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We’ve reviewed Scopes 1, 2 and 3.

* As we said, Scope 1 is a company’s direct operating emission.
* Scope 2 is purchased electricity, and
* Scope 3 is everything else.

Let’s shift to our final scope discussion. This is Avoided emissions, sometimes referred to as Scope 4
emissions.



What are Avoided Emissions (Scope 4)

Scope 4
emissions are not
included as
emissions by a
reporting
company.
= They are outside
8 of Scopes 1-3

emissions.

eeeee Idbe.com

Avoided emissions are emissions that didn't get generated.
The GHG protocol reports emissions, not avoided emissions. Ism
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Avoided Emissions is an area of focus for many ISRl members.
Avoided emissions are exactly what the words say — emissions that didn’t get generated.

Globally, the GHG protocol is used to reports emissions. This protocol reports emissions..... Not emissions tha
are avoided.

Their goal is to capture all emissions without double counting them.

To avoid double counting of emissions, companies are expected to ONLY report their company’s Scope 1
operating emission - such as fuel use, Scope 2 emissions from electricity purchased, and (increasingly) their
Scope 3 supply chain emissions.

Claims of avoided emissions associated with recycling are reported separately from scopes 1, 2, and scope 3
emissions.

You can see on this slide that Scope 4 emissions are outside of the rest of this company’s emissions.

In our industry, recyclers often use EPA’s WARM tool to calculate the benefits of the tons they manage for
recycling.

* Although they don’t get the actual emissions credit for it, their company plays an invaluable role in
facilitating the environmental benefits of recycling.

* They may use statements like “our company’s recycling saved the equivalent of planting 100 trees each
year. ltis absolutely fine to do this! Companies do this kind of storytelling to bring attention to the value o
the services that they provide.

Again, this is all great information — AND it is also separate from your companies GHG emissions inventory.
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Example: Recycling Emissions Inventory

Recycling Company A provides recycling collection and sorting services.
Through their GHG emissions inventory process, the company identified the following primary emissions:

Scope 3
-3d party
transportation fleet
to end markets/port

- Purchased goods Company A's

Scope 1

- Collection truck
fuel

(trucks, parts, Emission Inventory
uniforms, office
supplies)
- Travel, commuting,
waste disposal

- On-site
equipment fuel

Avoided Emissions (Scope 4):
Reported separately as part of this company's Sustainability Report

Company A’s emission inventory includes emissions only. It does not include the environmental benefits associated
with the tons they recycle.

Avoided Emissions. The benefits of recycling are called Avoided Emissions since they reduce emissions outside of the
boundary of this company. Other companies in the supply chain will report the benefits of recycling as part of their
emission inventory.

If Recycling Company A incorporated these benefits, this would result in double counting of emissions benefits.

Here is an example of a GHG Inventory.

This is the GHG inventory for a hypothetical recycling company with environmental benefits associated with t
avoided emissions from the tons they handle for recycling.

* This recycling company generates Scope 1 emissions from their collection trucks and the energy used in the
on-site equipment

* The electricity they use for lights and processing equipment is their Scope 2 _emissions
* Their Scope 3 emissions are their office supplies, employee commuting, travel and waste disposal, as well ¢
for their 3™ party vendors used to transport their product to end markets.

The avoided emissions that this company facilitates are counted outside of their GHG inventory.

This is the recycling company’s GHG inventory.



Counting Emissions from Recycling

Who Counts Which Emissions?

/ THE BOTTOM LINE \

MATERIAL
GENERATORS "E‘I:Yﬁ - Recyclers generate
. Recyclers reports emissions
/vmem MATERIAL M'"'"A enBe'r‘:::e;s:sie“::t ort emissions from their . 0 S i
= = e ISP operations ur customers’ recycling
M emissions associated | programs create reCyCIables
PP with disposal. Recyclers report .
The mining industry — :,educes emissions fromiriellfor that reduce landfill
reports emissions from emissyionsgassociated collectipq trucks gnd emissions.
their mining operations. with sending waste to ellzsiaiely i© ey + Recyclables replace virgin
landfill operate equipment. . . 5
« Most emissions occur from SOCUSy material, which results in
the fuel and electricity reduced produ'cti'on energy
used to mine virgin anc? rgduced mining
resources. PRODUCT MANUFACTURERS, gmlssuc;ns (the largest
MILL! impact).
* Recyclables sold to MiLLs
roéuct T e Companies that use recyclable o_ve.ra" fewer global
P d d T a—- feedstock in their production emissions are generated
material,so mining e less ancrty vee oy and reported as a result of
: ¢ e gy Use, re 9 recycling.
Company report fewer production emissions
\emissions. |8HI 4
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Now — let’s look at the emission reporting for the other industries that play a role in our supply chain

The most significant area of impact is at the source. Mining companies report their emissions which make ug
the largest portion of a products emissions. Recycling results in less demand for raw materials will have less
emissions and will report less scope 1 emissions

* The manufactures and mills using post consumer content may use less electricity processing material witl
post consumer content, reducing their Scope 2 emissions.

* There will be less waste goes to landfill creating less emissions there — reducing Scope 1 emissions for the
landfill, and Scope 3 emissions for the waste generator.

Although Recyclers add emissions to the equation from our trucks picking up material and our equipment usil
energy, the recyclables that we collect and process avoid many more emissions than the other players in the
value chain create — resulting an overall reduction in emissions from recycling.

Recyclers play a key role in enabling this activity, but we don’t get to take credit for those emissions or we
would be double counting the benefits that mining companies and manufacturing companies report as par
of their scope 1 and 2 emissions.

It is important to tell our story in a way that communicates the benefits to our customers and the environmen
from the services we provide.



Avoided Emissions in Other Industries

Avoided emissions is not unique to the recycling industry. Many companies manufacture products that result in
an overall reduction of GHG emissions in society.

The renewable energy field offers several examples of products and solutions that reduce emissions versus
alternatives energy solutions:

Wind turbines or solar panels, compared to fossil fuel ~ Triple-pane windows, compared to double- or single-
power plants pane windows

LED bulbs, compared to incandescent bulbs Insulation in a building, compared to no insulation

Online meeting software, compared to business travel

Similar to the recycling industry, a renewable energy company's customers benefit from reporting fewer emissions associated with more
efficient use-phase energy use. Their customers report the emissions associated with their manufacturing process.

The net benefits of the entire system leads to avoided emissions, which are captured by tracked by comparing a company’s

emissions inventory over time

Energy efficiency reduces renewable Product Manufacturers Product manufacturer benefits by
energy customers’ emissions + (Customer) has reduced = reporting fewer emissions.
(no emissions credit to renewable emissions due to renewable These are Avoided Emissions from Ism
energy company) energy company products. energy efficiency products. e
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This is not unique to the recycling industry.

The manufacturers of many products assess the reduction of GHG emissions for other parts of the supply
chain. A great example is the renewable energy industry. Their customers benefit from using their
renewable energy technologies compared to generating electricity by combusting fossil fuels.

Benefits of knowing the avoided emissions are a sales opportunity for these companies and for many
producers and or brand who can highlight the value of their products.

* Energy cost reduction benefits

* GHG reductions

* The Brand value to their customers
* Regulatory compliance

* And Increased sales.

It it really no different for recyclers. We are facilitating emissions reductions through our services.



Risks of Improper Scope 4 Reporting

In an article for Eco-Business, author Ng Wai Mun cautions against
inaccurate reporting of Avoided Emissions.
Avoided emissions claims are often unverifiable or inaccurate.
Most companies that report Avoided Emissions cherry-pick and
publicly report the positive impacts of their products.

Citing a paper by the World Resources Institute, “companies tend to
only focused on positive impacts in public reporting, ignoring the fact
that negative impacts of products are equally common.”

Companies risk tarnishing their brand if they are called out for
greenwashing or overstating claims on emissions avoided.

Mun offers the following advice for Reporting Avoided Emissions:

1. Avoid Cherry Picking. Include negative and positive impacts of ews * Eoo-fusiness explains
) . . P
products and services. Explainer: Avoided emissions
. . .
2. Be transparent about assumptions. State assumptions up front. and how not to overclaim them
3. Consider spillover impact or change in consumer behavior. The use ; X . TR .
. A L. Businesses routinely report their carbon emissions in three categories.
of a product may create ripple effects that increase or reduce emissions There is now growing interest in the potential of a fourth 'scope’. However,
outside of the product’s life cycle. Report complete value chain experts are wary that companies are using problematic methods to account

. . . h for these so-called 'avoided emissions’.
emissions mventory information.

https://www.eco-business.com/news/explainer-avoided-emissions-and-how-not-to-overclaim-them/
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This article provided another “aha” moment for me. It highlighted how important it is to use carefully
crafted and transparent language when talking about Scope 4, or avoided emissions.

The article points out that many companies cherry pick the positive avoided emissions stories without
acknowledging that there may be negative impacts, as well. A credible tracking system would ensure that
both are reported, and that all assumptions used are transparent.

The other thing | had not considered, is that there are no standards for reporting Avoided Emissions, thus,
it is hard to compare them or know how credible the information is.

Companies expose themselves to accusations of greenwash when they use problematic methods to
account for their avoided emissions. Including transparent and complete information is important when
talking about Avoided Emissions.

Additional notes:

1 Do not cherry pick

Credibly tracking progress of whether a company has done its part in emissions reduction would require the company
to consider both the negative and positive impacts of all the products in its portfolio. Some avoided emissions claims
aggregate comparisons of multiple products, such as a company’s entire line of low-carbon products. Image: World
Resources Institute. When choosing products to assess, companies should not limit their analyses to low-carbon
products that are known to or expected to reduce emissions. For example, a TV manufacturer might compare the life
cycle emissions of its latest model to an older model built with outdated technology. This ultimately makes Scope 4
reporting a meaningless exercise. Ee suggested that companies should select an industrial average value or a value
calculated based on the best available techniques, for comparison. “It will not be wise to select the emissions value of
product with high emissions as the baseline, just to have a higher avoided emissions value,” said Ee. “To ensure
transparency, it is good practice to justify the reason for the choice of baseline too.” 6




Assumptions used in the evaluation of Scope 4 are key influencing factors, particularly for
products with long life spans or products with multiple purposes. It is important to state
these assumptions upfront. For example, in the case of a reusable bag, the number of times
itis used in its “lifespan” will eventually determine how much avoided emissions can be
claimed by producers of these bags, while comparing them to single-use plastic bags.

3 Consider spillover impact or change in consumer behavior

To provide a more holistic view and inform consumers or stakeholders on the trade-off when
using a specific product, it is important for companies to account for the potential spillover
impact of a product. The use of a product may create ripple effects that then increase or
reduce emissions outside of the product’s life cycle. For example, a product that regularly
needs maintenance and cleaning might result in higher water usage, hence cancelling out the
emission reduction claims the company made while producing it. Before embarking on Scope
4 reporting, companies should ensure they report a complete corporate value chain
inventory, including Scope 1, 2 and 3 emissions. “The golden rule is to provide clear and
complete information and ensure transparency and accountability,”



How to Calculate & Use Avoided Emissions

* Report Avoided Emissions outside of Scopes 1-3 Emissions.
+ Use US EPA’'s WARM tool.
+ Itis an accepted calculator for the emissions avoided because of recycling.

* The tool provides GHG emissions reduction calculations, charts and LCA information for a
wide range of materials

+ EPA's WARM tool and Recycling Equivalency tool can play an important role in
communicating the benefits of recycling to ISRI members customers

+ Understand the inputs to ensure accurate analysis

+ Recycling equivalencies are a good way to present avoided emissions from recycling.
These can be presented by company, by material or by customer.

2 ISHl
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We now know more about Avoided Emissions.

Next up: How do we calculate them? And how SHOULD we use or report them?

Fortunately, in our industry, similar to the GHG calculator that we learned about in August, we also have U.
EPA’s Waste Reduction Model (WARM) tool to support consistent calculations of Avoided emissions from
recycling.

EPA’s WARM tool reports emissions outside of Scopes 1-3 emissions.

It is a widely accepted calculator and has been continually updated and improved over the years.

It’s a great tool for our industry to use to communicate the benefits of recycling to our stakeholders.



U.S. EPA’s Avoided Emission Calculator

EPA developed its WARM tool over 25 years ago to help businesses calculate emissions.
It estimates the potential GHG emissions, energy savings and economic impacts of baseline and alternative waste
management practices

+ WARM is updated regularly--Version 17 was completed in 2023

*  GHG savings are calculated by comparing the emissions associated with managing materials under an alternative
scenario with the emissions associated with the user’s baseline scenario (i.e., current practices)

WARM Calculation Example:
The GHG savings of recycling one (1) short ton (standard U.S. ton) of aluminum cans instead of
landfilling them (requiring more virgin production) would be calculated as follows:

- (1 short ton x 0.02 MTCO2E/short ton) = -9.15 MTCO2E*

Emissions from
manufacturing aluminum
* Avoided emissions are expressed as a negative, since they are a reduction in emissions Ism
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This Calculator was originally designed to be a simplified tool to help small business and low emitter
organizations estimate and inventory their annual greenhouse gas (GHG) emissions.

You can see in the equation at the bottom of the slide that it includes the emissions impact from mining and
manufacturing materials — the orange.

Then, it includes the emission impact from our recycling operations — the blue. This is our Scope 1 emissions
associate with fuel used during collection and energy used at our facilities.

The next is an emissions benefit associated with recycling - in the green.

NOTE the green is expressed as a negative number because it is a REDUCTION of emissions. These are emissit
that were avoided, or never created, from recycling.



Calculating Avoided Emissions

US EPA’s
WARM*
tool:
Calculating

Emissions

AVOided\:w_hﬂ_ﬂ\M

Waste Reduction Model (WARM)

EPA created the Waste Reduction Model (WARM) to provide high-level estimates of potential
greenhouse gas (GHG) emissions reductions, energy savings, and economic impacts from several
different waste management practices, WARM estimates these impacts from baseline and
alternative waste management practices—source reduction, recycling, anaerobic digestion,
combustion, composting and landfilling.

Basic Information
about WARM

[

Documentation

mentation for Greenhouse Ga

Emission, Energy and Economic Factors
Used in WARM

* Background Documents

WARM Tool
* Versions of WARM
® Frequent Questions about WARM

https://www.epa.gov/warm

CONTACT US

Related Tools

* Recycled Content Tool

« Individual Waste
Reduction Mode|
(IWARM)

« Greenhouse Gas
Equivalency Calculator

* Policy and Program
Impact Estimator

Relevant

Programs

® Sustainable Materials
Managemen
* ENERGY STAR

@[

U s e Rocing ity
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The WARM tool is available in the public domain, is updated frequently, and is not subject to specific sector ¢
company interpretations. And it is free to use.

It was last updated in June of this year. It has expanded and now includes data on 60 different materials an
it very easy to use. At the most basic level, all you need are tons of waste handled for any particular

materials. You can use national averages for energy and transportation distances, or plug in your own
numbers for more accurate data.

I’'m going to walk through a really simple example of using the calculator.



Waste Reduction Model (WARM) Tool
User's Guide

WARM version: 15 (November 2020)
Software version: 1.5
Guide version: November 2020

Contents
1. INHQAUCHON oo 2
2. Instaliafi 2
2.1 Horaware 3
3. Fiststort and overview. 4
4. Dotaentry 5
4.1 Generate scenario: 5
A2Further X 7
43General J 10
4.4 Calculotion. 10
5. Resulls n
5.1 5ummary. n
52 Analysis 12
53Charts 13
54Report export 16
6. Saving dat 1
7. Other feature: 7
8. Contact 17

warm-users-guide v15 10-29-2020.pdf

WARM User’'s Guide

Documentation for GHG Emission, Energy and Economic
Factors Used in WARM

The WARM documentation explains the calculation of emission factors by material type, or group of materials, arranged into
individual chapters. EPA also provides chapters addressing each specific materials management practice that is available in
WARM, along with a background and overview chapter, a list of definitions and acronyms, user’s guides for the different versions
of the WARM tool, a summary of recent updates in WARM and additional chapters on special topics like forest carbon
sequestration, energy factors and ecenomic impacts.

The WARM documentation chapters are grouped into several files based on the following chapter topics:

= User's Guide WARM Version 15: provides an overview
for users who may be new to the tool or need some basic
knowledge about downloading and modeling scenarios
in WARM version 15

* User's Guide WARM version 15 Excel: provides an
overview for users of the Excel-based tool for WARM
wversion 15, This guide is the same as the guide found on
the first sheet of the WARM Excel tool

« Background includes chaplers covering:

= WARM Background and Overview
« Definitions and Acionyms

= Recent Updates in WARM

= Forest Carbon Storage

* Management Practices includes chapters covering:

¢ Source Reduction
« Recyeling
+ Anaerobic Digestion @ Is“l
« Composting

Voo of o Ruceling oy
= Combustion October 2023
- landling

Of course, EPA provides a users guide. The link to it is on the left below the table of contents.
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Behind the Scenes Documentation

WARM User’s Guide. The guide provides an overview for users who may be new to the tool or need some basic
knowledge about downloading and modeling scenarios.

+ Background - WARM Background and Overview, Definitions and .
Acronyms, Recent Updates in WARM, Forest Carbon Storage and Links to BaCkg round
Transportation Assumptions Documentation
+ Management Practices - Source Reduction, Recycling, Anaerobic
Digestion, Composting, Combustion, Landfilling, Energy Impacts and - B Waste Reduction Model (WARM) Tool User's Guide (pdf) (1.6 M)
Economic Impacts + [ Waste Reduction Model (WARM) Excel User's Guide Version 15 (pdf) (615 23 K8
+ Containers, Packaging and Non-Durable Goods Materials - Glass, * B Hackgpoiind Chigtars (paf) Biaso K50
Metals, Paper Products, Plastics, and Polylactide (PLA) Biopolymer + B Management Practices Chapters (pdf) (2.74 15)
» [ Construction Materials Chapters (pdf) (267 MB
* Organic Materials -Food Waste and Yard Trimmings + B Containers, Packaging, and Non-Durable Goods Materials Chapters (pdf) (2.24 MB)

+ Electronics - Electronics

« [B Tires Chapter (pdf) (599.87 k8)
* Tires - Tires « [ Organic Materials Chapters (pdf) {1.45 MB)

+ Construction Materials - Asphalt Concrete, Asphalt Shingles, Carpet, Clay
Bricks, Concrete, Drywall, Fiberglass Insulation, Fly Ash, Vinyl Flooring,
Wood Flooring, and Wood Products.

EPA also has a lot of information on their website that provides great detail and behind the scenes
information about their tool.

Here are links to several documents on their website.
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WARM Covers 60 Materials

Materials Types Recognized by WARM
: Aluminum can Aluminum Asphalt Asphalt Beef Branches
WARM covers 60 materialtypes Ingot sl Shingles
Bread Carpet Clay Bricks Concrete Copper Wire Corrugated
WARM includes 6 materials management practices: Cardboard
‘Recycling  -Composting |Gaedfy  Diveehes e bmgwend  Opel feoc
- Source Reduction - Anaerobic Digestion Displays Processing
. e Units (CPUs)
- Combustion - Landfilling
Fiberglass Flat-Panel Fly Ash Food Waste Food Waste Food Waste
Insulation Displays (mean only) (non-meat)
WARM calculates emission, energy and economic e R i Cess Hard-copy Sl
factors for each material and management polyethylene)
practices, including: LDPE (low- Leaves LLDPE (linear Magazines/ Medium Mixed
density low-density Third-Class Density Electronics
+  Units of metric tons of carbon dioxide equivalent polyethylene) polyethylene)  Mail Fiberboard
(MTCOZ2E) Mixed Metals (Mixec} MSIW » Mixed Organics (Mixed Pﬁper (Mi>‘<ed l?lapfer (Mi>‘<ed I?Iaper
e municipal soli genera primarily from primarily
Million BTU EsE) hiees) residential)
+ Labor hours Mixed Plastics Mixed Newspaper Office Paper PET Phonebooks
Wage dollars Recyclables (po\yeht?‘y\‘ene
. T do”ars terephthalate)
ax PLA (polylactic Portable Poultry PP PS PVC (polyvinyl
acid) Electronic (Polypropylene)  (polystyrene) chloride)
Devices
Steel cans Textbooks Tires Vinyl Flooring Wood Flooring  Yard
Trimmings

Here is the list of the latest material types that EPA has included in the WARM calculation. There are 60 of
them!

This means that they have done the research to understand the emissions impact of mining the raw
materials and manufacturing each of these products.

Having this work completed allows us to simply enter local information such as miles and tons recycled to
determine the impact of recycling versus reduction or disposal.

The tool include end-of-life management practices in addition to recycling — such as source reduction,
composting, anaerobic digestion, combustion, and landfilling. This allows you to run the program to

compare different management practices.

For example, you can use the tool to calculate the emissions differences between recycling and source
reduction. Or composing versus anaerobic digestion.

They’ve also continued to expand the tool to generate information in addition to emissions, such as energy
and various economic factors.
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Today we will stick to the basics: the emission associated with recycling versus
disposal.
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Getting Started: Accessin
he download requires time (and patience)

1. Identifying which version to download

Current WARM Tool - Version 15

WARM version 15

in May 2019 and

pdated in November 2020 and September 2022, WARM is now avadabw/f

asatool based on a database developad in openL CA software, with versions available for both [ Windows and Macintosh users |
The [ onenlCA database for WARM Version 15 (zipl is al: le. Users are still able to access the [ Excel-Based 3

2. Installation

file  Exfract...),

get the opplication started.

There are versions of the WARM Tool available for Windows (64 bit and 32 kit upon request) and
Mac (84 bit and 32 bit upon request). In ol cases, the toal s provided in o compressed fie (*.ip,
*.g2). which should be first downlooded ond then its content extracted (.., right click on the.

A foider "WARM" wil be then generated. The file “WARM.exe" contained in it should be run 1o

L. configuration
K e

L licenses

). plugins

I workspace
xulrunner
eclipseproduct
LICENSExt
© waRMexe

L. » ThisPC + Downloads » WARM

Access
the tool
once its
loaded

21 and q

Hordwore:

« 1 GBRAM
« 140 MB (Windows), 64 MB (Mac) free hord disk space

Software:

« For MacOS users, Java version 8 is required to run the WARM tool. The official Oracle
release of Java 8 may reguire a separate license agreement with Oracle. More details
can be found here. The WARM fool may aise be compatible with OpenJDK versions of
Java 8. MacOsS users moy install OpenJDK free of charge by using the SDK command line

tool. More information on SDK can be found here.

« Microsoft Visual C++ Runfime v10 needs fo be installed on Windows 64 bit because the
WARM Tool contains @ browser engine for the dispiay of modem HTML pages that requires
this runtime. If you have net installed it before running the tool. a message like in Figure 2

would be shown. You can download this runtime here.

| B Enable moderm browser support x|

|Enable modern browser support

Warm containg a browser engine for the display of modem

| HTML pages. It requires the Visua nlime y

| to be installed on Windows G4bit which seerns to be not the
Gase on your system. In order 1o run WARM, 1t s necessary to
install this suntime.

| 0o not show this message sgain |

I I8RI

[ S
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We'll start with the basics of the tool.

You must first download the tool to use it.

but certainly 5-10 minutes.

Once its downloaded, click on the WARM icon.

This requires some patience! It takes some time. Not an hour,
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B warm

File

i Mome =

%% Waste Reduction Model (WARM)

EPA created WAR
and economic impacs from severai different wasie management practices

characteristics

For information on the definition of each of the WARM material types and underlying ife-cycle data, please see the WARM
Tips:

» Make sure that the fotal quantity generated equas the total quantty managed
« 1 you have any qUEsIONS, consult the s

Report:
« Afler clicking "Get startec”, i out the baselne and aflernative scenario tables on e page “Scenarios” as well as &
“Further Charactenstics”, then select the "Caiculation” Dutton 10 créate a sSummary of your project. The inputs inthe
optional and may be used 1o cuslomize your summary report

=@

M ta help s0iid waste planners and organizations track and voluntarly report greenhouse gas emissions reductions, energy savings.

Use this program to deseribe the baseine and atemative MSW management scenanos that you want to compare. Piease follow ine steps beiow 1o enter
your material 1onnage information in the input boxes In the Ladles, and select appropriate Iandfill, anasrobic Cigestion. and wasle ransport

« It the Iisted material s Not generated In your ComMUNIty/IGaNZalon of you do not want 10 analyze it leave i biank of enter 0

‘on the page
| information” tab are

o)

Calculator Overview

If you click the button “Get Started”, a new tab “Data Entry" appears, where the data for the
analysis should be entered by the user. This tab consists of four steps: Scenarios, Further
Characteristics, General Information and Calculation. You can navigate through them by
clicking on the buttons on the top of the tab or on the “Back"/ “Next” buttons on the bottom
of the page. You can also use the scrolibar in the right of the window to see the full content of
each page. Detailed informatfion about the “Data Entry" tab is provided in section 4 of this
guide.

21 SRl

Ve 5 Rting sty
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EPA has made the calculator very easy to you.
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Data Entry Table

. Waste Reduction Model (WARM)

IE3 2 Further Characteristics 3 General Informatian 4 Caiculation

Please enter dala in short 10ns (1 shoft ton = 2,000 ibs.) and refer 1o ihe User's Guide if you need assistance
Baseline Scenario: Describe the baseline generation and management for the MSW materials listed below. If the material (s not generated in your community of you 8o not wani fo analyze i, leave it as 0.

Alternative Scenario: Describe the allemative management scenario fof the MSW materials generated In the baseline

Each input row will be validated to sum up correctly. The tons generated in the baseline scenario must match the tons generated in the altenative scenario.

A row is valla I the sum of 1ons entered in the Baseline Scenario COIUMNS, 2% shown In the Tons Generated column, IS equal 1o ihe suM of 1ons enlered In ihe Alemative Scenano columNS. For example, if the Baselne Scenario assumes hal 100 1ons of aluminum cans are lanafiled, s Is
the Tons Generaled value. To generale valid results, all values enlered in the Alemative Scenarios columns must add up to 100 tons lo equal the Tons Generaled vaiue

— Tons Tons. Tons Tons. ‘m:'::ﬂw Tons b Tons Tons Tons Tons AH:::nllv
Recycled Landfilled Combusted Composted Digested Generated Reduced Recycled Landfilled Combusted ‘Composted Digested

Comugated Containers 0 o o WA NA o ) 0 0 0 WA NA
MagazinesThird-ctass Mail 0 0 NA NA 0 0 0 0 NA NiA
Newspaper 0 ] ] NA NA o o [] o 0 NIA NIA
Offce Paper [ o 0 WA NA 0 0 NA NA
Phonebooks [ o o nA A o 3 0 o 0 NA NA
Texmooks f) NA WA o 0 NA NA
Mixed Paper (general) 0 ] ] NA NA 1] [ o 0 NA N/A
Mixed Paper (primarily residential) P 0 o WA NA [ 0 0 o 0 WA NIA
Mixed Paper (prmanly from offices) b o 0 WA NiA o 0 0 o 0 A NA
Food Waste NA o 0 0 ) 0 o NA 0 0

This is the basic data entry page for the tool.

Each of the 60 covered materials are listed on this tab. You simply add the number of ton
that you are dealing with for each material.

Important. If you want to know what the avoided emissions are of a material being recycled
versus landfills — you start with tons landfilled in the Baseline on the left . Then you enter

the tons recycled in the Alternative section on the right.

Here is an example (next page)
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Example: Cardboard Recycling

l.ff"':",: narios » 2 Further Characleristics 3 General Information 4 Calcutation
L y

Please enier data in short tons (1 short fon = 2,000 Ibs ) and refer to the User's Guide if you need assistance
Baseline Scenario: Describe the baseline generation and management for the MSW materials listed beiow. If the material Is ot generated in your community o you 60 not want 1o analyze &t leave It s 0

Atternative Scenario; Describe the aliemative management scenario for the MSW malerials generated in the baseline

Each input row will be validated to sum up correctly. The tons generated in the baseline scenaric must match the tons generated in the alternative scenario.

A row is valid If the sum of tons entered in the Baseline Scenanio columns, as shown In the Tons Generated column, is qual to the sum of tons entered In the Altemative Scenario columns. For example, If the Baseline Scenario assumes that 100 16ns of aluminum cans are fandfilled, this Is
the Tons Generated value. To generate valid results, all values entered in the Altemative Scenarios columns must add up to 100 lons 1o equal the Tons Generated value

[ Lo l
T T To T Tons T Tons Tor To T Te Tons
Motartal Rec::l’:d I..m::::ed Cumh::bd cum:::bd A“;z:’:':"’ mn:::eu :':':"::d gacv::d Lam::;ea Cum::im m;:zm A";:‘::’:“’
Corrugated Containers 0 100 '] NA NA 100 0 o 1] NA NA
WARM requires entering the “Base Scenario” tons recycled and/or landfill first
20XX 16

Cardboard was used here as an example since it is the first material listed and we can easily see
the categories for each column of information requested.

To calculate the impact of recycling, start with the number of tons being landfilled. The blue box
outline on the left it the baseline.

After the first time, you'll be surprised at how easy it is to play with.



Adding Recycling

D o S— =

Please enfer data in short tons (1 short ton = 2,000 Ibs.) and refer to the User's Guide if you need assistance.
Baseline Scenario: Descrive the baseline generation and management fof the MSW malerials listed below. If the matenial is not generaled In your COmMUNIty of you 4o not want 1o analyze it leave it as O

Alternative Scenario: Describe the altemative management scenario for the MSW materials generated in the baseline.

Each input row will be validated to sum up correctly. The tons generated in the baseline scenario must match the tons generated in the alternative scenaria.

A fow is valid if the sum of fons entered in the Baseline Scenario columns, as shown in the Tons Generated column, ks equal 10 Ihe Sum of tons entered in Ihe Allemative Scenario columns. For example, If the Baseling Scenario assumes that 100 (ons of AlUMInUM cans are lanafiied, s is
the Tons Generated value. To generate valid results, all values entered in the Altemative Scenarios columns must add up to 100 tons to equal the Tons Generated value,

Tons Tons Tons
Tons Tons Tons Tons. Tons Tons Tons Tons Tons
Material Anaerobically Source Anaercbically
Recycled Landfilled Combusted Composted Diges Generated ) Recycled Landfilled Combusted Composted Digestsd
Corrugated Containers o 100 ] NA NA 100 [ 100 [} o NA NA

¥//

Next, enter tons recycled in the Alternative Scenario Section.
The total tons managed must be reconciled.

Presentation title 20XX 17

Next, input the tons on the right side of the spreadsheet in the Alternative Scenario

17



Warning

The total quantity generated in the
alternative scenario does not equal
the total quantity managed in the

2 Furiher Characteristics. 3 General Information baseline scenario for one or more
materials. Please be aware that the
reported differences between the

Please enter data in short fons (1 short ton = 2,000 Ibs ) and refer to the User's Guide i you need assistance:
baseline and alternative scenarios will
Baseline Scenario: Describe the baseline generation and management for the MSW materiais lisied below. If the matenal is not generated in your community of you do nof want lo analyze i, leave, ‘
2 o Y o L o not be correct if you proceed
Alternative Scenarnio: Describe the altemative management SCenand fof the MSW materials generated in he baseline.

Each input row will be validated to sum The in

scenario the tons generated in the altsgpa

A row s valid it the sum of tons entered In the Baseline Scenaria columns, as shown in the Tons Generated column, is equal 1o g

affa assumes that 100 tons of aluminum cans are landfilled, this s
the Tons ges results, all val feted in the Altemalive Scenarios columns must add g

Tons Tons. Tons Tons oo 4 Tons Tons Toms
wmaterial Anseroicaity source Anaerobically
Recycled Lanafilled Combusted  Composted e Generated Recycled Landfilied Combusted Composted ek
! Commugated Containers 10 100 o NA NA 110 [ 50 25 o NA NA
J o. cror or va 1 n ro 11S ! Step @ 1Al amc 7

October 2023

EPA built | checks and balance: If you don’t balance the total tons it will give you an error.

18



Electricity and Mileage

Input Characteristics: Electricity and Distances

s Waste Transport Characteristics: the distances covered between the location where
the waste was collected and the comespondent management facility can also be
maodified. The value by default is 20 miles. You can select the option “Define distance”
to enter new values (also in miles).

» Llocations: they affect the emission factors for those management practices
consuming/avoiding electricity. The specific regional grid mix is used depending on the
state selected by the user in the drop-down menu. The value by default is “National
Average”.

In order to account for the avoided electricity-related filnissions in the landfiling and combustion pathways, EPA assigns the appropriate regional ‘marginaflletectricity grid mix emission factor based on your location

Piease select state o national average | National Average V]

Region location: National Average

pr provige information on the transport distances for the various MSW management options.

Emissions that occur during transport of materials to the management faciifty are included in this model. You may use default transport distances, 20 mile:

O Use gefault distance
@® Define distance

Management option Default Distance Defined Distance
(miles) (mites)
Landfil 2 —
Combustion 20
Recycling 20 10
Composting 20
Anaerobic Digestion 2
October 2023

The tool also considers the emissions associated with electricity use and miles traveled

It gives you the option of use the national average for energy and distances to landfills and recycling markets.

Or, if you have the information, you can also enter actual information that you have for these characteristics.

19



Calculating Output Properties

Please select the result output unit

@ Metric Tons of Carbon Dioxide Equivalent (MTCOZE)

© Metric Tons of Carbon Equivalent (MTCE)

© Units of Energy (million BTU)

© Labor Hours - employment supported by materials management

*) Wages (§) - all forms of employment income from materials management

O Taxes (S) - taxes collected by the federal, state and local govemment from materials management

You can return to this screen to generate results with another output unit once the initial report has been generated

Then - hit the
n === i3|culate” button on
the tool.

1 [SRI

Vet Aoyting sy
October 2023

Then hit the “Next” button, then the “Calculate” button

20



Output: Avoided Emissions

“h&, Waste Reduction Model (WARM)

i Summary Report (WTCOZE)

GHG Emissions Analysis - Summary Report
\GHG Emissions Waste Management Analysis for {organization}

Prepared by. (name)
Profect Period for tnis Analysts; (tromj 1o {to}

Landfilling less and recycling more

reduced emissions by 226.12 MTCO2E

Tons
Tons. Tons To Tons
Material Anaerobically
Recycled Landfilied Combusted Composted Digerted

el 2 2 i

Cormugated Containers

BEFORE RECYCLING

’:'::. Tons Tons To Tons M.:r‘:':““ Total (Ak-
Red: Recycled Landfitied Combusted Composted 4 MTCO2E] Base)
uced Digested ek,

AFTER RECYCLING

Change

-331.69

Negative # =
Reduced/avoided
emissions

21

You did it. The tool provides the emissions avoided by recycling versus landfilling (or
whatever your baseline is from the alternative.... Combustion to recycling, or

composting etc. )

21



W%, Waste Reduction Model (WARM)
z"ﬂ. Summary Report (MTCOZE)

GHG Emissions Analysis - Summary Report

Waste
Prepared by. (name}
Profect Period for Inis Analyses: {from 10 {t0)

Tons Tons Tons Tons
Lo Recyciea Lanatiiea Cembustea Cempostea
Comugated Containers 0.00 10000 0.00 NiA

8) For explanason of maodoiogy, see fha EFA WARM T

Going Deeper

Tons Ton:

Tons s
Total Tons Tons Tons Tons
Anaerobically Source Anaerobically
i MTCO2E i Recycied Lanatillea Combustea Compested s
WA 1816 0.00 100.00 0.00 0.00 WA i

Total Change in GHG Emissions (MTCOZE), -331.68

o sstmated.
emuzsiors rom tha waste ma e
long:torm Thesefore, ane snoui not merpres the GHG emissions IMGICas0ns 2 cecurrng allin one ¥ear, us rainer Irough ree

T o

ing of e GHG
Fray accrus ovar tne

This s equivaent 1o

Removing annual emissions from 70 Passenger Viehicles.
Conserving 37323 Gallons of Gasolne

Gansenving of Propane Used for i

Summany | Anatyis| Production » £0L] Charts

Tabs w/ad
Information

LE]

Change
Total (an-
MICOE  Baze)

31053 | 6

31353

21 1SRI

Vi o At Ity
October 2023

At the bottom of this sheet, the tool also includes several tabs for additional information:

Analysis
Production information, and
Charts

22



%, Waste Reduction Model (WARM)
K Contributions

imergcfizet Clorbicest ¥ perrissMr) Fupes xebar e cprideonih B redive 8 inpm 4 ¥Rt T v Brsision

Meric Tans of Carbon Dioxide Equivalent (MTCOZ2E)

Material

Charts

Ml Frocuction
[ Recycing
[ Lanatiing
[l combustion
[l composting

[l Anaerovic Digestion

Vo o e Rncyting sty

October 2023

Here is an example of chart that shows the emissions associated with various management practices for

different materials:

Gray is the emission associated with production of each material

Red —is recycling. Note that it is a negative number — below zero for each of these materials.

Since we just ran the tool for recycling, it doesn't show anything for composting or anaerobic digestion, but

each can be displayed graphically with this tool.

23



Modeling Reuse

Reuse of materials or products is a form of source reduction that can

be modeled in WARM with a few additional steps.. Examples of Reuse

To estimate the GHG and energy benefits of reuse: [pelucte,

* Run WARM using a baseline if a material is not reused (e.g., landfill,
recycle); 2

1. Using a plastic crate 20
times before recycling it

. Donating a computer to a
* Run it again using the Source Reduction Alternative school program or non-

+ Multiply the GHG reduction results by the number of times the Pm? Org(j”ization for
material is reused, then apply the following formula: COMHNUETESE

. Reusing a cardboard box a
second time before
recycling it.

GHG benefits of Reuse =
(Number of total uses - 1*) X (GHG benefits of source reduction)**

* Subtracting “1” from the total uses recognized the impacts of the original production.

** Total change in GHG emission.

This is not a perfect model but can be used to estimate reuse impacts. 21

Next — Re-use....

This is a bit more complicated since you have to run the tool for “source reduction”, then take an extra

step to get your information.

1. Run WARM using a baseline if a material is not reused (e.g., landfill, recycle);

2. Run it again using the Source Reduction Alternative

3. Multiply the GHG reduction results by the number of times the material is reused, then
apply the following formula:

4. Input the total tons used minus one, which accounts for the emissions of manufacturing it.
Then, multiply that number by the emission benefits that the calculator produces for reducing
that item one time. This gives you a number that reflect the benefits of each time its’ been
reused, while also considering the impact of manufacturing it in the first place.

EPA points out that this is not a perfect calculation; however, it gives you a general idea of the
benefits of reuse.

24



Reuse Example: Electronics

D

In ortler 10:36COUN 10r 1he 3VoliEd esectIChy-TElaled EniSSIans in the iarn
Please select siale or nalional average | National Average [

Region locaton” National Aversge

Tons

Emissions that occur during ranspor of matertals ta the management faciily are Included i this mode

® Use efaun aistance
) Define distance

0 Tons Tons Tons Tons TM? Tons Tons
Material 1 Anaerobically B Source
° v Digested Reduced
Desktop CPUs 0 10 (1] N/A N/A 10 10
Portable Electronic Devices 0 1] o NIA N/A 0 0
| Fiat-panel Displays 0 0 0 N/A N/A (] 0
: CRT Displays 0 0 0 N/A N/A [/} N/A
| Electronic Peripherals 0 0 ] N/A N/A 0 0
Hard-copy Devices 0 0 0 NIA N/A [/} 1]

Tons

e

Tons

Select
Source
Reduction
for the
Alternative
Scenario

a , Tons Tons Tons Tons Total e Tons Tons Tons
e Recycled Landtilies esea mTc02E fty s Recycled Lanafinea
Deskiop CPUS 000 10.00 0.00 NA NA 020 1000 000 000 000
020

GHG benefits of Reuse = (3 times reused -1 [manufacturing] = 2) X (MTCO2e reduced)

Digested

NiA

e GHG benefits of Reuse of 10 tons of electronics reused 3 times: [3 times reused -1= 2] X 208.6 MTCO2¢e = 417.8 MTCO2e

Change
Total (Al
MTCOZE | Base)
MTCOZE

-20864 | | -208.84
20864

Here is an example of reusing 10 tons of electronics 3 times.

GHG benefits of Reuse of 10 tons of electronics reused 3 times: [# of times reused -

1] X 208.6 MTCO2e (one time benefit) = 417.8 MTCO2e

25



Creating Recycling Equivalencies

8., Waste Reduction Model (WARM)
& "= Summary Report (MTCOZE)
GHG Emissions Analysis - Summary Report
(GHG Emissions Wasle Management Analysis for {organization)
Prepared by. (name)
Project Period for this Analysis: {from} to {to}
Change
e Tons Tons Tons Tons Ma:::u“ Total s:;:; Tons. Tons Tons Tons An”‘;:w Total (Ant-
Recycled Landfilled Combusted Composted 1 MTCO2E Recycled Landfilled Combusted Composted Y MTCO2E Base)
Digested Reduced Digested
MTCOZE
Corrugated Containers 0.00 100.00 0.00 NA NA 1816 0.00 10000 0.00 0.00 NA NIA -31353 -33169
1816 -31353
a) For explanation of methadology, see the EFA WARM Documentation
Total Change in GHG Emissions (MTCOZE): -331.69
b) Emissions estimates provided by this moded are intended 10 Suppor voluntary GHG measurement and reporing initiatves.
am ssions rosuts estmated in o benatts wasie management altemaiives. Dua ta the tming of he GHG The s sivasi o,
:ﬂ";;;‘;ﬁ::r‘:’u“i A‘E‘C;;f“;‘;' ok SHUe e Removing annual emissions from 70 Passenger Venicies
Conserving 37323 Gallons of Gasoline
ealen and are onserving 13820 Cylinders of Propane Used for Home Barbeques
ed using WARM resuls at the Greenheuse Gas
.
) . o Get the Widget
Gr 1l Gas Equival s Caleul
Convert emissions or energy data into concrete terms you can understand — such as the annual CO; emissions o Put the calculator on your website using our widget
lants.
eirighputs - sobronat e mmeploier e et
26

Finally, EPA’s tool calculates recycling equivalencies, which is using examples of other activities and
their equivalent emissions compared to recycling.

We've talked about this as a great way to communicate the benefits of avoided emissions to your
customers. Sticking with our original cardboard example, you can see some of the equivalencies

used here: Removing passenger vehicles, conserving gallons of gasoline and conserving cylinders of
propose used for home BBQs.

They also have a widget that you can provide to your customers or put on your website to do this
quickly and easily.



Using Avoided Emissions & Equivalencies

Company-wide Avoided
Emissions equivalencies

Casella Waste Systems
Sustainability Report

Million Metric Tons of COZe

0.455 0.086 0.009 -0.054 -0.677

Net Climate Benefit Factor

Calculating our Net Climate Benefit Factor

-1.904

Material Specific Avoided
Emissions and Equivalencies

Radius Recycling
(formerly Schnitzer Steel) 2022 Recycling Report

Recycled more than 5 million metric tons of
metals, avoiding approximately 5.5 million metric
tons of CO2e emissions’

WM

14,124,673 tons were
recycled/composted in 2015

Recycling and composting

these materials reduced ﬁ
greenhouse gas (GHG) o

emissions by more than :@
33.77 MTCO2e.

The GHG reduction is equivalent to

removing more than 7.11 million passenger
cars from the road each year!

Customer Specific

Equivalencies

Total Change In GHG Emissiens (MTCO2E) 53068

T s equivasent 10
REMOVING N3N EMESSIONS oM 112 Passenger Veicies
Conserving 89713 Gaions of Gasotne

ConsenIg 22111 CyINders of Propane Used for Home Barmeques

Example:

Use EPA's WARM tool to
provide your customers
with specific information on
the emissions their
company avoids through
the tons they recycle.

ISR

October 2023

Here are some examples from ISRI members as well as the suggestion for using EPA’s WARM tool to

provide customers with specific information about their company’s avoided emissions from recycling.
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Customer - Focused Tools

Many of our clients have publicly announced their own sustainability goals and carbon reduction S|mS Metals tOOk thIS to

programs. Organisations are looking for detailed insights info the carbon impact of their overall operations

and technology asset handling. In respansa, Sims Lifecycle Services launched a sustainability calculator

this past fiscal year 1o provide industry-leading environmental impact feparting to their clients. a hnew Ievel by

mmmmf“mwwmﬁm%::;im”wﬁ d I . I |
‘components — an important diffarentiation from most calcul Uy . Incorporating

reuse data provides a more accurate and complate overview of carbon savings. Detailad dashboards eve Oplng a Ca Cu ator

show volumes of equipment processed, disposition routes and the carban-equivalent emissions avoided,

pawsred by equipment manufacturing data and our own lab-based asset data. that enables customers

A ST St For Y2 1 1t Gl srmioe e A0 s lcul hei

repurposing and recycling IT assets. Y22, avo impact was

CO,e ~ that's equivalent fo taking more than 80,000 cars off the road for one year, or enough elactricity fo to Calcu ate t elir own

charge a smartphone 53 billion timest'*

The sustainability caiculator has been wall recaived by cliants who valua the increased ransparency SLS aVOided emissions from

mnnm.WBmmmmMBf@wmuwumw&mwmﬂmmL@chsmm .
i R e recycling and reuse.

20XX 28

In fact, SIMS metals does this and even took it to a new level by developing a
calculator that lets customers track their own avoided emissions from recycling and
reuse.
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GHG Emission versus Lifecycle Accounting

What is the difference between GHG accounting and Lifecycle Analysis?

GHG Accounting Lifecycle Assessment

* Is an annual inventory at an * Used to evaluate GHG emissions for
organizational level (local, state, a specific material or product.
ilional, segloms o gletel) Evaluates the full life-cycle GHG

* Quantifies GHG emissions from emission associated with the raw
industrial or economic sectors on an materials extraction, manufacturing,
annual basis transportation, use and end-of-life

management of a.good or service.

Life-Cycle GHG Accounting Versus GHG Emission Inventories (epa.gov) @Ism

October 2023

Finally — We’ve heard some questions about the difference between GHG accounting, and Lifecycle Analys
and wanted to end with a simple explanation of the difference between them.

Calculators can be used for either, but it is important to understand the different inputs.
The difference between GHG Accounting and LCA

* GHG accounting helps organizations (companies, cities, states, countries, etc) understanding their entire
ANNUAL emissions impact = Scopes 1, 2 and 3. It quantifies this on an annual basis.

* A Lifecycle Assessment (LCA) calculates emissions for a specific material or product only. It requires
information about that material to understand the full life-cycle impact associated with raw material
extraction, manufacturing, transportation, use and end of life management of a good or service.

This information and guide is available to review if you’d like - as is the EPA’s website.
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