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PREFAC E o Kan,=city, Missoun-- Mode i,ationof
Lightingin a Municipal Auditorium

The Urban Consortium for Technology Initiatives(UC) is

composed of over forty of the largestcitiesand urban o New York, New York -- Strateglesto Reduce

countiesby populationIn the United States.The Con=or- ElectricityCost in New Commercial Construc-

t=urnprov=de= a unique forum to defineurban problems tion

common to itsmember governments and to develop,apply,

transferand cornmerclali,.e_echnologiesand innovative o St. Louis, Missouri -- Reducing Electricity

management techniquestoaddressthoseproblems. Demand through Energy EfficientConstruction

The Urban Consortium conducts itswork prograrnunder o Albuquerque & Chicago -- Municipal Electric

the guidance of Task Forces structuredaccordingto the Utility Franchising Conference (Technology

functions and concerns of local governments. The Energy Transfer)

Task Force, with a membership of municipal managers and

technical professional from the Consortium jurisdictions, o Montgomery County, MD -- Second National

ha= sponsored over one hundred energy management and Conference on Energy Efficient Cooling

technology projects in thirty-two Consortium member (Technology Transfer)

jurisdictionssince1978.

UNIT-- WASTE-TO-ENERGY

To develop in-house energy expertise, individualprojects

sponsored by the Task Force are managed and conducted Improving the effectiveness of waste management continues

by the staff of participating city and county governments, today a= one of the mos| crucial challenge= facing urban

Projects with similar subjects are organised into "units" of governments -- t challenge that increasingly seeks solutior_

five to nine projects evch, with each unit managed by a that can capture the potentiM for waste materi_ls ms con-

selected Task Force member. A description of the units tinually "renewable" energy resources. To realize this

and projects included in the Tenth Year (1988-89) Energy energy recovery potential, it is usenti=d to increase local

Task Force Program follows: capabilities for the application of commercial=ccd tech-

nologies, to prove said im_.m.proveemerging technologies, and

UNIT--ELECTRICITY MANAGEMENT to develop innovative management techniques that can

support effective and environmentally safe recovery of

Local governments recognise that high energy costs can energy from waste. Emphmms should be placed on specific

place severe burdens on residents and constrain growth for applications and technologies, well designed methods for

both energy-intensive industries and the vital small bus=- cost and risk management, and improved means to generate

ness sector that provide= the majority of today's employ- both institutional and public support for implementation.

sent opportunities. Maintaining a stable, secure and The Tenth Year unit consisted of seven projects and are as

reasonably priced supply of electric energy will require follows:

strategies that include support for decentralized "=mall"

power production, better demand managgment, and lm- o Hennepin County, Minnuota -- Household

proved energy use efficiency. Successful implementation of Hagardous Waste Processing

such strategies will require close coordination with the

utility industry and should aAdre_ topic= in area= of in- o Memphis, Tennessee -- Biogas Recovery from s

stitutional relations, source flexibility and demand side Sludge Storage Lagoon

management. The Tenth Year unit consisted of eight

projects and axe as follows: o Montgomery County, Maryland -- Yardwa=te

Recycling: Methods and Pilot Evaluation

o Chicago, Illinois -- Phased Implementation of Al-

ternative Technologies through the Development o Philadelphia, Pennsylvania -- A Policy Plan-

of Energy Markets ning Model for Integrated Wute Management

o Columbus, Ohio -- Electricity Demand Impacts o Seattle, Washington -- Household Hasardou=

of Indoor Air Quality Standards Waste Collection and Paint Recycling

o Houston, Texas -- Wa_tewater Treatment o St. Louis, Missouri -- Feasibility Assessment of

Process Energy Optimisation Waste-to-Energy for District Cooling

(Technology Transfer)
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to treat institutional barriers; and ,,=_e¢ments of environ-

o Public Technology, Inc. -- Risk Communication mental effects. The Tenth Year unit consisted of nine

and the Role of Technical Experts in WMte Corn- projects and are u follows:

bustion Decisions (Technology Transfer)

o Albuquerque, New Mexico -- Electric and CNG

UNIT -- RENEWABLE ENERGY Vehicles in Municipal Duty Cycles

Widely supported during the oil price shocks of the late o Browsrd County, Florida --Dual Fuel Conver-

1970's, research, development and use of renewable energy sion Demonstration

resources in the U.S. lost their substantial momenZum when

oil prices dropped during the 1980's. Broadly defined, o Chicago, Illinois -- Northern Illinois Clean Fuel

"renewable" resourcu include both recurring alternate sup- Consortium

plies (solar, biomMI, wind) u well M techniques to reduce

demand for conventional non-renewable energy resources, o Denver, Colorado -- Air Quality Impacts from

Effective strategies that can incre_e the ux of recurring Alternative Vehicle Fuels and Urban Design

alternate resources while improving sound management for

non-recurring resources are essential to prepare for the o Detroit, Michigan -- Fleet AJsessment for

nation's next decade. Emphues should be placed on the Light Alternative Fuel Vehicles

synthesis of energy concerns with broader local interests in

economic development, cost management and environmen- o New York, New York -- Alternative Transpor-

tal quality to develop truly sustainable urban areM u the tation Fuels: InfrMtructure Issues

century nears its end. The Tenth Year unit consisted of

five projects and are u follows: o Pittsburgh, Pennsylvania -- CNG _ an Alter-
native Vehicle Fuel

o San Jose, California -- The Sustainable City
o Oklahoma City, Oklahoma -- Diesel Truck

o Portland, Oregon -- The Sustainable City Conversion to Compressed Natural Gas

(Technology Transfer)

o San Francisco, California -- The Sustainable

City o Phoenix, Arisona -- Analysis of Programmatic
Fleet Conversion to Ethanol Fuel Blends

o New Orleans, Louisiana -- Space Heater Conver- (Technology Transfer)

sion to Hydro-heat Forced Air System= in the

Rehabilitation of Residential Units Reports from each of these projects are specifically designed

to aid the transfer of proven experience to other local

o New Orleans, Louisiana -- Impacts of Residential governments. Reader= interested in obtaining any of these

Con=creation Program= on Low and Moderate In- reports or further information about the En,'.rgy Tuk Force

come Households (Technology Transfer) and the Urban Consortium should contact:

Energy Program

ALTERNATIVE VEHICLE FUELS UNIT Public Technology, Inc.

1301 Pennsylvania Avenue, NW

Alternative vehicular fuels offer the very strong potential to Wuhington, DC 20004

aid in the reduction of U.S. dependence on foreign oil sup-

plies with the concomitant benefit of decreMed air pollution

in urban areM. Loc -I governments can play sn instrumen-

tal role in realising this potential through practical applied

research and highly visible demonstrations for alternative

fuel and technology options. Proj_,cts within this topic area

should piace a strong emphMis on teaming and partner=hip

activities among cities and counties, utilities and other

relevant private sector organisations with matching inter-

eats. Key elements addressed in this effort should include:

markets and appi:,cations for alternate fueled vehicles; ap-

propriate technologies, infrutructure and training; means
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CHAPTERI

INTRODUCTION

PROJECTPURPOSE

On October 6, 1989, Hennepin Energy Resources Company, Ltd. (HERC) began
operating a 1000-ton-a-day waste-to-energy facility near downtown Minneapolis.
As required by Minnesota State law, Hennepin County must plan and develop
programsto minimizethe contaminantsin incineratorair and ash emissions. In
an effort to fulfillthismandate,HennepinCountyis examiningv_riousmethods
of identifying and removing unacceptablematerials from the waste stream;
householdbatteriesare one type of waste being consideredfor diversion.

Householdbatterieshave not been commonlyidentifiedas a problemmaterialin
the normal solid waste stream. A batterycasingis designedto safelycontain
the contentsof the chemicalcellduring itsworkinglife. Eventually,however,
the chemicalswill corrodeand eat throughthe casing,releasingits contents.
Typically,the methodof disposingof spentbatterieshas beento throwthem into
the trashwhich is thendumpedin a landfill. Thismethoddispersesthe battery
cellsthroughoutthe wastesenteringa solidwaste landfill. While someconcern
has been expressedaboutthis disposalmethodfor batteries,littleevidenceis
avai'iableto link soil and groundwatercontaminationto specificmaterialsin a
landfill. During the 1980's,the amountof availablelandfillspace has been
dramaticallyreduced,forcingmany communitiestoexaminealternativemethodsof
processingtheirwaste. As communitiessearchfor alternativesto theirdisposal
dilemma,waste-to-energyfacilitiesare beinggiven greater consideration.

While it is difficultto provethat a specificmaterialis causingcontamination
in a landfill,tests have been conductedat waste-to-energyfacilitiesthat
indicatethat the householdbatteriescontributesignificantamountsof heavy
metals to both air emissionsand ash residue. In a study of Swedishwaste-to-
energy facilities,it was determined that 30 - 35 percent of the background
levels of mercury in the air near the facilitieswas attributableto the
combustion of householdbatteries in the waste (R_dian Corporation,1987).
Studies conductedfor the U.S. EnvironmentalProtectAgency (EPA) have found
nickel-cadmiumbatteriesaccountfor more than halfof the cadmiumenteringthe
waste streamin the UnitedStates. Cadmiumis one of the heavymetalsfound in
the bottom ash from an incinerator.

Providinga specialmeans of removinghouseholdbatteriesfromthe "normalwaste
stream" requires that new policy and deslgn issues be addressed prior to
implementinga county-wideprogram. Inan effortto addressthese questionsand
share informationfrom its experiences,HennepinCounty applied for and was
awardeda grant fromthe UrbanConsortiumEnergyTask Force. The grantresearch
plandetaileda dualapproachfor developingand implementinga specialhousehold
batterycollection. The first effortsat addressinghouseholdbatteriesas a
specialwaste were focusedon an examinationof alternativecollectionmethods,
includingconductingtest collections. The pilot collectionsgathereddata to
guide the developmentof a county-widecollectionprogram. The secondphase of
the study examinedoperatingand disposalpolicy issuesaffectingthe County's
abilityto establisha comprehensivecollectionprogram.

I



REPORTORGANIZATION

This report describes the results of the grant project, moving f:_oma broad
examination of the constructionand content of batteries (Chapter 2), to a
detaileddescriptionof HennepinCounty'spilotcollectionprogramsfor household
batteries (Chapter3), and endingwith a discussionof variablesaffectingthe
cost and operationof a comprehensivebatterycollectionprogram (Chapter4).



CHAPTER2

BATTERIESAS A SPECIALWASTEMANAGEMENTCATEGORY

lt is estimated that 160 million tons of municipal solid waste are generated
annually in the United States. This means each person in the United States is
discarding approximately four pounds of garbage daily (Salas et al, 1981).
Already the world's highest per capita generator of municipal solid waste, U.S.
waste generation rates are expected to continue to grow. Appropriately managing
these wastes is a critical issue that must now be addressed by many
jurisdictions. One option that is being increasingly incorporated in solid waste
management plans in incineration (Table I).

Table 1

Municipal Solid Waste Consumedby Energy Recovery Facilities

(In Mill ions of Tons)

1970 0.4
1980 2.7
1986 9.6
1990 projected 13.3
2000 projected 32.0

Source: FranklinAssociates,Ltd. "Characterizationof MunicipalSolid Waste
in the United States,"January31, 1989.

Developinga comprehensivewaste managementsystem requiresthat componentsof
the "normalwaste stream"be identifiedand appropriatedisposalmethodsfor each
waste categorybe designed. Paper,yard waste, metals and food wastes are the
four largestcategoriesof materialsfound in the waste stream. Paper and metal
productscan be recycled,whereasyard waste is compostable. In a recent study
conducted by Cal Recovery for the MetropolitanCouncil in Minnesota, it was
estimatedthat up to 49 percent of Minneapolis-St.Paul area municipalsolid
waste couldbe recycledor composted. Waste thatcannotbe recycledor composted
would have to be landfilledor incinerated. Some categoriesof waste, such as
householdbatteriespose potentialcontaminationproblemswhen eitherlandfilled
or incinerated.

CHEMICALCOMPOSITIONOF BATTERIES

Americans own some 900 million battery-operateddevices. To keep these
electronicdevices running, over $2.5 billion a year is spent to replacethe
power source--batteries. Estimatingthat every person in the United States
purchaseseight zinc/carbonand alkalinebatteriesper year, it can be projected
that at least 2 billion batteriesare consumed. Batteries are a convenient
portable source of energy that most people take for granted and few would
identifyas a problem for disposal.



A battery is a device that uses chemicals to produce electrical energy.
Batteriesare designed to store electricityin the form of potentialchemical
bonding between two active ingredients. As electricity is drawn from the
battery, the chemical composition is changed and discharging takes place.
Dependingon the chemicalcompositionof the battery,it can be classifiedeither
as a primary (thosewhich cannot be recharged)or secondary(thosethat can be
recharged,reversingthe chemicalreaction). Secondarybatteriesare becoming
increasinglypopularbecause they can be rechargedmany times, thus giving the
user a sense of the batterybeing "recycled".

Hundredsof electrochemicalpairs can be used to constructa batterybut few of
these pairs are feasiblefor the retail markets. The five most commontypes of
batteries sold commerciallyare: zinc/carbon,alkaline/manganese,mercury,
silver oxide, and nickel/cadmium. All these batteries are constructed of
corrosivechemicalswhich are hazardousif they shouldleak from their casings.
The casing of a householdbattery can be made from paper, plastic or metal.
Regardlessof the materialused, the casingwill eventuallybecomecorrodedand
leak its contents. In a landfill,this processoccurs over long periodsof time
and could contribute to ground water pollution. Batteries that enter an
incineratorwill burn and releasemetals.

Table 2

ChemicalCompositionsof Household Batteries

BatteryTYpe Anode + Cathode - Electrolyte

Nickel Cadmium
Rechargeable Nickel Cadmium PotassiumHydroxide

Zinc-CarbonCell

General Purpose Zinc ManganeseDioxide AmmoniumChloride
Zinc Chloride

Alkaline-Manganese Zinc & Mercury ManganeseDioxide Potassium
& Graphite Hydroxide

Mercury Cell Zinc Mercuric Oxide Potassium
Hydroxide

Silver Oxide Cell Zinc Silver Oxide/ Potassium
Silver Peroxide Hydroxide,

Sodium
Hydroxide,Zinc
Oxide



During incineration,two types Jf householdbatteries- alkalineand mercuric
oxide - are of specialconcern. Alkalinebatteriescontainbetweenone-halfof
I percentand 3 percentby weight mercury. A lightcoatingof mercury is added
to the zinc anode to preventhydrogengases frombuildingup during the reaction
of the metals (zinc and manganesedioxide). Withoutthe additionof mercury,
gases within the alkalinebattery would tend to expand and break its outside
casings,destroyingthe cell. While a singlealkalinebatterycontainsonly a
small amount of mercury, the large number of alkalinebatteriesenteringthe
waste stream provide an abundantsource of mercury.

Mercurybatteriesuse zinc(anode)and mercuricoxide (cathode),which are in the
form of highly compressed powders. Mercuric oxide is one of the active
ingredientsof chemicalsthat change to produce the electric current;it is,
therefore,a large amountof the battery'stotalweight. "Button"sizemercuric
oxidebatteriescontainapproximately33 percentto 50 percentmercurybyweight
of the battery. Larger specialtymercury batteries(8.4 volts) may containas
much as 60 percent mercury by battery weight. Mercuric oxide and alkaline
batterieshave been identifiedas one of the major sourcesof mercuryentering
waste-to-energyfacilities.

METALS AS A PROBLEMMATERIALFOR WASTE-TO-ENERGYFACILITIES

In a literaturereview conductedby the City of Seattle'sOffice of Long-Range
Planning,the effectsof incinerationof hazardouswasteswere investigated.The
report discusses hazardousmaterials that are either metals or organics and
traces the changesthat occur _,henburned. The major findings include:

• Incinerationcan reduce the volume of waste by as much as 90 percentand
the weight of the materialto be landfilledby 70 percent

• The major by-productsof incinerationare fly and bottom ash

° Not everything that enters an incineratoris destroyed--somematerial
becomes concentratedin the ash (Denison,1988)

• Ash composition is principally determinedby the inorganic (generally
metals) and organic compounds (PCB's,dioxins and furans) enteringthe
waste-to-energysystem.

Heavy metals such as cadmium,lead and mercury enteringan incineratorbecome
concentratedin the ash residue in direct proportionto the degree of volume
reduction achieved (Couppis and Franklin, ]987). Metal concentrationsare
affectedby the type of waste being processed. Two types of ash are produced
from the incinerationof municipalsolid waste: bottom ash and fly ash.



The coarseresidue remainingon the burninggrate is calledbottom ash and many
containmetals,glass or smallparticleash (HennepinCounty,1987). Bottomash
is generallycooled by passingit through a water quench tank which causes the
ash to become solid slag. The slag is then disposed of in a landfill. The
predominantmetals found in bottom ash are iron, zinc, lead and copper. The
metals of greatest concernto human healthand the environmenttend to be found
in fly ash.

Wastes processedin a municipalincineratorare subjectedto high temperatures
which causemetalsto partiallyvolatilizeor convertto a gaseousstate. As the
gases move out of the combustionchamberand into the boiler,they cool, causing
the metals to condense on the small fly ash particles. Fly ash are fine
particlesthat are transportedby the flue gases throughthe combustionchamber
and becometrappedinthe air qualitycontrolsystemof the burner. The presence
of metals on or near the surfaceof the ash increasesthe potentialfor metals
to leachafter the ash is landfilled(Denisonand Silbergeld,1987). Mercuryand
cadmiumare two metals of primaryconcernfound in fly ash.

A 1985EPA reportcited solidwaste incineratorsas the primarysourceof cadmium
emissions. Householdbatteriesare a major contributorof heavy metals in the
solid waste stream. In 1989, the EPA issued a report identifyinghousehold
batteries, specifically nickel-cadmium batteries, as the single largest
contributor of cadmium to municipal solid waste. Batteries are also a
contributorto mercury emissionsfrom waste-to-energyfacilities.

Most of the metals are found in the fly and bottomash but f_mes or particulates
in the flue gases also containmetals. Some metals, such as mercury, vaporize
during combustion. Mercuryvaporsare the most abundanttrace elementfound in
waste-to-energyemissions(Denisonand Silbergeld,1987). Air emissionsfrom a
waste-to-energyfacilityare carriedinto the atmosphereas part of the exhaust
plume. As the plume becomesdispersedin the atmosphere,mercuryparticlesmay
be carriedlong distances. Like other air pollutants,mercury is broughtback
to the earth's surfaceby precipitation. If rain or snow containingmercury
enters an acidic lake, the mercury can be convertedto methyl mercury. The
amount of methylation will depend on the chemistry of the lake. Converted
mercurycan then enter the food chain throughfish.

Fish can absorbmethyl mercurythroughtheir gills and also absorb it from the
food they eat. Predatorfish, which are often populargame fish, tend to have
higher levels of methyl mercurythan herbivorousfish.

In Sweden, high levels of mercury found in fish taken from lakes led the
government to conduct extensiveresearch into the causes. A result of this
researchidentifiedemissionsfrom waste-to-energyfacilitiesas one source of
mercury. Furtherstudy of emissionsfrom waste-to-energyfacilitiesin Sweden
determinedthat 30 to 35 percentof the backgroundlevelsof mercuFy in the air
near the facilitieswas attributableto the combustionof householdbatteriesin
the waste (RadianCorporation,1987).



Modern waste-to-energyfacilities are designed to include a variety of air
pollutioncontroldeviceswhich canminimizethe amountof particulateemissions.
To removemercuryfrom the air emissions,the temperatureof incineratorgases
must be cooled to cause condensationand a chemicalreactionmust be initiated
(using lime), lt has been demonstratedthat mercury can be removedfrom air
emissionswhen properlyoperated scrubbersfor condensationand reaction,and
either an electrostaticprecipitatoror baghouse, are used to collect the
mercury-ladenparticulate (Clarke,1987). Sweden has recently mandated the
removalof all batteriesfrom the municipalwaste stream enteringa waste-to-
energy facility, as well as requiring sophisticatedair pollutioncontrols.
While constitutinga small amountof the waste stream,householdbatteriesmay
have a significantimpact on the emissions of a waste-to-energyfacility.
Ironicallyas airpollutioncontrolequipmentbecomesmore efficient,ash residue
containshigher levels of heavy metalswhich must be landfilled.

LEACHATEFROM ASH DISPOSAL

Leachateis water that has filteredthroughlandfilledash or so)id waste. As
the water passes through the wastes, metals and chemicals are dissolvedand
become suspendedin the water. Leachateis formed througha processanalogous
to brewingcoffee. When coffee is made, water is percolatedthroughthe coffee
grounds to dissolve the chemicalswhich give coffee its color and flavor.
Variationsin the amountor type of groundsused can producestrongeror weaker
flavors. Similarly,water percolatesthroughthe groundto dissolvethe minerals
in the soils or materials in a landfill. Verying the materials or other
concentrationswill create a similarvariatie_:i_ the minerals and chemicals
found in ash and possibleleachate.

Leachatefrom landfillsneeds to be containedto assurethat it doesnot migrate
into surfaceor groundwater. Leachatecan containmineralsor substanceswhich
can enter the foodchain and adverselyaffecthuman health. Leachatemigration
in older, unlined landfills has been documented by the Minnesota Pollution
ControlAgency inmany locationsand has adverselyaffectedthe waterqualityof
wells miles from the sourceof pollution.

The EPA uses laboratorytestmethodswhich evaluatethe potentialof metals and
other substancesto leach from ash. lhese tests indicatethat ash needs special
handlingbecauseof its leachingcharacteristics.

The Federaland state regulatoryagencieshave not yet made it clear whetherit
is acceptableto disposeof incineratorash separatelyin its own ash landfill
or whether it shouldbe handledas a hazardouswaste.



CONCLUSIONS

Given the potential hazards of air emissions and ash, safe operation of a
municipal incineratormust focus on efforts to reduce the hazardousmaterials
contentsof the fly and bottom ash (Denison,1988). An effectiveway to reduce
hazardousemissionsis to removematerialscontainingcontaminatingconstituents
from the supply to the incineratorbefore burningoccurs. The tasks necessary
to remove contaminantsfrom the waste stream entering an incineratorinclude:
defining the problem, establishing evaluation criteria, identifyingwaste
materialsandtheirorigin,assessingalternativecollectionmethods,structuring
an acceptable solution,implementingthe solutionand monitoringthe results.
In the next chapter, Hennepin County's experiencewith pilot testing special
collection methods ior removing household batteries from the "normal waste
stream"will be explored.



CHAPTER3

SPECIALCOLLECTIONMETHODSFOR WASTE BATTERIES

HENNEPINCOUNTY'SEXPERIENCE

Hennepin County is the largest county and local government in the State of
Minnesota. In 1988, the County's population was just over one million,
approximately one-quarter of the state's residents. The County's 47
municipalities,which includethe City of Minneapolis,generate970,000tonsof
solid waste per year. Within the next decade,it is expectedthat this amount
will increaseto over I milliontons per year. Existinglandfillspace within
the County is quickly being exhausted and past problems with groundwater
contaminationhave severely limited the willingnessto site new facilities.
Recognizing the approaching problem, Hennepin County has developed a
comprehensivewaste managementplan which includesrecycling, compostingand
incineration.

HennepinCounty has emphasizedrecyclingfor severalyears. Minneapolis,with
financialsupportfrom the County,initiateda curbside-collectionprogramfor
glass,aluminumand newsprintin 1983. The initialresultsfrom the residential
areas involvedin the demonstrationprojectwere so positivethat they recycling
programwas extendedto includethe entirecity in 1985. The Countypresently
offers financial and technical assistance to any of its 47 municipalities
interestedin developinga recyclingprogram. The Twin Cities area now has a
mandatedrecyclingtargetof 16 percentby ]g90. This targetwas imposedby the
regional planning body in an effort to increase the amount of waste being
recycledand to give impetusto local governmenteffortsto initiateprograms.
In 1988, new recyclingeffortsaccountedfor 9.4 percentof HennepinCounty's
wastes.

Hennepin County has had a yard waste compostingprogram for 16 years. Yard
wastesare collectedseparatelyfor storageand decompositionat two processing
sites owned by the County. After the composting process is completed,
distributionsites are set up aroundthe Countyand residentsare advisedof the
availabilityof the composton a free-to-all,first-come,first-servedbasis.In
1988,more than 25,000tons of yard waste were collectedfor composting.

Even with the continuingemphasison recyclingand composting,it has become
increasinglyevident that the County's solid waste plan must include an
alternativeto landfillingfor materialsthat cannotbe readilyrecycled. The
possibilityof constructinga refuseincJneratorwasfirstraisedin 1974. After
years of study on the economic,environmental,and healthand safetyimpactsof
an incinerator,and realizingthat existing landfillswill soon be full, the
CountyBoard of Commissionersdecidedto proceedwith constructionof a major
incinerator.



In 1985,HennepinCounty enteredintoan agreementwith HennepinEnergyResource
Co., Ltd. for the constructionand operation of a 1000-ton-per-dayrefuse
incinerator. Under the terms of this agreement,the County is obligatedto use
reasonableefforts to assure that only acceptablewaste is delivered to the
facility. The definitionof "unacceptablewastes" includes: "HazardousWaste,
and any materialswhich if processedat the faci3itywould cause the bottomash
produced at the facilityto be classifiedas HazardousWaste." To meet this
obligationand ensure that the new incineratoroperates as safelyas possible,
HennepinCounty is examiningmethodsof removing varioustypes of unacceptable
waste. Householdbatteriesis one waste streambeing consideredfor diversion.

lt is estimatedby the HennepinCounty Environmentand EnergyDivisionthat in
1989, 10millionbatterieswere soldin the countyor approximatelyten household
batteriesfor each resident, lt has beenconservativelyestimatedthat batteries
contributebetweenI and 2 tons ofmercuryand 2 and 2 I/2 tons of cadmiumto the
County'swaste stream every year. The objectiveof HennepinCounty's battery
collectionproject is to remove hazardous householdbatteriesfrom the solid
waste streamentering its waste-to-energyfacilities.

EstimatedAmount of Metals in Batteries
Sold in HennepinCounty During 1990

(in pounds)

Yearly Sales Metals
CelI Type U.S. Hennepin _H_g Cd

"Button"Cell 170,000,000 750,000 825

Alkaline 1.93 billion 7,917,100 1,582 1,858

Zinc-Carbon 1.2 billion 4,916,436 10 - 541 10- 541

Nickel-Cadmium 10 million 44,000 61 - 120

TOTAL I - 2 Tons 1,929- 2,519

Estimatedbatterysalesfor U.S. and Hennepinbasedon Dodds and Goldberry
1986 report, "Outlook for Recycling Large and Small Batteries in the
Future."

LITERATUREREVIEW

The first task of the batteryprojectwas to identifyeffectiveways to remove
spent householdbatteriesfrom the waste stream. A literaturereview of the
subject revealed that several European countries have researched and are
operatingbatterycollectionprograms. StudiesfromDenmarkand Swedenprovided
the retail/returnmodel used in HennepinCounty's pilot batterycollection. A
vn_psisof these countries'programsmay also help the reader identifytopics
ot concernnot addressedby this report.
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In 1987, Denmarkconducteda pilot retailbatterycollectionon the islandof
Bornholm. The studywas designedto testboth collectionand sortingmethodsfor
commonhouseholdbatteries. Customerswere askedto voluntarilybringbatteries
to participBtingretailersand place them in one of four bins which segregated
them by componentmaterials. Examinationof the collectedbatteriesshowedthat
75 percentof the alkalinebatterie_were misplaced. A survey of participants
indicatedthat 70 percent consideredthemselvesunable to distinguishvarious
battery types. The same survey showed 87 percent of the respondentswanted
batteriesto be collected,yet only 25 percentof the estimatedwaste alkaline
and zinc-carbonbatterieswere returned. The low rate of return has led the
Danish governmentto examinedepositand rebateschemesas part of establishing
permanentbatterycollectionprograms.

Swedenhas instituteda wide varietyof batterycollectionmethodsand developed
an extensivepublic educationprogram. Collectioncontainershave been placed
in heavily traveled pedestrian areas, such as subway stations, as well as
offeringretail/returnsites. Althoughpubliccontainersare a populardisposal
method,the programmay havetq be discontinueddue to the amountof unacceptable
debris beingplaced in them. Municipalcollectionsof householdhazardouswaste
will also accept batteriesfor disposal. Sweden estimatesthat it is removing
60 percentof all waste batteriesentering its municipalsolid waste stream.

HOUSEHOLDBATTERYCOLLECTIONPROGRAMDESIGN

Having reviewedbatterycollectionprogramsoperated in Europe,local program
optionswere the next consideration. Recyclingprogramshave beenmandated by
Hennepin County for all municipalitieswithin its jurisdiction. Forty of the
County'scommunitieshave curbsidecollectionof recyclables,while four rural
citiesuse drop-offcenters. With an extensiverecyclingsysteminplace,adding
household batteries to the materials being collectedwas a logical option.
Althoughcurbsidecollectionof batteriesappearedto be possible,nomodelswere
availableto verify this assumption.

The literaturereview and an inventoryof the optionsavailableto the County
raised questionsthat could only be answeredby conductingtest collections:

° Would there be differencesin the number and type of batteriesreceived
throughvariouscollectionmethods?

° Would a combinationof collectionmethods be necessaryto maximize the
removalof batteriesfrom the normalwaste stream?

° Are there implementationand operating problems which may hinder the
effectivenessof specificcollectionmethods?

° What are the costs associatedwith implementingalternativecollection
methodscounty-wide?

11



Two collectionmethodswere selectedfor pilot testing--retaildrop-offcenters
and curbsidepick up. In the first scenario,residentswere askedto bring spent
batteries into designatedretail facilities. Batteriescould be placed in a
covered plastic bucket with an opening protected by a spring-closeddoor.
Curbside pick up of batteries,along with recyclingmaterials,was the second
method tested.

Two communitieswilling to work with county staff were selectedfor the pilot
study. The communitieswere roughlydemographicallyrepresentativeof Hennepin
County's population. Demographicfactors which were examined were community
size, percentageof male and female,median age and number in the household(see
Table 3). For the communityoperatingthe curbsidepick up, negotiationswith
the recyclingcompanyhad to be conductedto modify their contract to include
periodiccollectionsof householdbatteries. CoopeFationof city officialswas
a key factor in structuring models which could be used by other County
communities.

Tab!_e3

Comparisonof CommunityDemographicCharacteristicsto

GeneralPopulationof HennepinCounty

County New Hope Golden Valley

Population 992,140 23,087 22,775

Median Age 30 28.2 34.4

PercentMale 48.I 47.3 48.3

PercentFemale 51.9 52.7 51.7

Number in Household 2.35 2.6 2.48

U.S. Bureau of the Census, 1980

RETAIL DROP-OFFSITES

As a firststep in implementingthe pilotretailcollection,the City of New Hope
was askedto act as a programco-sponsor. Agreeingto be a co-sponsor,the city
took responsibilityfor contactingcommunity retailers who sold batteries.
Managersof 15 retailstoreswere contactedby a city staffperson to explainthe
project. Thirteen of the 15 retailersagreed to participateas drop-offsites
and were sent a follow-up letter thanking them for their help. On
November 1, 1988,the collectioncontainerswere delivered,alongwith a program
poster,to the retail stores.
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Newspaperinsertsand displayads were used to advertisethe batterycollection
sites. The advertisingcampaignbegan with an insertwhich explainedthe need
to keep batteriesout of their regulartrash and where spent batteriescould be
taken for proper disposal. Displayads with a similarmessagewere run in the
local "shopper"every other week for six months. To controlthe dissemination
of program information,all of the advertisingwas limited to the New Hope
distributionzone.

The OptimistsClub of Bloomingtonwas asked to act as the collectionagent for
the retail collection. The club has been conducting a "button" battery
collection in approximately20 retail stores for five years. The club's
collection approach is simple and easy; a collection bucket placed at club
members' places of business. When the buckets are full, the batteries are
broughtto the club presidentto be sent in for recycling. Monies receivedfor
the batteriesare put intothe club'streasuryto be usedfor charityactivities.
Club memberswere willingto coordinatetheir programwith the County'seffort
in exchangefor the recyclablebuttonbatteries. The club agreed to check the
containersonce a month and collectthe batteriesonce a quarteror as needed.
At the end of Februaryand beginningof June, retailcontainerswere emptied.

Collectedbatterieswere sortedby HennepinCountyVocationalServicesfor the
Handicapped. After the first collection,VocationalServices'employeeswere
asked to sort, count and weigh the batteriesby compositiontype (seeTable 4).
Sortingafterthe seccndpick upwas expandedto includetotalweightsand counts
by batterysize and composition(see Tables 5 and 6).

Tables5 and 6 revealedthat 95 percentof the collectedbatterieswere alkaline
or zinc/carbon. Few nickel/cadmium(rechargeable)and "button"batterieswere
broughtin to the retailcollectionsitesduringthe six month pilot test. Large
lanternbatterieswere left in someof the retailcollectioncontainers. These
batteriesaccountfor more than 50 percentof the total weight for zinc/carbon
batteries.
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Table 4

Amounts and Types of Batteries Collected

During the First Six Months of the Pilot Project

1989

Golden Valley

Curbside Number Percent Weights % Pounds

Alkaline 1325 47 148 Ibs. 2 oz. 49
Zinc/Carbon 756 27 132 Ibs. 14 oz. 45
Nickel/Cadmium 53 2 7 Ibs. 7 oz. 2
Buttons 554 20 I lb. 14 oz. I
Miscellaneous 104 4 10 Ibs. .45 oz. 3

2792 100 300 Ibs. 5.45 oz. 100

Hew Hope

Retail

Alkaline 256 59 33 Ibs. 8 oz. 50
Zinc/Carbon 83 19 32 Ibs. 3 oz. 48
Nickel/Cadmium ......
Buttons 70 16 3.8 oz. .5
Miscellaneous 27 _66 I Ibs. 2 oz. 1.5

436 100 67 Ibs. .8 oz. 100

Total (Retailand Curbside)Collected

Alkaline 1581 49 181 Ibs. 10 oz. 49

Zinc/Carbon 839 26 165 Ibs. I oz. 45
Nickel/Cadmium 53 2 7 Ibs. 7 oz. 2
Buttons 624 19 2 Ibs. 1.4 oz. I
Miscellaneous 131 4 11 Ibs. .24 oz. 3

3228 100 367 Ibs. 3.64 oz. 100

14



CURBSIDECOLLECTION

The curbsidecollectionpilot was conductedin GoldenValley,Minnesota. City
officialsin Golden Valley agreedto sponsortwo test collectionsof household
batteriesand negotiatedwith their recyclerto includespentbatteriesas part
of the recycledcollection responsibilities. The first of the two curbside
collectionswas heldon February24, 1989. This date was selectedto make pick
up availableduringthe months followingChristmaswhen batteriesused in gifts
would begin to fail. The secondcollectionwas held June 23, 1989.

An educationalcampaign was designed to announce the collection and raise
communityawarenessof proper batterymanagement. Three months prior to the
collection,each Golden Valley householdreceiveda letterwhich explainedthe
need for the collectionand how to preparebatteriesfor the recyclingpick up.
Residentswere told to store batteriesin a washedhalf-gallonmilkcartonor in
one-quartZiplock-styleplasticbags. Enclosedwith the letterwas a brightred
batteryrecyclingstickerto be used to seal the top of the containerbefore
placingit with other recyclingmaterials. On the collectionday,the container
was to be placedon top of the recyclingbin with the stickerin fullview. This
informationwas repeatedin the city's communitynewslettertwo weeks prior to
the pick up.

During the first pick up, the city'srecyclingcontractorcollected300 pounds
of batteriesfrom245 households. The averagehouseholdcontributed11 batteries
or approximately1.22 pounds to the collection. Ninety-fourpercent of the
batteriescollectedwere either alkalineor zinc-carbon. Three percentwere
eithernickel-cadmiumor button (silveror mercuricoxide). As programawareness
grew, so did the numberof householdsparticipating.More than 400 households
placedbatterieswith their recyclablesfor the secondpickupdate, a 40 percent
increase in participation. The weight and number of batteriesreceived also
increasedto 16 batteriesper householdwith an averagetotal weight of 1.6
pounds.

As sales statisticsfor the batteryindustryindicate,alkalineand zinc-carbon
batteries are the most common types of batteries consumed and, therefore,
disposedof in residentialtrash. Batterysortsconductedafterthecurbsideand
retailcollectionsindicatethat go percentto 93 percentof all loosebatteries
in a residentialwaste streamare eitheralkalineor zinc-carbon.The percentage
of alkalineand zinc-carbonbatteriescollectedwas substantiallyhigherthanthe
overallmarket share (70 percent to 75 percent) for these two batterytypes.
This discrepancymay be due to a genera] lack of consumer awarenessof the
applicationsfor variousbatteriesused within the home.
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Table 5

Amountsand Types of BatteriesCollected

During the Second Phase of the Pilot BatteryCollectionProject

Golden Valley

Curbside Number Percent Weights % Pounds

Alkaline 3208 49 355 Ibs. 5 oz. 54
Zinc/Carbon 1300 21 255 Ibs. 15 oz. 39
Nickel/Cadmium 44 I 6 Ibs. 3 oz_ I
Buttons 1384 20 6 lb. 0 oz. I
Miscellaneous 574 9 34 Ibs. 0 oz.

6510 100 657 Ibs. 7 oz. 100

New Hope

Retail Number Percent Weights % Pounds

Alkaline 486 57 50 Ibs. 11 oz. 47
Zinc/Carbon 239 29 52 Ibs. 14 oz. 48
Nickel/Cadmium 29 3 2 Ibs. 4 oz. 2
Buttons 72 8 6.7 oz. I
Miscellaneous 29 3 2 Ibs. 6 oz.

855 100 108 Ibs. 9.7 oz. I00
s

Total (Retailand Curbside)Collected

Alkaline 3694 50 406 Ibs. 0 oz. 53
Zinc/Carbon 1539 21 308 Ibs. 13 oz. 40
Nickel/Cadmium 73 I 8 Ibs. 7 oz. I
Buttons 1456 20 6 Ibs. 6.7 oz. I
Miscellaneous 603 _88 37 Ibs. 2 oz. _55

7365 100 766 Ibs. 12.7 oz. 100
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Table 6

Numbersof Batteries Collected by Size and Type
Second Collection June, 1989

Curbside Retail
Number Weight Number Wei ght

Alkaline
D cell 456 135 Ibs. 6 oz. 76 22 Ibs. 8 oz.
C cell 505 74 Ibs. 11 oz. 64 9 Ibs. 9 oz.
9 volt 291 29 Ibs. 10 oz. 33 3 Ibs. 11 oz.
AA cell 1791 83 Ibs. 6 oz. 276 14 Ibs. -- oz.
AAA cell 139 3 Ibs. 10 oz. 27 -- Ibs. 11 oz.
N cell 11 -- Ibs. 4 oz. I0 -- Ibs. 4 oz.
6 volt (lantern) 12 28 Ibs. 7 oz. -- -- Ibs. --oz.
J cell 3 -- Ibs. 9 oz. -- Ibs. -- oz.

3208 355 Ibs. 5 oz. 486 50 Ibs. 11 oz.

Zinc/Carbon
D cell 385 75 Ibs. 2 oz. 84 16 Ibs. 11 oz.
C cell 323 30 Ibs. I oz. 41 3 Ibs. 13 oz.
9 cell 134 10 Ibs. 13 oz. 22 I Ibs. 12 oz.
AA cell 351 13 Ibs. 2 oz. 69 3 Ibs. 7 oz.
AAA cell 16 II Ibs. 5 oz. -- -- Ibs. -- oz.
N cell .... Ibs. -- oz. 2 -- Ibs. I oz.
6 volt (lantern) 83 109 Ibs. 2 oz. 21 27 Ibs. 2 oz.
Odd size lantern 8 17 Ibs. 6 oz. -- -- Ibs. -- oz.

1300 255 Ibs. 15 oz. 239 52 Ibs. 14 oz.

Nickel/Cadmium
D cell 11 4 Ibs. -- oz. 4 l Ibs. 4 oz.
C cell I0 I Ibs. 2 oz. -- -- Ibs. -- oz.
AA cell 23 I Ibs. I oz. 19 -- Ibs. 13 oz.
N cell -- - !hs. -- oz. 6 -- Ibs. 3 oz.

44 6 Ibs. 3 oz. 29 2 Ibs. 4 oz.

MiscelIaneous
Type Unknown
D cell 36 7 Ibs. 5 oz. -- -- Ibs. -- oz.
C cell 11 | Ibs. 2 oz. -- -- Ibs. -- oz.
AA cell 82 3 Ibs. 1 oz. -- -- Ibs. -- oz.
AAA cell 19 - Ibs. 6 oz. -- -- Ibs. -- oz.
12.6 volts 6 I Ibs. II oz. -- -- Ibs. -- oz.
Odd sizes 3__Z _lIbs, 2 oz. 28 2 Ibs. 2 oz.

191 22 Ibs. II oz. 28 2 Ibs. 2 oz.

MercuryBatteries
N 359 8 Ibs. 13 oz. 1 -- Ibs. 4 oz.
9 volt 24 2 Ibs. 8 oz. -- -- Ibs. -- oz.

383 11 Ibs. 5 oz. I -- Ibs. 4 oz.

MiscellaneousTotal 574 34 Ibs --oz. 2g 2 Ibs. 6 oz.
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STORAGE

The Minnesota Pollution Control Agency (PCA) is responsible for regulating
hazardouswastesgeneratedwithinthe state. Batteriesare consideredby the PCA
as a householdhazardouswaste,which,oncecollectedfor specialdisposal,must
be managedto Federaland state standardsapplicableto generatorsof hazardous
waste. If collected,householdbatteriesmust be stored,treatedand disposed
of at permittedhazardouswaste facilities. Householdbatteriesdisposedof by
an individual in the normal waste stream are exempt from hazardous waste
regulation. A secondexemptionfrom the hazardousw_ste rules exists for waste
batterieswhich are returnedto the manufacturerfor regeneration.

NecessaryPCA approvalwas given to the Countyto store the collectedbatteries
in a licensedstoragefacilityfor up to one year. Extendingthe storagetime
allowedthe Countyto accumulatelarge enoughquantitiesto assessthe extentof
the problem and explore recycling and disposal options. Storage space was
expected to require ten 55-gallondrums. A storage area was approved by the
State Pollution Control Agency, County Licensing, Inspectionand Compliance
Sectionand the firemarshalfor the City of Hopkinsat the County'sPublicWorks
garage in Hopkins.

Prior to storage,the batterieswere sorted into five categories: zinc/carbon,
alkaline, nickel/cadmium,mixed "button",and miscellaneous. Each battery
category was placed in separate polyurethanebarrels and marked as "hazardous
corrosivematerials". By sortingthe batteriesby type, the Countywas able to
periodicallymeasuremercury emissionsfrom the storedmaterials.

Using a BacharacnMercury Vapor Sniffer,with a sensitivityof 0.01 milligrams
per cubic meter, mercury was detected inside the barrels at or above the
thresholdlimit value/timeweightedaverageof 0.05 mg/cubicmeter. The level
qf mercury varied depending on the type of batteriesbeing stored and on the
length of time they had been in storage. Alkaline batteriesstoredfor up to
threemonths had the highestconcentrationsof mercuryvapors,registeringat 0.5
mg/cubicmeter. Mercurywas not detectedin the store roomprior to the barrels
being tested. As soon as the barrelswere opened,mercury vapor levels in the
store room increasedbut then rapidlydissipated.Test resultsindicatethat the
potentialexists for material handlersto be brieflyexposedto high levels of
mercuryvapors. The readingsobtainedfor the mercuryemissionsindicatea need
for specialventilationand handlingprecautionswhen batteriesare stored for
long periods.

DISPOSAL

HennepinCounty has been storing all batteriescollectedduring its pilot test
in an attemptto locateappropriateprocessingalternatives. Few processingor
disposaloptionsare readilyavailableand most are expensive. In an effort to
avoid statehazardouswaste regulations,HennepinCountyhas askedmanufacturers
if they would accept spent batteriesfor regeneration. At the present time,
spent household batteries are not routinely accepted by manufacturers.
Processingand disposalof householdbatteriesbecamethe major considerationfor
the County.

18



Recyclingcollectedhous._holdbatterieswas the originalintentof the County's
batterycollectionprogra,n.Ideally,all spentbatterieswould be shippedto a
recyclingfacilityto havetheirmetal componentsreclaimed. Unfortunately,the
metal contentsof zinc/carbonand alkalinebatteriesis of littleeconomicvalue
and recovery, if it were available, would be costly. Several companies

, specializingin metals recoverywill acceptall types of batteriesfor disposal
but only mercuric oxide,silver oxide, lead-acid,and nickel-cadmiumbatteries
are processedfor their metals.

Concerned that metals processing companies meet hazardous waste management
requirements,HennepinCountydecidedthatpotentialprocessingfacilitiesshould
be inspected. The objectiveof the County'svisitswere to:

• Review waste handlingand processingmethods, includinganalytical
testing, quality control, contingency safety planning, and the
generationand disposalof residualwaste.

• Reviewthe company'shazardouswaste managementplan as requiredby
the state within which the facilityoperates.

° Meet and reviewstate and local inspectionrecordsfor the facility
during the past five years.

Only three companiesin the United Statewere found that could acceptbatteries
and in October, 1989, inspectionvisitswere made to these three facilitiesin
New York and Pennsylvania. Each companyvisitedspecializedin the recoveryor
neutralizationof batterieswith electrodesthat were either mercury oxide,
silver oxide, nickel, cadmium or lithium. The visit summary that follows
highlightssome of the difficultiesin reclaiminghouseholdbatteries.

INMETCO

INMETCO is located 35 miles northwest of Pittsburgh in Ellwood City,
Pennsylvania. The companywas establishedin 1976 by INCO as a waste metals
reclamation facility. The majority of materials processed by INMETCO is
manufacturingbyproductscontainingnickel,ironand chromium. HennepinCounty
inspected INMETCO'sfacility on October 5, 1989, to determine if a contract
should be consideredfor the processingof nickel-cadmiumbatteriescollected
from householdand commercialbusinesses.

INMETCOprocesses approximately38,000 tons of wastes a year using a modified
smeltingsystem. Materialsenteringthe plant are dumped into individualfloor
stallswhere they are analyzedfor metal content. The materialsare thenstored
until enough similarwastes are collectedto be processed as a batch. Solid
wastes are fed intoa shredderprior to enteringa pelletizingdisk. Afterbeing
formed into uniformpellets, the materials are transferredto a rotaryhearth
furnace(RHF). The RHF operatesat 2300° F. to reduce oxidizedmetalsto their
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originalmetallic form. The reducedmetal_ are then fed into a submergedarc
furnace where they are smeltedfor extractionof the metal components. The
resultingmolten metal is cast into 40 pound pigs which can be used in the
manufactureof steel.

The i_azardousmaterials acceptedfor processingby INMETCOrequired that the
companyhave operatingpermitsissuedby the State of Pennsylvania. INMETCOhas
submittedits applicationfor a Part B, RCRA permit which would license the '
companyas a Treatment,Storageand Disposalfacility(TSD). A letterprovided
by the PennsylvaniaDepartmentof EnvironmentalResourcesindicatesthat the
companyis in the early stagesof the licensingprocess.

MERCURYREFININGCOMPANY

Mercury Refining's processingfacility is located in an industrial area in
Albany, New York. Sited on the rear half of an industriallot, the entire
facilitycovers approximatelythreequartersof one acre. Three buildingswere
originally used to house a refractory, laboratory and storage area. In
September,1989, the buildingcontainingthe laboratorywas destroyedby fire.
To provideadequatework space,the companyhas moved a trailerontothe property
until a new bu:Idingcan be constructed. MercuryRefininghas just begun the
process of applying for its buildingpermits.

Whenbatteriesare received,theyare sortedaccordingto sizeand type. Lithium
cells are sent to BDT, Inc., for processing. Any Nicads are stored pendinga
processingagreementwith F.W. Hemplewhich is locatedin France. The mercury
and silveroxide batteriesare used as spacersto helpwith the air flow in the
extractionof sludges. Hence,storagetime isminimalfor the mercuryand silver
oxide batteries.

MercuryRefiningreceivesmercury-bearingwastesand processesit usinga three-
stepdistillationmethod. The wastesare processedin batchesthat are baked for
18 to 24 hours. Mercuryis vaporizedin the furnace_condensedusing a glycol-
cooledcondenser,and collectedin a water trap. The mercurycollectedis then
placed in a second furnacewhere it is again baked for 18 hours and recollected
by condensationin awater trap. Recoveredmercuryis thentreatedwith a dilute
nitricacid solutionand purged24 hours to removethe volatileimpurities. The
triple distilledmercury is then marketed.

Due to the hazards of mercury, the wastes being accepted for processingat
Mercury Refining requirethe State of New York to inspectand issue operating
permits. When first inspected,MercuryRefiningwas out of compliancewith the
hazardous waste facility rules. They have since made corrections in these
violationsand the last inspectionindicatedminor paper work deficiencies.
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BDT, INC.

BDT, Inc., is a privatelyheld companylocatedin Clarence,New York. Built in
1982,the facilitywas designedspecificallyfor the handlingof hazardouswaste

, materials. BDT offersthree methodsof waste treatment- chemical,thermaland
cylinderdischarge. The majority of materialsprocessedby BDT are reactives
which must be neutralized prior to disposal. Lithium batteries and other
reactivesare chemicallytreatedusing a patentedprocess.

All materials sent to BDT must meet DOT shipping requirementsfor hazardous
materials. Each shipment is inspectedand analyzedusing establishedquality
control procedures. Materialssent for chemicaltreatment,includinglithium
batteries,are loaded onto a conveyorwhich moves them into an explosion-proof
room. The materialsthen pass into a Shre_olyzer,a patentedhydrolysissystem
designedby BDT. As the materialsare shredded,a base solutionis sprayedonto
the contents,reactingand neutralizingthewastes. After shredding,the process
mix enters a chemical treatment tank where reaction is completed. At the
completion of the process, the solids and liquids are separatedfor proper
disposal. Solidmaterialsare sentto a hazardouswaste landfilland the liquids
are sent for furthertreatment.

BDT is a licensedTreatment,StorageandDisposalfacility. The companyreceived
its Part B permit from the State of New York in 1986. Inspectionreports
receivedfromthe New York Departmentof EnvironmentalConservationfor the past
fouryears indicatethat BDT has not beencited for any violations.The facility
inspectorfromDEC statedthat the companyhas an excellentoperatingrecord and
is interestedin maintaininga safe, clean environment.

Hennepin County is interested in having the metals reclaimedfrom household
batteries. BDT's process does not reclaim any materials; rather, they are
treatingthe waste prior to landfillingto reduce the d_ngerouscharacteristics
of the battery.
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CHAPTER4

LESSONLEARNED

HennepinCounty'spilotcollectionof householdbatteriesdemonstratesthatboth
retail drop-off and curbside collectioncan remove batteries from the normal '
waste stream. Conductingtrial collectionsraised a numberof programplanning
issues that communitieswill need to addressprior to implementinga battery
collectionprogram. How a communityrespondsto these issueswill determinethe
extent,design and effectivenessof its batterycollectionefforts.

PROGRAMJUSTIFICATION

In most communities,spent dry cell batteries are thrown into the trash and
eventually find their way into a sanitarylandfill,incineratoror composting
facility. The first issue that a communitymust address when considering
implementationof a batterycollectionprogramis the potentialfor contamination
that dry cell batteriesposeto theirwaste managementfacilities. As described
in Chapter I, some of the metals used in batterieshave the potentialto cause
environmentalproblemsif they are releasedin large quantities.

Assessing the risk posed by batteriesentering a community'swaste disposal
facility is a difficultand imprecisetask. Much of the informationneededto
accuratelyestimatethe amountsof metalscontributedto the waste streamby dry
cell batteries is consideredproprietaryby the industryand, therefore,not
readily available. Data concerning sales and quantitiesof metals used per
battery, two necessarypieces of informationfor developingaccuratedisposal
estimates,must be projectedfromoutdatedinformationsources. Withoutprecise
information,communityofficialsare facedwith assessingthe need for a battery
collectionprogramwithout the aid of objectivedata that clearlydefinesthe
scope of the problem.

When examiningrisks associatedwith dry cell batterydisposal,an often asked
question is whether all types of batteriesshouldbe collectedor if specific
batterytypes containingproblemmaterialsshouldbe targeted. This questionis
not easily answeredand convincingargumentscan be made for variouscollection
alternatives. Alkaline batteriesoffer an example of the argumentsfor and
against collectionof all types of batteries.

While the amountof mercury in an individualalkalinecell is small,the number
of alkalinebatteriessold and disposedof each year is extremelylarge, lt can
be argued that the large volume of alkaline batteries in the waste stream
contributes significantamounts of mercury to the environment. The battery
manufacturershave addressedthis problem by developingnew technologywhich
lowers the amountsof mercuryneeded in the alkalinecell. Alkaline batteries
with lower mercury are not yet readilyavailablein the United States but will
be entering the market during the next five years.
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Proponents of collecting batteries point out that the alkaline batteries
currentlyon the market containhigheramountsof mercury. With a lag time of
up to one year betweenproductionand sale of the battery, it could take six
years before a reductionin the contributionof mercuryto the waste streamby
alkalinebatteriesis realized. To preventany furtherdetrimentaleffectsto

, the environment,batterycollectionand specialdisposalis necessary.

Opponentsto implementingcollectionof all typesof batteriesarguethatspecial
collectionswill not be needed once the lower mercury alkaline battery is
available. Implementinga specialmaterialscollectionrequiresexpensivepublic
education carried out over a long period of time. By the time a battery
collectionprogramis fullyoperationaland gainingrecognition,theremay be no
need for the program. Endinga batterycollectionafteran extensiveeducational
campaigncould create confusionamong residentsand a negativeopiniontoward
other solid waste programs. The money necessary to collect all types of
batterieswould be better spent on other problemwastes.

Recognizingthat both argumentsare valid, HennepinCounty has taken a phased
approach to implementingits battery collection programs. Batterieswhich
containsignificantamountsof problemmetals,such as mercuryand cadmium,and
can havethe metalsreclaimed,are beinggivenpriorityforcollection.Hennepin
County will first collect,beginningJanuary, 1990, mercuricand silveroxide
"button"batteries- thosemost commonlyused to powerhearingaids,watchesand
cameras. Researchconductedas part of thisprojecthas identifiedthatMercury
RefiningCompanywill accept buttonbatteriesfor processing.

In a broadereffortto deal with specialtyand rechargeablebatteries,Hennepin
County will work with the MinnesotaState Legislatureto develop alternative
handling and disposal laws. Rechargeablehouseholdappliancesare a hidden
sourceof nickel-cadmiumbatteries. A ]ackof accessto the batteryalsocreates
an illusionthatthe applianceoperateswithouta power sources. When consumers
are asked how many battery-operatedappliancesthey own,most forgetto include
appliances with rechargeable batteries. While forgotten by consumers,
rechargeablenickel-cadmiumbatteriesare consideredby the EPA to be the largest
contributorof cadmiumto the ash froma municipalsolidwaste incinerator.The
NationalElectronicsManufacturingAssociation(NEMA)reportsthat80 percentof
all rechargeablebatteriesare sealed into small householdappliances. The
design of many rechargea_leappliancesmakes removingthe battery component
difficult,ifnot impossible,for the user. HennepinCountywillwork to require
that householdappliancesusing rechargeablebatteriesbe designed to make it
possibleto removethe battery.

PROGRAMCOSTS

Cost is a second factor in determiningwhethera communityshould implementa
batterycollectionprogram. Few communitiesintheUnitedStateshave identified
dry cell batteriesas a problemmaterialneedingspecialcollectionand disposal.
Therefore,informationconcerningprogramdesignand operatingcosts islacking.
HennepinCounty'spilot batterycollectionoffersinsightsto threefactorsthat
can affect programcost. These factorsare: the scope of the program,extent
of advertising,and disposalmethods.
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PROGRAMSCOPE

The primary goal of the County's pilot battery collection program was to examine
collection methods which might optimize the number of batteries removed from the
normal waste stream. Accepting all types of dry cell batteries increases the
convenience for the participant but it also drives up operating costs. Batteries
that are mixed together during collection may require hand sorting prior to
disposal. While sorting appears to be a simple process, finding a company with
adequate storage facilities and personnel is difficult.

Workers who sort and package the batteries for disposal will require training.
If state regulatory agencies identify household batteries as a hazardous waste,
employees will have to be provided additional right-to-know training. Workers
that are sorting the batteries may have concerns about mercury vapors and
corrosive oxides on the battery casings. Providing a well ventilated room and
rubber gloves are simple solutions to these questions. The need to protect
workers from the potential problems of handling hazardous materials makes battery
sorting expensive. Sorting one pound of batteries is estimated to cost 20 cents
or approximately $125 per 55 gallon drum.

One option for lowering collection costs is to limit the scope of the materials
to be collected. Having identified problem metals in the waste stream, the
specific types of batteries which contain those metals could be targeted for
removal. Hennepin County's retail "button" battery collection program is an
example of a targeted collection. While targeting mercury cells, the County will
collect all button cells for metals processing. Unique sizes, shapes and uses
make button batteries easily identifiable from other types of dry cell batteries.
Focusing program design on the button battery's unique aspects, collection and
advertising methods can be tailored to meet the needs of large volume users.

ADVERTISING

Advertisingis a major factor influencingprogramcosts. All advertisingand
informationconcerning the curbside collectionwas distributedthroughdirect
mail to the residents. Prior to the collectiondays, a letter with a program
sticker was sent to each household in the city. The cost for printing and
mailing7,000 letters (not includingcost of the stickers)was approximately29
cents per household. Printingcosts for the letterswas covered by the pilot
project,while the City of GoldenValleypaid for them to be bulk mailed. Total
cost for advertisingthe two curbsidecollectionswas $4,000. The resultsof the
direct mail campaign were immediate,with many residentscontacting the city
offices requestingadditionalinformation.

Advertisingfor the retaildrop-offsiteswas conductedthroughnewspaperinserts
and display ads. The ad campaignfor the retail sites began with a one-page
insertin the local shoppingguide. Displayads were also placed in the shopper
every other week for the next six months. The guide is deliveredto all homes
in the demonstrationcity. Total advertisingcost for the retail drop-offwas
$2,000. Newspaperadvertisingwas used to presenta continuingand consistent
messageto city residents. Yet, the collectionwas slow in achievingresults.
The ads were less apparentwhen includedamong other advertisingand provided
less information.
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Advertisingwas the secondlargestexpenseof the pilot batterycollectionsand
played a major role in participationrates. Communitiescan anticipatethat a
largeportionof a batterycollectionbudgetwill be used to promotethe program.
Ongoingbatterycollectionswill have to use a varietyof advertisingand public
educationtechniques to keep residents informedof the programs. Costs for

, promotinga battery collectionwill vary accordingto the media used and the
frequencythat the message is delivered.

DISPOSAL

The vast majorityof the batteriescollectedwill have to be either storedfor
long periodsor landfilled. In some states,householdbatteriesare considered
to be a hazardouswaste requiringspecialdisposal. If collected,batteriesare
to be disposed of in a hazardouswaste landfill,the cost of disposalof a 55
gallon barrel can be estimated at $250 to $500 plus transportationcosts.
Landfillsacceptingthematerialsmay also imposespecialpackagingrequirements.
The batteriesmay haveto be separatedby batterytype and placed in polyurethane
drums or drums with plasticliners. Batteriesmay also have to have layersof
clay or other absorbent materials in the barrel to prevent corrosion or
discharge. Eachadditionalprecautionwill increasethe costof disposaland may
add up to $|00 per barrel.

State and localgovernmentregulationspertainingto the collection,storageand
disposal of householdbatterieswill greatly affect the cost of operating a
program, contactingstate environmentalregulatoryagenciesto determinewhat
laws and rules apply to communitiesconsideringcollectinghouseholdbatteries
for alternativedisposalis a necessarystep of programplanning. If the state
does not considerhouseholdbatteriesas a hazardouswaste, programcostsmay be
substantiallyloweredby using either a municipalor industriallandfill, lt
shouldbe noted that using a less securelandfillwill increasethe potentialfor
the waste to escape its containerand contaminatesurroundingsoils.

PROGRAMCONSIDERATIONS: SAFETY AND CONVENIENCE

After determining the disposal costs and methods for collected household
batteries, a communitymust evaluate available collectionmethods. Safety,
convenienceand efficiencyneed to be designed intothe collectionsystemif it
is to work well and be accepted by the public. Safety procedures should be
developedto addresspotentialproblemsand ensurepublichealth. Informational
materialsneedto be providedwhichexplainthe hazardthatbatteriespose in the
waste streamand describeappropriatemethodsfor handlingproblemsat all stages
of the collection. Residentssavingbatterieswill have specificquestionsthat
can be anticipatedand shouldbe addressedinthe educationalmaterialspromoting
the program.
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Residents will want to know how to safely store and handle batteries for
disposal; of particular concern will be how to handle leaking or corroded
batteries. Simplyinstructingresidentsto placeleakingbatteriesin a plastic
sandwichbag, seal it with a rubberband, and take it to a collectionsite can
alleviatetheir fears. Collectingsmall "button"batteriesin the home can be
a threat if the potentialexists for ingestionby a child. An empty aspirin
bottlewith a child-proofcap can be used by residentsas a "lockable"container
for buttonbatteriesin the home. This type of tamper-proofcontainercan hold ,
from 10 to 50 buttonbatteries.

¢

CONVENIENCE

Convenienceis a major considerationin gettingresidentsto use a specialized
disposal system for spent householdbatteries. Conveniencecan be interpreted
as the ease with which an individual can segregate, store and deliver the
targetedmaterialfor disposal. The overwhelmingsuccessof collectingdry cell
batteriesat curbsidedemonstratesthe effectsconveniencecan have on special
disposalprograms. Thecurbside batterycollectionwas a variationof an ongoing
residentialrecyclingprogrambeing conductedin the test community, lt simply
requiredparticipantsto separatespent batteriesfrom other waste and to place
them for disposalwith other recyclingmaterials. The result was six times as
much material in a singlecurbsidecollectionas in retailstore containerskept
in place for more than three months.

Conveniencealso affectedthe resultsfrom the retailcollections. Discussions
with retailers participating in the battery collection indicated that as
employees became aware of the program, they became the initial users of the
containers, ltwas convenientfor workersto bring spentbatteriesfrom home to
a collectionsite locatedin an area readilyaccessibleduring "regular"daily
activities. Havinga collectionsite at the work place,providedeasy accessto
a drop-off containerand helped increaseprogramparticipation.

CONCLUSION

Extensivepubliceducationand a varietyof collectionmethodsmay be neededfor
a community to adequatelyreduce the batteriesentering a residentialwaste
stream. While curbsidecollectionsmay be one of the most efficientmethodsof
picking up batteries, it will not serve the needs of an entire community.
Individualsnot served by recyclingprogramswill have to be providedwith an
alternativemethod of participating. Specialprogramsfor hospitals,nursing
homes and communicationscenterswill be necessaryif a communitytruly wishes
to minimize the potential hazard caused by householdbatteries. Commercial
businessesand institutionalusers of large numbersof batterieswill have to
dispose of their batteries in accordance with hazardous waste disposal
regulations. Communitiesthat want to collecthouseholdbatterieswill have to
clearlydefine their needs in order to design programswhich can achievetheir
environmentaland solid waste managementgoals.

Programcosts, state and local regulations,and a lack of disposaloptionsare
planning issues which a community will have to address before implementing
householdbatterycollectionprograms.
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