THE LEAD INDUSTRY (1  970-1 976) 
{Gross Tons) 

New Scrap: 
Drosses & Residues 121,766 143,382 158,881 154,682 129,400 136,066 141,923 

Home Scrap N A MA N A N A N A N A N A 

O l d  Scrap: 
B a t t e r y  P la tes  

Cable Lead 

S o f t  Lead 

Hard Lead 19,015 27,254 27,641 51,992 54,778 26,912 30,395 

Type Metal  32,001 25,813 23,690 27,950 25,745 19,820 14,292 
e - 
0 M i  xed Common B a b b i t t *  11,799 11,665 11,049 13,534 12,025 8,552 7,839 
m 

Solders  & T i nny  Lead 10,640 11,464 9,815 11,991 13,663 11,250 3,517 

Slag : 
Secondary Reverberatory . - - - - - - - - - - - - - - - - -  N A - - - - - - - - - - - - - - -  

Dust : 
Pr imary  B l a s t  Furnaze - - - - - - - - - - - - - - - - -  NA - - - - - - - - - - - - - - -  
Secondary B l a s t  Furnace - - - - - - - - - - - - - - - - -  NA ; - - - - - - - - - - - - - -  

Secondary Reverberatory  - - - - - - - - - - - - - - - - -  NA - - - - - - - - - - - - - - -  

* inc ludes  consumpti~:~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 t l e ,  1n.c. 



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 normal compositions for alloyed products. 

4.6.3.3 Recoverable Material Quality Constrairzts 
Constraints on the recoverable 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 blast furnace. 

If impurities cannot be removed, they can be diluted to acceptable limits by the 
addition of pure (or purer) metal. 

If higher levels of certain constituents 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 to type, cable to soft lead, etc. 

Theoretically, there is no technical limit to the amount of recoverable material a secondary 
plant can recycle, provided the product constraints 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 recovery rates and the type of 
material under consideration, i t  is possible to estimate the maximum amount ,of material tha t  
can be recycled under foreseeable economic conditions. This information, along with projected 
growth rates for the various end uses, and knowledge 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 availability 
constraints is about 61% of total (primary plus secondary) production. The following assumptions 
were used in this calculation. 

Primary production will remain relatively constant a t  700,000 short tons of lead 
annually. 

Demand for lead in batteries.wil1 grow a t  4% annually. 

Dcmand for lcad in metal prodi-icts (except bat.t.eries and ammunition) will grow a t  
lf,'il annually. 

Demand for lead in all 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. 



TABLE 4.6-3; 

STANWRD SPECIFICATIONS FOR PIG LEAD 

S i l v e r ,  rnax, percent  

S i  1  v e r y  min, percent  

Copper, max, percent  

Aci  .d Common 
Cor rod i :~g  Chemical Copper Desi 1  ve r i zed  

Lead* Lead* Lead* Lead* 

0.001 5 0.020 0.002 0.002 

Copper, min, p ~ r c e n t  - 0.040 0.040 - 
S i l v e r  and copper together ,  max, percent  0.0025 - - - 
Arsenic,  antimony and t i n  together ,  max, 

percent  0.002 0.002 0.002 0.005 

Zinc, max, percent  

I r on ,  rnax, percenc 

Bismuth, max, percent  0.050 0.005 0.025 0.150 

Lead (by d i f f e r z n c e ) ,  min, percent  99.94 99.90 99.90 99.85 

*NOTE: Corroding l e a d  i s  a d e s i g n a t i ~ n  t h a t  has been ~ s e d  i n  t h e  t r z d e  f o r  many 
years t o  descr ibe  l ead  re f i ned  t o  3 hsigh degree of p u r i t y .  Chenical l ead  has been used i n  
t h e  t rade  t o  descr ibe  t h e  undes i l ve r i zed  l e3d  pr0duce.d from Southeastern .Vissouri ores. 
Acid-copper lead i s  made by adding copper t 3  f u l l y  r e f i n e d  l ead .  Ccmmon d e s i l v e r i z e d  l ead  
i s  a des ignat ion  used t o  descr ibe f u l l y  r e f i n e d  d e s i l . ~ e r i z e d  lesd .  Chemil:al analyses t o  
be made i n  accordance w i t h  methods prescr ibed i n  A.S.T.M.. Des ignet icn  E37. 

Source: Metal . S t a t i s t i c s  , 1977. 



TABLE 4.6-4 

COMPOSITION OF LEAD ALLOYS 

Name Pb Sb S n C u Ca B i Cd As - - - - - - - -  
. . 

Babb i t t ,  lead-antimony, 
No. 6 63.5 15 2 0 1.5 - - - 0.15 

Babb i t t ,  lead-antimony, 
NO. 12 89.3 10 - 0.5 - - - 0.20 

Cable sheathing, lead-  
antimony 90.0 1.0 - - - - - - 

Cable sheathing, lead-  
ca lc ium 99.9 - - - 0.1 - - - 

Fus ib le  p lug  a l l o y ,  m.p., 
68°C 25.0 - 12.5 - .  - 50.0 12.5 - 

Fus ib le  p l u g  a l l o y ,  m.p., 
100°C 20.0 - 40.0 - - 40.0 - - 

Hard lead, 6% antimony 94 6 - - - - - - 
Hard lead, 12% antimony 88 12 - - - - - - 
Pewter 

Shot 

Sol der, common 5 0 - 50 - - - - - 
Solder , p l  umber's 6 0 2.5 37.5 - - .  - - - 
Terne, low t i n  75 - 25 - - - - - 
Terne, h igh  t i n  5 0 - 50 - - - - - 
Type meta l ,  foundry 6 2 2 4 14 .. - - 

e l e c t r o y t y p e  9 4 3 3 - - - - - 
s te reo type 8 1 14 5 - - - - - 

Source: Bray, J. L., Non-Ferrous Product ion Meta l lu rgy .  John W i l e ~ ' &  Sons, I nc .  
New York, New York, 1947. 



In the long run, 40% of the lead used in metal products 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 will be zero. 

4.6.4 Economic Considerations 
Econometric modeling was not used to explicitly evaluate the economics of using recovered 

metals in this industry analysis. However, economic considerations are incorporated in assump- 
tions used in the analysis and in the projection of historic trends. 

Figure 4.6-1 presents data for the ratio of secondary Lu L.uI.HI ~:r~~nrluction for thc pcriod 1970- 
1976 and a least-squares fit to  that  data. AS can be seer], i l  liistoric trends continuc, secondary 
prodi.lct,ion may reach 63% of total production by 1987. 

The changeover to maintenance-free batteries may arfect the profitability of the ~econdary 
lead industry. Traditionally, antimonial-lead battery plates (about 7% antimony) have been 
produced by the secondary producers who purchase antimonial lead scrap a t  the cost of the lead 
and sell the antimony a t  a profit. With the introduction of maintenance-free batteries, the plates 
are being produced with low-antimony or calcium-lead alloys. With these 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 plates may-affect the 
profitability of the secondary industry as well a s  the supply structure of the lead industry (i.e., 
the cost to secondaries may be increased vis-a-vis the primaries). 

4.6.5 Special Considerations 
Significant baseline structural changes in the U.S. lead industry inay result from dscrcascd 

demand for lead because of EPA regulations, the changeover from aiitimonial-lead lu calciur~i- 
lead maintenance-free battePies (discussed in Section 4.6.4), and the 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. Sin~ilarly, tlle 
demand for lead oxides in pigments will decrease as a result of various regulations concerning the 
lead content of paint. Demand reduction in these two end-use sectors will decrease lead denland 
proportionately. Most of the lead cvllsu~~led in pigments and chemical8 ib: refii~ed soft I P A ~  nnd 
has historically come primarily from the primary industry (about two-thirds). Since 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. 



Year 

FIGURE 4.6.1 SECONDARY PRODUCTION RATIO - 1970-1976 



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. 

Based on DOE guidelines, the recycling target has bccn 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 
onstream 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 tcrm, maximum capacity utilization by the primary industry is about 
86% or 700,000 short toils of lead annually. 

Secondary capacity can be increased in a relatively short (several years) period of 
time. 

The  changeover to maintenance-free batteries will not adversely affect the second- 
ary industry. 

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 batteries will increase a t  
1Sh annuallyj and in motnl  product^ at  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, i t  was 

necessary to make a variety of plausible assumptions concerning the evolution of the industry 
belwse11 1976 and 1987. I t  was beyond the scope ot 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 
validit,y of the  target; to the extent that  these assumptions do not hold true, the target should be 
modified. 



TABLE 4.6-5 

Recovered Material* 
X 100 = :60% 

Domestic Primary & Secondary Production 

* Purchased scrap,  i . e . ,  prompt indus t r i a l  and obsolete scrap.  

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 that  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. This analysis assumed an annual growth rate of 1.8% (as indicated by 
thc Burcau of M i n c ~ )  and eomc dieplacement of imports. 

Scrap exporters compete directly with secondary producers for lead scrap from the scrap 
pool. Therefore, scrap exports represent lost production 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 that  by 1987, net scrap exports of lead will be zero. 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 - 
P; + P2 

\ % Change in Variable / 

Variable Elasticity 

where: 

PI = Domestic primary lead production. 

P, = Domestic secondary production. 

C,, = Consumption of lead in batteries. 

K,, = Fraction of C, which is ultimately recycled. 

i,, = Annual growth rate of CB. 

K,, = Fraction of CM which is recycled as dross or residue. 

C, = Consumption of lead in metal products, hut  not hat.t.eries, ammunition, or brass or 
bronze. 

KM = Fraction of CM which is ultimately recycled (old scrap). 

i, = Annual growth rate of C,. 

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 (I%), 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 (I%), the target would change by 0.0019 
(0.319;). The other variables have relatively little effect on the target, given their precision. 
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