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“Sustainable materials 

management (SMM) is a 

systemic approach to using and 

reusing materials more 

productively over their entire life 

cycles. It seeks to use materials 

in the most productive way 

with an emphasis on using less. ”

https://www.epa.gov/smm/sustainable-materials-

management-basics

Sustainable Materials Management 

6/24/2021

https://www.epa.gov/smm/sustainable-materials-management-basics
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Aluminum

Ore Use

LandfillRecycle

Let’s consider the life cycle 

of an aluminum can

Raw material 

extraction

Processing

Manufacturing

Life Cycle Thinking 

6/24/2021
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Prioritize and Strategically Plan

AND

Which materials 

should we 

prioritize 

recycling?

Which disposal 

method is best 

for our waste 

stream?

Which policies 

or technologies 

should we 

prioritize?

Which 

stakeholders 

should we 

prioritize?

Performance Metrics

What should our 

targets metrics be 

based on?

What are the 

units of measure 

our metrics 

should be?

How can we measure 

our solid waste system 

performance?

Answer Questions Like…

Life Cycle Thinking Application

6/24/2021
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https://web.stanford.edu/class/cee214/Readings/ISOLCA.pdf

Life Cycle Assessment (LCA) 

6/24/2021

https://web.stanford.edu/class/cee214/Readings/ISOLCA.pdf
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Greenhouse 

Gases 

(GHG)

→CO2

→CH4

→N2O

Energy Use

→MJ renewable 

→MJ non-renewable 

LCA Indicators
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Mass of 

Waste

Net CO2, CH4, N2O, …
Metric Tons of

CO2 Equivalents

(tCO2eq.)

𝑡𝐶𝑂2𝑒𝑞.

𝑇𝑜𝑛 𝑊𝑎𝑠𝑡𝑒
𝑀𝑎𝑛𝑎𝑔𝑒𝑑

Impact Factors

6/24/2021
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Net GHG Emissions per ton = GHG Emissions −
GHG Emissions

Offsets

Degradation of biogenic carbon

containing waste fractions • Electrical power offset

• Remanufacturing 

• Carbon sequestration 

and storage

Impact Factors Calculations

6/24/2021



Workbook-Based Life Cycle Assessment (LCA) Tool
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Collected

Landfilled

Combusted

Recycled

Composted

Environmental, 
social, economic 
impacts 
associated with 
one ton of that 
material’s 
management 

Mass 
Data

LCA Models

Life Cycle 
Impact (LCI) 

Factors
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Source: https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/looking-

beyond-floridas-75-recycling-goal/

https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/looking-beyond-floridas-75-recycling-goal/


Methods of Obtaining Environmental-Based 

LCI Factors
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Global Warming

Community 

decides which 

is the most  

important to 

become the 

objective 

metric

Objective 

Metric  

Metric

Energy Consumption

Acidification

Eutrophication

Human Toxicity

Eco Toxicity

Water Depletion

Landfill Space Savings

Jobs Produced

Enviro.

Social

Impact

6/24/2021
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HC18/19 Workbook Tool
Workbook Tool 

Introduction Screen for 

Users 

Source: https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/looking-

beyond-floridas-75-recycling-goal/

https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/looking-beyond-floridas-75-recycling-goal/


Incorporate SMM Using Metrics
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Collected

Landfilled

Combusted

Recycled

Biological

Environmental, 
social, economic 
impacts 
associated with 
one ton of that 
material’s 
management 

2021 SMM Tool LCA Models
Literature

LCI Factors 
From 

HC18/19 
Project & 

New Factors

2019 WasteCalc 
Model 

Source 
Reduced/Generated 

Source: https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-

issues/tool-to-track-progress-toward-smm-goals/

https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/tool-to-track-progress-toward-smm-goals/


Refinements to the 2019 WasteCalc Model 
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Newspaper

Glass

Aluminum Cans

Plastic Bottles

Steel Cans

Corrugated Boxes

Office Paper

Yard Trash

Other Plastics

Ferrous Metals

White Goods

Non Ferrous 

Metals

Other Paper

Textiles

C&D Debris

Food Waste

Miscellaneous

Tires

OutputInput

Landfilled Tons

Combusted Tons

Collected C&D Tons

Recycled Tons

Newspaper Ferrous Metals

Glass White Goods

Aluminum Cans Non Ferrous Metals

Plastic Bottles Other Paper

Steel Cans Textiles

Corrugated Boxes C&D Debris

Office Paper Food Waste

Yard Trash Miscellaneous

Other Plastics Tires

% MSW

Composition

Tons MSW

Composition

Newspaper

Glass

Aluminum Cans

Plastic Bottles

Steel Cans

Corrugated Boxes

Office Paper

Yard Trash

Other Plastics

Ferrous Metals

White Goods

Non Ferrous 

Metals

Other Paper

Textiles

C&D Debris

Food Waste

Miscellaneous

Tires

Behind the Scenes

WasteCalc

Recent

US EPA 

data

Recent

FL waste

composition 

data

New OutputsNew Input Options



Integrate Source Reduction Activities
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■ Measure the mass 
of materials 
consumed for in 
previous years and 
compare to recent 
years

■ Donation is a form 
of source reduction 
since materials are 
directly reused 

■ Map the donation 
flow of materials

Source 
Reduction & 

Reuse

Recycling & 
Composting

Energy 
Recovery 

Treatment & 
Disposal



New Material Categories 

Based on FDEP 18 categories and 2019 WasteCalc Estimates
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Original FDEP Categories New Categories
Newspaper

Glass

Aluminum Cans

Plastic Bottles HDPE and PET

Steel Cans

Corrugated Boxes

Office Paper

Yard Trash

Other Plastics Mixed plastics

Ferrous Metals Mixed metals

White Goods Electronics

Non Ferrous Metals Mixed metals

Other Paper Mixed paper,  magazines/third-class mail, and books

Textiles Clothing and footwear

C&D Debris Wood products, asphalt shingles, gypsum drywall, concrete, 

asphalt pavement

Food Waste

Miscellaneous Mixed MSW, electronics, and furniture

Tires

Process Fuel
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2021 SMM Tool Walkthrough

Focused for Recycling Coordinators 

6/24/2021
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2021 SMM Tool Walkthrough

Focused for Decision Makers

6/24/2021
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What is the waste management environmental footprint 

of Alachua county?  

Decision Making Application
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What is the waste management environmental footprint 

of Alachua county?  

Decision Making Application

But what are the results when using other models?
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What is the waste management environmental footprint 

of Alachua county?  

Decision Making Application

-350,000

-300,000

-250,000

-200,000

-150,000

-100,000

-50,000

0

MSWDST (FL) WARM (FL) SWOLF (FL)

tC
O

2
e
q

./
Y

e
a
r

Waste LCA Model

GHG Emissions Waste Management Footprint

GHG emissions 

assumptions 

among the models 

are overall similar 
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What is the waste management environmental footprint 

of Alachua county?  

Decision Making Application

-3,000,000,000

-2,500,000,000

-2,000,000,000

-1,500,000,000

-1,000,000,000

-500,000,000

0

MSWDST (FL) WARM (FL) SWOLF (FL)

M
J
/Y

e
a
r

Waste LCA Model

Energy Use Waste Management Footprint

Energy use 

assumptions 

among MSWDST 

and WARM more 

like one another

SWOLF may be different magnitude 

but the overall result (that it is 

negative like WARM& MSWDST) is 

most important outcome
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Using the waste management environmental 

footprint of Alachua county, which material has the 

greatest and smallest  environmental footprints?

Decision Making Application

Smallest Footprints GHG Emissions Energy Use

MSWDST (FL) Mixed metals Mixed metals

SWOLF (FL) Mixed metals Mixed metals

WARM (FL) Cardboard Mixed metals

Greatest Footprints GHG Emissions Energy Use

MSWDST (FL) Food Waste Food Waste

SWOLF (FL) Food Waste Mixed MSW

WARM (FL) Food Waste Wood products

GHG emissions 

and energy use 

impacts are 

typically directly 

related
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Using the waste management environmental 

footprint of Alachua county, which material has the 

greatest and smallest  environmental footprints?

Decision Making Application

Smallest Footprints GHG Emissions Energy Use

MSWDST (FL) Mixed metals Mixed metals

SWOLF (FL) Mixed metals Mixed metals

WARM (FL) Cardboard Mixed metals

Greatest Footprints GHG Emissions Energy Use

MSWDST (FL) Food Waste Food Waste

SWOLF (FL) Food Waste Mixed MSW

WARM (FL) Food Waste Wood products

The smallest footprint is usually 

associated with a material that has a 

high recycling rate and a high 

environmental benefit when recycled 

Both SWOLF & MSWDST report 

recycling metals has highest 

environmental benefit 
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Using the waste management environmental 

footprint of Alachua county, which material has the 

greatest and smallest  environmental footprints?

Decision Making Application

Smallest Footprints GHG Emissions Energy Use

MSWDST (FL) Mixed metals Mixed metals

SWOLF (FL) Mixed metals Mixed metals

WARM (FL) Cardboard Mixed metals

Greatest Footprints GHG Emissions Energy Use

MSWDST (FL) Food Waste Food Waste

SWOLF (FL) Food Waste Mixed MSW

WARM (FL) Food Waste Wood products

WARM agrees with SWOLF & 

MSWDST that recycling metals 

is best, however, it awards a 

“forest carbon storage” 

environmental benefit for 

recycling cardboard (when 

SWOLF & MSWDST do not) 
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Using the waste management environmental 

footprint of Alachua county, which material has the 

greatest and smallest  environmental footprints?

Decision Making Application

Smallest Footprints GHG Emissions Energy Use

MSWDST (FL) Mixed metals Mixed metals

SWOLF (FL) Mixed metals Mixed metals

WARM (FL) Cardboard Mixed metals

Greatest Footprints GHG Emissions Energy Use

MSWDST (FL) Food Waste Food Waste

SWOLF (FL) Food Waste Mixed MSW

WARM (FL) Food Waste Wood products

Low recycling/ 

donation rate and 

high GHG 

emissions release 

when landfilled
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Using the waste management environmental 

footprint of Alachua county, which material has the 

greatest and smallest  environmental footprints?

Decision Making Application

Smallest Footprints GHG Emissions Energy Use

MSWDST (FL) Mixed metals Mixed metals

SWOLF (FL) Mixed metals Mixed metals

WARM (FL) Cardboard Mixed metals

Greatest Footprints GHG Emissions Energy Use

MSWDST (FL) Food Waste Food Waste

SWOLF (FL) Food Waste Mixed MSW

WARM (FL) Food Waste Wood products

Overall materials 

with high biogenic 

carbon content 
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What is the lifecycle environmental footprint of Alachua 

county assuming a baseline year of 2013 and current 

data (2019)?  

Decision Making Application
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What is the lifecycle environmental footprint of Alachua 

county assuming a baseline year of 2013 and current 

data (2019)?  

Decision Making Application

Note: 

You will need to use either WARM or Literature option to 

account for the donated environmental impacts. 

To account for source reduced/generated and 

produced environmental impact you will need to use a 

combination of WARM, SWOLF, and Literature option. 

Lifecycle = Source reduced/generated + Donated + Produced + 

Waste Management 
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What is the lifecycle environmental footprint of Alachua 

county assuming a baseline year of 2013 and current 

data (2019)?  

Decision Making Application

0
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Waste LCA Model

GHG Emissions Lifecycle Footprint

Unlike Waste 

Management 

GHG Emissions 

Footprint the 

Lifecycle 

Footprint is 

positive (an 

emission)
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What is the lifecycle environmental footprint of Alachua 

county assuming a baseline year of 2013 and current 

data (2019)?  

Decision Making Application
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How can we use the tool to measure SMM-based goals?

Decision Making Application
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Use the tool to evaluate other metrics for using 
environmental impacts in goal setting

75%

-1200

Gal./person

-800

Gal./person 52%

Water Use-Based Recycling Rate=
𝑭𝒖𝒕𝒖𝒓𝒆 𝒀𝒆𝒂𝒓𝑾𝒂𝒕𝒆𝒓 𝑫𝒆𝒑. 𝒇𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕

𝑩𝒂𝒔𝒆𝒍𝒊𝒏𝒆 𝒀𝒆𝒂𝒓𝑾𝒂𝒕𝒆𝒓 𝑫𝒆𝒑. 𝒇𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕
𝐓𝐚𝐫𝐠𝐞𝐭 𝐑𝐞𝐜𝐲𝐜𝐥𝐢𝐧𝐠 𝐑𝐚𝐭𝐞 = 

Future Year 

(2017) 

Recycling 

Rate

Baseline Year

(2008) Water Dep.

Footprint

Future Year 

(2017) Water Dep.

Footprint

Baseline Year

(2008) Recycling 

Rate
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Use the tool to evaluate other metrics for using 
environmental impacts in goal setting
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A municipality is evaluating two option for managing cardboard in 

their waste stream. If they collect 20 tons per day of cardboard. 

Which option results in the lowest GHG emissions (tCO2eq.) per 

day?

50%

Option 1

recycle

Landfill

Municipality 

combust

Municipality 

50%

Option 2

Hypothetical Problem

100%

6/24/2021
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Example Problem

Option 1- 100% combust

Option 2- 50% recycle & 50% landfill

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 100%

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 50%

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 50%

6/24/2021
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Example Problem

From “4 SMM Input”: Selected MSWDST (FL)

6/24/2021
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Example Problem

Option 1- 100% combust

Option 2- 50% recycle & 50% landfill

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 100%

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 50%

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 50%

∗ −1.08
𝑡𝐶𝑂2𝑒𝑞.

𝑡𝑜𝑛 𝑐𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑒𝑑
=

∗ 0.19
𝑡𝐶𝑂2𝑒𝑞.

𝑡𝑜𝑛 𝑐𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑
=

∗ −0.77
𝑡𝐶𝑂2𝑒𝑞.

𝑡𝑜𝑛 𝑐𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 𝑙𝑎𝑛𝑑𝑓𝑖𝑙𝑙𝑒𝑑
=

6/24/2021
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Example Problem

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 100%

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 50%

20
𝑡𝑜𝑛𝑠

𝑑𝑎𝑦
∗ 50%

−𝟐𝟐
𝒕𝑪𝑶𝟐𝒆𝒒.

𝒅𝒂𝒚

𝟐
𝒕𝑪𝑶𝟐𝒆𝒒.

𝒅𝒂𝒚

−𝟖
𝒕𝑪𝑶𝟐𝒆𝒒.

𝒅𝒂𝒚

𝟐 + −𝟖 = −𝟔
𝒕𝑪𝑶𝟐𝒆𝒒.

𝒅𝒂𝒚

∗ −1.08
𝑡𝐶𝑂2𝑒𝑞.

𝑡𝑜𝑛 𝑐𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑒𝑑
=

∗ 0.19
𝑡𝐶𝑂2𝑒𝑞.

𝑡𝑜𝑛 𝑐𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑
=

∗ −0.77
𝑡𝐶𝑂2𝑒𝑞.

𝑡𝑜𝑛 𝑐𝑎𝑟𝑑𝑏𝑜𝑎𝑟𝑑 𝑙𝑎𝑛𝑑𝑓𝑖𝑙𝑙𝑒𝑑
=

6/24/2021

Option 1- 100% combust

Option 2- 50% recycle & 50% landfill
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50%

Landfill

Municipality Municipality 

50%

Option 1 = Option 2 = 

Option 2 is the recommend approach because it has a 

greater GHG emissions offset footprint. 

−𝟐𝟐
𝒕𝑪𝑶𝟐𝒆𝒒.

𝒅𝒂𝒚
−𝟔

𝒕𝑪𝑶𝟐𝒆𝒒.

𝒅𝒂𝒚

recycle
combust

6/24/2021
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Q. Since there are three models, which should be used?

A. To measure your waste management footprint recommend 

using all three models and comparing results.

Q. Since there are nine indicators, which should be used?

A. Recommend at least two indicators should be selected and 

whichever is most important to your community.

Q. How should I measure a lifecycle footprint?

A. Recommend taking an iterative approach, where you do your 

own calculations using the produced and donated LCI factors 

from WARM, SWOLF, and Literature

Key Takeaways
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Q. Is there a report that has all the background methods and data?
A. Yes! Please visit our project website here:

Q. Can this tool be used for education purposes and lesson 
planning?
A. Yes; we recommend using the LCI factors directly in Tab 6 “LCI 

factors” instead of trying to figure out the mass data in other Tabs.

Q. Can this tool be used for zero waste planning? 
A. Yes; we recommend using the LCI factors for produced and donated 

to be able to measure the environmental impact of reuse and source 
reduction!

Q. When and where is the tool/report available? 
A. June 30th on our project website 

https://faculty.eng.ufl.edu/timothy-townsend/research/florida-
solid-waste-issues/tool-to-track-progress-toward-smm-goals/

Q & A Time

https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/tool-to-track-progress-toward-smm-goals/
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Source: https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-

issues/tool-to-track-progress-toward-smm-goals/

https://faculty.eng.ufl.edu/timothy-townsend/research/florida-solid-waste-issues/tool-to-track-progress-toward-smm-goals/


Thank You for Your Time!

Timothy G. Townsend, PhD, PE, Professor

352-392-0846

ttown@ufl.edu

https://faculty.eng.ufl.edu/timothy-townsend/
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