Using WARM Emission Factors for Materials and
Pathways Not in WARM

EPA’s Waste Reduction Model (WARM) recognizes 46 material types, and that number continuesto
grow. However, users may still find that some materials and pathways of interest tothemare not
representedinthe model. Insuch cases, WARM users often apply WARM factors for materials that
seem similarto the non-WARMmaterial in which they are interested. This documentdiscusses some of
the limitations of using WARM materials as proxies for non-WARM materials, and provides EPA-
approved WARM proxies for some commonly-requested non-WARM materials.

Example uses of proxies
Users may wish to use WARM factors as proxiesinthree primary situations:

1. To modela material that is notin WARM, butis similarto a material thatis in WARM. For
example, usingthe personal computer recycling factortorepresentrecycling of all electronics.

2. To model a differentrecycling pathwayfor a WARM material. Forexample, modeling drywall
recycledinto fertilizerinstead of a mix of new drywall and agricultural products.

3. To modeladifferent material that follows a similar recycling pathway to a material thatis
recycledin WARM. For example, usingthe concrete-to-aggregaterecycling factorto model
othermaterialsrecycled as aggregate.

The suitability of proxies for any of these purposes will vary widely, depending on the specificlife-cycle
stages of the material and itsintended proxy.

When are proxies okay and not okay to Why isn’t my material in WARM?

use? EPA is committed to providing high-quality
When considering proxies, users should remember emission factors in WARM. Factors are developed
that similarity in materials’ physical properties does NIRRT A aite] a'Ae £ Kide] oW o0l o] [ 16
not necessarily indicatethat life-cycleenergy use studies or industry-specificcontacts, along with
and greenhouse gas (GHG) emissionsare the same. [CLEISELENEEFERCEIEEECERINEHEIENT

The processes used to create them, or manage expert review process. Users can therefore be
confident about the quality of WARM estimates.

them at theirend-of-life, could be quite different.
EPA is continually adding new materials to WARM,;

For example, fiberglass insulation may share many however, developing emission factors takes some
physical properties with glass bottles (i.e., bothare  FRUMEEUEIECEEICERCLREIC NI
comprised largely of glass), but the processes used 2010, EPA developed a new process for prioritizing
to make these materials, and torecycle them, are materials toadd; this process relies heavily on
very different. Therefore, the recycling factorfor input from EPA Regions and other stakeholders,

| bott| tb d f li andis intended to help meet the needs of the
gass ottles may not be a good proxy forrecycling majority of WARM users.
fiberglass.

Sometimes, EPA would liketo add a certain
Conversely, furnace slagand concrete may seemto  [RGASUEIRCAN UG ECEE R EICETE

be less closelyrelated, butthe concrete recycling tturel oyt a5 &, e L i s d ity &

factorisan acceptable proxy forrecycling furnace UGN, B LIRS T CEE RIS il CERE
P proxy Y g and methodologies do not meet EPA’s standards.
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slaginto aggregate. In thissituation, the recycling pathways are fairly similar, partly because both offset
virgin aggregate production.

To be a good proxy, materials should be similarin the processes related to:

e How materialsare acquired;

e How the productitselfis manufactured;

e The mannerin whichthe materials are collected attheirend-of-life; and

o The materials and processes that are offset when the materials are recycled.

EPA has developed alist of acceptable proxies, included in Appendix A.* To helpillustrate how some
materials may follow the life-cycle pathways of proxies more closely than others, EPA hasalso created a
set of example diagrams thatillustrate where along the life-cycle pathway the proxy pathways diverge
from the WARM pathways. Please see Appendix B.

What are the benefits and drawbacks of using proxies?
An advantage of using proxiesis thatthey help extend the use of WARMto cover more materialsand

pathways than those currently in the model.

Users should be aware of the drawbacks of proxy use, however. Although EPA strives to provide high-
guality emission factorsin WARM, there is already some uncertainty inherentin the factors due tothe
challenges of providing one-size-fits-all factors. Processes, transportation distances, landfill operations,
etc. can vary by location and facility, and WARM cannot account for all these variations. Using proxies

adds further (and potentially significant) uncertainty to Why aren’t more recycling pathways

WARM calculations, due to differencesin the materials’ modeled in WARM?

life cycles. You may be wondering what the benefits are
for recycling, for example, glass bottles into

Differencesin processes may seem relatively minoron aggregate used in kitchen countertops. You

the surface, butthey can have large impacts onthe lookto WARM and find thatitindeed
models recycling of glass bottles....obutonly

calculations. Forexample, if manufacturing processes -
to new glass bottles. Sound familiar?

representaparticularly energy-intensive part of an : ; :
o . . ) Users sometimes wish to see more options
emission factor, then differences in the way materials for material recycling fates. Itis WARM

are produced—such as using different fuel types, or convention, however, to provideonlyone
relying on some differentinput materials— can set of emission factors for each material.

significantly affect the resulting emissions. Recycled materials areoften aggregated at
recycling centers, and distributed for use in

In cases where the life-cycle stages of a WARM material  [RGHNEECELINENERUEECEEURCE LIS
recycleoften has little control over (or even

] knowledge of) how the recycled material is
be betterto not model that material atall. ultimately used. Therefore, WARM recycling

are nota close match to the material of interest, it may

factors aimto represent the common end-
uses of the recycled materials.

! Use of these proxies may help WARM users understand the approximate GHG impacts of non-WARM materials or
pathways. However, users should beaware that estimates developed using proxies may have a largedegree of
uncertainty associated with them. The listof acceptable proxies were developed usingexpert judgment, and
proxies have not been quantitatively assessed or undergone extensive review.
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Appendix A: List of Acceptable WARM Proxies
Thistable presents aset of acceptable material proxies; however, the listis not comprehensive. If a proxy does notappearonthe list, itdoes not

necessarily meanthatitis unacceptable; please contact orcrWWARMquestions@epa.gov if you have questions about the suitability of a proxy not

listed here.

Available WARM Proxies, and Relative "Suitability" of that Proxy (based on expert judgment)

Material

Associated WARM
Emission Factor

Pathway(s)

Relative
Suitability* of
Proxy

(Very Good, Good,
Acceptable)

Comments (why it is ranked the way it is)

Aggregate

Concrete

All available

Very Good

This proxyis suitablefor any source of aggregate used to replace
virgin aggregate.

Concrete is a high-volume building material produced by mixing
cement, water, and coarseand fine aggregates. In WARM, concrete is
assumedto berecycled into aggregate, sothe GHG benefits from the
avoided emissions associated with mining and processing aggregate.
However, WARM currently does not have data for the source
reduction of concrete.

Note: Steel slagandfurnaceslagused as aggregate would not require
the same crushingprocesses as concrete or other materials recycled
into aggregate, so this proxy would be considered "Acceptable” when
modeling those materials.
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Available WARM Proxies, and Relative "Suitability" of that Proxy (based on expert judgment)

Material

Associated WARM
Emission Factor

Pathway(s)

Relative
Suitability* of
Proxy

(Very Good, Good,
Acceptable)

Comments (why it is ranked the way it is)

C&D Aluminum and
other aluminum
products

Aluminum Ingot

All available

Acceptable

In WARM, the aluminumingot energy and GHG emissions factors
could be used as a conservative proxy for representing aluminum
materials other than aluminumcans,includingelectrical transmission
and distribution wires, other electrical conductors, some extruded
aluminum products, and/or aluminum product cuttings, joinings and
weldings. The aluminumingot material is alsoanacceptable proxy for
products where aluminumalloyis used but the fabrication techniques
are notclearorina mixture. For instance,aluminumused in
consumer durableproducts such as home appliances, computers, and
electronics.

However, usingthe aluminumingot material type as a proxy for the
aluminum materials mentioned above does not factorin the energy
and emissions associated with the additional processingof aluminum
ingot to produce a final aluminum product, which arelikely to be
quite significant. Thus, the resultantenergy and GHG emissions
impacts of managingaluminum products as represented by the
WARM aluminumingot factors likely underestimate the true impacts.

C&D Steel

Steel Cans

All available

Acceptable

The LCI data used to constructthe "steel cans" material type
represent three-piece welded cans produced from sheet steel which
ismadeinablastfurnaceand basic oxygen furnace (for virgin cans)
or electricarc furnace(for recycled cans). Therefore, itmay not
exactly represent other Steel types but is anacceptableproxy.

Cabinets and doors

Wood Flooring

All available

Acceptable

Although the "Dimensional Lumber" material type could be used as a
proxy, the "wood flooring" material type incorporates a hardwood
flooring production stage, which may be similar to the cabinet or
door processing stage.

Clean wood/pallets

Dimensional
Lumber

All available

Very Good

The Dimensional Lumber material type is representative of wood
used for containers, packaging, and buildingandincludes crates,
pallets, furnitureand dimensional lumber like two-by-fours.
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Available WARM Proxies, and Relative "Suitability" of that Proxy (based on expert judgment)

Relative
Suitability* of
Proxy
Associated WARM (Very Good, Good,
Material Emission Factor Pathway(s) Acceptable) Comments (why it is ranked the way it is)
Third-class Mailis now called Standard Mail by the U.S. Postal Service
Magazines/Third- andincludes catalogs and other directbulk mailings such as
Coated paper class Mail All available Good magazines, which aremade of coated, shiny paper.
Crumb rubber in To the extent thatrecycledtires are used to displaceground rubber in
asphaltbinder Tires All available Good asphaltbinder, this is a good proxy.
Drywall-to:
animal bedding, The drywall emission factor models the displacement of virgin
compost, gypsum by recycled drywall, for both agriculturaland new drywall
fertilizer, purposes. Assumingthat the pathway recommended here represents
soil amendment, displacement of virgin gypsumor recycled paper, the drywall factors
etc. Drywall All available Very Good are a Very Good proxy.
This proxyis suitablefor plastic electronic media materials,such as
compactdiscs.
Since CDs are comprised largely of polycarbonateplastic, thisis a
Electronic Media suitable proxy. However, the 'mixed plastics' may cover different
(CDs) Mixed Plastics All available Acceptable types of plasticnotused for CDs.
Electronics and PCs have similar components. However, the exact
make-up of a given electronics can be very different than a PC,
Electronics Personal Computers | All available Acceptable depending on the type of product.
WARM only considers the downstream emissions associated with
Source food waste (i.e., landfilland compostingemissions). Itis likely that
Reduction, "fats, oils,and greases" behave differently in landfillsas opposeto
Fats, Oils, & Landfilling, other food wastes. Also, composting is nota suitable pathway for
Greases Food Scraps Combustion Acceptable "fats, oils, & greases".
Furnaceslag-to- Sincefly ashis alsoa byproductthat replaces cement, itcanbe used
cement Fly Ash All available Good as a proxy inthis situation.
Office paper represents paper made from uncoated bleached
High-grade Paper Office Paper All available Very Good chemical pulp.
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Available WARM Proxies, and Relative "Suitability" of that Proxy (based on expert judgment)

Relative
Suitability* of
Proxy
Associated WARM (Very Good, Good,
Material Emission Factor Pathway(s) Acceptable) Comments (why it is ranked the way it is)
Although the MDF material type in WARM will not incorporatethe
actual production of the cabinets themselves, usingthe source
MDF Cabinets for Medium-density Source reduction pathway for MDF should be a good proxy for reuse of MDF
reuse Fiberboard Reduction Acceptable cabinets.
Mixed metals are made up of 39% aluminumcans and 61% steel cans
(based on 2010 data—this percentage is updated annually). Thisisan
Metal (type accurateproxy if the unknown metal type is a mixture of aluminum
unknown) Mixed Metals All available Good and steel.
Officemixed paper is assumed to be 21% newspaper, 5% corrugated
containers,36% magazines/third-class mail,and 38% office paper.
Mixed Paper Mixed Paper - Ifthe mix of paper is closeto this definition, then the proxy is Very
(primarily from Office Paper Good. Ifthe mix of paper does not resemble this definition closely,
offices) Definition All available Good/Very Good then the proxy is Good.
Residential mixed paper is assumed to be 23% newspaper, 53%
corrugated containers, 10% magazines/third-class mail,and 14%
office paper.
Mixed Paper Mixed Paper - If the mix of paper is closeto this definition, then the proxy is Very
(primarily Residential Good. Ifthe mix of paper does not resemble this definition closely,
residential) Definition All available Good/Very Good then the proxy is Good.
Mixed paper is assumed to be 24% newspaper, 48% corrugated
containers, 8% magazines/third-class mail,and 20% office paper.
If the mix of paper is closeto this definition, then the proxy is Very
Mixed Paper (type Mixed Paper - Good. Ifthe mix of paper does not resemble this definition closely,

unknown) Broad Definition All available Good/Very Good then the proxy is Good.

Mixed organics are made up of 51% food scraps and 49%yard
Organics (type trimmings (based on 2010 data—this percentage is updated
unknown) Mixed Organics All available Good annually).
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Available WARM Proxies, and Relative "Suitability" of that Proxy (based on expert judgment)

Material

Associated WARM
Emission Factor

Pathway(s)

Relative
Suitability* of
Proxy

(Very Good, Good,
Acceptable)

Comments (why it is ranked the way it is)

Other Ferrous
Metals

Steel Cans

All available

Good

Steel cans represent three-piece welded cans produced from sheet
steel whichis madeina blastfurnaceand basic oxygen furnace (for
virgincans)orelectricarc furnace(for recycled cans). Steel is one
type of ferrous metal (i.e., a metal that contains the element iron)
andis the onlyferrous metal modeled in WARM.

Other Non-Ferrous
Metals

(Copper Wire*0.5)
+ (Aluminum Ingot
*0.5)

All available

Good

Aluminum and copper aretwo types of non-ferrous metals. Other
non-ferrous metals includelead and tin. To the extent that the
material contains only copper and aluminum, this is a good proxy.

Other Yard Waste

Yard Trimmings

All available

Very Good

Yard trimmings areassumed to be 50% grass,25%leaves,and 25%
tree and brush trimmings from residential, institutional,and
commercial sources.

Plastic (resin
unknown)

Mixed Plastics

All available

Good

Mixed plasticsaremadeup of 50% HDPE and 50% PET plastic based
on the weighted average of the amount of total plastic recovered.

Plywood

Medium-density
Fiberboard

All available

Very Good

The MDF material type is a panel product that consists of wood chips
pressed and bonded with aresin.Plywood is an example of an MDF
material.

Polypropylene

Mixed Plastics

Recycling

Acceptable

Although polypropyleneis currently modeled in WARM, not enough
data were availableto develop recyclingemission factors. For
recycling, use mixed plastics, whicharemade up of 50% HDPE and
50% PET plastic based onthe weighted average of the amount of
total plastic recovered.. Although this is a different resin, itis an
acceptable proxy for now.

Polystyrene

Mixed Plastics

Recycling

Acceptable

Although polystyreneis currently modeled in WARM, not enough
data were availableto develop recyclingemission factors. For
recycling, use mixed plastics, whicharemade up of 50% HDPE and
50% PET plastic based onthe weighted average of the amount of
total plastic recovered. Although thisis a differentresin,itisan
acceptable proxyfor now.
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Available WARM Proxies, and Relative "Suitability" of that Proxy (based on expert judgment)

Relative
Suitability* of
Proxy
Associated WARM (Very Good, Good,
Material Emission Factor Pathway(s) Acceptable) Comments (why it is ranked the way it is)
Although PVC is currently modeled in WARM, not enough data were
availableto develop recyclingemission factors. For recycling, use
mixed plastics, which aremade up of 50% HDPE and 50% PET plastic
based on the weighted average of the amount of total plastic
recovered. Although thisis a different resin,itis anacceptableproxy
PVC/Vinyl Mixed Plastics Recycling Acceptable for now.
Tires-to-fuel Tires Combustion Very Good This is modeled in the combustion pathwayfor tires.
This category is too broadto assess thematerials itencompasses, but
Various/general mixed recyclables will likely cover many of the materials includedin
materials Mixed Recyclables All available Acceptable this category.
Lumber includes wood used for containers, packaging, and building
Dimensional andincludes crates, pallets, furnitureand dimensional lumber like
Wood (General) Lumber All available Acceptable two by fours.
Dimensional lumberis a very good proxyif the wood is being
combusted to generate electricity. Because the emission factor
accounts for avoided utility emissions, itwould NOT be a good proxy
Combustion factor for other wood burning purposes, such as for heating a home.
for dimensional Depending on the type of wood being burned, MDF or wood flooring
Wood for fuel lumber Combustion Very Good couldalsobesuitableproxies.
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Appendix B: Life-cycle Illustrations of Proxies

Life Cycle of Concrete
Possible Proxy for Other* Materials Recycled into Aggregate

[ Raw Material Acquisition,
Processing, & Transport
| (Virgin Manufacture Only)

Raw Material Acquisition,
Processing, Transport, &
Concrete Manufacture

( Life-Cycle Stages That
End of Life Are GHG Sources
- J | (Positive Emissions)

*

Product Use

) ) Not Modeled for Thi
Removal and Crushing of Concrete Ui gl i3 ,\:ate:aleaid/g: No'ts
into Aggregate: Recycling Offsets Constructlon Recommended for
Virgin Aggregate Manufacture __Site Proxy Use
WARM ’ Recycling Collection and Preparation of “Other” Proxy Material
Starts Material into Aggregate: Recycling \ Not (\/AVZ(;T\I:d in )
Here L Offsets Virgin Aggregate Manufacture ) N\ —
7 N\
‘ Landfilling Collection/Transport to Landfill -’[[ Landfilling ]
‘ \ /
Not
End of Life Modeled e ™

Limitations of using Concrete as a proxy for Materials

Not Recycled into Aggregate:
Composting
Modeled @ Proxy use assumes that collection and preparation (e.g.,

crushing) of materials recycled into aggregate requires similar
energy use and results in similar emissions as removal and
crushing of concrete.

*“Other” materials may include, for K /

example, steel slag and furnace slag
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Transport to
Retail Facility

Life Cycle of Steel Cans and Aluminum Ingot

Possible Proxy for C&D Steel and C&D Aluminum

/

( Raw Material Acquisition,
Processing, & Transport
| (Virgin Manufacture Only)

C&D Steel & Alum.
Manufacture

L

Product Use

WARM
Starts
Here

End of Life

Using WARM Factors as Proxies for Other Materials or Pathways

Limitations of using Steel and Aluminum Ingot as a h
proxy for C&D Steel and Aluminum:
@ Proxy use assumes that C&D Steel and Aluminum manufacture

requires similar energy use, and results in similar emissions
generation, as Steel and Aluminum Ingot manufacture.

" Steel Can and Alum. )
Ingot Manufacture:
Recycling Offsets
\_Virgin Manufacture

Transport to
Recycled Metals
Manufacturing

Other Aluminum
End-products
Collection/

[ Transport to
_ Recycling Facility

Sorting and
Processing

Collection/
Transport to
\ Combustion Facility

Combustion

Collection/
Transport to Landfill

Landfilling

Not
Modeled

\ Facility Y

" Recycled Metals

November 16, 2012

Steel (majority)
recovered for
recycling.

No aluminum
assumed to be
recovered.

ransport to
\ Landfill

10

Ash Residue 7
J

Y

Life-Cycle Stages That |
Are GHG Sources

(Positive Emissions)

Life-Cycle Stages That
Result in GHG Storage
or Offsets (Negative
Emissions)

[' Life-Cycle Stages That

Result in Both
Positive and Negative
Emissions

Steps Not Included in
WARM

Not Modeled for This
Material

Proxy Material
Not Modeled in
WARM

Ash Residue
Landfilling

. J




Life Cycle of Wood Flooring
Possible Proxy for Wooden Cabinets and Doors

Wood Flooring

Raw Material Acquisition,
Manufacture

Processing, & Transport

Cabinet/Door
Manufacture

/ Limitations of using wood flooring as a \
M proxy for cabinets/doors:

Retail Facility Proxy use assumes that cabinets/doors are made
g from hardwood, not softwood. This assumption
has a significant impact on the emission factors.

Proxy use assumes that cabinet/door manufacture
Product Use . L I
requires similar energy use, and results in similar
emissions generation, as wood flooring

manufacture. /

" Extraction, Grinding " Ash Residue

&Transport to i Transport to
\_ Combustion Facility \ Landfill

WARM

Ash Residue
Starts Combustion

Landfilling

Here

Extraction/

Landfilling Transport to Landfill
e Pathways
—_— ARM
Not ) :
Composting Modeled Life-Cycle Stages That Sz Ve U
—_ Result in GHG Storage RN
End Of L|fe or Offsets (Negative -
Emissions) ) Not Modeled for This
P — Material
Not Life-Cycle Stages That
Recycling Modeled Result in Both Proxy Material
-___J Positive and Negative Not Modeled in
Emissions L WARM
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