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Abstract

Since 1995, domestic production of lead has increasingly
shifted from primary mining and smelting to the recovery
of lead-bearing scrap by the secondary lead industry, which
accounted for 91 percent of U.S. lead production in 2012.
Increasingly stringent environmental regulations for lead
emissions in the United States have contributed to the closure of
primary lead refineries and the consolidation of the secondary
lead industry. Domestic production of lead from the primary
and secondary sectors in 2012 is essentially unchanged from
the amount produced in 1995. The U.S. secondary industry
produced an estimated 145,000 metric tons more refined lead
in 2012 than it did in 1995, primarily by recovering lead from
battery scrap, allowing the U.S. to maintain production at a level
sufficient to supply much of the domestic demand for lead.

Exports of lead contained in batteries, electronics, and
scrap and waste increased more than 380 percent from 1998
through 2011. Trade patterns of lead scrap products among
Canada, Mexico, and the United States have changed since
initiation of the North American Free Trade Agreement in 1994,
providing more flexibility of movement of materials such as
lead scrap among these three trading partners. Canada was
the source of an average of 98 percent of the lead contained
in scrap batteries imported into the United States during the
period 1998 through 2012. Canada received about 92 percent
of the lead contained in scrap and waste exported from the
United States in 1998; Mexico received about 89 percent of the
lead contained in battery scrap exported from the United States
in 2012. Domestic secondary lead facilities have been able to
maintain production because of increasing domestic and foreign
supply of spent lead-acid vehicle batteries, which accounted for
about 95 percent of U.S. secondary lead consumption in 2012.
Increased industrialization in China, India, and the Republic of
Korea has led to increased demand for lead concentrates, lead
scrap, and refined lead from imported sources to supplement
growing domestic production. Consequently, about 94 percent
of the lead in ores and concentrate produced in the United
States was exported to Asia in 2012 compared to about 18
percent in 1995, and about 72 percent of lead-based scrap was
exported from the United States to Asian countries in 2012
compared to about 7 percent in 1995.

Introduction

Since 1995, the structure of the domestic lead industry
has changed, and trade patterns of the secondary (scrap)
lead industry have shifted. An understanding of the current
use and trade patterns of lead scrap and the changes in lead
scrap supply and demand that have taken place in recent
years increases understanding of factors influencing industry
economics and future sources of national supply. A goal of the
U.S. Geological Survey (USGS) is to provide decisionmakers
with the information necessary to ensure that the Nation has an
adequate and dependable supply of minerals and materials to
meet its defense and economic requirements. The public and
private sectors rely on information related to the domestic and
international flow of minerals to develop plans and policies; to
inform them of possible interruptions or shortages of mineral
supply; and to develop strategies to maintain a competitive
position in the global economy. This study is focused on
the U.S. lead industry; data on international trade flows are
provided in order to show how regulatory and structural
changes in the U.S. industry and industrialization in other
countries have affected global consumption, supply, and trade.

This analysis draws upon annual data on lead scrap
production, consumption, and trade reported annually by
the USGS for the period 1995 through 2012. Although the
domestic demand for lead has remained relatively constant
since 1995, domestic production of lead has increasingly
shifted from primary lead produced from mines to the
recovery of lead scrap by the secondary lead industry. Scrap
lead, derived principally from obsolete lead-acid batteries,
accounted for 73 percent of U.S. refined lead production
in 1995 and 91 percent in 2012. With the closure of the
Herculaneum, Mo., primary lead smelter in 2013, all primary
lead concentrates now are exported, and lead scrap has
become the sole domestic source of refined lead production
in the United States. This analysis was undertaken to identify
how the industry has changed over the study period, discuss
the factors that brought about such changes, and evaluate the
2012 lead supply situation in light of these changes.

In this study, two sources of lead-containing scrap have
been evaluated, spent lead-acid batteries (often referred to as
SLABEs or battery scrap) and lead recovered from battery and



2 Lead Scrap Use and Trade Patterns in the United States, 1995-2012

non-battery waste and scrap (excluding whole spent batteries).
These two forms represent more than 99 percent of the total
lead scrap processed or traded in the United States. Old scrap
refers to scrap derived from obsolete lead-containing products;
new scrap refers to lead-containing material generated during
the manufacturing process; home scrap refers to scrap used
internally during the production of refined lead.

The form of lead that is recovered from scrap depends
on the source of scrap and the designated end-use market for
that scrap. Soft lead contains few metal impurities and is most
often derived from high-purity scrap metal that is suitable for
refined lead and lead-alloy production. Antimonial (hard) lead
can contain up to 10 percent antimony; the antimony content
of this alloyed lead is about 5 percent. Antimonial lead is
often used in batteries, lead sheet and pipe, pumps and valves,
and radiation shielding. Lead-acid batteries contain both
antimonial lead and soft lead; battery paste contains soft lead
while battery grids and terminals typically contain antimonial
lead. The amount of antimonial lead in automotive batteries
has been reduced over the last 30 years to lessen the need
for maintenance. Since 2001, a typical automotive lead-acid
battery used in the United States has contained a maximum
of 0.6 percent antimony (Carlin, 2014).

The structure and amount of lead-battery scrap recycling
has changed as a result of changes in battery demand and
type, consolidation of the secondary battery industry (battery
recycling industry), improvements in spent-battery collection
and distribution procedures, increased environmental regula-
tion, upgrades in battery scrap processing and lead smelting
technology, and variation in the composition of lead alloys.
Since the mid-1980s, a significant shift in lead end-use
patterns in the United States has taken place, primarily a
result of U.S. lead consumers’ compliance with environmental
regulations that have significantly reduced or eliminated the
use of lead in non-battery products such as gasoline, paint and
glass pigments, potable water systems, and solders.

As demand for lead products has changed and lead-
recycling-process technology has improved, the form of
lead recovered from scrap has changed. In 1995, about
584,000 metric tons (t) (or 57 percent of secondary lead
production) of soft lead and 400,000 t (39 percent of
secondary lead production) of antimonial lead was recovered
by the domestic secondary lead industry. By 2011, about
966,000 t (or 85 percent of secondary lead production) of soft
lead and 167,000 t (15 percent of secondary lead production)
of antimonial lead was recovered.

Although the use of lead in non-battery products has
continued to decline, the demand for products that use
lead-acid batteries, including starting-lighting-ignition
(SLI) and industrial types, has continued to grow, so that by
2012, lead-acid batteries accounted for about 88 percent of
U.S. reported lead consumption. The demand has continued
to grow for SLI batteries used in automobiles; for non-SLI
batteries used in motive sources of power for industrial
forklifts, airport ground equipment, mining equipment, and a

variety of off-road utility vehicles; and for non-SLI batteries
used in stationary sources of power in uninterruptible electric
power systems for hospitals, computer and telecommunica-
tions networks, and load-leveling equipment for electric utility
companies. As the domestic battery industry has grown, so too
has the amount of scrap batteries available for recovery.

From 1995 to 2012, global production of refined lead
derived from scrap increased about 95 percent, primarily a
result of growing demand for lead-based batteries used in
automotive and industrial applications by the United States
and countries with growing economies such as China and
India. In 1995, the United States was the leading producer of
refined lead derived from scrap and produced about 38 percent
of the world’s supply (Smith, 2001). By 2012, production of
refined lead derived from scrap in China exceeded that of the
United States, which now accounted for 21 percent of global
production compared to 27 percent for China (Guberman,
2015). From 1995 through 2012, secondary lead metal
production (including old and new scrap) in the United States
increased from 1,020,000 t in 1995 to 1,110,000 t in 2012, a
9 percent increase, primarily a result of increased recovery
of spent lead-based batteries, at a time when the domestic
secondary lead industry was consolidated from 25 companies
processing lead scrap in 1995 to 11 companies in 2012.
Industry consolidation took place primarily through mergers
and acquisitions, as recyclers sought to adapt to more stringent
environmental regulation and take advantage of economies of
scale in this capital-intensive industry. Secondary lead is also
produced from dross, dust, residue, and sludge generated by
the smelting of metals; from lead pipe and sheet; from printing
materials; from sheaths from power and telephone cables; and
from vehicle wheel weights. Because of its corrosion resis-
tance, lead-based scrap is available for recycling decades after
it is produced, and lead contained in scrapped products can be
recycled multiple times.

Data on consumption, production, and supply covering
the years 1995 through 2012 are derived from USGS
sources (Guberman, 2015; Papp, 2013; U.S. Geological
Survey, 1996-2013). Data for 1998 were derived from
USGS Circular 1196-F (Smith, 2004; U.S. Geological
Survey, 2014). U.S. trade data are derived primarily from the
U.S. International Trade Commission (USITC) for the years
1998 through 2012 (U.S. International Trade Commission,
2013), using a methodology developed for lead as reported in
USGS Scientific Investigations Report 20065155 (Wilburn
and Buckingham, 2006). USITC data were updated using revi-
sions reported by the U.S. Census Bureau for selected coun-
tries for the years 2004—09 (U.S. Census Bureau, 2013). This
analysis complements a 2014 USGS study on the U.S. lead
recycling industry (Wilburn, 2014). Complete USITC trade
data prior to 1998 are not available; as a result, graphics that
include trade data are reporting the years 1998 through 2012.
Unless otherwise noted, tonnages are expressed in terms of
contained lead, rather than gross weight of scrapped batteries
or other waste products.
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Over the study period, the supply of refined lead for
the United States was made up of primary lead derived
from domestic mines and secondary (recycled) refined lead
produced at domestic refineries; net imports of refined lead,
scrap lead, and lead contained in products that are scrapped;
and sales of metal from industry stocks. The U.S. Government
had liquidated the inventory of lead stored in its National
Defense Stockpile by December 2006. With the closure of
the last domestic primary lead smelter in 2013, lead from
domestic mines was shipped overseas for processing and
was no longer a direct source of domestic supply. It is likely,
however, that lead originating from U.S. mines may be an
indirect source of domestic lead scrap in that it is used in the
manufacture of batteries overseas that subsequently are placed
in vehicles and other products shipped to the United States.

Figures 14 and 1B show an overview of the generation
and distribution of U.S. lead scrap for 1998 and 2011,
respectively. Throughout the life cycle of lead production and
use, scrap lead is generated. Some lead scrap is generated in
manufacturing (new scrap). Lead-containing copper scrap
is returned to the copper industry and lead scrap is returned
to the secondary lead sector for reuse after some form of
treatment. Other scrap is generated from end-of-life products
(old scrap) and is collected by the secondary lead sector
for recovery or export. A small amount of lead generated
during processing is dissipated into the environment and is
not recovered. The year 2011 reflects the year with the most
complete data available at the time of report preparation.

Scrap production and trade data were available for the
period 1998-2011 for all countries. However, U.S. trade data
with Canada and Mexico were available for 1998-2012. For
the study period, several observations can be made:

* Overall, domestic production of old plus new scrap
from the primary and secondary lead industries was
essentially unchanged.

» The United States generated about 60 percent less
new scrap and 3 percent more old scrap in 2011 than
it did in 1998.

» Exports of lead contained in exported scrap batteries,
lead-containing electronic scrap, and reclaimed
scrap lead from the United States increased over
380 percent from 1998 to 2011.

+ Canada and Mexico together accounted for about
88 percent of the lead contained in U.S. lead
scrap and battery scrap (SLABs) exported from
the United States in 1998 and 92 percent in 2012;
however, Canada was the principal export destination
(accounting for about 92 percent of U.S. lead
contained in scrap and waste exports) in 1998
and Mexico was the principal export destination
(accounting for 89 percent of U.S. lead contained in
scrap lead-acid battery exports) in 2012.

Sources of Domestic Lead 3

» The amount of material that is not accounted for
has decreased 69 percent from 1998 to 2011. Such
material includes material that is lost, stored, land-
filled, or otherwise unaccounted for. The decrease
may suggest that the U.S. industry has improved its
material accounting, less material is lost to the envi-
ronment, and (or) less lead-bearing material is being
stored for future sale or use.

Figure 2 shows annual components of U.S. lead supply
from 1995 through 2012. The makeup of domestic lead produc-
tion shifted from primary plus secondary production in 1995
to mostly secondary production in 2012. Domestic primary
refined lead production decreased by 70 percent from about
374,000 t (about 22 percent of total domestic lead supply) in
1995 to about 111,000 t (about 7 percent of total domestic lead
supply) in 2012, and domestic scrap lead production increased
about 9 percent from 1,020,000 t (about 61 percent of total
domestic lead supply) in 1995 to 1,110,000 t (about 71 percent
of total domestic lead supply) in 2012.

Imports and stock changes accounted for about
17 percent of total domestic supply in 1995 and about
22 percent in 2012. These figures do not reflect the high level
of lead exports that took place from 2003 to 2009, which was
primarily a result of increased demand by China for lead to
support its growing industrial base. The increase in lead scrap
exports from 2007 through 2009 was primarily the result of
increased exports of lead scrap to Mexico as several domestic
producers expanded their Mexican operations. A more detailed
discussion of these trends is reported in the lead scrap trade
section of this report.

In 1995, the U.S. primary lead industry was made up
of 15 mines and 4 refineries. The Omaha, Nebr., refinery
was closed in 1996 because the operator could not economi-
cally justify the investment required for environmental
compliance (Smith, 1997). In 2001, ASARCO Incorporated
suspended operations indefinitely at its East Helena, Mont.,
lead smelter, with an estimated refined lead capacity ranging
from 60,000 to 75,000 metric tons per year (t/yr). In 2003,
The Doe Run Company (Doe Run) suspended production
at its Glover, Mo., facility, with an estimated capacity of
110,000 to 125,000 t/yr of refined lead, in response to
declining domestic market and higher operating costs. In 2008,
Doe Run closed one of its two furnaces at the Herculaneum,
Mo., facility, reducing capacity from about 227,000 t/yr of
refined lead to about 120,000 t/yr. By 2011, the primary
lead industry had been consolidated to seven significant
lead mines and the Herculaneum refinery (U.S. Geological
Survey, 1996-2013). As domestic lead refinery capacity
was reduced, a greater amount of lead concentrate produced
domestically was exported. In 2012, nearly 62 percent of the
lead in concentrate produced domestically was exported, and
88 percent of the lead in concentrate exports went to China
(Guberman, 2015).

Doe Run closed its remaining furnace at Herculaneum
on December 31, 2013, as part of a settlement agreement
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Figure 1. Flow charts showing the generation and distribution of U.S. lead scrap in A, 1998 and B, 2011. Values are expressed in
thousands of metric tons of contained lead. Data may not total owing to rounding. Notes: E, estimate; 'U.S. Geological Survey (1996—
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with the U.S. Environmental Protection Agency (EPA) and
the State of Missouri. In 2012, the company dropped plans to
build an electrowinning plant that would comply with current
environmental regulations (The Doe Run Company, 2013).
As a consequence, primary production of refined lead in the
United States ended in 2013.

As the domestic primary lead industry was contracting
in terms of the number of producing operations, the domestic
secondary lead industry was restructuring, primarily in
response to increasing costs associated with environmental
regulation. Smaller operations found it difficult to justify the
cost of adding environmental controls to meet increasingly
stringent regulatory guidelines in times of low lead prices. In
1995, 23 companies produced secondary lead (Smith, 1996).
By 2012, nearly all the secondary lead was produced by
7 companies operating 14 smelters (Guberman, 2015). Overall,
domestic secondary lead production has increased in spite of
the closure of some smaller recyclers and the consolidation
of some smaller operations with larger operations, because
capacities at some of the larger facilities have increased and
a new plant in Florence, S.C., has begun production.

The U.S. secondary lead industry has been reduced
in terms of the number of operating facilities since 1999

with the closure of the GNB Technologies, Inc., plant in
Columbus, Ga., in response to low lead prices and high
environmental compliance costs. The industry continued to
restructure with the closure of Exide Technologies’ 80,000-t/yr
Baton Rouge, La., facility in 2009 and its 65,000-t/yr facility
in Frisco, Tex., in 2012, and the idling of lead recycling
operations at its 70,000-t/yr facility in Reading, Pa., in 2013;
the 2010 expansion of the EnviroFocus Technologies facility
in Tampa, Fla., to 100,000 t/yr; and the opening of the Johnson
Controls, Inc., 120,000-t/yr secondary lead facility in Florence,
S.C., in 2012. Exide Technologies suspended operations at its
facility in Vernon, Calif., in April 2013 while investigating
production options after the California Department of Toxic
Substances Control reported the facility was not meeting
State environmental standards (Recycling Today, 2013), but
the facility was allowed to resume lead battery recycling
operations in July 2013. The cumulative production capacity
of the U.S. secondary lead industry by the end of 2013 was
expected to be about 1.2 million metric tons (Mt) of lead per
year, about 18 percent greater than its capacity in 1995 and
slightly less than the combined production from the primary
and secondary lead industry in the United States in 2011 of
1.25 Mt of lead per year (Guberman, 2013a).
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Because of lower domestic demand for lead during the
global economic downturn that took place from 2007 to 2009,
environmental pressures on the domestic industry, and rela-
tively high prices for refined lead and scrap over the period,
the lead industry exported larger amounts of refined lead and
lead scrap to Chinese and Indian markets, which were willing
to pay a premium price for lead products for their growing
industry. The amount of U.S. lead exports and stock shipments
for the 2007-2009 period exceeded primary lead production
for those years.

The secondary lead industry has been able to maintain
its dominant supply position in the United States primarily
owing to the continued use of SLI-type lead-acid batteries
in the automotive sector, lead-based motive batteries of the
type used in electric vehicles such as forklifts or golf carts,
and stationary batteries used to provide standby power for
large emergency lighting, security, telecommunications,
and uninterruptible power systems. In 1995, battery scrap
accounted for about 65 percent of U.S. lead production. About
95 percent of the lead recovered from old scrap processed
in 1998 came from spent lead-acid batteries. The remainder
came from other sources such as castings, sheet metal, solders,
and miscellaneous fabricated parts (Smith, 2004). By 2012,
battery scrap accounted for about 86 percent of U.S. lead
production (or about 96 percent of the lead recovered from old
scrap processed in 2012) (Guberman, 2013b). Approximately
79 percent of the lead generated from batteries recycled
between 2007 and 2011 came from SLI batteries, 12 percent
came from motive batteries, and 9 percent came from
stationary batteries (Battery Council International, 2012).

Data compiled by the National Automobile Dealers
Association show that the average age for passenger cars and
light trucks still in use increased from about 9 years in 2001 to
almost 11 years in 2011. This trend took place during a period
when new car sales were generally decreasing (National
Automobile Dealers Association, 2012). One might reasonably
expect that as useable vehicle life is extended, more replace-
ment batteries would be required over the life of the vehicle
to maintain its operation. The total number of batteries in new
and used vehicles has changed little since 2006. However,
motor vehicle production data reported by the U.S. Bureau
of Transportation Statistics and import data reported by
the USITC show that the number of automotive batteries
imported into the United States annually has increased from
about 6,000,000 units in 1998 to about 18,000,000 units
in 2012, while the number of new automobiles produced
domestically and those that were imported decreased slightly
from 12,750,000 units in 1998 to 12,260,000 units in 2012
(U.S. Department of Transportation, 2013; U.S. International
Trade Commission, 2013). One could conclude from these
data that the United States used an increasing number of
batteries in used automobiles compared to new automobiles.

Recovery of lead scrap generated from electronic devices
has increased as the combined weight of lead contained in

collected scrapped devices has grown, increased production of
batteries for new and used vehicles has generated more battery
scrap over time, and regulations related to disposal of scrapped
devices and replacement of obsolete devices have been
implemented. On the basis of (1) electronic recycling data
reported by the EPA for 2006 through 2009 and projections for
2010 and (2) estimates of lead content in selected electronic
products reported by Occupational Knowledge International,
approximately 53,000 t of lead was estimated to be contained
in electronic products collected for recycling in 2011 and
approximately 175,000 t of lead contained in electronic

scrap was estimated as potentially available for recovery in
2011 based on estimates of the number of units previously
sold and on expected product life (Occupational Knowledge
International, 2011; U.S. Environmental Protection Agency,
2011a). The USGS reported that about 40,000 t of lead was
recovered from non-battery scrap in the United States in 2011,
excluding electronics scrap (Guberman, 2013a). It is likely
that much of the electronics scrap collected in the United
States for recycling was shipped overseas for metal recovery.

Because the recycling process can be labor intensive and
because lead contained in computer monitors and television
screens having cathode ray tubes is considered hazardous
waste, this material is costly to handle, separate, store, and
transport; therefore these devices are often exported for recy-
cling. In 2005, the Congressional Research Service reported
that the EPA estimated 61 percent of discarded televisions
having cathode ray tubes were sent overseas for recycling
(Luther, 2010). Consequently, the historical domestic collec-
tion and subsequent recovery rate for lead from recycled
electronics has been low, varying from about 40 percent of
contained lead in computers to 11 percent of contained lead
in mobile devices (U.S. Environmental Protection Agency,
2011a). This study assumes that all of the lead contained in
electronic products collected for recycling is recoverable.
USITC data suggest that about 4,900 t of lead was contained
in electronic products exported from the United States in 2011,
but this value is believed to include new and scrap products.

Lead recovered in the United States as old scrap from
recycled batteries, electronics, or other reclaimed products
accounted for about 59 percent of the available domestic lead
supply in 1995 and about 72 percent of the available domestic
lead supply in 2012. New scrap production derived from waste
material collected from manufacturing and refining facilities
in the United States accounted for 3.7 percent of domestic lead
supply in 1995 and 1.3 percent of domestic lead supply in 2012.
The contribution of this portion of lead supply has decreased
over time with the closure of domestic primary lead refining
capacity, as fewer domestic facilities produce new scrap.

The United States imported about 271,000 t of refined
lead in 1995; no scrap lead imports were reported. In 2012, the
United States imported 349,000 t of refined lead (Guberman,
2015), and an additional 13,000 t of lead was estimated to be
contained in lead scrap imported for U.S. consumption. After



accounting for lead, lead-scrap exports, and stock shipments,
approximately 1,600,000 t of lead was supplied to domestic
manufacturing facilities in 1995 and about 1,500,000 t of lead
was supplied to such facilities in 2012. U.S. lead production
from primary and secondary sources was about 5 percent
lower in 2012 than in 1995, and U.S. consumption of lead
from primary and secondary sources was about 13 percent
lower in 2012 than in 1995. An increase in imports of refined
lead metal compensated for the lower primary lead production
in the United States and provided the additional refined lead
necessary to meet domestic demand.

Figure 3 shows annual world production of secondary
refined lead for selected countries from 1995 through 2012

Sources of Domestic Lead 7

and cumulative world production of primary plus secondary
refined lead for the same period. From 1995 through 2002,
global primary lead production exceeded global secondary
lead production. After 2002, however, global secondary lead
production exceeded global primary lead production. The
growth in both global sectors after 2003 was driven largely
by the growth of industrialization in China, which led to the
growth of the Chinese primary and secondary lead industries.
Other factors influencing the growth of the secondary lead
industry included increased consumption of lead, primarily in
battery applications; increased regulation of the lead industry;
increased incentives for recycling; and increased costs associ-
ated with the mining and processing of refined lead.
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Figure 3. Annual world production of secondary refined lead for selected countries from 1995 through 2012
and cumulative world production of primary plus secondary refined lead for the same period. Global totals are
reported for secondary lead on the left y-axis and for primary plus secondary lead on the right y-axis. Data

are from Guberman (2015) and U.S. Geological Survey

(1996-2013).



8 Lead Scrap Use and Trade Patterns in the United States, 1995-2012

The secondary lead industry in the United States
accounted for about 38 percent of secondary refined lead
production globally in 1995 and for about 21 percent of
global secondary refined lead production in 2012 (fig. 3).
U.S. production of lead contributed about 18 percent of
global refined lead production in 1995 from both primary
and secondary sources and about 11 percent of global refined
lead production in 2012. Although the United States has
increased secondary lead production since 1995, this increase
was less than the corresponding increase in lead contained in
scrap recovered in China, so the percent of global contribu-
tion from the U.S. secondary lead sector in 2012 was less
than its contribution in 1995. China, Europe, India, and the
United States together contributed up to about 80 percent
of the global production of secondary lead during the study
period. Figure 4 shows how secondary lead production from
these areas has changed between 1995 and 2012. Increased
industrialization in China has led to increased consumption
of refined lead in China from domestic and imported sources.
Primary lead production in China increased about 660 percent
from 1995 through 2012 and secondary lead production
increased about 700 percent. Figure 4 shows that China
contributed about 7 percent of the global secondary lead
in 1995 and about 27 percent of the global secondary lead
in 2012. Much of this increase took place after 2000. India
produced about 1 percent (28,000 t) of the global secondary
lead from scrap in 1995 and about 6 percent (310,000 t)
in 2012, a 1,000 percent increase. Much of this increase
took place after 2005. Europe contributed about 33 percent
(890,000 t) of the global production of lead in scrap in 1995,
and even though it increased its production to 1,140,000 t
in 2012, its percentage contribution of global production
decreased to 22 percent (Guberman, 2013b).

Strong demand for lead in China and other emerging
economies has influenced the price of lead and scrap lead,
particularly since 2001. The U.S. secondary lead supply
has become an increasingly important component affecting
the domestic lead price, and possibly global lead prices,
as the United States is the second largest source of global
lead supply. Domestic secondary refineries are increasingly
competing with foreign producers for scrap as globalization
takes place within the sector and lead prices increase. The
reported average North American Producer price of refined
lead was $0.453 per pound in 1998 while the average price
of refined lead was $1.22 in 2012, an increase of 169 percent.
The constant-dollar price of lead increased 79 percent from
1998 to 2012, when expressed in terms of the Consumer
Price Index with a base year of 2000 (Guberman, 2015;

U.S. Geological Survey, 2013, p. 82).

Figure 5 shows annual constant-dollar price estimates
(base year 2000) for refined lead, lead scrap, battery scrap, and
mixed brass scrap containing lead from 2000 through 2012.
Scrap prices vary based on cost, demand, and quality factors.
Lead prices were relatively low for the period 2000-2003
owing to high global inventories and lower demand from the
automotive industry. Subsequent growing industrialization in
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Figure 4. Contribution of the scrap (secondary) lead
industries of China, Europe, India, and the United States to
the global industry, expressed in terms of percentage of
lead produced in-country compared to the total global lead
production from secondary lead refineries for the years
1995 through 2012. The lead content of antimonial lead in
batteries is included. Data are from Guberman (2015) and
U.S. Geological Survey (1996-2013).

Contribution to global secondary lead production, in percent

countries such as China and a strengthening global economy
increased demand for lead products from 2004 to 2007,
leading to higher prices for refined lead and lead scrap.

China increased its production of lead-based products such

as batteries, both for internal consumption and global export.
According to the International Lead and Zinc Study Group,
refined lead consumption in China increased 734 percent

from 1998 to 2010 (U.S. Geological Survey, 2013, p. 82).
High demand for metals in industrializing countries such as
China required such countries to import metals necessary to
supply their growing manufacturing industry. Products such as
batteries were often produced then exported to global markets.
Increasing global demand for such products stimulated the
increase in metal and metal scrap prices that took place from
2002 to 2007.

Unsettled global economic conditions for the 2007-2009
period resulted in reduced demand for lead products, which
resulted in a lead supply surplus and a decrease in lead prices
during this period. Demand for lead battery scrap was not
significantly affected, and the dip in battery scrap price was
less than the decline in other lead prices, largely owing to
sustained demand for lead batteries in China. Constant-dollar
lead prices again increased after 2009 with renewed demand
for lead in developing countries and for lead scrap in countries
processing scrap.

Figure 6 shows the increasing contribution of recycled
batteries on domestic lead production expressed in terms of
the amount of lead recovered annually and as a percentage
of total U.S. lead production. The percentage attributed to
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the recycling of lead-acid batteries has grown as domestic
primary lead production has been curtailed and battery scrap
production from new secondary production facilities has
replaced older production facilities. Because lead batteries
typically contain 5 percent antimony, they can also be a source
for antimony. However, spent batteries are typically recycled
to make new batteries, so the antimonial lead contained in
these batteries is not further processed to recover separate lead
and antimony.

Figure 6 also indicates the response of the secondary lead
industry in the United States to reductions in primary lead
supply. Reductions in primary lead production capacity took
place in 1996, 2001, 2003, and 2008, when primary refining
capacity was reduced either temporarily or indefinitely by
facility closures. Secondary lead scrap production increased in
the year following the closure of each primary lead refinery,
as the domestic secondary lead industry increased production
to support domestic and global market demand for refined
lead. The U.S. secondary lead industry produced an estimated
145,000 t more refined lead from recycled batteries in 2012
than it did in 1995.

Although refined lead produced by secondary refineries
or recyclers may be substituted for refined lead produced by
primary refining in most end uses such as automotive batteries,
it is not always substitutable for high-purity applications or
where impurities make it inadequate as a substitute. Some of
the secondary facilities are dedicated to producing batteries
only. Nearly all lead derived from recycled batteries is used to
make new batteries or other applications such as ammunition
or lead weights where lead purity is not critical. Impurities
such as bismuth or silver are costly to remove from secondary
lead, so applications that require high-purity lead (greater than
99.99 percent) may not be able to justify the use of refined
lead produced from recycled scrap without removing such
impurities. Examples of end-use applications that generally
require high-purity lead are lead-acid batteries used in
defense, such as for aircraft or submarines; certain types of
power cable sheathing; and radiation detection equipment
(David Guberman, lead specialist, USGS, written commun.,
November 21, 2013). Antimony is not considered an impurity
if the end-use application requires antimonial lead.

Regulations, International Agreements,
and Emission Standards

In addition to having been affected by changing lead
demand and lead prices, the secondary lead industry in the
United States has been affected by foreign regulations and
agreements governing the trade of lead products. One way
governments have chosen to reduce real and perceived hazards

associated with the production and disposal of potentially
hazardous materials such as lead is by regulating the import
of materials that may contain hazards. The Basel Convention
on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal, an international agreement signed
by 168 countries and ratified by 165 of them, governs the
trade of hazardous waste between member countries and

bans trade between member and nonmember countries.

A 1995 amendment to the convention, the “Basel ban,”

would essentially ban the export of hazardous wastes from
developed to developing countries (Barlas, 2006), but as of
September 2013, the amendment still needed ratification by
15 countries (D’ Ambrosio, 2013). The United States signed the
Basel Convention in 1992, but the U.S. Congress has not yet
ratified it, in part because of concerns about the 1995 “Basel
ban” amendment. Thus, the United States is forbidden from
exporting hazardous wastes to any Basel signatory country
unless that country has a bilateral or multilateral agreement
with the United States that does not exclude trade of hazardous
materials. One agreement permits the United States to trade in
hazardous waste with any of the countries in the Organization
for Economic Cooperation and Development (OECD), subject
to certain conditions and reporting requirements. Revisions

to this agreement pertaining to scrap lead-acid batteries were
implemented in 2010 (U.S. Environmental Protection Agency,
2010). OECD countries include Australia, Canada, Japan,
Mexico, New Zealand, the Republic of South Korea, the
United States, and much of Europe. A further complication is
that each participating country is allowed to set its own defini-
tion of “hazardous,” and Basel signatory countries can change
their list of banned products at any time (Barlas, 2006).

The North American Free Trade Agreement (NAFTA)
among Canada, Mexico, and the United States, enacted in
1994, permits trade of lead batteries and scrap, providing that
all member nations meet compatible human health standards.
In Canada and the United States, increasingly stringent
environmental regulations as discussed below have led to
improvements in technology leading to a reduction in lead
emissions; however, the level of compliance is uneven in
Mexico (Commission for Environmental Cooperation, 2012).
Newer facilities in the United States and Mexico managed by
U.S. companies such as Johnson Controls, Inc., use tech-
nology capable of meeting or exceeding the more stringent
U.S. environmental control standards. However, secondary
lead processing facilities in Mexico are often small, with an
annual capacity less than 30,000 t; consequently, they often do
not have the necessary capital to implement emission control
technology that is needed for the facility to meet the more
stringent U.S. air toxic emissions standards for U.S. secondary
lead smelters that became effective January 5, 2012
(Commission for Environmental Cooperation, 2012; U.S.
Environmental Protection Agency, 2012a).



The domestic secondary lead industry has also
been influenced by changing State and Federal regulations
and emissions standards. Federal law requires, with certain
exceptions, spent batteries containing lead to be treated
as universal waste as defined by the U.S. Code of Federal
Regulations 40 CFR Part 273. The Universal Waste Rule
issued by the EPA in 1995 prohibits handlers from disposing
of waste lead-containing batteries in landfills and requires
that these batteries be sent for recycling (U.S. Environmental
Protection Agency, 2014). The Universal Waste Rule exempts
the wastes from the more onerous hazardous waste require-
ments, as long as they are managed to prevent environmental
releases and are properly recycled or disposed. In addition,
44 States have enacted regulations governing lead-acid
battery use and disposal. State laws incentivize the recycling
of batteries by banning the disposal of lead-acid batteries in
landfills; establishing a deposit system for new battery sales;
requiring retailers, wholesalers, and manufacturers to take back
batteries; and by making it a violation to send SLABs to unli-
censed recycling facilities in the United States (Battery Council
International, 2013). EPA data suggest that about 96 percent
of all automotive SLABs are recycled in the United States
(U.S. Environmental Protection Agency, 2013). Non-automotive
batteries, commonly used to power industrial equipment,
emergency lighting, and alarm systems, use the same collection
process as automotive batteries. The Rechargeable Battery
Recycling Corporation, a nonprofit public service organization
established in 1996, collects and recycles small sealed lead
batteries as part of its recycling stream.

The EPA issued environmental regulations for lead
processing facilities in June 1997 to establish limits for
hazardous air pollutants from agglomerating furnaces,
dryers, fugitive dust sources, refining kettles, and smelting
furnaces (U.S. Environmental Protection Agency, 1997).

The agency reduced the National Ambient Air Quality
Standard (NAAQS) for lead from 1.5 micrograms per cubic
meter (W/m?) to 0.15 w/m* in 2008 (Schmidt, 2010). On
December 16, 2011, the EPA updated the air toxic standards
for secondary lead smelters, lowering the stack lead emission
limits from 2.0 milligrams per dry standard cubic meter
(mg/dsem) for any individual stack to a facility-wide, flow-
weighted average emission limit of 0.20 mg/dscm with a
limit of 1.0 mg/dsem applicable to any individual stack

(U.S. Environmental Protection Agency, 2012a). The EPA
estimated that the 2011 lead emissions from 9 of the 15 evalu-
ated U.S. facilities producing in 2011 would likely result in
ambient lead concentrations above the current NAAQS for
lead of 0.15 p/m?, mainly owing to excessive fugitive dust
emissions (U.S. Environmental Protection Agency, 2011b).

Implementation of these standards took place in January 2014.

The domestic lead industry has significantly reduced
the level of lead emissions since 1998. Total lead emissions

Lead Scrap Trade 1"

attributed to the domestic primary lead industry was 570 t in
1998 and 54 t in 2005, the most recent figure reported from the
National Emissions Inventory by the EPA. The tenfold reduc-
tion in lead emissions from 1998 to 2005 was likely the result
of stricter regulatory controls, modernization of facilities using
improved technology, and the closure of production facilities
that were not able to comply with environmental standards. In
2010, the domestic secondary lead industry had reduced the
level of lead emissions to 23 t, a 95 percent reduction from
the 460 t reported for 1998 and a 56 percent reduction from
the 52 t reported for 2007 (Commission for Environmental
Cooperation, 2012). The reader is referred to USGS Scientific
Investigations Report 2014-5086 (Wilburn, 2014) for further
discussion of this topic.

The United States, unlike Canada and Mexico, does
not require a hazardous waste manifest to accompany each
shipment of spent lead-acid batteries or battery waste because
the U.S. Government does not consider lead-acid batteries to
be hazardous waste. As the U.S. Congress has not yet enacted
the requisite implementing legislation bringing U.S. law
into conformity with the terms of the Basel Convention,
shipping manifests are not mandated for trade with countries
accepting spent lead-acid batteries or battery scrap (Bradford,
2011). As more lead-bearing battery materials are exported
to countries such as Mexico that have less stringent envi-
ronmental standards than in the United States or that are
not enforcing existing standards, greater pressure is placed
on the United States to adopt manifesting requirements and
for countries receiving battery waste from the United States
to adopt similar environmental standards (Commission for
Environmental Cooperation, 2012; Occupational Knowledge
International, 2011).

Lead Scrap Trade

In addition to data reported by the USGS, lead scrap trade
statistics reported by Commodities Research Unit (now known
as CRU); the Institute of Scrap Recycling Industries, Inc.; the
International Lead and Zinc Study Group; Natural Resources
Canada; Procuraduria Federal de Proteccion al Ambiente
(Mexico); and the U.S. Environmental Protection Agency
were considered for this analysis. Statistics were evaluated
based on their availability for the years 1998 through 2012,
level of detail, source(s) of information, and type(s) of data
available. Lead trade patterns were in general developed using
trade data provided by the USITC (U.S. International Trade
Commission, 2013). USITC data was not complete prior to
1998. Data were revised using the corrected data reported by
the U.S. Census Bureau as of 2013 for the years 2004-2010
for selected countries (U.S. Census Bureau, 2013).
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In this study, two types of lead-bearing material have
been evaluated, spent lead-acid batteries (battery scrap)
and lead recovered from battery and non-battery waste and
scrap (excluding whole scrapped batteries). These two forms
represent more than 99 percent of total lead scrap processed or
traded in the United States. Battery scrap includes spent lead-
acid batteries (U.S. Census Bureau Harmonized Tariff Schedule
[HTS] code 8548100540), spent lead-based electrical storage
batteries (HTS code 8548100580), and waste from batteries
used for the recovery of lead (HTS code 8548102500). Lead
waste and scrap includes lead-acid battery scrap (HTS code
7802000030) and lead-based non-battery scrap (HTS code
7802000060). USITC lead scrap import data are available from
1996 through 2012; USITC lead scrap export data are available
from 1998 through 2012. Trade data reported in this study
reflect contained lead values, unless otherwise noted.

Estimates for the amount of lead contained in various
types of lead scrap were derived from actual data as reported
by the USITC, or were estimated based on using the USITC
lead content data, where reported, as a proxy for the lead
content for that year and HTS code category, where not
reported. The lead content in spent batteries, where not
reported, was estimated using data reported by Battery Council
International (BCI) for drained and undrained batteries. A
drained battery was estimated to contain 73.6 percent lead
by weight and an undrained battery was estimated to contain
58.6 percent lead by weight (Battery Council International,
2009). Based on BCI estimates, it was assumed for the
purpose of this study that spent batteries transported among
Canada, Mexico, and the United States were not drained prior
to shipment, while spent batteries transported to or from other
countries were drained prior to shipment.

USITC data for lead waste and scrap show different trade
patterns than data for used lead-based batteries; this study will
therefore discuss both sets of data, distinguish the differences,
and suggest possible reasons for such differences. Trade
patterns of imported and exported lead-based scrap will be
discussed separately. Differences between USITC trade data
and data from other sources will be noted and discussed.

Figure 7 shows USITC annual estimates of the amount
of lead contained in (a) lead waste and scrap and (b) battery
scrap imported into the United States for recycling from 1998
through 2012. Trade data for lead scrap and battery scrap
show major shifts in trade patterns for these products. Import
data for lead scrap have been divided into four timeframes,
1998 through 2001, 2002 through 2005, 2006 through
2009, and 2010 through 2012. As shown in figure 74, an
average of 11,900 t of lead was contained in lead waste and
scrap imported annually into the United States from 1998
through 2001; much of this material was imported from
South America, Canada, and Mexico (reported in descending
order based on the amount of lead contained in the scrap
imported). An average of 4,300 t of lead was contained in the
lead waste and scrap imported annually from 2002 through
2005, primarily from South America, Canada, and Mexico.
Although the exporting countries remain the same, the average

amount of lead contained in the scrap imported from Canada
decreased 75 percent during the 2002—05 timeframe from that
in the 1998-2001 timeframe, and the average amount of lead
contained in the scrap imported from South American coun-
tries decreased 56 percent. High domestic lead inventories,
lower domestic automobile production, and the willingness
of Chinese producers to pay premium prices for lead scrap

to supply China’s manufacturing industry reduced domestic
imports of lead scrap during the 200205 timeframe.

About 4,800 t of lead scrap was imported annually from
2006 through 2009, primarily from Central America (excluding
Mexico) and Canada. For the 2010 through 2012 timeframe,
however, lead scrap imports to the United States increased
significantly to meet domestic demand and to counteract
decreasing domestic production of refined lead from the
primary sector. Lead waste and scrap imports contained an
average of about 14,200 t of lead per year, primarily from
Central America (excluding Mexico), South America, and
Mexico. Lead scrap and battery scrap prices from 1998 to
2004 were lower than corresponding prices from 2005 through
2012. The higher scrap prices can be attributed to increased
Chinese demand for lead-based scrap, and the U.S. demand
for processed scrap from Canada, Central America, and
South America that likely was re-exported to China. Since
2005, Central America has been the largest exporter of
lead scrap to the United States. Annual average lead waste
and scrap imports from Central America increased about
820 percent from the 2002—05 timeframe to the 200609
timeframe and a further 310 percent from the 2006—09 time-
frame to the 2010-12 timeframe. Scrap suppliers with limited
capacity to recycle lead scrap, incentivized by increasing lead
scrap prices, have shipped greater amounts of lead scrap to the
United States for recycling or sale to overseas markets.

As shown in figure 7B, Canada accounted for almost
all of the lead contained in used lead-acid batteries imported
into the United States for processing from 1998 through
2012. Available USGS production and consumption data
suggest that Canadian scrap production is nearly at the level
of its processing capacity (Guberman, 2015; U.S. Geological
Survey, 1996-2013); therefore, excess scrap collected by non-
vertically integrated sources was shipped to the United States
for processing. Mexico accounted for about 3 percent of the
lead contained in used lead-acid batteries imported from
2006 through 2011, and Central America (excluding Mexico)
accounted for about 4 percent in 2012. Scrap battery imports
from these countries likely came from the smaller, non-
vertically integrated sources that received a better price in
the United States than if they had been processed in-country
(Commission for Environmental Cooperation, 2012).

About 9,900 t of lead was contained in used lead-acid
batteries imported annually into the United States for the
1998-2001 timeframe. About 7,400 t of lead was contained
in used lead-acid batteries imported annually into the
United States for the 2002—05 timeframe, about 15,500 t
of lead was contained in used lead-acid batteries imported
annually into the United States for the 200609 timeframe,
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batteries imported annually into the United States for the
2010-2012 timeframe. The annual amount of lead contained in
imported waste and scrap and battery scrap was lowest for the
2002-05 timeframe, again reflecting lower domestic demand,
higher domestic inventories, and rising demand in China as

it increased its domestic secondary lead processing industry.
Both types of lead scrap were highest for the 2010-2012

timeframe because of higher scrap prices and continued

demand

from developing countries such as China.

For the 1998-2001 timeframe, the amount of lead

contained in scrap lead-acid batteries imported annually into

the United States was lower than the annual average of lead

n

Average annual price of lead scrap,

Average annual price of battery scrap, in

constant 2000 U.S. dollars per metric ton

13

constant 2000 U.S. dollars per metric ton

waste and scrap imported into the United States, accounting

for about 45 percent of the lead contained in annual U.S. lead
scrap imports. By 2002, however, the amount of lead contained

in used lead-acid battery annual imports was consistently
greater than lead waste and scrap imports, accounting for

about 63 percent of the lead available from scrap products for

the 2002-05 timeframe, 76 percent of the lead in lead scrap
products for the 2006—-09 timeframe, and 59 percent for the

2010-12 timeframe. U.S. lead scrap imports have more than
doubled since 2005, in spite of the global recession that occurred
from 2007 through 2009. In 2012, about 64 percent of this

material was scrap derived from lead-acid batteries and about

36 percent was derived from non-battery scrap (USITC, 2013).
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More lead scrap from neighboring countries was processed in
the United States as the domestic industry responded to more
stringent regulations and international agreements affecting
the processing and trade of lead scrap and spent batteries
containing lead, as the industry improved its environmental
and processing efficiency while maintaining capacity, and as
higher lead scrap prices provided an incentive to recycle scrap.

Figure 8 shows annual estimates of the amount of lead
contained in (4) lead waste and scrap and (B) battery scrap
exported from the United States from 1998 through 2012.
Export data for lead scrap and batteries can be broken out
into four timeframes: 1998 through 2000, 2001 through 2003,
2004 through 2009, and 2010 through 2012. As shown in
figure 84, approximately 57,000 t of lead contained in waste
and scrap was exported annually from the United States from
1998 through 2000; about 92 percent of the lead in scrap was
exported to Canada during this period.

About 68,000 t of lead in scrap was exported annually
from 2001 through 2003, primarily to eastern Asia (this report
includes China, Hong Kong, Japan, the Republic of Korea,
and Taiwan as the principal export destinations in Asia)

(56 percent) and Canada (39 percent). During this timeframe,
an average of about 4,300 t of battery scrap was exported

to the Republic of Korea annually and an average of about
47,000 t of non-battery scrap was exported to China annually.
These countries were building their secondary lead processing
capacity, but had not yet built up enough domestic scrap feed
to supply their growing secondary lead demand. During the
2004-09 timeframe, lead scrap exports from the United States
increased from about 35,000 t lead in scrap in 2004 to a peak
of 111,000 t in 2008, decreasing to about 91,000 t in 2009.
Principal export destinations during this timeframe were
Canada (60 percent), eastern Asia countries (25 percent), and
India (10 percent). The rise in lead scrap and battery scrap
exports from the United States during this timeframe corre-
lates well with the rise in lead scrap prices, driven by higher
consumption of lead scrap in China, India, and the Republic
of Korea. After 2009, however, exports of lead scrap declined
to an annual average of about 23,000 t of lead in scrap for the
2010-12 timeframe. Principal reasons for this apparent decline
include a global surplus of refined lead; a clarification of lead
scrap reporting procedures by the USITC, which resulted in

a change in HTS coding by some countries for the 2004-09
timeframe; and increased enforcement of lead scrap import
regulations by the Chinese Government, reducing the amount
of certain types of lead scrap imported to China. The apparent
increase in lead scrap exports to Canada shown in figure 84
for the 2005-09 timeframe may partially reflect coding
inconsistencies. The apparent decrease in lead scrap exports
to Canada that took place during the 2010-12 timeframe is
discussed further below. Available data suggest an overall
decline in U.S. lead waste and scrap exports (excluding battery
scrap) for the study period as more lead contained in scrap
was exported annually from the United States from 1998 to
2004 than was exported annually for the 201012 timeframe
(Commission for Environmental Cooperation, 2012).

Spent lead-acid battery (SLAB) exports increased from
about 8,000 t of contained lead in 1998 to about 270,000 t
in 2011, as shown in figure 8B. Much of this increase can
be attributed to an increase in SLAB exports to Mexico.
Battery exports to Mexico averaged about 5,800 t per year
of contained lead during the 1998-2003 timeframe, and then
increased from about 37,000 t in 2004 to about 201,000 t in
2011. The United States exported about 198,000 t of lead
in SLABs to Mexico in 2012, based on USITC trade data.
U.S. SLAB exports to Mexico greatly exceed Mexican SLAB
exports to the United States.

The data shown in figure 8B suggest that spent-battery
exports increased significantly after 2005. From 1998 to 2004,
the annual growth rate of spent lead battery exports expressed
in terms of lead content averaged 2 percent, while the annual
growth rate for the years 2004 through 2012 was 13 percent.
The growth rate would be even higher if Canadian data were
shifted from figure 84 to 8B. More stringent U.S. emission
control standards may be one factor in the shift of lead-acid
battery processing facilities to Mexico and corresponding
increase in Mexican battery-processing capacity. Spent-battery
exports to Canada after 2007 also increased, although to a
lesser extent than to Mexico. As costs to comply with more
stringent environmental controls increase, it becomes more
difficult for smaller domestic secondary lead processors to
compete with larger processors that have already spent capital
to upgrade processing facilities to meet anticipated emissions
standards. Some large secondary lead recyclers have shifted
a portion of their North American operations to Mexico,
where labor and processing costs are lower and environmental
emissions standards are less stringent (Commission for
Environmental Cooperation, 2012; Johnson, 2013). In 2004,
Johnson Controls, Inc. (JCI) acquired the Ciénega secondary
smelter in Mexico and began directing both U.S. and Mexican-
generated SLABs to that facility for recycling. In 2011, JCI
opened the Garcia secondary smelter in Mexico (Johnson
Controls, Inc., 2013). As of 2011, JCI's operations in Mexico
accounted for 74 percent of all SLAB exports from the
United States to Mexico (Commission for Environmental
Cooperation, 2012, p. 23). Since the opening of JCI’s lead
recycling plants in Mexico, a greater percentage of used lead-
acid batteries from the United States have been recycled in
Mexico. Data are insufficient to estimate the quantity of lead
that was recycled in Mexico and returned to the United States
either as new batteries or as battery scrap intended for reuse by
the U.S. battery industry.

Data compiled by the Commission for Environmental
Cooperation (CEC) for SLAB exports to Mexico and Canada
substantiate the significant growth trend in spent-battery
exports from the United States since 1998, although trade
data from various sources are inconsistent. SLAB data are
included in the battery scrap data shown in figures 7-10.

The CEC report pointed out some reporting errors within the
USITC data, and differences in the reported values among
the data reported by the USITC, EPA, and Environment
Canada are attributed to reporting inconsistencies or different
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systems of battery classification. The EPA and USITC use

the U.S. Census Bureau HTS system while Environment
Canada uses a system developed by the United Nations,
which can include small sealed-cell batteries used by the
electronics industry not included in the HTS classifications
used in this study. The data for 2011 SLAB exports to Canada
from the United States reflect a variation of 1.6 percent
between the EPA and USITC data and 8.5 percent between
the Environment Canada and USITC data (Commission for
Environmental Cooperation, 2012, p. 28). The data for 2011
SLAB exports to Mexico from the United States reflect a vari-
ation of 13.8 percent between the EPA and unrevised USITC
data and a 13.3 percent variation between data reported by

Mexico’s Procuraduria Federal de Proteccion al Ambiente
(Profepa) and the data reported by the USITC before it was
revised (Commission for Environmental Cooperation, 2012,
p. 24). The trade data used in this study were adjusted using
revisions of selected country data released by the U.S. Census
Bureau (U.S. Census Bureau, 2013). Although differences
between USITC reported values and EPA estimates have not
been reconciled, the general trends illustrated in this report
should still be valid.

The USITC trade data shown in figure 84 suggest that
there was a general increase in lead waste and scrap exports
to Canada from 2005 through 2008. Two secondary lead
smelters, one in Ontario and one in Quebec, received about
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93 percent of the battery scrap from the United States in 2011
(Commission for Environmental Cooperation, 2012, p. 27).
When USITC U.S.-Canada trade data are compared with

data reported by Environment Canada, however, the data
suggest that some U.S. exporters may have been improperly
classifying lead scrap exports as HTS code 8548102500
rather than HTS code 7802000030 prior to 2010 (Commission
for Environmental Cooperation, 2013, p. 25). If this is true,
then a portion of the Canadian exports of lead waste and

scrap shown on figure 84 for the years 2005-09 should more
correctly be included on figure 8B for the same years. Thus,
figure 84 would show that the amount of lead waste and scrap
exported to Canada for the 2005—12 timeframe would be
decreasing, and the amount of lead contained in used lead-acid
batteries exported to Canada would be increasing. This would
be consistent with data reported by Environment Canada
(Commission for Environmental Cooperation, 2013, p. 27).

Because complete trade data for lead scrap prior to 1998
are limited, assessing the effects of NAFTA on lead scrap trade
among Canada, Mexico, and the United States since the agree-
ment’s enactment in 1994 is difficult. Trade data are reported
by the USGS for battery and non-battery lead waste and scrap,
but are not reported for spent lead-acid batteries.

Canada and Mexico have been the largest trading partners
with the United States for lead waste and scrap, both before and
after NAFTA. Canada processes the majority of lead waste and
scrap exported from the United States, and the United States
processes significant amounts of battery scrap exported from
Canada. The average annual amount of lead waste and scrap
exported to Canada (expressed in terms of gross weight) for
1990-93, prior to NAFTA, was about 49,000 t; the average
annual amount of lead waste and scrap exported to Canada for
1995-2000 was 87,900 t. Imports of reclaimed lead waste and
scrap from Canada decreased from an average annual amount
of 171 t (expressed in terms of lead content) for 1990-93,
prior to NAFTA, to an average annual amount of 38 t for
1995-2000. The amount of lead waste and scrap exported to
Mexico decreased steadily from about 9,400 t (expressed in
terms of gross weight) in 1990 to about 14 t in 1997. Since
1997, however, U.S. exports of lead waste and scrap have
varied from a high of 3,040 t (gross weight) in 2002 to a low
of 32 t in 2005. After Johnson Controls, Inc., acquired the
Mexican smelters, they may have considered any transfer of
scrap between their U.S. and Mexican units as internal transfers
rather than as international trade. Trade of lead waste and scrap
among Canada, Mexico, and the United States after the turn of
the century has varied widely; any trend that could be reported
is likely not directly related to the existence of NAFTA.

Data for SLAB trade among Canada, Mexico, and the
United States before and after NAFTA cannot be compared
because no SLAB data are available prior to 1997. However,
USITC data are shown in figures 7 and 8 for the period 1998
through 2012. The data show that Mexico recovered an
increasing amount of battery scrap exported from the United
States. The total amount of lead contained in imported scrap
(batteries and non-batteries) from Canada and Mexico to the

United States increased about 6 percent from 1998 through
2012, and the total amount of lead contained in lead scrap
exported from the United States to Canada and Mexico
increased about 260 percent for this timeframe. The magnitude
of lead contained in scrap exports from the United States is
greater than 6 times that of lead contained in scrap imports,
when averaged over the study period.

When trade statistics are viewed separately for Canada
and Mexico, different patterns emerge. Figure 9 shows the
total U.S. lead scrap imports (lead waste and scrap and
SLABsS) attributed to Canada and Mexico and reported as a
percentage of the total global amount of lead contained in
imported spent batteries and lead scrap from 1998 through
2012; figure 10 shows the same data for exports of scrap from
the United States to these countries. These data are based on
the revised trade data collected by the U.S. Census Bureau
and reported by the USITC (U.S. Census Bureau, 2013;

U.S. International Trade Commission, 2013), and exclude
lead contained in new batteries. As shown in figure 9, the
contribution of the total lead contained in spent batteries

and lead scrap imported from Canada to the United States
ranged from 43 to 86 percent of the total lead scrap imports
from 1998 through 2012. One reason for this variation is
related to Canadian supply of lead scrap versus its available
processing capacity. In years where Canadian lead scrap
supply exceeded its capacity to process this material, excess
scrap was shipped to the United States for lead recovery. In
years where supply was less than capacity, less scrap was
shipped to the United States. The contribution of the total
lead contained in spent batteries and lead scrap imported from
Mexico to the United States ranged from 3 to 21 percent of
the total lead scrap imports from 1998 through 2012, with an
overall downward trend for the period. As Mexican capacity
increased, less lead scrap was shipped to the United States for
lead recovery. The enactment of NAFTA made it more cost
effective for the industry to transport material such as lead
scrap among these three countries in response to changing
supply and demand conditions.

In terms of U.S. lead scrap exports, the trends are much
more apparent. Figure 10 shows the total U.S. lead scrap
exports attributed to Canada and Mexico for the period 1998
through 2012, reported as a percentage of the total amount
of lead contained in all U.S. exports of lead scrap and scrap
lead-acid batteries based on the revised data collected by the
U.S. Census Bureau and reported by the USITC (U.S. Census
Bureau, 2013; U.S. International Trade Commission, 2013).
As shown in figure 10, the contribution of the total lead
contained in lead scrap and scrap lead-acid batteries exported
to Canada from the United States showed an overall decrease
from about 81 percent in 1998 to about 10 percent in 2012.
The contribution of the total lead contained in spent batteries
and lead scrap exported to Mexico from the United States
showed an overall increase from about 7 percent in 1998 to
about 82 percent in 2012. As more lead contained in scrap
and battery scrap was exported to Mexico, less was exported
to Canada.



Total U.S. lead scrap and scrap lead-acid battery imports

Total U.S. lead scrap and scrap lead-acid battery

exports attributed to Canada and Mexico, in percent

attributed to Canada and Mexico, in percent

100

90

80

70

60

50

40

100

90

80

70

60

50

40

30

20

_/Canada

| | | | [ | |

0

\Q?-’% \93% q&““ 'L%Q\ 'L“@’ 'L%“% q&“b‘ f],%@“ q&g‘o 1%6\ fL%Q% q&@’ fLQ\Q 'LQ\\ f@\q’
Year

Figure 9. Contribution of the amount of lead
contained in imported lead scrap and scrap lead-acid
batteries from Canada and Mexico as a percentage of
the total amount of lead contained in lead scrap and
scrap lead-acid batteries imported from all countries
into the United States for the years 1998 through 2012.
Data do notinclude lead contained in new batteries
imported into the United States. Data are from

U.S. International Trade Commission (2013).

_—Canada

Mexico

A\ g g A D % (g0 o o) R g 9 ® g\ g

Year

Figure 10. Contribution of the amount of lead
contained in lead scrap and scrap lead-acid batteries
exported from the United States to Canada and
Mexico as a percentage of the total amount of lead
contained in lead scrap and scrap lead-acid battery
exports to all countries for the years 1998 through
2012. Data do notinclude lead contained in new
battery exports. Data are from U.S. International
Trade Commission (2013).
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Conclusions

Although there have been changes in the domestic lead
industry from 1995 through 2012, the U.S. supply/demand
balance has been relatively stable. An overall decrease in
primary lead production has been partially compensated for
by increased secondary lead production at some facilities and
increased imports of refined lead.

Since 1995, the U.S. lead industry has been able to
meet domestic demand for refined lead by extracting lead
from mineral resources, recovering lead derived from scrap
products, drawing material from available stockpiles, and
importing refined lead and lead scrap from other countries.
The secondary lead industry in the United States has been
able to maintain its production level primarily owing to the
increased use of (1) SLI-type lead-acid batteries in the auto-
motive sector, (2) lead-based motive batteries, (3) stationary
batteries used in large emergency lighting, security, telecom-
munications, and uninterruptible power systems, and (4) other
lead-containing products. With the closure of the last domestic
primary lead smelter in 2013, the U.S. secondary lead industry
became the sole domestic source of refined lead production,
and lead concentrates from domestic mineral resources are
now exported. Recovery of significant lead from scrapped
batteries should continue in the short term, as lead-acid
batteries continue to be the dominant battery used in most
vehicles and as batteries from vehicles reaching the end of
their life become available for recycling, unless substitution
of lead-based batteries by lead-free batteries becomes
widespread. Newer battery technologies in use and under
development may eventually reduce or eliminate the use of
lead in certain applications. These technologies are not likely
to take place to any great degree as long as traditional lead-
based batteries are being used in vehicles.

The amount of lead recovered from scrapped products
has increased as more scrapped devices reach the end of their
life, increased new car sales generate more battery scrap over
time, and regulations related to disposal of scrapped devices
and replacement of obsolete devices have been implemented.
Although the total number of batteries used annually in the
United States (in new and used vehicles) has changed little
since 2006, the percentage of batteries in used vehicles has
grown faster than the percentage of batteries attributed to
new vehicles. The number of lead-acid batteries contained in
scrapped vehicles should increase in the future when these
vehicles are sold for scrap, dismantled, or exported.

Industrialization in China and India has led to increased
consumption of lead products, particularly lead-acid batteries,
and influenced the global price of lead and lead scrap,
particularly since 2001. High demand for metals in China and
India has required these countries to import needed metals to
support their growing domestic primary and secondary lead
industries, increased global demand for products manufactured
in China, and stimulated the increase in metal and metal
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scrap prices. With the closure of primary lead refineries in
the United States, lead ore and concentrates produced in the
United States have increasingly been exported to China. At
the same time, the U.S. secondary lead industry has become
the sole domestic source of refined lead and lead scrap. The
availability and supply of lead-containing scrap has become an
increasingly important component affecting the domestic lead
price, as domestic secondary refineries increasingly compete
with foreign producers for scrap. The domestic secondary lead
industry should benefit, however, from continued demand for
original and replacement lead-acid batteries used in vehicles
consumed in the United States and as it recycles lead from
increasing numbers of scrapped batteries.

The domestic lead scrap industry has conformed to
State and Federal environmental regulations for lead as well
as to foreign regulations and agreements governing the sale
and trade of lead products. Ambient air standards for lead in
the United States were revised and made more stringent in
2008, as were lead emissions standards at battery recycling
facilities in 2012. More stringent lead standards have led to
the development of technological improvements that have
reduced U.S. lead emissions, but made it more costly for
smaller, less profitable secondary lead smelters to comply with
these standards. Smelters that continue to operate will likely
demonstrate better environmental performance, striving for
improved facility efficiency.

The trade pattern of lead scrap has also been affected
by domestic environmental regulation, by regional trade
agreements such as NAFTA, by international agreements such
as the Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and Their Disposal, and
by revisions made in 2011 to the OECD guidelines. Canada
and Mexico are leading trading partners for U.S. lead scrap
and battery scrap imports and exports. Some U.S. companies
have shifted a portion of their North American operations
to Mexico, where labor and processing costs are lower and
environmental emissions standards are less stringent. As
more lead-bearing battery materials are exported to and
recovered in countries such as Mexico, greater pressure is
placed both on the United States by environmental groups to
adopt manifesting requirements similar to those required by
other countries, and on countries receiving battery waste from
the United States to adopt stringent environmental standards
similar to those that came into effect in January 2014 in the
United States. Adoption of comparable standards could reduce
global lead emissions and strengthen the competitiveness of
U.S. recycling facilities.
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