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Abstract

Life-cycle assessrent concepts and methads are cocrently being
applied to evaluate integrated municipal solid waste manage-
ment strategies throughour the world. The Research Triangle
[nstitute and the U.S. Environmental Protection Agency arc work-
ing to develop a computer-based decision support toof to evalu-
atec inregrared municipal solid wasee management strategies in
the Unired States. The waste management utit processes includad
in: this tool are waste collection, reansfer stations, recovery, com-
post, combustion, and landfill. Addirional unic processes included
are elecerical encegy production, transportation, and remanu-
facturing. The process models include mechodologies for envi-
ronmental and cost analysis. The environmental methadology
calewlates life cycle inveatory type data for the differeat unit
processes. The cost methadology calculates annualized construc-
tion 2nd equipment capital costs and Operating costs per ton
processed ar the facility. The resulting enviconmental and cosc
parameters are allocared 1o individual components of the waste
steeam by process specific allocation methodologies. All of this
infarmarion is implemented into the decision support ool to
provide a life-cycle management evaluation of integrated mu-
nicipal solid waste managemecr strategies,

Keywords: Combustion; compost; computer-based decision sup-
port tools; electrical energy production; landfill; life-cycle man-
agement; methodologies for environmental and cost analysis
municipal solid waste; cecovery; ce-manu tacturing; transfec sta-
rions; transpormation; unit processes; wasie colleccion; waste

management sceategics !

1 Introduction

14 date, most applicarions of life-cycle assessmenc {LCA) have
generally focused on the evaluation of the enviroumental per-
formance for a defined product system, while holding con-
stant or altogether neglecting the mode of solid waste man-
“pement. White et al. (1995) describe the application of LCA.
whereby the product system is held constanr and the evalua-
tion is done on the performance of alternatives for solid waste
disposal. This coacepr has been implemented in programs
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throughour the world thart are applying LCA concepts and
methods to the evaluation of integrated municipal solid waste
{MSW) management strategies. In evaluating such strategies,
planners have a wide variety of available processes for waste
collection, separation, treatment, and disposal to evaluare.
Combining these processes in integrated systems forms com-
plex interrelationships of mass flows with associared energy
and resource consumptions and environmental releases. Ex-
amining these intercelationships, and identifying oprimal man-
agement solurions, can be accomplished by taking a life-cycle
management (LCM)} approach, as illustrated in Figure 1. Un-
like traditional product LCAs which begin with raw materi-
als extraction, our system begins with MSVW generation and
considers the inpucs and effects to all life cycle stages result-
ing from the management of MSW.

This LCM perspective encourages waste plariners to consider
the environmental performance of the entire system includ-
mg activities that occur outside of the traditional framework
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Fig. I: Integraced municipal sclid waste managemear.
laregrared MSW management starts with the collection of waste
generated . residential, multifamily, and commercial sectors. The
MSW is then cransported for separation and recycling, creatment,
or disposal. These activities consume energy and materials and re-
sult in enviconmencal releases. Any materials ar vnergty thar ts re-
covered may create offsets of virgin macerials in the manufacrariog
and energy sectors.
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of activities from the point of waste collection to final dis-
posal. For example, when evaluating options for recycling, it
is imporrant to consider the net environmental benefits (or
burdens) of rhese options with respect to potencial offsets in
raw materials extraction, manufacturing, and energy produc-
tion sectors that are created, Similarly, when electricity is re-
covered through the combustion of waste or landfill gas, an
offset some production of fuels and electricity from the utility
sector is created.

The Research Triangle Insticure (RTT) and the Unired States
Eavironmental Protection Agency's (U.S. EPA%s) Office of
Research and Development are working to apply LCM to
evaluate the cost and environmental pecformance of integrated
MSW management systems in the U.S. RTTs research team
for this effort includes LCA and solid waste management ex-
perts from North Carolina State Universicy, the University of
Wisconsin-Madison, Franklin Associates, and Roy F Weston.

This research will provide information and toals thar will
enable local governments and solid waste planners to exa-
mine cost and eavironmental burdens for a large number of
possible MSW management operations for 42 distinct MSW
components. The primary outpurs of this research will in-
clude the following:

* Decision support tool: is being designed to zllow MSW
planners to enter site-specific data (or rely on the defaulr dara)
to compare alternative MSW management strategies for cheix
communities’ waste quantity and composition and other con-
straints. This enables users 10 evaluate cost, energy conswmp-
tion, and environmental emissians for a large number of pos-
sible M5W management operations including MSW coltecrion,
transfer, separarion (MRF and drop-off facilities}, composting,
combustion, and landfill disposal. A framework for the rool
is shown in Figure 2. A full protorype version has been com-
pleted in spring 1999 and the final commercial version is
planned for release by May 2000.
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Fig. 2: Framework for decision support rool.

The decision supporr tool consists of several components including
process models, wastc flow equations, an nptimization madule, and
a graphic user intcrface. The user intecface integrates all model com-
ponencs to allow easy user manipulation of the spreadsheet models
and the optimization module. It allows for additional user consrraines
to be specified and pravides a graphical representarion of the MSW
management zlrernatives resulting from the optimizacion.
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* Database; includes environmental and cost data for indi-
vidual MSW management operations, materials manufac-
turing operations, energy (fuels and electricity) produc-
tion, and various types of vehicles and equipment. Eavi-
ronmental dara include energy consumgption and emissions
(air, water, solid waste). Cost dara include a range of capi-
tal and operating costs borne by local governments based
on the MSW managemenc system design. The database
allows users to search for data specific o a system upic
operation, structure, piece of equipment and environmen-
tal or cost paramerer. A beta version will be completed by
September 1999, and a final version is scheduled for re-
lease by May 2000.

* Community Case Stdies: are being conducred o test the
individual models {e.g., compost model) and rthe overall de-
cision support tool. initial case studics were begun in 1998
with Lucas County, Ohio and the Great River Regional Waste
Authority, Iowa. These were designed to test the method-
ologies developed for individual operations (e g., waste col-
lection, transportation, composting). Additional case stud-
ics arc planned for 1999 and will reflect the isswes of urban
and rural setrings throughout the U.S. 1o ensure that the
decision support system is flexible enough to handle the wide
range of variation among local communities.

To enswre the applicability and usefulness of the research
products ta local governments and other solid waste plan-
ners, we employ an inclusive review process for all research
activities and documentation thar includes:

* Internal project ream and [1.5. EPA and 11.S. Department
of Enerpy advisors.

=  Project stakecholders from U.5. governmene, industry,
academia, and envirgamental organizarions.

* External project peer review commitree.

The high levet of involvement by project stakeholders and
peer review committee members has contribured greacdy ro
the success of this projecr.

In this paper, we provide the reader with an overview of
this research efforr and summarize the overall technical
approach used to apply life cycle management to evaluare
integrated MSW management strategies. Futuce papers are
being prepared to present the details of methods used to
estimate the cost and environmental performance for indi-
vidual M5W management unic processes.

2 Goal and Scope Definition

The overall goal for this project is 10 develop information

" and rools o evaluare the relative cost and environmental per-

formance of integrated MSW management strategies. For in-
stance, how does the cost and environmental performance of
a M5W management system change if a specific material {e.g.,
glass, metal, paper, plastic) is added ro or removed from a
community’s recycling program? And, whar ace the tradeoffs
in cost and environmental performance if paper is recycled
versus combusted or landfilled with energy recovery?

The primary auwdience for this effort is local governments
and solid waste planners. However, we anticipate thac che
information and tools developed theough this study will also

Tat. . LCA 4 {4) 1999
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be of value to Federal agencies, environmental and solid
waste consultants, industry, LCA practitioners, and environ-
mencal advocacy organizations.

The function of the system under study is to manage MSVW of
a given quantity and composition. Therefore, we have de-
fined the functional unit as the management of 1 ton of MSW,
of a specified composition. We consider all activities required
to manage the MSW from the time it is sent out for collection
to its ulimate disposition, whether that be disposal in a landfill,
compost that is applied to the Jand, energy thar is recovered
from combustion and landflls, or materials that are recov-
ered and remanufacured into new products.

The 42 MSW components include those defined by the 1.5,
EPA’s Office of Solid Waste (U.S. EPA, 1997a) and are listed
in Table 1 (— Appendix, p. #). This definition includes mixed
MSW generated in the residential, commercia), institutional,
and industrial sectors bur excludes industrial process waste,
slodge, construction and demolition waste, pathological
waste, agricultural waste, mining waste, and hazardous
waste. We have also included ash that is generated from the
combustion of MSW in our system, but combustion ash is
not included as part of EPA’s definition of MSW. As shown
in Table 1, we have divided the MSW stream into three
different waste generation 'sectors: residential, multifamily
dwelling, and commercial. The rationale for this separa-
don is that different callection and separation alternatives
may apply to each sector

The major unit processes included in the overall system

under study are:

Waste Management:

* Collection

* Transfer Station

= Materials Recavery Facility (MRF)

= Combustion (with or without energy recovery)

= Refuse-Derived Fuel combustion (RDF)

» Composting (yard waste and mixed MSW)

= Landfili {rraditicnal and enhanced bioreactor, with and
without energy recovery, and ash land£ill)

Other Processes:

= Electrical Energy

* Inrer-Unit Process Transportation

* Manufacturing of Materials from Virgin Resources and
Remanufacturing of marerials from Recycled Resources

For each of these unit processes, " process models” are be-
ing developed that utilize generic design and operating pa-
rameters in conjunction with resource and energy consump-
tion and emission factors to estimate cost and environmental
(life-cycle inventory type) parameters. The results are highly
dependent on the guantity and composition of incoming
matenal to each unit process. Because the composition of
MSW can greatly affect the cost and environmental results
for different management options, the process models also
contain methodologies for allocating cost and environmen-
tal parameters to the 42 MSW components. The hounda-
ries are consistent across all process models.

The daza categories for cost and environmental perform-
ance inchuded in the study are:

‘Int. ] LCA 4 {4) 1999

Cost Categories:

. Annual capital cost

* Annual operating cost

Envircnmental Categories:
* Energy consumption

= Air emissions

*  Waterbome reieases

= Solid waste

To compare across ahernative MSW management uptions,
we can only use parameters for which comparable daca ex-
ists across all unir processes. For example, although data
for dioxin/furan emissions for MSW combustion facilities
are readily available, comparable data da not exist for MRF,
composting, and landfill operations. Thus, we cannot di-
rectly compare these unit processes based on dioxin/furan
emissions. Parameters for which comparable dara are avail-
able include:

*  Annual cost

= Carbon monoxide

* Carbon dioxide (fossil - resulting from the combustion of
fossil fuels) .

* Carbon dioxide (biomass — resulting from the biedegrada-

tion or combustion of organic material)

Electricity consumption

Greenhouse gas equivalents

Nitrogen oxides

Particulate matter

Sulfur dioxide

These parameters can be oprimized on as part of the deci-
sion support tool {DST) solution, as described in Secrion
5.2. Addirional air and water parameters are tracked and
reported in the DST, but cannort be aprimized because con-
sistent and comparable data are not yet available for the
parameters across all unit processes. As data become avail-
able to enable additional compariscons across unit processes,
future versions of the DST can be updated to include an
expanded list of oprimizable paramerers.

3 System Boundaries

The system boundaries for this study have largely been de-
fined through the description of the funcrional elements and
unit processes and the manner in which each will be treated.
These elements and processes are outlined in detail in a draft
system description document and summarized in the fol-
lowing section. Unlike traditional LCAs, however, our study
integrates cost and cnvironmental data and the boundaries

for each are slightly diffecent as described below.

31 Boundaries for environmental analysis

All acrivities which have a beariog on the management of
MSW from collection through transportation, recovery and
scparation of marerials, treatment, and disposal are included
in the environmental analysis. It is assumed that MSW en-
ters the system boundaries when it is sex out or delivered o
a collection site, whether it be a residential curbside, aparr-
ment collection site, or rural drop-off site. All " upstream®
life cycle activities (raw materials extraction, manufactur-
ing, and use) are assumed to be held constant. Thus. the
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production of garbage bags and cans and recycling bins are
NOT included in the study. Similarly, the transport of waste
by residents to a collection point have NOT been included.

The funcrional elements of MSW management include nu-
merous pieces of capital equipment from refuse collection
vehicles, to balers for recycled materials, to major equipment
at combustion facilities. Resource and €REIgY consumption
and environmental releases associated with operation of equip-
ment and facilities are included in the study. For example,
energy (fuel) thar will be consumed during the operation of
refuse collection vehicles is included in the study. In addition,
elecrriciry consumed for operation of the office through which
the vehicle routes are developed and the collection workers
are supervised is also included in the scudy, However, activi-

ties associated with the fabrication of capital equipment are
NOT included.

Where 2 material is recycled, the resource and energy con-
sumption and environmental releases associated with che
matufacture of a new product are calculated, assuming closed-
loop recycling processes, and included in the study. These
parameters are theu compaced againsc those from manufac-
turing the product using VIfgin resources to estimate net re-
source and energy conswnption and environmental releases.
This procedure also applies to energy recovery from other
unit processes including combustion, RDE, and landfill gas
recovery projects.

Another system boundary is ser at the waste treatment and
disposal. Where liquid wastes are generated and require
teeatment (usuvally in a publicly owned trearment works),
the resource and energy consumption and environmenral
releases associated with the trearment process is considered,
For example, if biological oxidation demand {BOD) is treared
in an aerobic biological wastewater treatment facility, then
energy i1s consumed to supply adequate oxygen for wasre
treatment. If a sofid waste is produced which requices burial,
energy will be consumed in the transporr of thar waste to a
landfill, during its burial (e.g., bulldozer) and after its burial
(e.g-, gas collection and leachate treatment systems) in the
landfill. Also, if compost is applied to the land, volatile and
leacharte emissions are considered.

3.2 Boundaries forcost analysis

Costs have also included in this study becanse they play such a
crucial role in making decisions about integraied MSW man-
agement scrategies. Note thar the system houndaries for cost
analysis differ from that of the environmental analysis because
they are designed to provide a relarive comparison of annual
cost among alrernarive MSW management stractegies as in-
curred by the public sector. These costs are intended to pro-
vide a relarive ranking of the different alternadives as partofa
screening tool to narrow the range of options associated with
integrated MSW managerment. No distincrion is made between
public and private sector costs. All MSW management activi-
ties are assumed to occur in the public sector and therefore
costs are calculated as though they are accruing to the public
sector. The cost analysis is intended 10 reflect the full costs
associated with wasre managemenr alternatives based on 1S,
EPA guidance from Fulf Cost Accounting for Municipal Solid
Waste Management: A Handbaook [(US. tPA, 1997h).
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In focusing the cost analysis on publicly accrued costs, the
vosts associarted with electricity production, for instance,
are not included in the study because the public sector only
pays the price for electricity consumed. In cases where
tecyclables are shipped from a MRE, the cost analysis ends
where the public sector receives revenue (or incurs a cost)
in exchange for the recyclables. The cost analysis does not
include the costs associated with che re-manufacturing proc-
esses for different marerials (e.g., recycled office paper).
These costs occur in the manufaceuring are borne by the
manufacturing secror and not to municipal or county gov-
ernments. The same procedure is applied to the generation
and sale of electricity derived from combustion facilities or
landfills. Where waste is produced as part of a waste man-
agement facility, the cost of waste disposal or treatment is
included in the cost analysis of that facility. For example,
we include the cost of leachate treatment in our cost analy-
sis of landfills. We also include the cost of training, educa-
tional, or other materials associated with source reduction
or other aspects of MSW management.

Similar to environmental parameters, cosr parameters arc
also allocared to individual MSW components. Thus, the
result of the cost analysis can illustrate, for example, the
additional capital and aperating costs to a MRF for process-
ing and staring glass. Similarly, the cost associated with the
separate collection of residential yard waste can be analyzed.

4 Technical Approach for Unit Processes

As discussed in the previous secrion, the methodologies for
cost and environmental analysis for each unit process arc
implemented in process models. Process models include sets
of equations that utilize the default {or user input) faciliry
design information to calculate all enviconmental and cost
parameters based on the quantity and composition of wastc
enrering each MSW management unit process. A summary
of key assumptions and issues, and the starus for cach proc-
ess model are provided in Table 2 {—+ Appendix, p. 200),

The process models are linked in the DST through a set of
mass flow equations. The cost and enviconmental resulrs
from process medels ace used in the DST to calculate the
total system cost and environmenta! performance for alcer-
native MSW management steategies. Summaries of che de-
sign and operating parameters and methods for cost and
environmental analysis for each process model will be pueh-
lished individually and thus have not been provided as parr
of this paper.

5 Primary Research Products

Through this project we are developing information aid
tools that provide support ro solid waste planners in evalu-
ating the relative cost and enviroamencal performance of
integrated MSW management straregies. The project is pro-
viding this information and tools through three main ru-
search products: a decision support tool, database, and com-
munity case studies (see THORNELOE et al., 1998 for further
information about these products). Each of these producrs
1s summarized in the following section.

tot. J. LCA4 {4) 9
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5.1 Decision support tool (DST)

The DST provides a user-friendly interface thar allows us-
ers to evaluate the cost and environmental burdens of exist-
ing solid waste management systems, entirely new systems,
or some combination of both based on vser-specified data
on MSW generation, constraints, etc. The processes thar
can be modeled include waste gencration, collection, trans-
fer, separation (MRF and drop-off facilities), composting,
combustion, RDF, and disposal in a landfill. Existing facili-
ties and/or equipmient can be incorporated as model! con-
straints to ensure that previous capital expenditures are not
negared by the mode] solution.

As illustrated in Fig. 2 {see p. #}, the DST consists of several
components including process models, waste flow equations,
‘an optimization module, and a graphic user interface. The
process models consist of a set of spreadsheets developed in
Microsoft Excel. These spreadsheets use a combination of
default and user supplied data to calculate the cost and envi-
ronmental coefficients on a per unit mass {ton) basis for each
of the MSW components being modeled (— Table 1, sez Ap-
pendix} for each MSW management unit process {collection,
transfer, etc.}. For example, in the electric energy process
model, the user may specify the fuel mix used to generate
electricity in the geographic region of incerest, or select a de-
fault grid. Based on this information, and the emissions asso-
ciated with generating electricity from each fuel type, the model
calculates coefficients for emissions related 1o the use of 1
kWh of electricity. These emissions are then assigned to MSW
components for each unit process thar uses electricity and
through which the mass flows. MRFs, for instance, nse elec-
tricity for running conveyor belts. The emissions associated
with electricity géncration would be assigned to the mass of
materials that flowed through that facility. The vser will also
have the ability to override the default data if more site-spe-
cific data are available.

Oprimization modeling is relatively new in life cycle studics
and in this case allows DST users to search for MSW man-
agement sirategies that minimize an objective function. For
example, the DST currenty enables users ta optimize on an-
nual cost, electricity consumprion, greenhouse gas equivalents,
or emissions of carbon monoxide, carbon dioxide (fossil or
biomass}, nitrogen oxides, particulare matter, and sulfur di-
oxide. The optimization module is implemented vsing a com-
mercial linear programming solver called CPLEX and is gov-
erned by mass flow equations that are based on the quantity
and composition of waste encering each unit process, and that
intricately link the different unit processes in the MSW man-
agement system. Constraints in the mass flow equations pre-
clude impossible or nonsensical model solutions. For exam-
ple, the mass flow constraints will exclude the possibility of
removing aluminum from the waste scream via a mixed wasee
MRF and then sending the aluminum to a landfill. Users may
also specify constraints. Examples of user-specified constraints
are the use of existing equipment/facilities and a minimum
recycling percentage requirement,

The graphic user interface consists of a Microsoft Visual
Basic routine that integrates the different components of
the tool rogether o allow easy user manipulation of the
spreadsheer models and the optimization module. It allows

lnt. j. LCA 4 (4) 1999

additional user constraints to be specilivd and provides o

graphical representation of the solid waste marsseneng al
ternatives resulting from the optimization. Currcistly, realis
are presented on a dollaz cost per ton or ponnds ol einis

sion per ton basis and can be viewed at the sysem lovel,
process model level, or MSW component level.

5.2 Database

The database is being developed to provide cost and lifc-
cycle invenrory type informarion for all unit processes in-
cluded in the system (see THORNELOE et al., 1998 for a sum-
mary of data being collected}. The approach used to build
this database is as follows. First, data from publicly avail-
able and private MSW and LCA studies, and other relevant
sources, were collected and reviewed against the data qual-
ity goals and data quality indicators established for this
project. The data quality assessment is based on EPA guid-
ance from Guidelines for Assessing the Quality of Life Cy-
cle Inventory Data (BaxsT et al., 1995). These existing data
are being compiled into a database management system using
commonly available software (Microsoft Access™). The
format of the database is made as consistent as possible
with other LCA data efforts and formar guides such as
SPOLD and SPINE in Europe and LCAT? in the U.5.

The database management system was established to en-
able users to view and manipulate information through
predefined forms. In these forms, the main categories of
data are predefined, and the user’s options are limited to
narrowing the focus of the predefined search criteria. For
example, the predefined PROCESS-ENERGY form displays
information abour energy consumption in a wastc manage-
ment operation. Similarly, to see air emissions data for a
waste management operation, the PROCESS-AIR RE-
LEASES form would be nsed. Many such predefined forms
will be made available for “common" searches. In addi-
tion, forms will be provided to allow for maintaining and
updating informadon ip the database,

The database will be used to support the DST, bur it is not
linked to the tool. Rather, the database will be made available
as a stand-alone application that may be used as input data to
other studies oz models. If solid waste practitioners possess
higher quality or more site-specific data than thase provided
in the database, users may add data to the darabase,

53 Community case studies

Preliminary case studies are currently taking place with
Lucas County, Ohio, and the Grear River Regional Waste
Authority in lowa. The purpose of these initial case studies
is ro test and obtain feedback for individual process mod-
els, including waste collection, rransportation, transfer sta-
tion, and MRF process models. In Ohio, preliminary sce-
narios focusing on meeting recycling targets of 20,000 and
40,000 tons per year in the commercial sector are being
analyzed. Primary target materials for commercial recycling
include cardboard, office paper, wood waste, and newspa-
per. Secondary rargered materials include containers, plas-
tic, and textiles. In lowa, we are still jn the process af col-
lecting baseline data and defining case study scenarios for
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analysis. The type of baseline information that is being col-
lected includes waste characterization, facility designs, dis-
tances between facilities, residential and commercial sector
characteristics, wage rates for workers in different facili-
tics, and collection systerns. It is anticipared that these ini-
tial case sudies will be complered during 1999.

As a fully functional prototype of the DST is complered,
" full-blown” case studies will be initiated with a variety of
urban and rural communities to gain an appreciation for
the variability among communities and to help us leacn how
1o tailor the decision support tool to meet the needs of dif-
ferent users. Through these aad additional case studies, the
format for presenting results of the tool will be refincd.

6 S‘ummary

This is a large, complex project in which 2 number of dif-
ferent research activities are taking place concurrently to
collect data, develop methodologies for cost and environ-
mental analysis, construct a database and DST, and con-
ducr case studies with communities ro support the life cycle
management of MSW. The products and results of this
project will advance the planning of MSW managemeant by
making available information and tools to evaluare the rela-
tive cost and environmental burdens of intcgrated MSW
management strategies.

Further information abour this project and documentation
for completed process models is available from Internet sites

Appendix

Table 1: Components of MSW considered in chis study®

at US. EPA (hup/Awww.epa.gov/docs/crbfapb/apb.hm} and
the Research Triangle Institute (http:/fwww.rti.org/unirs/ese/
pp_proj.heml).
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Resldential Waste

Multifamily Dwelling Waste

Commercial Wasta

Yard Waaste Yard Wasta . office paper

1. grass 1. grass . old corrugated tontalners
2. lgaves 2. leaves . phone books

2. branches 3. branches . third class mail

4. food wasta

Famrous Metal

5. cans

6. othar farrcus matai

7. non-recyciables
Aluminum

B. cans

9-10. other - aluminum
11. non-recyclables
Glaas

12, clear

13. brown

14. grean

15 non-recyclable glass
Plastlc

16. transtucant-HDPE"
17. pigmented-HDPE*
18. PET bavarage bottles®
19-24. other plaslic

25, non-racyclable plaalkic

200

&, fooud waste

Ferrous Metal

5. cans

6. other farrous metal
7. non-recyclables
Aluminum

8. cans )
9-10. ather - aluminum
11. non-recyclablas
Glass

12. claar

13. brown

14. green

15. nan-recyclabla
Plastic

16. franslucent-HDPE"
17. pigmented-HOPE"
18. PET beverage bottlas®

-18-24, other plastic

25. nen-recyciable plastc

. ¢laar glass

. brawn glass

. grean glass
9. PET bevarage bottles®
1C. newspapar

1
2
2
F i
5. aluminum cans
[
7
a

11-12. other racyclables
13-15, other non-recyclables
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Idioos

Municipal Solid Waste

Reskdential Waste

Paper

26, newspaper

27, office paper

28, corrugaled conlainers

79. phone books

30, books

31, magazines

32.1hird tlass mail
33-37. other paper

38. non-recyclable paper
3%, miscellaneous

Multifamily Dwelling Waste
Paper

26. newspaper

27. office paper

28. corrugated containers
29. phone books

30. books

31. magazines

32. third class mail

33-37. other paper

38. non-racyciable paper
38. miscellzneous

Commercial Waste

“Numbers represent the number of individual

“HOPE = high dansily polyethylens
"PET = poiyeihylene teraphthalate

MBW components that can be inciuded in tha decision support toal,

Table 2: Process model assumptions and allocation procedures

Key Assumptions/Design Properiies

Alocation Procedures"

Waste Menagement Unit Processes

. Collsclion
Transfer Station

Materials Recovery
Facility

Combustion

RDF

Compesting

Landfill

Location epecific information {e.g.. population, generation
rate, capture rate] is provided by the user of the toal.

User selects batwesn savaral default design options based
on how the MSW Is callected.

Design of the MRF depends on the collection type (mixed
waste, commingled recyclables, etc.) and the recyclables
mix. Elght dlifferent default designs ara available.

The default design is a naw facility assumed to meet the
most recert LS. ragulations governing combustion of
MSW. Designs to model older facilities are also available.

Pelletized and *fut™ RDF design options are available. The
facllities, incluging the combustion of RDF, are assumed to
meet tha most recent U.5, regulations governing
combustion of MSW,

A low and high gquality mixed MSW andg yard waste compost
facilities are Included. All use the aerated windrow
compesting process as the default cesign,

The default design Is a naw facility that meets U.S. Subtitle
D and Clean Air Act requirements. Enhanced bloresctor and
ssh tlesigns are also available.

Environmantal is based on mass. Cost Is basod en
volume and mass.

Environmental is basad on mass. Cast is based on
volume and mass.

Environmental is based on mass, Cost is basad on
volume and mass and Includes revenus from the
sale of recycables,

Environmental is based on mass and stoichiometry.
GCost is based on mass and inclides revanus from
sale of metal scrap and electricity (bassd on Btu
value of the waste and the heat rate of tha facillty].

Under Devaiopment

Environmental is based on mass. Cost is based on
volume and mass and includes revenus from tha
sals of recycablas.

Under Devalopment

Additional Uinit Pracesses

Electrical Energy

Inter-Unil

Tranapoartation

Manofaciuring

Regional electrical energy grids are used for waste
managemeni processes; national grid for upstream
processaes. '

Distances between different unit operations are key Input
varlables.

Virgin and recycled [closed foop) processes ers included.
Electricity savings resulting from reprocessing displace
reglonal bese-loaded genwration {mainly coal}.

Environmental iz based on the fus! sowrce used by
regional or nationa! electricity grids. Regional grids
ara used for waste managemeant operations:
National for manufacturing operations. Cost is not
considared.

Environmental is based on mass. Cost is based o
voluma and mass, and is considerad only for
fransportgtion nacessary for waste management.

Environmental s based on mass. Cost is not
considered.

* Allecation of coals, rescurce and cnergy consurnption, and anvironmantsl releases 1o individual MSW companens,
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