
  



How Texas Can Improve 
Recycling Policies for 
Household Batteries 

Recycling Not Included  

EXECUTIVE SUMMARY 

MANUFACTURER-BASED BATTERY RECYCLING 
Only a tiny fraction of household batteries in the U.S. are recycled, the rest are destined for landfills and 
incineration. Despite popular belief, all household batteries contain toxic metals and electrolytes. These can 
leach into groundwater sources through broken landfill liners and into the atmosphere through incineration. 
Household batteries are a multibillion dollar industry in the United States, and about 80% are single-use 
batteries that are mostly produced by five major companies, Energizer, Duracell, Panasonic, Kodak, and 
Rayovac. Major battery manufacturers now support comprehensive producer takeback recycling legislation 
for their products. This report outlines the advantages for Texas jobs, economy, and environment should the 
battery makers establish producer takeback programs for household batteries. 

THE IMPACT OF HOUSEHOLD BATTERIES 
Landfilling batteries in Texas is particularly concerning because most of our landfills sit on or near 
groundwater sources, and about 40% of are leaking toxics according to a state environmental agency 
report. Landfill leachate contains a host of harmful substances that show up in groundwater monitoring 
wells at landfills, and some of these substances could be linked with battery disposal. Energy used to 
create household batteries can often exceed 100 times the amount of energy delivered to products we 
use. Upstream production of batteries is 
the largest concern for the environment, 
and has the highest potential for job 
growth and resource savings through 
recycling legislation. In most cases, two-
thirds of the energy used in the production 
of household batteries comes from the 
initial mining and refining of metal ores. 
Recycling household batteries can save 
more than half of this energy and most of the raw materials, and has been shown through research to 
lessen the impact on our natural environment and human health. 

PRESENT END-OF-LIFE SCENARIOS 
An estimated 250 million household batteries are trashed in Texas each year. Only limited producer 
takeback programs exist in Texas for collecting and diverting these batteries. These programs only include 
rechargeable batteries that make up only about 20% of household batteries sold in the state. Local 
taxpayer-funded programs have limited reach can be burdensome of local governments and taxpayers 
who foot the bill. Canada and Europe have much stronger recycling programs for batteries. These places 
have national and regional laws in which manufacturers have prime responsibility for the recycling of 
household batteries: 

The four largest single-use battery manufacturers, all 
partnered with Call2Recycle, have made public 
statements in support for battery recycling 
legislation for all types of household batteries, 
including single-use batteries 



• Belgium, France, and Germany are recovering 30-60% of batteries for recycling 
• Japan recovers 22% 
• Ontario, Canada recovers over 15% in a program that is only 5 years old 

Similar, longstanding legislation in the United States for automobile batteries has existed since the mid-
1990s. These lead-acid batteries are also banned from landfills in most states, and very clear instructions 
and incentives are given for recycling them. Currently, about 96% of lead-acid batteries from automobiles 
are recycled in the United States. 

THE CASE FOR PRODUCER TAKEBACK RECYCLING  
This report highlights the best programs available for maximum diversion 
and resource savings in the household battery industry. All of these 
programs use the “producer takeback recycling” model, which puts 
manufacturers at the center of the collection and recycling efforts. Many 
valuable metals are used in the manufacturing of batteries; 80% of global 
cadmium and 25% of global cobalt is used for batteries. Reducing the new 
production and refining of these raw materials will have positive impacts 
for the economy, jobs, carbon emissions, and public health. 

Additionally, the four largest single-use battery manufacturers, all 
partnered with Call2Recycle, have made public statements in support for 
battery recycling legislation for all types of household batteries, including 
single-use batteries, as of 2014. Duracell, Energizer, Panasonic and 
Rayovac (Spectrum) already support battery recycling programs in  
Canada and Europe. 

HOW TO BRING BATTERY RECYCLING TO TEXAS 
The battery-makers have acknowledged that producer takeback battery recycling programs will come  
to Texas through one of two likely pathways: 

1. Producer takeback legislation is passed at the Texas State Capitol 
2. State legislation is passed in other states and battery manufacturers roll out the logistics for  

a seamless, national program. 

It is imperative that new legislation considers the history and lessons of similar producer takeback laws in 
the United States. Convenience and goal-setting standards ensure that everyone has fair access to drop-offs 
and collection locations. For instance, the state of Washington requires a collection location for old 
electronics in every city with a population over 10,000. Now, 92% of Washington residents live within 10 
miles of an e-waste drop-off. Other standards in existing producer takeback legislation include: specifying 
who pays for the collection and recycling, defining recycling standards and localizing job growth, and 
transparency and diversion reporting.  

Household battery takeback legislation holds many promises for Texas. For consumers, the long standing 
question, “What do I do with my batteries?” will finally have a responsible, convenient answer. For 
businesses, this means more full-time recycling jobs. For natural resources, there is potential to reduce 
hazardous materials entering our groundwater.   

These could be widespread in Texas 
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BASICS OF BATTERIES 
1. History and Background 
2. Household Battery Chemistries and Applications 
3. Sheer Quantities 
4. Market Growth 

1. HISTORY AND BACKGROUND 
The invention of batteries was born during the Industrial Revolution out of the desire to store and use 
power remotely from the source of electrical generation. Alessandro Volta is credited with the invention 
of the first true battery in 1800, which came to be known as the voltaic pile. Early batteries focused on 
harnessing energy from “wet cells,” composed of separated metal electrodes immersed in a liquid 
electrolyte.1 An early obstacle in battery technology was how to reverse chemical processes and 
recharge internal cells. The lead-acid battery, primarily used in automobiles today, is a lasting example 
of a wet cell achieving this.  

By the mid-nineteenth century, the dry-cell battery revolutionized electrochemical storage, utilizing a 
solid electrolyte, which lessened spillage hazards and opened up a variety of uses in portable devices. 
Dry-cells were quickly commercialized and rolled out in those recognizable cylindrical cases: AA, AAA, C, 
D, and so on.  This standardization of sizes formally began in 1917 by the National Institute of Standards 
and Technology.  At that time, single-use 
batteries were mostly using carbon-zinc 
dry cell chemistries. 

Alkaline batteries became popular in the 
1960s, because they offered more total 
energy at higher currents than carbon-
zinc. Competition for better batteries with 
higher energy densities, or total energy over weight, led to the introduction of mercury in alkaline 
batteries. Mercury could be amalgamated with zinc to prevent impurities in the zinc from reacting too 
quickly and lessening battery life. By 1970, the electrical apparatus industry was the largest consumer of 
mercury, using about 27% of total mercury in the United States, mostly “for production of mercury 
batteries and alkaline energy cells.”  By and large, these mercury-containing products were being tossed 
in the trash by consumers.  

In 1996, U.S. Congress passed the Mercury-Containing and Rechargeable Battery Management Act 
(Battery Act) to phase out mercury use in household batteries. This rapidly reduced the amount of 
mercury used in batteries nationwide, but it was no perfect firewall for public health. Certain small 
batteries (button cells) are still allowed to contain trace amounts of mercury, and no battery is 
completely safe for landfill disposal or incineration due to the presence of toxic metals and 
electrolytes.234 

With the mass proliferation, diversity and ubiquitous use of batteries, the question abounds: How do I 
dispose of my batteries responsibly? 

With the mass proliferation, diversity and ubiquitous 
use of batteries, the question abounds: How do I 
dispose of my batteries responsibly? 



Figure 1: Types of Household Batteries 

2. HOUSEHOLD BATTERY CHEMISTRIES AND APPLICATIONS 
Battery chemistries are highly diverse. In a household battery collection study in Ohio, researchers 
found 228 brands of AA batteries, 123 (AAA), 44 (C), 65 (D), 79 (9V).5 Each brand of battery has their 
own proprietary chemistries, but most chemistries fall within major categories. This report will refer to 
batteries by their general chemistry and only discuss chemistries present in household batteries. 

Batteries can be easily dichotomized in wet and dry categories, as well as single-use (or primary) and 
rechargeables (or secondary). The overwhelming majority of household batteries are dry cells (aside 
from a few lead-acid batteries sometimes used in home alarm systems and some toys), so the most 
helpful dichotomy here is single-use versus rechargeable. Single-use batteries are cells that are 
manufactured with a full 
chemical charge. When spent, 
single-use batteries are not 
suited for recharging. 
Rechargeable batteries are 
produced with a partial or full 
charge and can be depleted and 
recharged numerous times. 

Among single-use batteries, the 
most popular types are alkaline, 
zinc carbon, lithium, silver 
button cells, and zinc air button 
cells. The alkaline chemistry 
currently leads in sales of all 
household batteries 
worldwide.67 Most single-use battery cells are cylindrically shaped and used in electronics like portable 
televisions and radios, toys, flashlights, smoke detectors, and for photoflash and other high-drain 
applications. Button cell single-use batteries are smaller and used in medical devices such as hearing 
aids, as well as wrist watches, small LED lights, and other small low-drain applications. 

Among rechargeable batteries, there are nickel cadmium (NiCd), nickel metal hydride (NiMH), and 
lithium-ion (Li-Ion) chemistries. These batteries are primarily used in consumer electronics such as cell 
phones, smart phones, tablets, laptops, digital cameras, power tools, and some larger medical devices. 
Rechargeable batteries offer higher “energy density” or power output per unit of mass, and can be 
recharged hundreds of times.8 They also contain more harmful metals than most single-use batteries. 
Rechargeable battery chemistries vary, but most contain at least one or more of the following hazardous 
metals: mercury, cadmium, lead, cobalt, and nickel. The versatility of Li-Ion batteries gives them a 
comparative advantage in new consumer electronics. Due to their small cell size, Li-ion batteries can be 
made into almost any form, size, or shape.9 

For more detailed information about household battery chemistries, components, and toxicity see 
Appendix A.  

 



 

3. SHEER QUANTITIES 
Totals sales of batteries in the United States 
were estimated at $3.5 billion in 2008. In 
2010, approximately 5.4 billion single-use 
batteries were purchased in the United 
States. An additional one billion rechargeable 
batteries were estimated to be sold during 
the same year. Currently, about 80% of 

household batteries in the United States are 
single-use batteries (mostly alkaline 
chemistries), the remaining 20% is the rapidly 
growing share of rechargeable batteries.1011 

According to the 2011 Battery Summit, five major industry players, Energizer, Duracell, Panasonic, 
Kodak, and Rayovac sell about 80% of the single-use batteries used in the U.S. The companies Panasonic, 
Sony, LG, and Samsung sell 90% of North America’s rechargeable batteries.12 

An average of eight single-use alkaline batteries are disposed of per person per year in the U.S.13 

4. MARKET GROWTH 
Market research shows that alkaline battery sales are dominating a shrinking market of other single-use 
battery chemistries in the United States. Nickel-cadmium (NiCd) single-use batteries took a sharp decline 
in market share in the early 1990s, losing their long standing dominance, with the commercialization of 
less toxic and higher performance nickel metal hydride (NiMH), alkaline, and lithium battery chemistries. 
The alkaline battery is by far the dominant chemistry in the world market today, holding about 60% of 
the global market share.14 

While the market share of alkaline batteries is filling the place of some older chemistries, there are a few 
compelling reasons why the alkaline battery will likely lose its dominance in the long term. Competition 
with lithium rechargeable chemistries poses the largest threat to alkaline sales. Lithium single-use 
batteries offer higher energy density and therefore higher performance in many electronics. 
Rechargeable batteries, like lithium-ion and NiMH batteries, are the preferred chemistry for most new 
consumer electronics including cell phones, 
laptops, tablets, and electric motor vehicles. 
These rechargeable chemistries are robust 
and can be fully recharged hundreds of 
times before losing their capacity, and last 
up to several years depending on their use. 

Market research suggests that the impact of 
rechargeable chemistries on alkaline sales 
would be “medium in the short- to mid-term but is expected to be high in the long term as we will see 
alkaline batteries being replaced by alternative chemistries.”15 Frost and Sullivan report that 

Figure 2: Comparison of single-use and rechargeable battery 
consumption in the United States. 

While the market share of alkaline batteries is filling 
the place of some older chemistries, there are a few 
compelling reasons why the alkaline battery will 
likely lose its dominance in the long term.   



rechargeable batteries account for 74.6% of global market value, while single-use chemistries account 
for about 15%.16 

The competition that is pushing alkaline batteries out of their market dominance is driven by the 
changing field of consumer technology. For instance, consumers in the late 1990s and early 2000s were 
compelled to purchase portable CD and DVD players, flashlights, digital and disposable cameras, all of 
which used two or more alkaline batteries sold together or separately. Today, consumers can replace all 
of these gadgets with one smart phone that uses a single lithium-ion battery. As consumer habits 
change, so will the array of chemistries on the market that power our electronics.  

Another challenge alkaline batteries face is the rising cost of raw materials, such as electrolytic 
manganese dioxide (EMD). Manganese is a relatively cheap, and highly traded metal, but its oxide forms 
are highly valuable. EMD has a volatile market price, and while it is used in lithium-ion chemistries, 
alkaline chemistries have no recharging capacity and a lower profit margin for their product.17 

Data on battery sales and market share is limited for the United States. The charts below detail the sales 
of batteries in Japan from the years 1986-2013.18 In Japan, the sales in volume of single-use and 
rechargeable batteries has decreased over the past decade. However, the actual market value of these 
two types of batteries vary drastically. Single-use batteries have declined in value rapidly, while 

Figure 3: Figures 3a and 3b compare the sales of batteries by weight in Japan from 1986-2013. Figures 3c and 3d compare the 
sales of batteries by value (in Japanese Yen) from the same years. From these data sets we can conclude that single-use batteries 
have a larger market share by weight, but rechargeable batteries control a stronger market share by value. Rechargeable 
battery sales are also increasing compared to single-use sales. 
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rechargeable chemistries are increasing considerably. Rechargeable batteries may have lower volumes 
in sales, simply because they last longer for the consumer. Approximately 35% of batteries sold in Japan 
are rechargeable batteries, and single-use battery market share has dropped considerably.  

While the United States’ share of single-use to rechargeable batteries is currently larger than Japan’s, 
approximately 80:20, it is expected that single-use sales will continue to fall here as well. Recent market 
activity, such as Proctor and Gambles divestment of brands including Duracell, the lead manufacturer of 
single-use consumer batteries for the United States, due to slow growth in late 2014 suggests the same 
shift away from alkaline batteries.19 

 

THE IMPACT OF HOUSEHOLD BATTERIES 
1. Life Cycle Assessments of Household Batteries 
2. Toxicity and Human Health 
3. Landfill, Incineration, and Storage Impacts 

 

1. Life Cycle Assessments of Household Batteries 
Household batteries, like all products, have social and 
environmental impacts. This section will focus on these impacts, 
through an overview of the life cycle assessments (LCAs) of 
household batteries: from production to manufacturing, 
transport, sale, use, recovery, and end-of-life. Different end-of-life 
scenarios will be discussed in the following sections and a case 
will be made for the least harmful and most efficient scenario. 
This section will analyze the life cycle assessment of alkaline 
batteries and the feasibility of altering their current end-of-life 
scenario. 

This section will also explore research in existing and theoretical recycling programs for all types of 
household batteries to address the costs and benefits of a universal battery recycling program. It is 
important to note that “not all recycling is created equal.” That is, some “recycling” processes only 
recover one or a few useful materials from a multi-component product while landfilling the rest, or 
some processes can recover materials that can only be used for lower-value products (called 
“downcycling”).20 Therefore, efficacy of recycling and recovery of resources is situational and contingent 
on practices used by respective recycling operations. 

It is also important to note that life cycle assessments are place-based and are published with their own 
set of unique assumptions. Their use in this section is simply to isolate the areas of most environmental 
and human health savings, without making definitive claims to their complete accuracy or 
generalizability. 
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Figure 4: This graph compares the amount of energy each component of an 
alkaline battery requires in production against its percent of total weight.  

 

1.1. Energy and impacts of portable alkaline batteries 
The amount of energy used to 
create a kilogram of alkaline 
batteries (roughly 43 double-A 
batteries) is 68 mega joules. This is 
equivalent to burning just over 
two-quarts of gasoline, or about 
130 times the energy these 
batteries supply to electronics.21, 22 

Production of raw materials is 
largest factor in the environmental 
impact of alkaline batteries. This 
phase of production occurs prior 
to the actual manufacturing of 
products and refers specifically to 

the mining and refining of raw materials. Steel, 
zinc, and manganese dioxide are the largest 
impacts among raw materials production for alkaline batteries and similar chemistries.23 Therefore, the 
recovery and reuse of zinc, steel, and manganese dioxide from alkaline batteries would make significant 
positive impact for reducing harm to humans and the environment. The difficulty arises in how to 
recover these materials for reuse in the battery sector, while avoiding downcycling for use as road slag, 
concrete, or other lower grade uses.24 This difficulty will be discussed in more detail in Types of Battery 
Recycling section of this report. 

Beyond materials production, 
manufacturing generates about 15% of 
alkaline batteries’ impact. Roughly 90% of 
the manufacturing energy consumption 
comes from electricity generation. 
Therefore, the emissions impact of 
manufacturing alkaline batteries relies 
heavily on respective choices for different 
energy blends. Transport and packaging 
make up the remaining 19% of overall 
battery impact. Conservation in these 
sectors would be least influenced by 
comprehensive battery recycling 
legislation, however, individual business 
choices could affect consumption in these 
sectors. 
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Figure 5: This chart shows where energy is used in each phase of 
production for an alkaline battery. 



1.2. Energy and impacts of certain rechargeable batteries 
Rechargeable household battery life cycle assessments are not as comprehensive and current as those 
for single-use batteries. This section will draw on available data to discuss the impacts of certain 
rechargeable household batteries. 

Nickel-Cadmium (NiCd) rechargeable batteries were once the most popular rechargeable battery 
chemistry. They currently control only 2% share of the household batteries sold worldwide.25 In one 
study, the energy requirements for the production of one kilogram of NiCd batteries is about 203 MJ, 
about a gallon and a half of gasoline, or 
roughly three-times the energy to 
produce alkaline batteries. NiCd 
batteries differ from alkaline batteries in 
that their raw materials production uses 
less than a third of the total energy, 
while manufacturing uses two-thirds. 
Carbon dioxide emissions are also most 
significant during the manufacturing phase of production, due to fossil combustion for electricity, while 
SOx and NOx emissions are greatest during the extraction and refining of raw materials. 

A 2001 study determined that the recycling of nickel and cadmium in NiCd batteries reduces the energy 
demand by 16%. Using fewer virgin materials also significantly reduces the human and environmental 
impacts of SOx and NOx emissions. NiCd batteries account for over half of the cadmium consumption in 
the US and Europe.26 Due to the high toxicity of cadmium, it is recommended and legislated in many 
places (such as the European Union and the United States) that cadmium should be used only for 
specific purposes.2728 

Lithium-ion batteries are the fastest growing chemistry among rechargeable batteries. Pound for pound, 
this battery chemistry is growing fastest in the automotive market, due to growth and demand for 
hybrid and electric vehicles. Like NiCd batteries, Li-ions contain toxic heavy metals. Lithium-ion 
chemistries are highly diverse, but most of their differences can be identified by the type of cathode 
used. The lithium-ion cathode can be represented as: LiMeO2 (Me = metal: Cobalt, Nickel, Manganese, 
or Iron Phosphate). Each of these metals has varying levels of energy use and impact, so it becomes 
difficult without extensive data to show comparisons of different Li-ion chemistries. 

One study suggests that “switching from virgin resource supply to recycling for cobalt and nickel for Li-
ion battery cathode material results in a 51% natural resources savings.”29 This is particularly important 
considering that li-ion batteries already account for 25% of the global demand of cobalt. Additionally, 
production of a lithium-ion cathode from recycled materials versus virgin materials more than halves the 
amount of overall energy needed to produce them. 

Nickel-metal hydride batteries are mostly comparable to nickel-cadmium (Ni-Cd) batteries in both 
chemistry and environmental impact. Specific public data for NiMH battery life-cycle assessments is 
lacking, so more information is needed to create a detailed comparison. One study in 2007 showed 
“little difference between the NiCd and NiMH batteries expect for human health where the toxicity of 
cadmium gave a 20% advantage to NiMH batteries.”30 

Additionally, production of a lithium-ion cathode 
from recycled materials versus virgin materials more 
than halves the amount of overall energy needed to 
produce them. 



1.3. LCA comparison of single-use versus rechargeable batteries 
The most important factor in determining the impact of single-use batteries versus rechargeables is the 
number of times a typical consumer charges and recharges the batteries before disposal. According to a 
2007 study, a typical NiCD battery holds only half the available energy as a typical NiMH or alkaline 
battery. Alkaline batteries by this measure alone have the highest available energy per cell, but unlike 
other chemistries, it cannot be recharged. Considering a “realistic case” of recharging, 50 charges for the 
lifetime of the battery (versus an optimum case of 400 charges), for NiMH and NiCds it would take 
between 20-30 batteries to deliver one kWh (kilowatt hour) of energy. It would take about 830 alkaline 
batteries to produce the same amount of energy. 

The energy used in recharging batteries is fairly low, 6.5-7.1 MJ to deliver one kWh of energy for NiMH 
and NiCd. This represents about 10% of the total impact for NiMH batteries. The battery charger must 
be included as well. The most impactful component of the charger is the printed circuit board, which 
only accounts for 3-4% of the total impact of using rechargeables. A 2007 study determined that the 

damage caused by alkaline batteries is 
“more than ten times that caused by the 
rechargeables used for 50 cycles.”31 
Following this, if rechargeable batteries 
were used for 400 charge cycles, then the 
damage caused by an alkaline battery 
would be 80 times that of a rechargeable 
battery. 

2. Toxicity and Human Health 
Household batteries of all kinds pose dangers to human health. Generally, household batteries do not 
pose harm to consumers while being used properly in electronics. It is what happens before the battery 
is purchased and after it is disposed of that batteries pose the highest health risks. As mentioned above, 
the production of raw materials is the largest impact of producing household batteries. Emissions and 
pollution, such as SOx and NOx, from the production metals contaminate groundwater sources and air 
quality.32 Particularly the refining and purification stages of production produce the largest 
environmental burden.33 

Materials used in batteries are mined all over the world. Zinc is mined in 50 countries, but mostly in 
China, Australia, Peru, Europe, and Canada. Cadmium is usually found alongside zinc ore in very minute 
quantities. Therefore, cadmium production occurs in countries that refine zinc ore, like China, Japan, 
and Korea, and not necessarily where it is extracted. Cadmium is highly toxic to humans, and runoff 
from mining operations is responsible for elevated cadmium levels in many individual’s bloodstreams in 
South China and Korea.3435 Similar human and environmental exposures to heavy metals arise from 
mining operations around the world.363738 

Specific concerns of metal and chemical exposure are detailed in Appendix A of this document. 

 

 

A 2007 study determined that the damage caused by 
alkaline batteries is “more than ten times that 
caused by the rechargeables used for 50 cycles. 



3. Landfill, Incineration, and Storage Impacts 
Landfilling and incinerating are the most 
harmful, and most common, forms of 
household battery disposal. When batteries are 
thrown into landfills, there is a potential for 
chemicals to react with the “leachate,” or liquid 
byproduct of landfill waste that can seep into 
soil and groundwater sources through leaks in 
landfill liners. The Texas Commission on 
Environmental Quality groundwater monitoring 
study found that 35% of monitored landfills in 
Texas reported leaking toxic chemicals and 
metals in groundwater in 2013.39 Several of the 
materials detected in these leaks, such as lead, 
mercury, zinc, nickel, and electrolytes, are 
found in household batteries.  

Leachate becomes an even bigger problem 

when landfills retire. Active landfills will 
typically employ a system of pumping and 
recirculating leachate. When they are filled and 
retired, leachate will more easily escape into 
the environment, and will continue to do so in accordance with the laws of equilibrium. Out of the 584 
permitted landfills in Texas, 236 are active, and 348 are decommissioned. Currently, the TCEQ and Texas 
Groundwater Protection Committee do not regularly sample groundwater from the 348 
decommissioned landfills. 

Some studies discuss the migration of metals from household batteries in groundwater from landfills, 
but none have empirically quantified the contamination. One 2006 study by Fisher et al. made the 
assumption that 5% of battery metals would leach into the environment, but no direct observations or 
quantifications of this were verified in this study.40 Another study determined through direct 
observation that leaching of mercury was highest among metals in batteries, 7-12%, while other metals 
leached at much lower values. This study concludes that the hazardous metals leached from alkaline 

batteries into aqueous solutions suggests “that 
the batteries studied could be considered 
hazardous waste.”41 Furthermore, a 2008 study 
from Thailand also confirmed leaching of 
hazardous levels of zinc and manganese from 
single-use batteries, as well as lead, mercury, 
cadmium, and nickel from rechargeable 
batteries.42 

Storage of household batteries is another concern, whether in landfills or elsewhere. All household 
batteries pose a fire and explosive hazard if improperly stored. Recyclers and collectors insist that scotch 

Figure 7: Japanese graphic showing consumers not to short 
circuit batteries, but to instead tape the positive and negative 
terminals to prevent fire or explosion 

Figure 6: This map shows leaking landfills in Texas with respect to 
major rivers and aquifers. Data reported Texas Commission on 
Environmental Quality (2013) 



or vinyl tape be applied to the terminal ends of batteries to prevent rubbing, discharging, or recharging 
which can induce fire or explosion. 

Incineration poses the most immediate health risks and is a common practice for municipal solid waste 
disposal, typically in northern regions of the United States where landfilling costs are high. According to 
the EPA, 11.5% of municipal solid waste was incinerated in 201243. A study on the incineration of 
alkaline batteries found that “the emissions of zinc were the most emitted metal, ~6.5% of Zinc in the 
batteries while the emissions of manganese were negligible (the other significant source of emissions 
were from PVC found within the battery).” Another 2009 study also found that cadmium, a highly 
volatile and toxic metal that is present in small quantities in alkaline batteries, was released at a rate of 
10.2% of total cadmium mass.44 This is particularly concerning for rechargeable battery incineration, as 
NiCd batteries and other chemistries can contain 1-30% cadmium.45  

Energy potential for incinerating household batteries has been determined to be negligible. The paper, 
plastic, and carbon components are not substantial enough to create a useful fuel (less than 8 mega 
joules per kilogram).46 Aside from the recovery of low-value oxidized steel, there is no advantage to 
incinerating household batteries.47 

 

PRESENT END-OF-LIFE SCENARIOS 
1. Where do batteries end up in the United States? 
2. Voluntary recycling programs are insufficient for waste stream 

2.1   How are batteries collected for recycling in the U.S.? 
2.2   How are batteries recycled in the U.S. and other countries? 

 

1. Where do batteries end up in the United States? 
As mentioned in the Sheer Quantities section above, about 5.4 billion single-use batteries were sold in 
the United States in 2010, with an additional 1 billion rechargeables. The vast majority of these cells are 
destined for landfilling and incineration. Over three billion batteries are dumped into landfills and 
incinerators every year in the United States, including over 150 million rechargeable batteries. An 
estimated 250 million of these total batteries are trashed in Texas alone. Even in states and 
municipalities that lead in recycling household batteries in the United States, like in Vermont and 
California, collection rates are dismal. 

An important consideration is the discrepancy between batteries sold and batteries disposed and 
collected. This consideration is accounted for in several studies as the “hoarding rate.”48 Many people 
hold onto, or hoard, batteries for a number of years before attempting to dispose of them. The hoarding 
rate is likely a combination of a few factors: (1) consumers buy batteries that may not be used 
immediately or will be used in products that are low-drain and give them long lifespans, (2) consumers 
are unsure of the responsible or correct way to dispose of their batteries and do not want to throw 
them in the trash. Rechargeable batteries are also assumed to have a longer hoarding rate than single-
use batteries since they have longer lifespans. In a Canadian study, the alkaline batteries available for 



Given the current low recycling rates, effective producer 
takeback recycling for both single-use and rechargeable 
batteries could create innovation and a more robust 
battery recycling infrastructure in North America.   

collection versus batteries sold was 15% fewer, and the collection rate of rechargeable batteries was 
32% lower than number sold in 2011. In the United States the assumed hoarding rate is significantly 
higher than in Canada, and this is likely attributable to the U.S. having fewer recycling options than 
Canada. 

2. Voluntary recycling programs are insufficient for waste stream 
2.1. How are batteries collected for recycling in the U.S.? 

While voluntary programs exist, the vast majority of batteries are still not being recycled in the United 
States. Voluntary programs that exist in the United States include industry led programs such as 
Call2Recycle and Batteries Plus (or Batteries Plus Bulbs), and publicly-funded programs such as various 
local and municipal government collection drop-off locations. 

Call2Recycle, an industry-financed non-profit that recycles household batteries in North America, has 
collected over 100 million pounds of mostly rechargeable battery waste over 20 years. Call2Recycle is 
currently the largest collector for rechargeable batteries in North America, and they have partnered 
with about 34,000 locations, including Home Depot and Radio Shack, for collection.49 With Radio Shack 
declaring bankruptcy, they are scheduled to lose at least 1,784 of their 5,200 locations—about 140 in 
Texas.50 Separate from Call2Recycle, Batteries Plus Bulbs offer household battery recycling in many of 
their 452 retail locations, but currently do not accept alkaline batteries according to their website.51 

In addition to industry-led recycling programs, local governments have taken on the burden of collecting 
household waste. Many of these programs cost cities millions of dollars with little results. For instance, 
in Texas, household hazardous waste in general is recycled at a rate of 3% or less. Some cities will accept 
certain rechargeable batteries only, while other cities have different policies. 

2.2 How are batteries recycled in the U.S. and other countries? 
In addition to the lack of collection, there is also the question of where these materials end up when 
they are recycled. As mentioned before, there is no one-size-fits-all for recycling in this case. There are a 
number of recycling technologies available for different battery chemistries, but no one facility can 
recycle all types of batteries.52 

Physical separation processes usually consist of the following steps: sorting, magnetic separation, 
dismantling, grinding, and then leaching through an aqueous process. One major sorting facility located 
in Mckinney, Texas, handles 20% of the rechargeable batteries collected by Call2Recycle in the United 
States.53 Typically, the grinding phase, which reduces battery contents into finer particles, is the most 
energy intensive.54 One example is the Battery Solutions recyclers in Brighton, Michigan. This company 
uses a patented mechanical separation process that creates three essential reusable components: metal 
concentrations (zinc and 
manganese), low-grade steel cases, 
and paper and plastic shells. This 
process saves on energy and 
environmental costs at the expense 
of lost value in the end-products.55 
Zinc and manganese metal 



concentrations get sold primarily as fertilizers, steel casings are sold to low-grade steel industries, and 
paper and plastic shells are downcycled in roadway applications. Following the outputs of this facility, 
alkaline batteries are not being recycled as much as they are being retooled to fit the remanufacturing 
of other industries. While the value of recovered materials is lower with mechanical processes, the 
recovery rates are very high. Mechanical separation can divert up to 98% of battery material from 
landfills, 87% of which goes directly towards reuse, 2% to energy recovery, and the rest is evaporated 
water.56 

Pyrometallurgical processes are the most common for alkaline battery recycling worldwide. In the 
United States, INMETCO and Metal Conversion Technologies (MCT) use this process for battery 
recycling. As its name implies, this process uses high temperatures to separate battery components. 
Through “selective volatilization of metals at elevated temperatures followed by condensation,” at 
temperatures ranging from 900-1,500 degrees Celsius, pyrolysis can separate alkaline, zinc carbon, and 
some rechargeable chemistries.57 The pyro- process is the most simplified of battery recycling processes, 
as it requires little mechanical separation, however, it is also the most energy intensive and 
environmentally harmful of recycling processes.58 The pyrometallurgical separation of batteries has 
been associated with the “high air emission of dioxins, chloride compounds and mercury.”59 The 
pyrometallurgical process generally only extracts zinc, manganese, and iron from alkaline batteries, but 
has a high recovery rate of quality materials.6061  

A third recycling process for household batteries is popular in Canada and Europe, with some 
implementation in the United States. The hydrometallurgical process for recycling batteries is argued to 
be preferable to the pyro- process in terms of energy consumption and toxic emissions. In one study, 
the energy requirements of pyro- and hydro- processes were documented, noting that the 

hydrometallurgical process can do the 
same work using only 57% of the energy for 
alkaline batteries and only one-sixth the 
energy for lithium-ion batteries.62 Due to 
savings in energy use, hydro- processes are 
used predominantly for lithium-ion and 
rechargeables chemistries.  

Two major setbacks with 
hydrometallurgical processes are cost and 
chemical use. Hydro- process costs come 
from many pretreatment requirements “to 
improve metal dissolution rates in the 
aqueous phase, like battery classification, 
dismantling, magnetic separation, and 

leaching.”63 These costs can be expensive for the recycling process overall, making the processing of 
low-value batteries, such as alkaline chemistries, less economically feasible. Another setback is the 
choice of solvent chemicals, mainly used to separate the cathode and anode in rechargeable batteries. 
Most industries will use more toxic compounds such as strong acids, formaldehydes, and sulfuric-
solvents rather than more expensive, greener chemistries.64 Hydrometallurgical separation has been 
shown to recover 60-95% of zinc and manganese from alkaline batteries.65  

Figure 8: Outside Wistron GreenTech facility in McKinney, Texas, where 
thousands of household batteries are sorting to be shipped to recyclers. 



It is an important concern that much of the single-use battery recycling in the U.S. is simply downcycling 
spent batteries into other uses. Downcycling does not have nearly the same positive effect on upstream 
extraction and manufacturing as direct recycling does since component metals are not in fact re-used. 
Direct recycling as shown in the Life Cycle Assessment section should be used to generate the most 
resource, environmental, and human health savings in the long term. 

Given the current low recycling rates, effective producer takeback recycling for both single-use and 
rechargeable batteries could create innovation and a more robust battery recycling infrastructure in 
North America.   

 

THE CASE FOR PRODUCER TAKEBACK 
RECYCLING 

1. Benefit of resource conservation and upstream impacts 
2. Economics and jobs with different recycling technologies 
3. Producer takeback is successful where legislation exists 
4. Industry agrees effective recycling must be mandated 

 

1. Benefit of resource conservation and upstream impacts 
The greatest benefit from recycling, particularly with using hydrometallurgical and pyrometallurgical 
processes, is that the value of many of the recovered materials are high enough to be resold into the 
battery industry, offsetting virgin materials extraction and refining, which are the most energy intensive 
costs of battery production. Virtually all life-cycle assessments on household batteries show that 
resource conservation and reducing raw materials production are the largest factors in reducing the 
harmful impacts of the products.   

Cadmium and cobalt are highly recoverable materials in rechargeable batteries that are predominantly 
used in the battery industry, 80% and 25% are used in battery manufacturing, respectively.6667 Reducing 
the production of new elemental materials for batteries will have positive impacts for long term 
economics and sustainability. 

2. Economics and jobs with different recycling technologies 
As a general rule, recycling creates more jobs than landfilling or incineration. General studies on 
municipal solid waste recycling show that diverting waste from landfills creates ten times as many jobs 
as landfilling operations.68 Recent reports provide a reasonable estimate of potential job creation from 
increased battery recycling. 

One 2011 report by the Institute of Scrap Recycling showed that the scrap recycling industry indirectly 
and directly created 459,140 jobs, with average wage and benefits of $66,704.69 Another report in 2011 
by Tellus Institute of Sound Resource Management attempted to estimate job creation in the municipal 



solid waste industry for collection, recycling, and remanufacturing occupations. Their findings suggest 
that just under eight jobs could be created for every 1,000 tons of ferrous metals, and over 21 jobs could 
be created with nonferrous materials. Extrapolating these figures for alkaline batteries in the United 
States, while only considering the ferrous and nonferrous metal components of batteries, it is estimated 
that diverting 100% of the 3 billion batteries that are landfilled or incinerated in the U.S. would create 
1,125 jobs.7071 This data is shown in Figure 3 below. 

 

Jobs created by recycling 100% of 3 billion alkaline batteries disposed annually in United States 

 
Diverted Waste (ferrous) Diverted Waste (nonferrous) 

Unit Collection Processing  Manufacturing Collection Processing Manufacturing 
Mass (Mg) 18810 18810 18810 45936 45936 45936 
Jobs 31.4 37.6 77.5 76.71 91.9 809.85 

     
Total Jobs 1124.96 

Figure 9: Showing job creation potential from recycling of ferrous and nonferrous metals from alkaline batteries in the United 
States, derived from the Tellus Institute report in 2011. 

3. Producer takeback is successful where legislation exists 
Currently, there are no producer takeback laws in the United States that provide recycling options for 
household batteries. This section will hone in on the regions that are covered with producer takeback 
programs for household batteries in other countries and provinces, as well as the success of producer 
takeback initiatives with other products in the United States. 

3.1. Canada 
Canada has implemented popular recycling programs in three of its provinces. This section will discuss 
the successes and challenges of its myriad drop off and pick up collections programs. 

Ontario began with the Waste Diversion Act in 2002, which institutionalized Waste Diversion Ontario, 
“charged with developing, implementing, and operating diversion programs for designated wastes and 
with monitoring the effectiveness and efficiency of those programs.”72 This act also granted WDO the 
power to create an industry-funded organization (IFO). In 2007, Waste Diversion Ontario founded 
Stewardship Ontario (an industry-funded organization) which established the Municipal Hazardous of 
Special Waste Program to recover and recycle toxic household products from Ontario residents. In 2011, 
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the Battery Incentive Program (BIP) was designed to specifically address household batteries under the 
MHSW Program.  

Under this Battery Incentive Program, Stewardship Ontario pays transporters, sorters and processors to 
pick up household batteries from retail or other drop-off locations and recycle them. Stewardship 
Ontario then bills the battery producers, or stewards, for the expenses. The charges are based on the 

market share that 
individual stewards are 
responsible for.73 

Since the inception of 
the BIP in Ontario, 
collection points grown 
immensely from 1,351 
in 2011 to 3,728 in 
2014.74 Revenue 
collected from stewards 
of the Battery Incentive 
Program has more than 
covered the running 
costs of collection, 
transportation, and 

recycling of batteries in 
Ontario.  

 

3.2. Belgium 
Some European countries have taken the lead internationally on diverting household battery wastes. 
Awareness of diverting battery wastes in Europe began around the late 1980s and resulted in the 
European Union Battery Directive of 1991 (this directive was similar to the Battery Act of 1991 in the 
United States). Its primary purpose was to limit the dispersion of hazardous materials in the 
environment, specifically citing restrictions on disposal of lead, mercury, cadmium. 

A new directive was passed by the EU in 2006, which focused more on the recovery and 
remanufacturing of materials from batteries. According to the EU, “thousands of tonnes of metals, 
including valuable metals such as nickel, cobalt and silver, could be recovered if batteries did not go to 
landfills/incinerators.”75 The New Directive also sets strong collections goals for European countries: 
25% of batteries sold by 2012, and up to 45% by 2016.76 

Since the enactment of the New Battery Directive, some countries like Belgium, France, Germany, The 
Netherlands and Austria have achieved collection and recycling rates of 30-60%. Belgium has the highest 
recycling rate of household batteries worldwide. 

-1000

-500

0

500

1000

1500

2000

2500

3000

2010 2011 2012 2013

Battery Collection and Goals for Ontario 

Tonnes collected Collection Goal

Net Revenue/Loss Collection Trend

Figure 10: This graph shows data from the first four years of Ontario’s Battery Incentive Program. 



The reason that countries like Belgium are so successful in battery recycling is that they passed strong 
legislation beyond the EU Battery Directive guidelines. Belgium passed their national legislation in 2009 
and set restrictions on types of batteries that can be marketed (restrictions on mercury in consumer 
batteries), as well as producer takeback plans and guidelines for public education. 

Companies like BEBAT, Umicore, REVATECH, and SNAM (France) have played key roles in collecting and 
recycling batteries for Belgian consumers. BEBAT is a drop-off and battery collection company that 
serves the entire country with over 24,000 participating collection locations (in a country roughly the 
size of Maryland, with 11 million people).77 BEBAT sells its spent batteries to recycling companies such 
as Umicore (Li-ion), REVATECH (Zinc and alkaline), and SNAM (NiMH and NiCD).78 

BEBAT functions very similarly in nature to Call2Recycle in North America, except it operates in a 
country with producer takeback legislation for all batteries. BEBAT uses funding that it receives from 
battery producers and drop-off locations to air TV and radio ads for public education. For these reasons, 
as well as a more popular awareness of waste, reuse, and recycling streams generally in Belgium, 
Belgium leads the world in household battery recycling. 

A similar realization of the importance of legislative action was found in Germany in 1998, when 
voluntary programs were not producing results: 

“Industry has devoted substantial resources to developing a return and recovery system for 
battery containing harmful substances which are accepted for return via trade. Nevertheless, 
this system has failed to produce anticipated results. The key factor was that, despite intensive 
publicity work by trade and industry, ‘local’ shops were often inadequately informed about the 
voluntary commitment and their own role as intermediary between the manufacturer and the 
consumer, or failed to comply with the voluntary measures, or did so inadequately.”79 

3.3. Japan 
For Japan, producer takeback recycling is nothing new. Japan passed the first producer takeback 
legislation in the world in 1998, requiring manufacturers and retailers of large home appliances such as 
air conditioners, televisions, washing machines, and refrigerators to assist in recycling their products.80 

Since then, Japan has 
included other products 
in producer takeback 
legislation, including 
household rechargeable 
batteries. 

Japan passed the Act on 
the Promotion of 
Effective Utilization of 
Resources in 2001. This 
legislation loosely 
required manufacturers 
and retailers to develop 
collection and recycling 
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from five years in Japan. 



plans for their products. Additionally, Japan also passed the long-winded “Ministerial Ordinance 
Stipulating the Criteria to Be Used by Sealed Battery Manufacturers, etc. and the Manufacturers, etc., of 
Products Using Sealed Batteries, concerning the Self-Collection and Recycling of Waste Sealed Batteries” 
in 2001. This law more specifically required producers to take back their rechargeable batteries from 
consumers in Japan. Neither laws require producer takeback for single-use or automobile batteries, 
which often are still handled by local government and voluntary business programs. 

These laws succeeded in increasing recovery rates of precious metals in rechargeable batteries in Japan. 
Discarded cadmium from NiCd batteries, for instance, has gradually declined since enacting these laws, 
while the recovery rate has been driven up.81 

There are still challenges for recovering materials from batteries in Japan, such as the lack of 
comprehensive takeback legislation for single-use batteries, as well as more funding for public education 
and collection targets and benchmarks around battery recycling. 

3.4. Electronics and lead-acid batteries in the U.S. 
3.4.1. Electronics 

Electronics producer takeback laws have been a huge success in the United States. So far, 25 states have 
passed legislation mandating statewide recycling for electronic waste. Nationwide, these laws cover 65% 
of the American population. 

Texas has two laws dealing with producer 
takeback for electronic waste, the 
Computer and TV Takeback Laws of 2007 
and 2011, respectively. These laws in Texas 
are directly responsible for the diversion of 
over 180 million pounds of electronic waste 
from landfills. 

Still, the rates of recycling in some states, 
including Texas, are lacking compared with 
others. There are specific legislative 
reasons for why there is such a discrepancy 
in collection and recycling rates. These 

reasons will be discussed in more detail in 
the section How to Accomplish Producer 
Takeback Recycling for Batteries. 

3.4.2. Lead-Acid Batteries 
Sealed lead-acid batteries (SLABs), used primarily as starting-lighting-ignition (SLI) batteries for 
automobiles, are one of the most recycled products in the world economy. In the United States, 
approximately 96% of SLABs are recycled. Additionally, lead is almost exclusively used to manufacture 
batteries, which means its use and reuse is nearly a closed-loop system. Many SLABs contain fully-
recycled metal content, and the typical battery has 60-80% recycled lead and plastic content.82 

Figure 12: States with producer takeback laws for electronics in the U.S. 



On the one hand, lead recycling has market-based advantages to raw extraction. The cost of lead from 
recycled batteries is significantly lower than the price of mining raw materials. Lead can be recycled 
indefinitely without degradation. 

The reasons for success in recycling sealed lead-acid batteries are also attributable to legislative factors. 
The Battery Act of 1996 required specific labeling of all SLABs to contain a recycling symbol and the 
words: “lead,” “return,” “recycle,” and “battery must be recycled.” These requirements, in addition to a 
number of state level landfill bans and deposit incentives, raise public awareness and concern about 
recycling SLABs. As a result of these and market factors, the infrastructure and economies of scale for 
collecting and recycling batteries is well-established in North America.83 

4. Industry agrees effective recycling must be mandated 
Battery producers agree that household battery recycling would improve if legislation created a level 
playing field. In 2011, national meeting which included the five largest single-use battery manufacturers 
and other stakeholders convened in Dallas. The gathering resulted in a commitment to set up a national 
voluntary producer takeback system for single-use batteries under the direction of the newly-formed 
Corporation for Battery Recycling. Requests for Proposals (RFPs) were issued for vendors to provide 
national services.84 

However, when Rayovac and Kodak pulled out of the Corporation for Battery Recycling, the remaining 
companies put a hold on the RFPs and decided that legislation would be necessary to create a level 
playing field. In 2013, Texas Campaign for the Environment launched the “Take ‘em Back, Rayovac 
Campaign” to pressure Rayovac to back producer takeback recycling legislation. The campaign 
generated thousands of personal letters to Rayovac leaders, sign on statements from advocates across 
the country, social media and off-line actions, including a crowd-funded “Road Trip for Battery 
Recycling.”8586 

Meanwhile in 2014, Vermont became the first state to pass a law for producer takeback for single-use 
batteries, but the single-use battery makers did not support the legislation mainly because it skirted the 
issue of the responsibility of companies that put products on the market with batteries inside.87 

With regards to rechargeable batteries Call2Recycle had advocated for voluntary recycling programs for 
rechargeable batteries for years. They set up a across North America with limited success. North 
America still recycles fewer than 25% of rechargeable batteries sold. In their 2012 Annual Report, the 
organization changed its position regarding state and national legislation: 

 “Due to the changing dynamics in the global marketplace, we changed course from advocating for 
voluntary regulation of rechargeable battery recycling to supporting state legislation that would mandate 
requirements. These bills would ensure that all battery and product manufacturers financially support 
recycling efforts…Call2Recycle member companies are carrying the financial burden of recycling for 
them…. [We] advocate that any manufacturer that puts rechargeable batteries into the market be held 
accountable for financing the recycling of the waste.”88 

Another watershed occurred in 2014, when stakeholders and Canada from the U.S. came together in 
Hartford, Connecticut under the aegis of the CT environmental agency and the Product Stewardship 
Institute. Assembled were state and local government officials, battery recyclers, environmental non-
profit organizations and the various trade associations for single-use and rechargeable battery 



companies, among others. The battery companies and trade associations unveiled an industry model bill 
that covered all household batteries. Stakeholders discussed the industry model bill and possible areas 
for improvement.89 

In 2015, producer takeback bills for household batteries have been introduced in Connecticut (HB6957), 
California (AB488) and Texas (HB 3153).90 

 

HOW TO BRING BATTERY RECYCLING TO TX 
1. Current status and action 

2. Valuable lessons from similar legislation 

3. Conclusion – Opportunities for recyclers and consumers 

 

1. Current status and action 
There are two solutions for bringing comprehensive household battery recycling to Texas: (1) Pass 
legislation in Texas similar to other producer takeback legislation. (2) Pass similar legislation in other 
states so that a national program is worked on and rolled out by the industry. 

The reason we know that passing producer takeback legislation is a viable option is due to direct 
correspondence with companies who replied to letters from consumers requesting battery recycling in 
Texas. In one letter, Panasonic replied: 

“Now, to focus on non-rechargeable (‘primary’) batteries, Panasonic, Duracell, and Energizer 
recently formed the Corporation for Battery Recycling (CBR), in order to actively support the 
adoption of laws in a number of states to require collection of these batteries. We know from our 
rechargeable battery work that collective industry action is the only way to provide convenient and 
easy-to-use collection programs to America’s consumers. Therefore, state laws will need to require 
all manufacturers’ batteries be collected for recycling and all manufacturers to pay their fair shares 
of collection and recycling costs. But we believe the experience gained in some initial states will 
enable the primary battery industry to design convenient and cost-effective collection programs 
that can be successful nationwide.” 

Texas, California and Connecticut lawmakers have 
introduce bills for producer takeback of batteries. 
These bills need bipartisan support to pass, 
especially in Texas. Similar legislation passed in 
Vermont in 2013 but failed to pass when introduced 
in California in 2014. 

 

 

In 2015, producer takeback bills for 
household batteries have been introduced 
in Connecticut (HB6957), California 
(AB488) and Texas (HB 3153) 



2. Valuable lessons from similar legislation 
It is important that producer takeback legislation ensures effectiveness and convenience for consumers. 
Lessons from similar bills passed in other countries and parts of the United States should be considered 
for a household battery takeback bill. One example comes from the European Union’s Battery Directive 
passed in 1998. This directive was loosely defined and gave individual countries the authority to make 
specific rules on how collections, funding, and education would be required. Some countries, like 
Belgium, France, and Germany, passed effective laws such that collection rates exceeded 40% 
nationwide very quickly. Other countries have much lower collection rates.9192 

2.1. Convenience and goals 
Two approaches of effective producer takeback legislation for used electronics are convenience 
standards and goal setting. Convenience standards ensure that everyone has fair access to drop-offs and 
collection locations. One example would be to require a collection location in every city with a 
population over 10,000. Washington includes this in their electronics takeback law, and now 92% of 
Washington residents live within 10 miles of an e-waste drop-off. 

Setting collection goals is another approach is to set collection goals as a function of manufacturers’ 
market share from the previous year. This ensures that companies who dominate a specific market pay 
their lion’s share for recycling programs, while smaller companies entering the market will pay a smaller 
share. Another system for setting goals considers the weight of products available for collection from 
the previous rather than products sold. This system can account for the “hoarding effect” discussed 
previously, as batteries sold versus batteries available for collection are often different in number. One 
problem with this system is that data are often lacking or unreliable for the products available for 
collection. 

Collection goals should also be set as minimum benchmarks rather than maximum targets. Companies 
will often resort to the least amount of action required, so goals should be ambitious. Texas, Oklahoma, 
Virginia, and Missouri passed laws that require computer companies to takeback electronics, but the 
laws did not specify any particular level of performance. In the case of Texas, one company Dell, 
collected 15 of the 18 million pounds of electronics returned statewide.  Dell has performed well, but 
the law has not created a level playing field in which all companies are doing their share.93 

2.2. Specifying who pays the bill 
States like Washington and Oregon who have the highest collection numbers per capita for electronics 
also have a variety of types of collectors—municipal governments, private companies and non-profits. 
These states’ laws also require manufacturers to “fairly compensate collectors for providing collection 
services.” In these cases, when it is clear who is footing the bill, unconventional collectors (such as 
elementary schools) are sure their volunteered services will be compensated. 

2.3. Defining recycling and recycling standards 
Performance standards should assure that the collection of used batteries results in actual recycling of 
the materials. The takeback law can require transparency on the disposition of the collected batteries 



and provide incentives for closed loop recycling in which materials from collected batteries are going 
into batteries or other high value products and not simply slag for road base. 

2.4. Transparency and reporting 
Measurement and evaluation are essential for ensuring progress with recycling programs. Stewardship 
Ontario, for example, reports tonnage for batteries available for collection, target goals, and actual 
annual collections annually. Without this data, lawmakers, consumers and regulators are left in the dark 
about these programs’ success. 

3. Conclusion – Opportunities for recyclers and consumers 
Household battery takeback legislation holds many promises for Texas. For consumers, the long 
standing question, “What do I do with my batteries?” will finally have a responsible, convenient answer. 
For businesses, this means more full-time recycling jobs. For natural resources, there is potential to 
reduce hazardous materials entering our groundwater. 

Perhaps most importantly a culture of reducing waste, conserving natural resources, and product 
innovation will be advanced in the public mind. When producers are responsible for the end of life of 
their products, they are more likely to design goods with the environment in mind. The data from 
numerous studies have shown that using recycled materials for batteries versus virgin materials 
significantly reduce the environmental and human health impacts of the product. Most batteries contain 
precious materials, such as cobalt, lithium, and cadmium, which are mined mostly in foreign countries. 
Demand for these virgin materials could be alleviated by increasing recycling domestically. 

Conserving these materials in the economy through product innovation, reuse, and recycling are the 
best alternatives to our current mode of waste and landfilling. It has been shown in various expert 
studies, and illustrated in this meta-analysis of them, that mandated recycling legislation for batteries is 
the best path to achieving an innovative economy and sustainable future. 

 

 

 

  



APPENDIX A 

Battery Chemistries, Applications, and Toxicity 
 

Alkaline 

Alkaline batteries are by far the dominant battery on the market. By weight, they comprise about 60% of 
all batteries sold. As the successor to zinc-carbon batteries, alkaline batteries will continue to constitute 
the largest portion of batteries recovered in the near future. However, due to market and technological 
changes, this battery chemistry is expected to lose its dominance on a longer timeline. 

History: Alkaline battery chemistry was first introduced in the 1960s, and quickly became the most 
popular type of consumer battery because they offered more total energy at higher currents than 
before. 

Advantages: Alkaline batteries are eight to ten times more powerful than carbon-zinc batteries and have 
a longer shelf life (alkaline batteries can deliver up to 80% of their original charge after being stored for 
4 years). They also have greater leakage resistance. Alkaline cells operate over a wider temperature 
range at higher discharge rates. 

Properties: 

Fe / 
Steel 

Zn Mn Ni other 
metals 

alkali water other non-
metals 

Plastic / paper / 
carbon 

24.8% 14.9% 22.3% 0.5% 1.3% 5.4% 10.1% 14% 6.9% 
 

Common Applications: There batteries are used in portable televisions and radios, toys, flashlights, and 
for photoflash and other high-drain applications. 

Zinc Carbon 

Sales of zinc carbon batteries are decreasing as alkaline batteries become and even more dominant 
player in the single-use battery market. 

History: The zinc carbon cell is based on the very first batteries created in the late 1800s. In 1886, a 
“dry” version of the wet Leclanche cell was patented by Dr. Carl Gassner. This cell used a zinc cup as the 
anode and a plaster of Paris mixture as the electrolyte. These dry cells really gained popularity after 
being introduced at the 1900 World’s Fair in Paris by Gassner. Improvements throughout the century, 
such as using purer zinc or better sealing, gave the cell a fourfold increase in capacity by 2000. 

Advantages: The zinc carbon cell is very inexpensive compared to other types of cells. 

Properties: 

Fe / 
Steel 

Mn Ni Li other non-
metals 

plastic / paper / 
carbon 

50% 19% 1% 2% 19% 9% 



 

Common Applications: These batteries are used in small portable electronic devices that require a low to 
moderate level of power, such as flashlights. 

Lithium 

Lithium single-use batteries make up only 2% of the total battery market, but sales are growing. 

History: Early forms of the lithium battery were being used in the 1950s, but due to the high reactivity of 
lithium with water, health hazards limited their commercialization. It was not until the 1970s that 
Matsushita Battery Industrial Co. Ltd. (currently Panasonic) began to mass produce this chemistry for 
commercial purposes. 

Advantages: The lithium cell uses inexpensive materials and has a high energy density for low volume by 
weight and mass. The battery also has very low self-discharge characteristics, allowing it to have an 
excellent lifespan compared to other single-use battery chemistries. 

Properties: 

Fe / 
Steel 

Mn Ni Li other non-
metals 

plastic / paper / 
carbon 

50% 19% 1% 2% 19% 9% 
 

Common Applications: These batteries are used for digital wristwatches, headlamps, LED lights, smoke 
detectors, and wireless alarm systems. 

Silver Oxide Button Cells 

History: Silver oxide button cells were first available on the commercial market in 1960. The battery 
became the battery of choice for quartz watches, and the market grew during the 1970s as these 
watches dominated the market. The pocket calculator also made use of the silver oxide button cell. 
When the value of silver rose sharply in the late 1970s, use of this type of battery dropped and use of 
the coin-type lithium battery grew. 

Advantages: These batteries have a very high energy density (energy/weight ratio). However, they are 
costly due to the price of silver. 

Properties: 

Fe / 
Steel 

Zn Mn Ni Ag Hg other 
metals 

alkali water other non-
metals 

plastic / paper 
/ carbon 

42% 9% 2% 2% 31% 0.4% 4% 1% 2% 4% 2.5% 
 

Common Applications: Two types of silver oxide batteries are available, one type with a sodium 
hydroxide (NaOH) electrolyte and the other with a potassium hydroxide (KOH) electrolyte. Sodium 
hydroxide types last 2 to 3 years, making them highly suitable for quartz analogue digital watches or 
digital watches without backlights. Potassium hydroxide types are better for the short bursts of higher 
current drains that are required from LCD watches with backlights. Hearing aids and electronic 



measuring instruments also use batteries with a potassium hydroxide electrolyte in combination with a 
special separator to match the application. 

Zinc Air Button Cells 

History: Mass production of button-type zinc air batteries began in the 1980s. 

Advantages: Small and lightweight, zinc air button cells have a higher energy density than other types of 
battery because air from the atmosphere is one of the battery reactants. 

Properties:  

Fe / 
Steel 

Zn Hg alkali water other non-
metals 

plastic / paper / 
carbon 

42% 35% 1% 4% 10% 3% 5% 
 

Common Applications: These batteries are commonly used in hearing aids and small medical devices. 

2.2 RECHARGEABLE OR RECHARGEABLE PORTABLE BATTERIES 

Nickel Cadmium 

Sales of NiCd batteries are slowing down. NiCds contain cadmium, a known toxin to humans and the 
environment.  

History: In 1899, Swedish inventor Waldemar Jungner developed the first nickel cadmium battery. It was 
not until the 1960s that the battery was commercialized. 

Advantages: NiCd batteries have a long shelf and use life and can be charged up to 300 times. They 
feature a flat discharge curve, meaning they will deliver full voltage evenly over a long period and then 
quickly discharge rather than slowly delivering less and less voltage until empty. One prominent 
disadvantage of NiCd batteries is that they can suffer from the memory effect, sometimes called the 
“lazy battery effect.” The problem is that, if the NiCd battery is frequently recharged after being only 
partially discharged, it will no longer deliver its full capacity. 

Properties: 

Fe / 
Steel 

Ni Cd alkali water other non-
metals 

plastic / paper / 
carbon 

35% 22% 15% 2% 5% 11% 10% 
 

Common Applications: These include calculators, digital cameras, flashlights, medical devices 
(defibrillators), electric vehicles, and space applications. 

Nickel Metal Hydride (NiMH) 

As in the case with NiCd batteries, sales for NiMH batteries are slowing, but not nearly as quickly. 

History: NiMH batteries were introduced in the late 1980s and early 1990s, and they rapidly took market 
share away from NiCd batteries in the portable computing industry. 



Advantages: NiMH batteries have a higher energy density than NiCd batteries. They also last longer and 
can be charged more, up to 500 times before permanently losing charge. NiMH are less toxic than NiCds, 
but are more expensive to produce. 

Properties: 

Fe / 
Steel 

Zn Mn Ni Co other 
metals 

alkali water other non-
metals 

plastic / paper / carbon 

20% 1% 1% 35% 4% 10% 4% 8% 8% 9% 
 

Common Applications: NiMH batteries are used in laptops, cell phones, power tools, and electric 
vehicles. 

Lithium ion (Li-ion) 

Sales of lithium ion batteries are growing rapidly with the proliferation of small consumer electronics. 

History: The first mass produced lithium ion batteries were commercialized by Sony in 1991. This battery 
type is now the chemistry of choice for most portable electronic devices. 

Advantages: This battery is generally much lighter than other types of rechargeable batteries of the 
same size. A lithium ion battery pack loses only about 5% of its charge per month, compared to a 20% 
loss per month for NiMH batteries. Li-ion batteries experience no memory effect, which means that the 
user need not discharge them completely before recharging. And they can handle hundreds of charge-
discharge cycles. Li-ion cells are considered environmentally preferable to NiCd or NiMH cells because 
they do not contain cadmium or mercury. Due to their small cell size, Li-ion batteries can be made into 
almost any form, size, or shape. 

Properties: 

Fe / 
Steel 

Co Li alkali other 
metals 

other non-
metals 

plastic / paper / 
carbon 

22% 18% 3% 5% 11% 28% 13% 
 

Common Applications: These include laptops, cell phones, smart phones, tablets, and MP3 players, 
power-assisted bicycles, and hybrid/electric motor vehicles. 

Small Sealed Lead Acid (SSLA) 

History: The first sealed, or maintenance-free, lead acid batteries emerged by the mid-1970s. 

Advantages: The SSLA battery can combine oxygen and hydrogen to create water and prevent water 
loss. 

Properties: 

Fe / 
Steel 

H2SO4 other 
metals 

other non-
metals 

plastic / paper / 
carbon 

65% 16% 4% 5% 10% 
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