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Flow of Cadmium from Rechargeable Batteries in the

United States, 1996-2007

By David R. Wilburn

Abstract

Cadmium metal has been found to be toxic to humans
and the environment under certain conditions; therefore, a
thorough understanding of the use and disposal of the metal
is warranted. Most of the cadmium used in the United States
comes from imported products. In 2007, more than 83 percent
of the cadmium used in the United States was contained in
batteries, mostly in rechargeable nickel-cadmium batteries
used in popular consumer products such as cordless phones
and power tools. The flow of cadmium contained in recharge-
able nickel-cadmium batteries used in the United States was
tracked for the years 1996 to 2007. The amount of cadmium
metal contained in imported products in 2007 was estimated
to be about 1,900 metric tons, or about 160 percent higher
than the reported cadmium production in the United States
from all primary and secondary sources. Although more than
40,000 metric tons of cadmium was estimated to be contained
in nickel-cadmium rechargeable batteries that became obsolete
during the 12-year study period, not all of this material was
sent to municipal solid waste landfills. About 27 percent of
the material available for recovery in the United States was
recycled domestically in 2007; the balance was discarded
in municipal solid waste landfills, exported for recycling,
retained in temporary storage, or thrown away.

Introduction

More than 350 million rechargeable batteries are pur-
chased annually in the United States (U.S. Environmental
Protection Agency, 2002b). Rechargeable batteries may
contain toxic heavy metals, which, when used and disposed of
properly, present little threat to human health and the envi-
ronment. These materials can cause harm to the environment
and humans if they are discarded or incinerated improperly.

In 1992, the U.S. Environmental Protection Agency (EPA)
classified cadmium as a Group B1 probable human carcinogen
(U.S. Environmental Protection Agency, 2000). In that same
year, about 146,000 metric tons (t) of consumer batteries of
all types, some of which contained cadmium, was discarded
in the United States (Klimasauskas and others, 2006). In

recognition of the potential environmental hazards associ-
ated with cadmium metal exposure, some States have limited
cadmium use in some consumer products and are regulating
cadmium disposal in order to encourage recycling and protect
human health and the environment. Similarly, the European
Union issued regulations in 1999 designed to regulate cad-
mium disposal. Recent regulatory emphasis appears to have
shifted from the complete elimination of cadmium use to
proper risk management of cadmium-containing products
(Morrow, 2005).

Environmental concerns regarding the domestic use of
cadmium, increasing substitution of other battery chemistries,
stringent cadmium exposure regulations by the Occupational
Safety and Health Administration, cost effective manufac-
ture of more efficient nickel-cadmium (NiCd) rechargeable
batteries in China, and increasing reliance on foreign imports
of cadmium-containing products have contributed to reduced
cadmium production and altered consumption patterns in the
United States since 1990. Cadmium use in coating and plat-
ing, pigments, and plastics has dropped from 78 percent of
cadmium apparent consumption in 1980 to 17 percent in 2007,
whereas cadmium use in batteries has increased from 22 per-
cent of cadmium apparent consumption in the United States in
1980 to 83 percent of apparent consumption in 2007. During
the 12-year study period, overall demand for NiCd recharge-
able batteries has decreased with increased substitution, first
with nickel-metal-hydride batteries, then with lithium-ion bat-
teries. As these rechargeable batteries wear out or are replaced
by more efficient batteries, millions of batteries are discarded,
retained by the users in temporary storage, or recycled. Avail-
able data suggest that the percentage of cadmium metal recov-
ered from rechargeable batteries in the United States increased
to about 27 percent of the total amount available for recovery
in 2007 from 10 percent in 1996, when battery storage is con-
sidered. During the same period, cadmium use in batteries on
a tonnage basis has decreased about 32 percent (Kuck, 2006).

In order to estimate the effects of cadmium from the bat-
tery sector on the environment, it is necessary to quantify the
amounts of cadmium contained in batteries that are recycled or
discarded as waste. There are several reasons why it is difficult
to make such estimates. One impediment to quantifying the
amount of cadmium that is being recycled from NiCd batteries
is that data on the amount of obsolete NiCd batteries processed



2 Flow of Cadmium from Rechargeable Batteries in the United States, 1996-2007

by small recyclers in the United States or the amount exported
from the United States for recycling are not readily available.
Detailed production data by International Metals Reclamation
Co., Inc. (INMETCO), of Ellwood City, Penn., the princi-

pal cadmium recycler in the United States, are considered
proprietary.

The United States passed legislation in 1996 [U.S.C.
14301-14336 (Battery Act)] which removed certain barriers
to the collection and recycling of rechargeable batteries (U.S.
Environmental Protection Agency, 2002b). Although no man-
datory Federal regulations exist that require cadmium recy-
cling, 13 States (as of 2004) have passed legislation regulating
battery labeling and removeability from consumer products
and 8 States have “takeback” requirements that apply to
NiCd batteries (Klimasauskas and others, 2006). A voluntary
collection program for rechargeable batteries in Canada and
the United States was initiated in 1994 by the Rechargeable
Battery Recycling Corporation (RBRC). The RBRC data are
reported in terms of the weight of batteries recycled by battery
chemistry. Statistics by specific industrial or consumer battery
classifications and their cadmium content are not reported.
Although RBRC is the largest rechargeable battery recovery
organization in the United States, other organizations also col-
lect batteries for recycling, and some larger manufacturers col-
lect batteries internally and send them directly to INMETCO
or European recyclers (Boehme and Panero, 2003, p. 41).

Another difficulty in estimating the cadmium battery
recycling rate in the United States is the measurement of
cadmium battery consumption in the Nation. Cadmium metal
consumption data attributed to battery production are not col-
lected by the U.S. Geological Survey (USGS), although esti-
mates of apparent consumption by end-use sector are available
(U.S. Geological Survey, 2005). Data on cadmium contained
in manufactured products that are imported to or exported
from the United States also are not reported by the USGS. The
U.S. International Trade Commission (ITC) reports data on the
number of individual NiCd batteries imported to and exported
from the United States annually and separately reports data on
the number of manufactured products that use NiCd batteries.
Data on cadmium content of these batteries are not reported by
the ITC. Trade information reported by the ITC are aggregated
totals of data supplied directly by importing and exporting
companies; the accuracy of these data depend on whether the
raw data are categorized and entered correctly.

A third impediment to estimation of the domestic cad-
mium battery recycling rate is the lack of data showing the
distribution of cadmium content among the numerous battery
types and products that become available for recycling each
year. Although large industrial batteries are easy to collect and
are recycled at a reported rate of at least 80 percent globally,
smaller consumer NiCd batteries have a much lower recycling
rate (Klimasauskas and others, 2006). The reported recycling
information available for the United States does not provide
separate estimates of the metal content of consumer and indus-
trial battery types, so it is difficult to quantify the amount of
cadmium recovered from each type.

In an attempt to overcome these limitations, this study
integrated information on the domestic production and
consumption of batteries containing cadmium, the quantity
of cadmium that was imported and exported either in sepa-
rate batteries or contained in prepackaged products, and the
quantity of cadmium that was recovered by recycling of both
consumer and industrial NiCd batteries. The scope of this
study was limited by its assumptions related to average battery
weight, cadmium content by battery class, and trade category
distribution. The assumptions that were made for this analy-
sis are shown in the appendix. The study supplements USGS
reported mineral production and mineral commodity consump-
tion statistics, which provide information essential for govern-
ment, nongovernmental organizations, and the general public
to gain a better understanding of how and where materials
are used and draw inferences as to their possible effect on the
environment and society.

This report describes the flow of cadmium contained in
rechargeable NiCd batteries used in the United States for the
period 1996 to 2007 and presents estimates of the amount of
cadmium that was in use, in consumer storage, and recovered
by recycling during this period. It also presents an estimate
of how much cadmium may have entered the municipal solid
waste stream between 1996 and 2007.

Contribution of the NiCd Battery Sector
to the Rechargeable Battery Industry in
the United States

It is necessary to understand the contribution of the NiCd
battery sector to the U.S. rechargeable battery industry before
it is possible to determine the material flow of cadmium in the
United States from this sector. Historical supply sources, out-
flows, and principal end uses of cadmium metal in the United
States are shown in figure 1. Domestic production of cadmium
metal in the United States occurs in two principal ways. Itis a
byproduct of the smelting and refining of zinc and other metals
and a remnant of the recycling of scrap containing cadmium.
Other sources of secondary cadmium, such as electric arc
furnace dust, electroplating waste, filter cakes, and sludges, are
small and diminishing (Plachy, 2003b), so are not considered
in this study. Although domestic cadmium consumption data
are not compiled by the USGS, end use distribution data are
reported annually (U.S. Geological Survey, 2005; Kuck, 2006;
Tolcin, 2008a) on the basis of global end-use distribution
percentages reported in the Mining Journal’s Annual Mining
Review (Hugh Morrow, president, International Cadmium
Association, oral commun., 2007). Distribution data on min-
eral consumption in the United States are not readily available
by individual end use, so international estimates were used in
this study to estimate the amount attributed to batteries. For
2007, approximately 83 percent of the cadmium consumed
in the United States was estimated to have been consumed in
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batteries (Tolcin, 2008b), and most of the cadmium that was
consumed came from batteries imported primarily from China
and Japan. Although battery end-use applications vary over
time, the principal end uses for NiCd batteries in 2007, based
upon the amount of cadmium contained in each type, are
industrial batteries (such as batteries used for aircraft, railroad,
and uninterruptable power source and telecommunication
applications) and small consumer rechargeable batteries (such
as batteries used in cordless phones, power tools, household
appliances, toys, and watches). Batteries are imported sepa-
rately and as part of prepackaged consumer products.
Environmental concerns about cadmium toxicity and
technological advances have led to the development and

Principal sources
of cadmium supply
in the United States

shipments

cadmium

increased use of alternative battery chemistries (such as the
nickel-metal hydride and lithium-ion batteries) within the
rechargeable battery sector. Data on rechargeable battery sales
in the United States are not readily available, but worldwide
data published by the Institute of Information Technology, Inc.
(Takeshita, 2008) show that (1) NiCd battery sales peaked in
1992, (2) the NiCd battery-producing industry largely shifted
from Japan to China in the late 1990s, (3) the nickel-metal
hydride battery market share increased significantly between
1992 and 1995, remaining constant at 20 to 25 percent of
market share until 2000, and (4) the market share for the
lithium-ion rechargeable battery has grown rapidly since
2000. These trends are shown in figure 2 based on global

* Domestic cadmium metal production
from refining zinc and other metals

* Domestic secondary metal production
from battery recycling, electric arc
furnace dust, and other wastes

e Metal imports for consumption

¢ Industry stocks and government

¢ Net imports of products containing

e Exports of metal, alloys, and scrap
e Exports of fabricated products

e Exports of recycled cadmium or
products intended for recycling

Figure 1. Principal cadmium
end uses, outflows, and
sources in the United States.
Sources of cadmium in the
United States and cadmium
outflows from the United
States as reported by Plachy

* Batteries - 83%
 Pigments - 8%
End uses of . 0
cadmium for 2007 b = 7%
e Stabilizers - 1.2%
|+ Other - 0.8%
— External ——
Outflows of -
cadmium from
the United States
[ e Industry stockpiles
* Processing losses
— Internal ——
e Dissipative uses

| * Municipal solid waste landfills

(2003b). End use percentages
reported for 2007 by Tolcin
(2008b), and reflect global
estimates.
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NiCd battery sales (Takeshita, 2008). In 2007, NiCd batteries
accounted for about 10 percent of the worldwide recharge-
able battery market, nickel-metal hydride batteries accounted
for about 10 percent, and lithium-based batteries accounted
for about 80 percent when lithium-ion and lithium-polymer
chemistries are included (Takeshita, 2008). In spite of declin-
ing NiCd battery sales, ITC data indicate that the United States
imported more than 43 million NiCd batteries in 2007, and
many more NiCd batteries were imported as part of prepack-
aged electronic products (U.S. International Trade Commis-
sion, 2009). Although this study focuses on the 1996 to 2007
period, some batteries produced prior to this period (when
NiCd batteries accounted for a much larger market share, as
shown in figure 2) are included when considering the amount
of cadmium available for recycling during the study period.

Study Methodology

The study methodology applies a materials flow approach
to help gain an understanding of what happens to materi-
als we use from the time a material is extracted, through its
processing and manufacturing, to its ultimate disposition. In
order to describe the cadmium flows in the United States, it
is necessary to estimate cadmium consumption in the Nation.
Apparent consumption of cadmium metal in the United
States, as calculated by the USGS using the production data
of individual companies, U.S. foreign trade statistics, and
reported inventory stock changes, is reported annually in the
USGS Minerals Yearbook and USGS Mineral Commodity
Summaries series. For this study, apparent consumption (C)
is defined as mine production (MP) plus secondary refined

100

production (SP) plus metal imports for consumption (/M) plus
adjustments for industry and Government stock changes (4DJ)
minus metal exports (EX).

C=MP+SP+IM+ ADJ - EX

Such consumption data, however, do not include the
amount of cadmium contained in manufactured products that
are imported to and exported from the United States. Available
data indicate that the amount of cadmium metal contained in
products imported into the United States, particularly from
the NiCd battery sector, is much larger than the amount of cad-
mium that is annually consumed from domestic refined metal
production.

Import and export trade data, expressed in terms of the
number of battery units, as reported by the ITC (U.S. Inter-
national Trade Commission, 2009) were reviewed for this
study. Data were available for 1996 to 2007, so this period was
chosen for study. The 10-digit Harmonized Tariff Schedule
of the United States (HTS) classifications were reviewed to
determine which classifications contained NiCd batteries or
products using these batteries. Import and export data were
collected for each selected classification, including classifica-
tions for separate storage batteries and prepackaged products
thought to contain NiCd batteries.

Because NiCd battery trade data are reported by the ITC
in very general categories for separate batteries and batter-
ies contained in prepackaged products, it was necessary to
estimate the battery distribution within each category prior to
determining the amount of cadmium included in that category.
The distribution of some categories was straightforward; for
others, many assumptions were required. Assumptions are
presented in the appendix.

90
80
70
60

50

Nickel-metal-hydride

40 batteries

30

20 Nickel-cadmium batteries

TOTAL GLOBAL RECHARGEABLE BATTERY SALES, IN PERCENT

YEAR

Lithium-polymer batteries

Lithium-ion batteries

0
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Figure 2. Percentage of global
rechargeable sales for the principal
battery types, 1986—2007. Data modified
from Takeshita (2008).



Battery distribution assumptions related to the category
“nickel-cadmium storage batteries, not elsewhere specified”
(HTS code 8507.30.8090), which includes most industrial
NiCd batteries, requires further discussion because of the
quantity of batteries found in this category. The data indicate
that this category includes large industrial batteries and small
consumer batteries and battery components. Trade data were
reported as both units of quantity and value, by country. After
discussions with ITC personnel and the USGS cadmium
specialist, it was decided that the calculated unit value would
provide a means of estimating the relative percentage of distri-
bution between these two imported battery types, by country.
A sliding scale was set up to determine the percentage attrib-
uted to industrial batteries by using the reported unit value.

In general, the higher the unit value reported for a particular
country, the greater was the percentage of industrial batteries
attributed to that country. The total number of units attributed
as either industrial type batteries or consumer type batteries
were developed by aggregating the estimates for the individual
countries. Estimates were found to be in close agreement with
nonpublic information available to the ITC, which provided
support for this data estimation methodology.

Estimates of the average cadmium content included in
each selected HTS NiCd battery classification were developed.
Because individual HTS classifications may include more than
one battery type, it was necessary to review each classifica-
tion and make assumptions as to the distribution of battery
types for each category. Worldwide market data were used as
an approximation for the types of batteries included in each
of the major battery applications in the United States (Pillot,
2004). Because data were most often expressed in terms of
the quantity of batteries, an estimate for the average amount
of cadmium contained within each battery or battery product
classification was developed so that an estimate of the total
amount of cadmium contained in that classification could be
made. The amount of cadmium contained in NiCd batteries
varies substantially with battery type and slightly by manu-
facturer. Estimates of cadmium content were based on data
provided by selected battery manufacturers for various battery
types. On the basis of the reported description for each clas-
sification, a specific battery or group of batteries was selected
to depict the “average” battery for that classification. From
the weights of these batteries as reported by the manufacturers
and assuming a typical cadmium content for that battery type
(Vangheluwe and others, 2005, p. 11), cadmium content for
each classification was determined. The quantity of cadmium
annually used in batteries enclosed in products for specific
end-use applications was estimated by integrating ITC trade
data for these specific products, estimates of battery consump-
tion for that particular end-use sector as provided by the Inter-
national Cadmium Association (Morrow, 2005; International
Cadmium Association, 2008) and Avicenne Developpement
(Pillot, 2004, 2005, 2008). In cases where the classification
was known to use battery types other than NiCd batteries,
the percentage attributable to NiCd batteries was developed.

Analysis of the Data 5

Estimates for the average amount of cadmium contained in
generalized battery types are summarized in the appendix.

Analysis of the Data

Total Consumption

Estimates for the amount of cadmium contained in NiCd
batteries imported to and exported from the United States
for selected years within the 19962007 study period, based
on ITC data, are summarized in table 1. Trade classifica-
tions included in this analysis also are reported in table 1.
Estimates for the entire study period indicate that the United
States imported many more NiCd batteries than it exported,
classifying the country as a net importer of cadmium con-
tained in rechargeable batteries. The distributions of cadmium
metal contained in imported and exported NiCd batteries and
battery products for the study period are shown in figures 3
and 4, respectively. In 2005, about 59 percent (by weight) of
the imported cadmium in NiCd batteries was contained in
batteries in prepackaged consumer products, about 26 percent
of the cadmium was contained in small sealed consumer bat-
teries, and about 15 percent of the cadmium was contained in
industrial batteries. Although it may appear that the percentage
attributed to industrial batteries increased between 2005 and
2007, export data suggest that many of these were reexported
from the United States to other countries. In terms of cadmium
content of exported batteries and battery products, more than
one-half of the exported cadmium contained in NiCd batteries
(by weight) was contained in batteries enclosed in prepack-
aged products for most of the study period. The United States
imported about 1,500 t more cadmium in NiCd batteries than
it exported in 2007.

Combining these data with cadmium production and
consumption data reported annually by the USGS allows the
total consumption of cadmium metal in the United States to
be calculated for each year of the study period. For this part
of the study, total consumption in the United States is defined
as apparent consumption + cadmium contained in imported
products — cadmium contained in exported products. The
quantity of each component of total cadmium consumption in
the United States for all sectors in 2007 is shown in figure 5;
the battery sector accounted for 83 percent of cadmium
consumption for all sectors in that year. For 2007, the United
States apparent consumption of cadmium metal was reported
to be 585 t (Tolcin, 2008a). When the quantity of cadmium
contained in imported and exported manufactured products
(shaded boxes) is taken into account, however, the total con-
sumption of cadmium metal in the United States is estimated
to be about 2,500 t. Much of the difference between the two
estimates can be attributed to the inclusion of cadmium con-
tained in imported and exported manufactured products in the
total consumption data shown in figure 5.
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Table 1. Estimates of the amount of cadmium metal contained in nickel-cadmium batteries imported to and exported from the United
States, for selected years.

[Data are reported in metric tons of cadmium metal contained in selected batteries and products containing batteries and are modified from U.S. International
Trade Commission data (2009) and discussions with Peter Kuck (U.S. Geological Survey commodity specialist, oral commun., 2006). Values may not add to
totals shown because of rounding. g/unit, grams per unit; <, less than]

1996 1998 2000 2002 2004 2006

Classification
Imports Exports  Imports Exports  Imports Exports  Imports Exports  Imports Exports Imports Exports

Industrial storage batteries

Electrically-powered vehicle batteries' <1 NA <1 NA <1 NA <1 NA <1 NA <1 NA
Lamps/emergency lighting? 140 99 130 120 210 170 180 130 160 79 130 31
Military batteries, reported separately? <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Industrial batteries* 130 NA 82 NA 390 NA 150 NA 250 NA 220 NA
Subtotal: industrial nickel-cadmium batteries 270 99 210 120 600 170 330 130 410 79 350 31
Consumer storage batteries
Sealed consumer batteries, separate’ 1,600 130 1,000 150 960 140 630 85 530 41 440 42
Miscellaneous batteries, separate® 32 NA 31 NA 18 NA 13 NA 7 NA 7 NA
Subtotal: consumer nickel-cadmium batteries 1,600 130 1,000 150 980 140 640 85 540 41 450 42
Batteries enclosed in products

Batteries enclosed in power tools’ 150 28 250 33 380 19 460 0 560 0 640 0
Batteries enclosed in cordless phones® 140 7 210 19 250 21 270 29 250 20 220 16
Batteries enclosed in cameras/camcorders’ 83 <1 47 <1 41 <1 42 <1 16 <1 2 <1
Batteries enclosed in portable radios' 1 <1 1 <1 1 <1 1 <1 <1 <1 <1 <1
Batteries enclosed in shavers'! 13 <1 15 <1 16 <1 16 <1 33 <1 8 <1
Batteries enclosed in electric toothbrushes'? 4 0 8 0 13 0 47 0 51 0 14 0
Batteries enclosed in portable vacuum cleaners'? 27 36 34 20 45 13 67 15 34 19 8 7
Batteries enclosed in flashlights' 35 <1 50 <1 58 <1 56 <1 56 0 21 0
Clock batteries, reported separately' 1 <1 1 <1 2 <1 2 <1 2 <1 0 0
Subtotal: nickel-cadmium batteries in products 460 71 620 72 810 53 960 44 1,010 39 920 23
Total 2,300 300 1,800 340 2,400 360 1,900 260 2,000 160 1,700 96
Net cadmium from imported batteries'® 2,000 1,500 2,000 1,700 1,800 1,600

! Includes cadmium contained in separate nickel-cadmium storage batteries imported as Harmonized Tariff Schedule of the United States (HTS) code 8507.30.4000 (166 g/unit),
as reported by the International Trade Commission.

% Includes cadmium contained in nickel-cadmium batteries enclosed in portable lamps imported as HTS code 8513.10.4000 and export code 8513.10.0000 (18 g/unit). These clas-
sifications include emergency lighting applications, but exclude flashlights. Note that most, if not all, of the imported material in this classification is re-exported.

3 Includes cadmium contained in nickel-cadmium batteries enclosed in military products imported as HTS codes 91040000520, 9104.00.1020, 9104.00.2520, 9104.00.3020,
9104.00.4520, and 9104.00.5030, and HTS export code 9104.00.0000 (2.9 g/unit).

4 Includes cadmium contained in separate nickel-cadmium storage batteries imported as HTS code 8507.30.8090 (1.2 kg/unit). Industrial batteries determined by country on a unit
value basis.

3 Includes cadmium contained in separate nickel-cadmium storage batteries imported as HTS code 8507.30.8010 (8.4 g/unit), and exported as HTS codes 8507300000
and 8507.30.0050 (8.4 g/unit).

¢ Includes cadmium contained in separate nickel-cadmium storage batteries imported as HTS code 8507.30.8090 (8.4 g/unit), estimated from residual after industrial battery
component removed.

"Includes cadmium contained in nickel-cadmium batteries enclosed in power tools imported as HTS codes 8467.21.0000 and 8508.10.0010 and export code 8508.10.0010
(60 g/unit).

8 Includes cadmium contained in nickel-cadmium batteries enclosed in cordless phones imported and exported as HTS code 8517.11.0000 (11.2 g/unit).

¢ Includes cadmium contained in nickel-cadmium batteries enclosed in camcorders imported and exported as HTS codes 8525.40.8020 and 8525.40.8050, and import codes
8525.40.0020 and 8525.40.0050 (22.4 g/unit). For the years 1996-1999, still image cameras containing nickel cadmium batteries HTS codes 8525.40.0090, 8525.40.4000,
and 8525.40.8085 were included in this classification.

1 Includes cadmium contained in nickel-cadmium batteries enclosed in portable radios imported and exported as HTS code 8527.12.0000 (2.9 g/unit).

" Includes cadmium contained in nickel-cadmium batteries enclosed in shavers imported and exported as HTS code 8510.10.0000 (2.9 g/unit).

12 Includes cadmium contained in nickel-cadmium batteries enclosed in electric toothbrushes imported as HTS code 8509.80.0045 (2.9 g/unit).

13 Includes cadmium contained in nickel-cadmium batteries enclosed in portable vacuum cleaners imported and exported as HTS code 8509.10.0020 (136 g/unit).
! Includes cadmium contained in nickel-cadmium batteries enclosed in flashlights imported as HTS code 8513.10.2000 (13.8 g/unit).

'3 Includes cadmium contained in nickel-cadmium batteries enclosed in clocks imported as HTS codes 9103.10.2020, 9103.10.2040, 9103.10.4030, 9103.10.4060, 9103.10.8030,
9103.10.8060, 9105.11.4030, 9105.11.4050, 9105.11.8040, 9105.11.8070, 9105.21.4030, 9105.21.8050, 9105.91.4030, 9105.91.8050, 9106.90.5520, 9109.11.1030, 9109.11.2030,
9109.11.4030, 9109.11.6030, 9109.19.1030, 9109.19.2030, 9109.19.4030, 9109.19.6030, and export code 9103.10.0000 (2.9 g/unit).

1¢ Net value reflects quantity imported minus quantity exported; a positive number indicates that the quantity imported is greater than the quantity exported. Totals may not add
owing to rounding of data.
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U.S. production of
. 735
primary and secondary
cadmium metal 424 U.S. exports of metal,
alloys, and scrap
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foruéiﬁgl:norttiim 316 of cadmium metal
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Industry stocks Government
1,440 shipments

Figure 5. Total consumption of cadmium metal in the United States in 2007. Boxes represent inflow and output of cadmium. Values
represent 2007 flow estimates expressed in metric tons of cadmium metal, as adapted from data reported by the U.S. International Trade
Commission (2009) (shaded boxes), the U.S. Geological Survey Mineral Yearbook series 2005, 2006, 2007, and the U.S. Geological Survey
Mineral Commodity Summaries 2008 (Tolcin, 2008). Values may not add to totals shown because of rounding.

Recycling

Estimates of the amount of cadmium that is available for
recycling or disposal were developed by analysis of a number
of factors. Data on cadmium metal apparent consumption and
cadmium use attributed to batteries have been reported by the
USGS (Plachy, 2001, 2002, 2003a, 2004, 2005; Kuck, 2006;
U.S. Geological Survey, 2005; Tolcin, 2008b). Estimates
of the net amount of cadmium contained in traded batteries
(imports minus exports, as reported in table 1) were developed
using ITC data (U.S. International Trade Commission, 2009).
The length of time between battery production and recycling
or disposal is a function of battery service life and the time the
battery is retained by the user after it is considered obsolete.
Battery service life distribution patterns (shown in figure 6 for
an industrial battery with an assumed 15-year service life and
an assumed storage life of 1 year and a consumer battery with
an assumed 4-year service life and 4-year storage life) were
developed on the basis of data reported by Sanyo Corporation
(Sanyo Energy (USA) Corporation, 2006), discussions with
C. Norman England, president, Rechargeable Battery Recy-
cling Corporation (oral commun., 2006), and estimates from
Takeshita (2008). Battery discards are assumed to be a func-
tion of rates of acquisition of replacement batteries or associ-
ated products by the consumer, battery or associated product

failure, and rates of removal of obsolete batteries from storage.

The discard rate was determined to be greatest near the end

of battery life (fig. 6). The amount of cadmium contained in
batteries discarded for each year within the 19962007 study
period was estimated from battery consumption data from
prior years, estimated battery service life distribution patterns,
and battery end-use application. Further assumptions related
to battery life are reported in the appendix. The amount of
cadmium recovered from batteries annually recycled in the
United States for the study period was determined based on

a compilation of data from RBRC, INMETCO, and other
small U.S. recyclers. Data on the amount of material exported
for recycling was not available, so was not included in the
recovery estimates. Table 2 lists estimates of the amount of
cadmium contained in consumer batteries, industrial batteries,
and batteries in products available for recovery and estimated
cadmium recovery percentages in the United States for the
period 1996 through 2007. If the amount of cadmium recov-
ered from exported batteries was included, the overall recov-
ery of cadmium from batteries consumed in the United States
would be greater than the values shown in table 2. Figure 7
compares the amount of cadmium recovered from spent batter-
ies with the amount of cadmium contained in batteries retained
by users, exported for recycling, and sent for disposal.

Table 2 shows that the overall cadmium recovery rate
has been increasing because (1) more batteries have reached
the end of their service life, (2) advancements in battery
technology have provided incentives for consumers to replace
older batteries with newer, more efficient batteries, and (3)
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higher metal prices have encouraged recycling. The percent-
ages reported in table 2 reflect a comparison of the amount of
cadmium collected for recycling by year with the estimate of
the amount available for recovery in that year for a mixture
of industrial and consumer batteries. The amount available
includes estimates of the amount contained in batteries that
became obsolete and batteries that were discarded by consum-
ers and industrial users. The amount of material retained by
users in temporary storage was estimated annually, but that
material was not included in the recovery estimate for that
year; it was, however, considered in a later year as determined
by the battery storage life. For example, a consumer battery
that reached the end of its service life in 2001 was assumed to

and C. Norman England,
Rechargeable Battery
Recycling Corporation,
oral commun., 2009.

become available for recycling or disposal in 2005, or 4 years
after its assumed obsolescence, based on an estimated average
storage life of 4 years. The average amount of cadmium that
was recovered from batteries increased from about 10 percent
of the total amount of cadmium believed to be contained in
such batteries in 1996 to about 27 percent in 2007. The values
reported in table 2 reflect estimated cadmium recovery rates
rather than battery recovery rates, as have been reported by
RBRC (Burchill, 2000; Rechargeable Battery Recycling Cor-
poration, 2005, 2006, 2008). The EPA issued a report in 2003
that stated that, although lead-acid batteries had the highest
recycling rate in 2003 (about 93 percent) metals contained in
consumer electronics (including cadmium in batteries) had a
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Table 2. Estimated amount of contained cadmium in nickel-cadmium batteries available for recovery and recovery percentages in
the United States for 1996—2007.

[Units reported in metric tons of contained cadmium. Battery life estimated using data reported by selected manufacturers. Values may not total because of
rounding. Amounts available for recycling derived from Plachy (2001, 2002, 2003a, 2004, 2005), Kuck (2006), and U.S. International Trade Commission
(2009). Amounts recycled derived from Burchell (2000), Rechargeable Battery Recycling Corporation (2006, 2007, 2008), and Warren (2006). NA, not avail-
able; --, not applicable]

Percentage of

Industrial Consumer  Batteries in Total all cadmium metal
batteries batteries products battery recove_rved fror_n the
types reservoir of available
NiCd batteries
Estimated battery service life (years) 15 4 4 NA -
Estimated storage life (years) 1 4 4 NA -
Cadmium available for recycling in 1996' 260 2,400 1,200 3,800 -
Cadmium in batteries collected for recycling in 19967 NA NA NA 390 10
Cadmium available for recycling in 1997! 250 2,300 1,200 3,800 -
Cadmium in batteries collected for recycling in 1997> NA NA NA 400 11
Cadmium available for recycling in 1998! 300 2,000 1,000 3,300 -
Cadmium in batteries collected for recycling in 19982 NA NA NA 470 14
Cadmium available for recycling in 1999! 350 2,000 1,100 3,400 -
Cadmium in batteries collected for recycling in 1999> NA NA NA 480 14
Cadmium available for recycling in 2000! 440 2,000 1,100 3,500 -
Cadmium in batteries collected for recycling in 2000? NA NA NA 510 14
Cadmium available for recycling in 2001! 530 1,800 1,000 3,400 -
Cadmium in batteries collected for recycling in 20012 NA NA NA 520 15
Cadmium available for recycling in 2002! 650 1,900 1,100 3,600 -
Cadmium in batteries collected for recycling in 2002> NA NA NA 560 15
Cadmium available for recycling in 2003! 730 2,000 1,100 3,800 -
Cadmium in batteries collected for recycling in 20032 NA NA NA 700 18
Cadmium available for recycling in 2004! 790 1,800 1,200 3,900 -
Cadmium in batteries recycled in 20043 NA NA NA 700 18
Cadmium available for recycling in 2005' 750 1,300 1,400 3,500 -
Cadmium in batteries recycled in 20053 NA NA NA 720 21
Cadmium available for recycling in 2006' 620 1,100 1,400 3,100 -
Cadmium in batteries recycled in 2006* NA NA NA 770 25
Cadmium available for recycling in 2007! 640 980 1,500 3,100 -
Cadmium in batteries recycled in 20074 NA NA NA 840 27
Total cadmium available for recycling 1996-2007 6,300 22,000 14,000 42,000 -

! Assumed using the battery service and storage lives as shown and using the distribution patterns shown in figure 6. Material is considered available for
recycling after having been used for the specified service and subsequently stored for the specified numver of years.

2 Calculated on the basis of reported pounds of batteries collected for recycling multiplied by contained cadmium percentage multiplied by assumed 95%
refinery recovery rate.

3 Calculated on the basis of battery recovery figures reported by Rechargeable Battery Recycling Corporation and unpublished data from International Met-
als Reclamation Company, Inc., oral commun. (2006).

4 Calculated on the basis of battery recovery figures reported by Rechargeable Battery Recycling Corporation, unpublished data from International Metals
Reclamation Company, Inc., oral commun. (2006), and data provided by Linda Gabor, Rechargeable Battery Recycling Corporation, oral commun. (2009).



recycling rate of about 10 percent (U.S. Environmental Protec-
tion Agency, 2003). Ancillary unpublished data provided by
INMETCO indicated that the effective recovery rate of all
types of consumer batteries in 2005 was about 16 percent;

the effective recovery rate for industrial batteries was about

86 percent. These figures are generally in line with reported
recycling rates of about 20 percent for consumer batteries and
80 percent for industrial batteries (Plachy, 2003b).

An important corollary to the cadmium recovery data
reported in table 2 is shown in figure 7, which reveals that,
although the amount of NiCd batteries collected for recycling
(Warren, 2000) is gradually growing, the amount of cadmium
recovered domestically from these batteries is still small in
comparison to the amount that is unrecovered or sent over-
seas for recovery. After use, millions of NiCd batteries are
“retired”; they are stored, exported for recycling, or discarded.
The magnitude of unrecycled cadmium contained in batteries,
estimated to be about 42,000 t for the 12-year period since
1996 (the implementation date of the Battery Act), is illus-
trated in figure 7. Even though there is a significant amount of
cadmium that is being retained by users as batteries, exported
for recycling, or sent for disposal, the overall trend since 1996
reflects increased recycling and the decreasing consumption of
NiCd batteries in favor of other battery types.

A 2005 survey conducted by RBRC found that, in the
United States, consumers daily use an average of six wireless
products that require rechargeable batteries (Rechargeable
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Battery Recycling Corporation, 2005). About one-half of the
survey respondents reported that they had obsolete batteries or
old unused electronic products containing batteries of vari-
ous types stored in their homes. Others reported that they had
discarded obsolete batteries. The RBRC also assumed at least
50 percent of batteries not in use but not yet recycled are being
“hoarded” (C. Norman England, Rechargeable Battery Recy-
cling Corporation, oral commun., 2006). Similarly, in a study
conducted by Franklin Associates, Ltd. for the EPA (U.S.
Environmental Protection Agency, 2002a), it was assumed that
50 percent of NiCd rechargeable consumer batteries are dis-
carded within the year purchased and 50 percent are retained
for a period of up to 4 years. Therefore, for the purpose of
estimating the quantity of batteries that are available for recy-
cling in any year of the study period, it was assumed that up to
50 percent of the consumer batteries that become available for
recycling in any given year do not immediately get recycled; a
lag time of up to 4 years was assumed for this material.

Table 3 reports U.S. cadmium metal statistics as reported
by the USGS (U.S. Geological Survey, 2005; Tolcin, 2008a)
and estimates derived from this study. About 3,100 t of
cadmium was contained in batteries available for recycling
in 2007. This material came from three principal sources: (1)
waste from battery production in the United States, (2) battery
discards, and (3) cadmium contained in spent batteries previ-
ously held in temporary storage. Approximately 840 t of cad-
mium was recovered by recycling, about 1,300 t of cadmium
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Figure 7. Estimated quantity of cadmium recovered from the recycling of batteries in the United States, 1996—-2007. Estimated from

U.S. International Trade Commission and U.S. Geological Survey data using a discrete distribution to estimate the amount of material
available for recovery based on an assumed battery life (service plus storage) of 16 years for industrial batteries and 8 years for
consumer batteries and those contained in prepackaged consumer products.



Table 3. Estimates of cadmium metal attributed to rechargeable batteries in the United States, 1996-2007.

[Weight units are reported in metric tons. Annual estimates of material available for recovery were developed using estimates for battery service life, the number and length of time spent batteries are stored or
retained by users, and the amount recovered in the United States. Estimates of the quantity of batteries sent outside the United States for recovery are nor included in this analysis. Data are derived from U.S.
Geological Survey (2005); Tolcin (2008); International Trade Commission (2009).]

4]

Cadmium metal used . . . . . . Percentage of cadmium metal
Cadmium metal Cadmium metal Cadmium metal Cadmium metal in Cadmium .
by the U.S. battery . L . . recovered from the reservoir of
Year . in net battery contained in batteries  recovered from  spent batteries stored metal sent - .
sector from domestic . . . . available material when stored
. trade available for recovery used batteries or retained by users for disposal L
and imported sources material is excluded
1996 1,500 2,000 3,800 390 1,800 1,600 20
1997 1,700 2,000 3,800 400 1,800 1,600 20
1998 1,500 1,500 3,300 470 1,500 1,300 26
1999 1,400 1,700 3,400 480 1,500 1,400 25
2000 1,500 2,000 3,500 510 1,600 1,400 27
2001 800 1,600 3,400 520 1,500 1,400 27
2002 1,300 1,700 3,600 560 1,500 1,500 27
2003 800 1,700 3,800 700 1,600 1,500 32
2004 1,400 1,800 3,900 700 1,600 1,600 30
2005 600 1,800 3,500 720 1,400 1,400 34
2006 500 1,600 3,100 770 1,300 1,000 43

2007 500 1,500 3,100 840 1,300 960 47
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was contained in batteries retained in temporary storage by
users, and about 960 t of cadmium was contained in batteries
sent for disposal.

Estimates for recycling rates vary by battery chemistry
and end-use. Generally, industrial batteries have a higher recy-
cling rate than do small consumer batteries. Although small
consumer batteries are often retained for significant periods
before being discarded, industrial batteries are often recycled
soon after they are considered obsolete. Because of uncer-
tainty associated with the length of time and amount of mate-
rial held in storage before disposal, some industry analysts do
not consider stored material when estimating recycling rates.
Table 3 reports estimates of the percentage of cadmium metal
recovered from the reservoir of available batteries when stored
material is excluded. As with the values reported in table 2,
these show that the amount of cadmium recovered from
recycled batteries has increased over the 12-year study period.
Table 3 values show cadmium recovery from recycled batter-
ies increased to 47 percent in 2007 from 20 percent in 1996.

Figure 8 summarizes estimates for cadmium municipal
solid waste (MSW) generation in the United States for 2007
from NiCd batteries. The EPA reports that about 20 percent
of the material that was not recycled was incinerated and
about 80 percent was sent to landfills (U.S. Environmental
Protection Agency, 2003). About 540 t (98 percent) of metals
was recovered from incineration by air pollution abatement
devices. Cadmium-bearing ash from the incineration process

Cadmium in spent batteries

Summary 13

is collected and sent to MSW or hazardous waste landfills.
In 2007, approximately 4 t of cadmium attributed to batteries
entered the atmosphere from MSW incineration.

The EPA estimated that about 1,900 t of cadmium from
household batteries was discarded as MSW in 2000 (U.S.
Environmental Protection Agency, 2002a, p. 7, 157). Con-
sidering that this figure did not include industrial or military
batteries (assumed by Franklin Associates, Ltd., to account
for about 25 percent of cadmium in batteries), this estimate is
higher than the estimate from this analysis for the same year
(approximately 1,390 t of cadmium was contained in con-
sumer batteries that entered the MSW stream).

Summary

Because cadmium is potentially toxic to humans and the
environment under certain conditions, a thorough understand-
ing of the use of products containing this metal and the pattern
of use and disposal is warranted. In 2007, nickel-cadmium
batteries accounted for 83 percent of the cadmium apparent
consumption in the United States. The cadmium metal content
of imported products (for all end uses) in 2007 was estimated
to be about 1,900 t, or about 160 percent of the reported
production of cadmium metal from all primary and secondary
sources in the United States. Since nickel-cadmium batteries

. . 1,300 Not available . Material exported
retained by users in storage & > o recvelin
for disposal in future years yelng
Cadmium in consumer
batteries and products
using batteries
Cadmium in spent batteries 840t of cadmium in
previously retained by batteries recovered
users in temporary storage > by recycling
Cadmium in industrial »-( 3100t of cadmium in i
. batteries available 4 Dissipative loss from MSW
batteries and products ———>> " o
. . for recycling or incinerator
using batteries > disposal
> > 960t of cadmium
Waste from battery in batteries entered 770 Municipal waste landfilled (80%)
pro_ducuon in the the MSW waste (cadmium contained in batteries)
United States stream
Municipal waste incinerated (209
Imported battery 190 unicipal waste incinerated (20%)

discards

——>» (cadmium contained in collected
incinerator residual byproducts)

Figure 8. Estimates for cadmium municipal solid waste (MSW) generation in the United States for 2007 from nickel-cadmium batteries.
Units are espressed in metric tons (t) and may not add to total shown owing to rounding. Estimates are based on the assumption that

up to 50 percent of batteries spent in any given year remain in temporary storage for up to 4 years prior to entering the MSW stream
(Rechargeable Battery Recycling Corporation, 2005) and that waste is split between incinerator (20%) and landfill disposition (80%)
(U.S. Environmental Protection Agency, 2003). Values and percentages were found to vary from year to year.
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began to be commercially recycled in 1995, cadmium recov-
ery from batteries has steadily increased to the 2007 level of
about 27 percent, much of which comes from the recycling of
industrial and commercial battery types. Although the market
share of nickel-cadmium batteries has decreased since 1996,
many of these batteries are still being produced domesti-
cally or are imported into the United States each year; others
continue to be used, are being stored, or have been discarded.
More than 42,000 t of cadmium contained in batteries are
estimated either to have been discarded over the 12-year study
period or remain temporarily in household storage. In 2007,
about 25 percent of the cadmium contained in batteries that
were considered available for recovery ended up in municipal
solid waste landfills. Dissipated losses from the incinerator
accounted for about 4 t of cadmium in 2007.
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Appendix 1

The estimates used in this study related to cadmium con-
tent of various battery types are summarized in table A-1. The
table includes batteries designated as representative types,
assumed battery weights assigned for principle classifications,
and cadmium content assumptions. For each classification,
the percentage estimate of NiCd batteries contained within
that classification also is reported. For some classifications,
different allocations for the percentage of NiCd batteries are
assumed for 2003 through 2007 on the basis of recent trend
data (Pillot, 2004, 2005, 2008; Takeshita, 2008; Battery Asso-
ciation of Japan, 2009). Variations were necessary owing to
changing market trends for some applications.

HTS code 8507.30.8090, “nickel-cadmium storage
batteries, not elsewhere specified,” grouped multiple NiCd
battery types into one category, so additional assumptions
were needed regarding which batteries were included in this
general category. Because specific information on batteries in
this category was not available, a methodology using the aver-
age unit value, by country, as reported by the U.S. Interna-
tional Trade Commission was developed in order to estimate
the relative distribution of batteries in this category into two
general types, small consumer batteries with a relatively low
unit value, and large industrial batteries with a higher aver-
age unit value. It was assumed that, on the basis of the unit
values for consumer and industrial batteries, as reported by
selected manufacturers, the price of a typical industrial battery

or battery pack was greater than $300 per unit and the typi-
cal price of a consumer battery or battery pack is less than
$15 per unit. Then the percent distribution of consumer and
industrial battery imports by country was estimated using the
unit value attributed to each importing country, which was
based on the reported customs values and total number of bat-
teries imported. The sliding scale of percentages allocated to
industrial batteries, based on the reported unit value for each
specified category, is shown in table A-2. Values, quantities,
and percentages used are listed, by country, in table A-3. To
obtain the most reliable estimate, the data were evaluated by
country, rather than as a whole. For example, if the reported
dollar-per-unit value of a specified category, as determined
by ITC data, fell within the range of $75 to $150 per unit,
then it was assumed that 75 percent of the batteries reported
for that category were of the industrial type. Because of the
rough nature of these assumptions, no adjustments were
made for inflation over time or variations in country costs

of production.

The assumptions made for average battery life and
battery recovery distribution for consumer and industrial
batteries and batteries contained in products are shown in
table A-4. For each battery group, it was assumed that 10
percent of the batteries in that group would be recoverable in
the year following the last year of battery storage life. These
estimates were developed from information derived from
Sanyo Energy (USA) Corporation (2006), Takeo (2008),
and discussions with C. Norman England, president, RBRC
(oral commun., 2006).



Table A-1. Selected material content assumptions and estimates for nickel-cadmium batteries used in this analysis to determine the flow of cadmium in the
United States, 1996-2007.

[g, grams; NA, not available; --, not applicable]

Manufacturer and Weight Average Cadmium Cadmium Cobalt Cobalt content/  Nickel Nickel content/ Nickel-cadmium,
bhattery type assumed range? weight? content?  content/cell  content? cell or pack® content? cell or pack® in percent of
Classification as representative’ (g) (g) (percent)  orpack’(g) (percent) (g) (percent) (g) total estimate’
General nickel-cadmium storage battery® NA NA NA 14 NA 0 NA 22 NA NA
Storage batteries, separate
Electrically-powered vehicle batteries Saft STM 12,900-17,000 14,400 16 2,300 1 100 22 3,200 100
Sealed consumer batteries Saft VRE 19-150 60 10-15 8.4 0.4-1 0.4 20-28 132 100
Sanyo Cadnica NA NA 11-26 NA 0 0 13-29 NA 100
Industrial batteries Saft SLM 1,000-45,000 14,900 8 1,200 0.2 30 9 1,300 100
Saft SPH NA NA 16 NA 1 0 22 NA 100
Batteries enclosed in products
Power tools Saft VRE-C NA 43 10-15 6 0.4-1 0.3 20-28 9.5 91
Cordless phones Battery selection® 63-113 80 14 11.2 0.9 0.7 22 17.6 40
Camcorders Battery selection® 59-376 160 14 22 0.9 1.4 22 35 (1996-2003) 30
- - - - - - - - - (2004) 18
- - - -- - - - - - (2005) 6
Cameras Battery selection® 20-318 130 14 19 0.5 0.5 22 29 (1996-2003) 30
- - - - - - - - - (2004) 18
- - - -- - - - - - (2005) 6
Portable radios Saft VRE-AA 14-32 21 10-15 2.9 0.4-1 0.1 20-28 4.6 6
Sanyo Cadnica-AA NA NA 11-26 NA 0 0 13-29 NA 6
Shavers Saft VRE-AA 14-32 21 10-15 2.9 0.4-1 0.1 20-28 4.6 (1996-2003) 45
Sanyo Cadnica-AA NA NA 11-26 NA 0 0 13-29 NA (2004) 34
- - -- - - - - - - (2005) 22
Electric toothbrushes Saft VRE-AA 14-32 21 10-15 2.9 0.4-1 0.1 20-28 4.6 (1996-2003) 45
Sanyo Cadnica-AA NA NA 11-26 NA 0 0 13-29 NA (2004) 34
-- - - - - - - - - (2005) 22
Portable vacuum cleaners Saft VRE-Cs 43-150 97 10-15 13.6 0.4-1 0.7 20-28 21.3 (1996-2003) 45
Saft VRE-D NA NA 10-15 NA 0.4-1 NA 20-28 NA (2004) 34
- - -- - - - - - - (2005) 22
Flashlights Sanyo Cadnica 19-145 49 11-26 6.9 0 0 13-29 10.8 (1996-2003) 4
- - - - - - - - - (2004) 3
- - - - - - - - - (2005) 2
Energizer NA NA 13-22 NA 0.5-2 NA 20-32 NA --
Panasonic 26-51 40 NA NA NA NA NA NA -
Portable electric lamps Saft VE 18-150 64 10-15 9 0.4-1 0.4 20-28 14 (1996-2003) 24
(bicycle, for example) - - - - -- - -- -- -- (2004) 18
- - - - - - - -- - (2005) 12
Clock batteries, reported separately Saft VRE-AA 14-32 21 10-15 29 0.4-1 0.1 20-28 4.6 (1996-2003) 4
Sanyo Cadnica-AA NA NA 11-26 NA 0 0 13-29 NA (2004) 3
-- -- - - - - - - - (2005) 2
Military batteries, reported separately Saft VRE-AA 14-32 21 10-15 29 0.4-1 0.1 20-28 4.6 16
Sanyo Cadnica-AA NA NA 11-26 NA 0 0 13-29 NA 16

"Manufacturer was selected on the basis of volume of production and availability of data. Battery selection was based on applicability to end-use category.

*Based on reported weights given by manufacturer for all batteries in that classification. Data obtained from specified manufacturer’s website.

3Calculated using (average weight) multiplied by (selected commodity content). When a percent range is shown, the average percent, reported by Vangheluwe, Verdonck, and Versonnen (2005) was used for calculations.

“Percent allocation of the number of batteries attributed as nickel-cadmium batteries, based on end-use distributions reported by Pillot (2004, 2005, 2008). In some cases, the 2004 and 2005 percentages were reported to be lower than the

percentages of prior years. Where no years are reported, value applies to entire study period.

SVangheluwe, Verdonck, and Versonnen (2005).
“Based on a random selection of batteries used for each of these applications, as reported by Zbattery (2006).
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Table A-2. Industrial battery allocation, by percent.

[Allocations were based on the premise that the typical price of a consumer
battery is less than $15/unit. An allocation of the percentage of industrial
batteries was assigned using the average unit value of batteries imported, by
country, as shown in table A-3.]

Percent attributed to

Reported unit value industrial batteries
$0-$15 0
$16-%25 25
$26-%75 50
$76-$150 75
$151-$300 90

Greater than $300 100




Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to

this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Antigua and Barbuda  Customs value 0 0 0 0 0 2,600 0 0 0 0
Units of quantity 0 0 0 0 0 400 0 0 0 0
Unit value ($/unit) 0 0 0 0 0 6.50 0 0 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Australia Customs value 5,973 8,198 0 0 75,000 0 3,337 0 0 17,758
Units of quantity 94 1,145 0 0 320,000 0 9 0 0 6
Unit value ($/unit) 63.54 7.16 0 0 0.23 0 370.78 0 0 2,959.67
% to industrial 50 0 0 0 0 0 100 0 0 100
Industrial units 47 0 0 0 0 0 9 0 0 6
Austria Customs value 0 0 0 0 0 0 0 7,848 0 0
Units of quantity 0 0 0 0 0 0 0 255 0 0
Unit value ($/unit) 0 0 0 0 0 0 0 30.78 0 0
% to industrial 0 0 0 0 0 0 0 25 0 0
Industrial units 0 0 0 0 0 0 0 64 0 0
Belgium Customs value 18,795 1,546 213,847 4,203 119,909 191,519 187,367 0 5,774 0
Units of quantity 895 50 736,140 900 36,050 35,715 44,077 0 41 0
Unit value ($/unit) 21.00 30.92 0.29 4.67 333 5.36 4.25 0 140.83 0
% to industrial 25 50 0 0 0 0 0 0 75 0
Industrial units 224 25 0 0 0 0 0 0 31 0
British Virgin Islands ~ Customs value 0 0 0 0 0 30,570 0 0 0 0
Units of quantity 0 0 0 0 0 2,150 0 0 0 0
Unit value ($/unit) 0 0 0 0 0 14.22 0 0 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Brazil Customs value 0 0 0 63,354 3,389 2,054 27,360 0 407,060 0
Units of quantity 0 0 0 810 579 277 7,817 0 127,423 0
Unit value ($/unit) 0 0 0 78.21 5.85 7.42 3.50 0 3.19 0
% to industrial 0 0 0 75 0 0 0 0 0 0
Industrial units 0 0 0 608 0 0 0 0 0 0
Bulgaria Customs value 0 0 0 0 0 0 0 2,043 0 0
Units of quantity 0 0 0 0 0 0 0 250 0 0
Unit value ($/unit) 0 0 0 0 0 0 0 8.17 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Canada Customs value 120,876 210,990 646,616 199,068 2,851,275 3,032,152 142,217 287,706 872,966 134,321
Units of quantity 5,890 4,693 20,895 3,455 46,390 36,950 3,133 2,601 19,263 9,000
Unit value ($/unit) 20.52 44.96 30.95 57.62 61.46 82.06 45.39 110.61 45.32 14.92
% to industrial 25 50 50 50 50 75 50 75 50 0
Industrial units 1,473 2,347 10,448 1,728 23,195 27,713 1,567 1,951 9,632 0
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Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.—Continued

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to

this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
China Customs value 6,988,651 6,365,376 7,495,091 13,990,978 23,569,804 6,922,996 8,905,977 9,704,339 9,326,632 14,628,192
Units of quantity 2,547,016 3,454,307 3,831,207 5,827,274 5,326,195 3,935,637 3,745,607 5,622,212 4,965,911 5,453,973
Unit value ($/unit) 2.74 1.84 1.96 2.40 4.43 1.76 2.38 1.73 1.88 2.68
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Colombia Customs value 0 27,500 0 0 0 0 0 0 0 3,530
Units of quantity 0 5,000 0 0 0 0 0 0 0 2
Unit value ($/unit) 0 5.50 0 0 0 0 0 0 0 1,765.00
% to industrial 0 0 0 0 0 0 0 0 0 100
Industrial units 0 0 0 0 0 0 0 0 0 2
Cote d’Ivoire Customs value 0 23,395 0 0 0 0 0 0 0 0
Units of quantity 0 42,000 0 0 0 0 0 0 0 0
Unit value ($/unit) 0 0.56 0 0 0 0 0 0 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Czech Republic Customs value 0 31,548 101,139 967,815 1,963,941 1,552,973 1,905,401 663,038 754,218 414,440
Units of quantity 0 1,900 3,311 8,034 15,006 20,161 36,151 17,393 5,430 4,133
Unit value ($/unit) 0 16.60 30.55 120.46 130.88 77.03 52.71 38.12 138.90 100.28
% to industrial 0 25 50 75 75 75 50 50 75 75
Industrial units 0 475 1,656 6,026 11,255 15,121 18,076 8,697 4,073 3,100
Denmark Customs value 0 37,719 73,728 10,615 11,186 6,166 19,434 7,728 4,070 10,800
Units of quantity 0 320 7,347 213 186 52 111 155 100 69
Unit value ($/unit) 0 117.87 10.04 49.84 60.14 118.58 175.08 49.86 40.70 156.52
% to industrial 0 75 0 50 50 75 90 50 50 90
Industrial units 0 240 0 107 93 39 100 78 50 62
Ecuador Customs value 0 0 0 0 14,213 0 0 0 0 0
Units of quantity 0 0 0 0 56 0 0 0 0 0
Unit value ($/unit) 0 0 0 0 253.80 0 0 0 0 0
% to industrial 0 0 0 0 90 0 0 0 0 0
Industrial units 0 0 0 0 50 0 0 0 0 0
Finland Customs value 11,756 465,419 29,031 21,992 103,610 82,840 10,348 23,690 22,635 47,214
Units of quantity 110 46,268 2,353 1,705 1,076 560 198 347 375 686
Unit value ($/unit) 106.87 10.06 12.34 12.90 96.29 147.93 52.26 68.27 60.36 68.83
% to industrial 75 0 0 0 75 75 50 50 50 50
Industrial units 83 0 0 0 807 420 99 174 188 343
France Customs value 1,514,669 3,935,401 5,918,306 7,058,477 26,856,840 19,252,086 12,255,051 10,378,255 12,263,256 11,852,367
Units of quantity 62,115 87,273 805,423 91,063 295,348 3,218,145 3,529,610 1,783,711 137,497 45,810
Unit value ($/unit) 24.38 45.09 7.35 77.51 90.93 5.98 3.47 5.82 89.19 258.73
% to industrial 25 50 0 75 75 0 0 0 75 90
Industrial units 15,529 43,637 0 68,297 221,511 0 0 0 103,123 41,229
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Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.—Continued

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to

this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Germany Customs value 2,254,880 2,055,418 2,644,362 2,743,955 3,160,506 1,653,064 2,017,050 2,450,481 2,397,520 1,950,102
Units of quantity 667,388 679,016 3,815,368 607,048 554,707 48,033 74,240 164,383 83,907 103,746
Unit value ($/unit) 3.38 3.03 0.69 4.52 5.70 34.42 27.17 14.91 28.57 18.80
% to industrial 0 0 0 0 0 50 50 0 50 25
Industrial units 0 0 0 0 0 24,017 37,120 0 41,954 25,937
Hong Kong Customs value 5,361,647 4,314,125 3,282,865 2,682,463 1,931,103 2,128,550 2,891,720 1,573,809 2,360,376 1,630,512
Units of quantity 1,605,326 1,204,278 1,680,758 548,078 518,444 580,003 559,835 348,333 869,614 650,997
Unit value ($/unit) 3.34 3.58 1.95 4.89 3.72 3.67 5.17 4.52 2.71 2.50
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Hungary Customs value 0 0 0 0 0 0 46,672 59,054 0 0
Units of quantity 0 0 0 0 0 0 15,000 1,104 0 0
Unit value ($/unit) 0 0 0 0 0 0 3.11 53.49 0 0
% to industrial 0 0 0 0 0 0 0 50 0 0
Industrial units 0 0 0 0 0 0 0 552 0 0
Iceland Customs value 3,825 5,641 0 0 0 0 0 0 0 0
Units of quantity 15 24 0 0 0 0 0 0 0 0
Unit value ($/unit) 255.00 235.04 0 0 0 0 0 0 0 0
% to industrial 90 90 0 0 0 0 0 0 0 0
Industrial units 14 22 0 0 0 0 0 0 0 0
India Customs value 0 0 0 0 0 61,787 0 58,668 250,488 56,584
Units of quantity 0 0 0 0 0 100,880 0 343 206 52
Unit value ($/unit) 0 0 0 0 0 0.61 0.00 171.04 1,215.96 1,088.15
% to industrial 0 0 0 0 0 0 0 90 100 100
Industrial units 0 0 0 0 0 0 0 309 206 52
Indonesia Customs value 4,243,040 5,282,748 6,002,549 4,330,341 4,143,484 1,613,919 397,662 183,385 140,894 36,784
Units of quantity 2,244,072 2,790,075 2,939,889 2,771,510 2,581,526 1,074,387 780,242 145,524 237,101 64,800
Unit value ($/unit) 1.89 1.89 2.04 1.56 1.61 1.50 0.51 1.26 0.59 0.57
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Ireland Customs value 2,338,872 228,562 483,248 120,382 972,366 1,321,618 124,045 12,159 0 0
Units of quantity 125,029 8,210 16,956 4,133 76,747 29,156 73,234 579 0 0
Unit value ($/unit) 18.71 27.84 28.50 29.13 12.67 45.33 1.69 21.00 0 0
% to industrial 25 50 50 50 0 50 0 25 0 0
Industrial units 31,257 4,105 8,478 2,067 0 14,578 0 145 0 0
Israel Customs value 630,497 146,300 374,353 423,548 111,181 90,008 90,000 2,070 0 0
Units of quantity 10,664 8,960 29,000 25,350 10,630 6,422 90 43 0 0
Unit value ($/unit) 59.12 16.38 12.91 16.71 10.46 14.02 1,000.00 48.14 0 0
% to industrial 50 25 0 25 0 0 100 50 0 0
Industrial units 5,332 2,240 0 6,338 0 0 90 22 0 0
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Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.—Continued

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to

this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Italy Customs value 27,077 3,201 20,986 0 7,127 209,728 606,271 316,158 669,179 946,284
Units of quantity 4,866 415 104 0 500 714 295 11,642 787 22,165
Unit value ($/unit) 5.56 7.71 201.79 0.00 14.25 293.74 2,055.16 27.16 850.29 42.69
% to industrial 0 0 90 0 0 90 100 50 100 50
Industrial units 0 0 94 0 0 643 295 5,821 787 11,083
Japan Customs value 64,137,101 39,717,506 29,890,272 17,886,592 16,846,744 11,350,615 12,231,392 8,420,501 5,161,582 3,829,577
Units of quantity 26,031,781 21,497,001 19,061,711 10,185,179 7,473,877 5,842,002 5,425,699 3,085,315 1,067,129 361,213
Unit value ($/unit) 2.46 1.85 1.57 1.76 2.25 1.94 2.25 2.73 4.84 10.60
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Korea, Republic of Customs value 1,100,749 1,712,919 1,531,293 1,962,190 2,046,271 1,051,063 290,031 216,172 353,265 204,242
Units of quantity 1,085,316 191,788 79,232 1,158,414 960,340 329,921 92,361 15,083 24,819 13,433
Unit value ($/unit) 1.01 8.93 19.33 1.69 2.13 3.19 3.14 14.33 14.23 15.20
% to industrial 0 0 25 0 0 0 0 0 0 25
Industrial units 0 0 19,808 0 0 0 0 0 0 3,358
Macao Customs value 98,477 3,451,393 2,451,451 173,090 0 20,010 6,270 12,540 13,200 0
Units of quantity 10,742 363,286 166,803 18,976 0 18,000 9,500 19,000 20,000 0
Unit value ($/unit) 9.17 9.50 14.70 9.12 0 1.11 0.66 0.66 0.66 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Malaysia Customs value 506,188 1,398,293 1,419,265 692,960 598,569 617,004 316,044 873,364 1,315,722 68,926
Units of quantity 329,670 494,077 616,792 405,800 618,062 203,551 40,276 90,162 115,882 5,072
Unit value ($/unit) 1.54 2.83 2.30 1.71 0.97 3.03 7.85 9.69 11.35 13.59
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Mali Customs value 0 0 2,678 0 0 0 0 0 0 0
Units of quantity 0 0 450 0 0 0 0 0 0 0
Unit value ($/unit) 0 0 5.95 0 0 0 0 0 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Mexico Customs value 1,200,213 1,561,435 837,718 1,169,393 1,363,013 8,693,746 2,277,300 699,458 1,399,204 104,723
Units of quantity 173,691 330,669 251,708 386,502 382,323 1,468,185 441,745 111,856 177,136 12,025
Unit value ($/unit) 6.91 4.72 3.33 3.03 3.57 5.92 5.16 6.25 7.90 8.71
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Morocco Customs value 0 0 68,933 0 0 0 0 0 0 0
Units of quantity 0 0 8,364 0 0 0 0 0 0 0
Unit value ($/unit) 0 0 8.24 0 0 0 0 0 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
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Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.—Continued

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to

this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Netherlands Customs value 43,321 47,019 73,797 2,425 38,556 35,591 63,762 28,093 26,101 48,880
Units of quantity 2,845 2,035 4,330 6 5,342 3,112 18 32 71 13
Unit value ($/unit) 15.23 23.11 17.04 404.17 7.22 11.44 3,542.33 877.91 367.62 3,760.00
% to industrial 25 25 25 100 0 0 100 100 100 100
Industrial units 711 509 1,083 6 0 0 18 32 71 13
New Zealand Customs value 5,087 15,000 0 0 8,000 189,309 136,112 328,612 64,378 157,856
Units of quantity 168 151 0 0 40,000 5,397 4,267 13,650 2,282 6,774
Unit value ($/unit) 30.28 99.34 0 0 0.20 35.08 31.90 24.07 28.21 23.30
% to industrial 50 75 0 0 0 50 50 25 50 25
Industrial units 84 113 0 0 0 2,699 2,134 3,413 1,141 1,694
Nigeria Customs value 0 0 6,000 0 0 0 0 0 0 0
Units of quantity 0 0 10 0 0 0 0 0 0 0
Unit value ($/unit) 0 0 600.00 0 0 0 0 0 0 0
% to industrial 0 0 100 0 0 0 0 0 0 0
Industrial units 0 0 10 0 0 0 0 0 0 0
Norway Customs value 49,391 42,677 4,648 18,422 3,212 19,563 9,704 38,074 0 3,034
Units of quantity 1,210 698 105 168 59 41 36 173 0 60
Unit value ($/unit) 40.82 61.14 44.27 109.65 54.44 477.15 269.56 220.08 0 50.57
% to industrial 50 50 50 75 50 100 90 90 0 50
Industrial units 605 349 53 126 30 41 32 156 0 30
Philippines Customs value 56,763 3,365 0 227,643 45,256 60,265 82,247 3,553,420 36,813 14,815
Units of quantity 7,759 71 0 416,445 2,504 13,434 3,125 3,359,090 666 1,164
Unit value ($/unit) 7.32 47.39 0 0.55 18.07 4.49 26.32 1.06 55.27 12.73
% to industrial 0 50 0 0 25 0 25 0 50 0
Industrial units 0 36 0 0 626 0 781 0 333 0
Poland Customs value 0 0 0 0 172,056 0 0 0 0 0
Units of quantity 0 0 0 0 261,480 0 0 0 0 0
Unit value ($/unit) 0 0 0 0 0.66 0 0 0 0 0
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Russia Customs value 0 0 0 0 0 2,500 0 0 0 0
Units of quantity 0 0 0 0 0 4 0 0 0 0
Unit value ($/unit) 0 0 0 0 0 625.00 0 0 0 0
% to industrial 0 0 0 0 0 100 0 0 0 0
Industrial units 0 0 0 0 0 4 0 0 0 0
Singapore Customs value 4,412,071 5,294,243 1,704,182 1,264,525 650,623 480,169 64,590 245,121 309,137 391,377
Units of quantity 2,617,317 3,203,871 1,001,404 1,076,409 532,851 397,183 154,432 305,682 379,353 580,346
Unit value ($/unit) 1.69 1.65 1.70 1.17 1.22 1.21 0.42 0.80 0.81 0.67
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
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Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.—Continued

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to

this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Slovakia Customs value 0 0 0 0 0 0 0 0 0 53,900
Units of quantity 0 0 0 0 0 0 0 0 0 350
Unit value ($/unit) 0 0 0 0 0 0 0 0 0 154.00
% to industrial 0 0 0 0 0 0 0 0 0 90
Industrial units 0 0 0 0 0 0 0 0 0 315
South Africa Customs value 0 0 0 0 0 48,583 0 0 30,757 90,112
Units of quantity 0 0 0 0 0 8,100 0 0 2,718 8,513
Unit value ($/unit) 0 0 0 0 0 6.00 0 0 11.32 10.59
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Spain Customs value 210,344 17,393 4,000 96,592 25,109 0 14,318 2,634 17,291 0
Units of quantity 5,153 93 2 2,659 999 0 455 37 3,130 0
Unit value ($/unit) 40.82 187.02 2,000.00 36.33 25.13 0 31.47 71.19 5.52 0
% to industrial 50 90 100 50 50 0 50 50 0 0
Industrial units 2,577 84 2 1,330 500 0 228 19 0 0
Sweden Customs value 3,687,107 1,589,409 3,071,771 4,418,025 5,650,717 5,746,256 6,868,659 9,892,231 9,137,391 10,453,593
Units of quantity 58,644 22,241 35,195 48,957 56,594 47,643 64,612 62,283 62,263 77,513
Unit value ($/unit) 62.87 71.46 87.28 90.24 99.85 120.61 106.31 158.83 146.75 134.86
% to industrial 50 50 75 75 75 75 75 90 75 75
Industrial units 29,322 11,121 26,396 36,718 42,446 35,732 48,459 56,055 46,697 58,135
Switzerland Customs value 187,649 179,252 554,812 1,498,424 1,043,832 614,673 661,137 515,328 192,455 187,218
Units of quantity 28,336 44,010 78,889 34,282 20,462 35,899 14,025 26,652 3,756 18,410
Unit value ($/unit) 6.62 4.07 7.03 43.71 51.01 17.12 47.14 19.34 51.24 10.17
% to industrial 0 0 0 50 50 25 50 25 50 0
Industrial units 0 0 0 17,141 10,231 8,975 7,013 6,663 1,878 0
Taiwan Customs value 7,177,082 10,087,416 6,837,650 3,818,209 5,810,493 5,109,717 2,722,901 1,883,387 1,982,487 1,307,003
Units of quantity 712,290 877,151 1,243,919 839,195 1,354,331 2,135,725 693,325 313,046 312,300 209,383
Unit value ($/unit) 10.08 11.50 5.50 4.55 429 2.39 3.93 6.02 6.35 6.24
% to industrial 0 0 0 0 0 0 0 0 0 0
Industrial units 0 0 0 0 0 0 0 0 0 0
Thailand Customs value 44,647 823,215 10,944 23,060 53,465 23,157 43,827 2,175 2,700 10,125
Units of quantity 53,872 142,092 1,824 4,000 6,684 13,555 11,564 118 200 750
Unit value ($/unit) 0.83 5.79 6.00 5.77 8.00 1.71 3.79 18.43 13.50 13.50
% to industrial 0 0 0 0 0 0 0 25 0 0
Industrial units 0 0 0 0 0 0 0 30 0 0
Turkey Customs value 0 0 0 0 0 0 0 0 0 11,000
Units of quantity 0 0 0 0 0 0 0 0 0 100
Unit value ($/unit) 0 0 0 0 0 0 0 0 0 110.00
% to industrial 0 0 0 0 0 0 0 0 0 75
Industrial units 0 0 0 0 0 0 0 0 0 75
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Table A-3. Values, quantities, and percentages used in the development of Harmonized Tariff Schedule of the United States (HTS) code 8507.30.8090, by country, for industrial
and non-industrial batteries.—Continued

[By applying average cadmium content values for both industrial and non-industrial batteries (table A-1) to the number of industrial and nonindustrial units reported here, the amount of cadmium attributable to
this HTS category was determined. $/unit, dollar per unit; %, percent]

Country 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
United Arab Emirates Customs value 0 0 0 4,525 0 0 0 2,233 0 0
Units of quantity 0 0 0 1 0 0 0 950 0 0
Unit value ($/unit) 0 0 0 4,525.00 0 0 0 2.35 0 0
% to industrial 0 0 0 100 0 0 0 0 0 0
Industrial units 0 0 0 1 0 0 0 0 0 0
United Kingdom Customs value 1,857,653 1,289,584 1,450,539 2,933,499 2,073,712 2,025,592 1,122,864 511,215 1,085,856 568,029
Units of quantity 84,189 94,051 497,748 67,913 22,878 70,971 18,528 20,348 423,346 24,481
Unit value ($/unit) 22.07 13.71 291 43.19 90.64 28.54 60.60 25.12 2.56 23.20
% to industrial 25 0 0 50 75 50 50 50 0 25
Industrial units 21,047 0 0 33,957 17,159 35,486 9,264 10,174 0 6,120
Venezuela Customs value 0 0 0 0 0 0 4,800 0 0 0
Units of quantity 0 0 0 0 0 0 12 0 0 0
Unit value ($/unit) 0 0 0 0 0 0 400.00 0 0 0
% to industrial 0 0 0 0 0 0 100 0 0 0
Industrial units 0 0 0 0 0 0 12 0 0 0
Vietnam Customs value 0 0 0 0 0 0 0 0 0 9,673
Units of quantity 0 0 0 0 0 0 0 0 0 2
Unit value ($/unit) 0 0 0 0 0 0 0 0 0 4,836.50
% to industrial 0 0 0 0 0 0 0 0 0 100
Industrial units 0 0 0 0 0 0 0 0 0 2
Total industrial units 108,303 65,300 68,026 174,446 327,901 165,465 125,295 94,350 210,162 151,555
Total units imported 38,476,463 35,597,219 36,937,237 24,534,479 21,522,226 19,682,365 15,843,629 15,522,352 9,042,706 7,675,041
Non industrial units 38,368,160 35,531,919 36,869,211 24,360,033 21,194,325 19,516,900 15,718,334 15,428,002 8,832,544 7,523,486
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26 Flow of Cadmium from Rechargeable Batteries in the United States, 1996-2007

Table A-4. Assumptions related to battery service life and battery recovery distribution.

[Data are derived from Sanyo Energy (USA) Corporation (2006) and C. Norman England, Rechargeable Battery Recycling Corporation (oral commun., 2006).
Values for years 1 to 17 are expressed in percent. --, not applicable]

Battery Battery Battery Year

recovery service storage

distribution life life 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17
assumptions  (years) (years)

Industrial 5 1 6 2 1 1 1 1 1 1 1 1 1 1 1 1 20 50 10
batteries
Commsmiae 4 4 52 b L b DA S0l = = = = = = = =
batteries
Batteries
enclosed in 4 4 5 2 1 1 1 10 20 50 10 == - - - - - - -

products
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