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Florida’s Recycling Rate

2

75%

Traditional Recycling Rate: 44% 
Total Recycling Rate: 56%2016
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Residential 
Collection

12.4 M tons

Non-Residential 
Collection
9.2 M tons

Yard Trash 
Collection
4.6 M tons

Recycled
5.9 M tons

Combusted
4.5 M tons

WTE Facility

Metal Recovery
0.5 M tons

MRF

MSW Landfill
10.5 M tons

Florida Material Mass Flow (2016)

Compost/
Mulch

Yard Trash Recycled
3.2 M tons

Landfilled Ash
1.5 M tons

Residue

26.2 M tons

Transfer Station
18.6 M tons

10/13/2020
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C&D Landfill
4.5 M tons C&D MRF

C&D 
Recycled

6.8 M tons

C&D 
Collection

11.3 M tons

Florida Material Mass Flow (2016)

10/13/2020
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Generator Recycling Rates (2016)
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 Residential  Non-Residential  Yard Trash  C&D Debris  Total

 Total Recycling Rate

75% Recycling Rate Goal by 2020

56%

10/13/2020



6

Residential 
Collection
$890.6 M

Non-Residential 
Collection
$795.9 M

Yard Trash 
Collection
$441.3 M

Recycled
$(5.2) M

Combusted
$368.1 M

WTE Facility

Metal 
Recovery

Included in 
Combusted 

Costs

MRF

MSW Landfill
$216.3 M

Florida Material Cost Flow (2016)

Compost/Mulch

Yard Trash Recycled
$53.5 M

Landfilled Ash
$29 M

Residue

$709.3 M 

Transfer Station
$300 M

10/13/2020
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C&D Landfill
$ 56.4 M C&D MRF C&D Recycled

$11.0 M

C&D 
Collection

Not Assessed

Total Costs (not including Transfer Station): $2.9 Billion  
Total Costs (including Transfer Station): $3.2 Billion  

Florida Material Cost Flow (2016)

10/13/2020



Evaluating Reaching 75% Using Different 

Approaches

8

1. Waste-to-Energy (WTE) Approach

2. Mixed Waste Processing (MWP) Approach

3. Mandatory Residential Curbside Recycling 
Approach

4. Mandatory Construction & Demolition Debris 
(C&D) and Yard Trash (YT) Recycling Approach

5. Mandatory Non-Residential Food Waste 
Composting Approach

NOTE: Applied only to counties with populations of 150,000+

10/13/2020
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2016 Baseline WTE Approach MWPF Approach  Residential
Curbside
Recycling
Approach

C&D and YT
Recycling
Approach

Non-Residential
Food Waste
Composting

Approach
Total Recycling Rate

75% Recycling Rate Goal by 2020

2016 Total Recycling Rate

Impact on Recycling Rates (Percentage Points)

+13% +8% +10% +0.04% +7% 
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+12% -1% +3% +1% -2% 

Impact on Costs (2016)
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0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60

WTE Approach MWPF
Approach

 Residential
Curbside
Recycling
Approach

C&D and YT
Recycling
Approach

Non-Residential
Food Waste
Composting

Approach

GHG Emissions

+3%

2016 GHG Emissions, 

+12%

+38%

+49%

+1%

Impact on GHG Emissions (2016)
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Using environmental impacts in goal setting

12

75%

Baseline Year

(2008) Recycling 

Rate

-10 

tCO2eq./person

Baseline Year

(2008) Emission

Footprint

Future Year 

(2019) Emission

Footprint

Baseline

-6 

tCO2eq./person 45%

GHG-Based Recycling Rate=
𝑭𝒖𝒕𝒖𝒓𝒆 𝒀𝒆𝒂𝒓 𝑮𝑯𝑮 𝒇𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕

𝑩𝒂𝒔𝒆𝒍𝒊𝒏𝒆 𝒀𝒆𝒂𝒓 𝑮𝑯𝑮 𝒇𝒐𝒐𝒕𝒑𝒓𝒊𝒏𝒕
𝐓𝐚𝐫𝐠𝐞𝐭 𝐑𝐞𝐜𝐲𝐜𝐥𝐢𝐧𝐠 𝐑𝐚𝐭𝐞 = X%

Future Year 

(2019) GHG-

based Recycling 

Rate

10/13/2020



Importance of Source Reduction
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5/30/2018 13
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Energy
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Source 
Reduction 

Benefit

Source 
Reduction 

Benefit

Source: “Replacing Recycling Rates with Life-Cycle Metrics as Government Materials 

Management Targets” (Anshassi et al., 2018)

75% Recycling 

Goal



Historic Source Reduced Materials
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MSW Material 2008 Generation 
Rate 
(Tons/Person)

2015 Generation 
Rate 
(Tons/Person)

Source reduced or 
generated since 
2008?

Newspaper 0.0768 0.0508 Source Reduced
Glass 0.0423 0.0433 Source Generated
Aluminum Cans 0.0120 0.0097 Source Reduced
Plastic Bottles 0.0238 0.0230 Source Reduced
Steel Cans 0.0172 0.0154 Source Reduced
Corrugated Paper 0.1369 0.1276 Source Reduced
Office Paper 0.0433 0.0309 Source Reduced
Other Plastics 0.0610 0.0725 Source Generated
Other Paper 0.1091 0.1101 Source Generated
Textiles 0.0480 0.0379 Source Reduced
C&D Debris 0.3999 0.4867 Source Generated
Tires 0.0198 0.0120 Source Reduced
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Projects History

16

2016 2018

Hinkley Center 

Florida Solid Waste 

Management: State 

of the State

(HC16/17 Project)

FDEP

WasteCalc

Upate
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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

Updated WasteCalc Functionality

10/13/2020
Updates or new components to WasteCalc



Projects History

18

2016 2018 2019

Hinkley Center 

Florida Solid Waste 

Management: State 

of the State

(HC16/17 Project)

FDEP

WasteCalc

Upate

Hinkley Center 

Looking beyond 

Florida’s 75% 

Recycling Goal: 

Development of 

a Methodology 

and Tool for 

Assessing 

Sustainable 

Materials 

Management 

Recycling Rates 

in Florida 

(HC17/18 Project)

10/13/2020



HC 18/19 Project Objectives

• Develop a publicly available LCA tool used to measure and 
compare social, economic, and environmental impacts for 
various Florida solid waste management approaches. 

• Develop additional lifecycle impact (LCI) factors (e.g., 
energy use, emissions, etc.) that will allow users to 
consider a wider variety of impacts associated with various 
materials management approaches. 

19
10/13/2020



Workbook-Based 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 ModelsLCI Factors

10/13/2020
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LCI Factors 

Mass of 
Waste

Metric Tons of
CO2 Equivalents

(tCO2eq.)

𝑡𝐶𝑂2𝑒𝑞.

𝑇𝑜𝑛 𝑊𝑎𝑠𝑡𝑒

10/13/2020



Methods of Obtaining Environmental-Based 

LCI Factors

22

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
Traditional LCA Model

10/13/2020



Traditional LCA Models

23
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EPA Waste Reduction Model (WARM) User Input



Traditional LCA Models

24
10/13/2020

EPA Waste Reduction Model (WARM) Results Output



Traditional LCA Models

25
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EPA/RTI Municipal Solid Waste Decision Support Tool (MSW-

DST) User Input



Traditional LCA Models

26
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EPA/RTI Municipal Solid Waste Decision Support Tool (MSW-

DST) Results Output



Traditional LCA Models

27
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NCSU Solid Waste Optimization Framework (SWOLF) User 

Input



Traditional LCA Models

28
10/13/2020

NCSU Solid Waste Optimization Framework (SWOLF) Results 

Output



Methods of Obtaining Environmental-Based 

LCI Factors

29

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

10/13/2020



Landfill Space Savings

30
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Landfill Space Savings

32

Density at 10,000 lbs.

1 Ton
Paper

1 Ton
Aluminum

1 Ton
Plastic

10/13/2020



Methods of Obtaining Environmental-Based 

LCI Factors

33

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

10/13/2020

Reports and literature
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HC18/19 Workbook Tool
Workbook Tool 

Introduction Screen 
for Users 
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HC18/19 Workbook Tool
User Input Page to 
Select LCA Model 

and Input Mass Data 
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HC18/19 Workbook Tool

Impact Factor Page 
for Water Use 
(Gal/Ton) for 
Selected LCA 
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HC18/19 Workbook Tool
Summary LCA 

Output for Selected 
LCA and Impact 

Categories Based on 
User Mass Data 



Recycling Aluminum Cans GHG Emission Factor 

(tCO2eq./ton)

38
10/13/2020
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Remanufacturing Landfill Residuals Separation at MRF

Transportation Collection

-15.7 -9.42
-9.11

LCA Models have different default assumptions 
which explains differences between impact 
factors 
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Use the tool to evaluate best materials management 
approaches in Florida

Hypothetical: 100,000 Tons with two varying compositions 
and desired to be anaerobically digested

Scenario 1

Scenario 2
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 (200,000,000)

 (150,000,000)

 (100,000,000)

 (50,000,000)

 -

 50,000,000

 100,000,000

 150,000,000

 200,000,000

 250,000,000

Climate
Change
(scaled

to
x1,000)

Energy
Use

Acid.
Pot.

(scaled
to x10)

Eutro.
Pot.

Marine
Ecotox.

Human
Tox.

(scaled
to x10
mil.)

Water
Use

Scenario 1 Scenario 2
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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 Dep.-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
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Use the tool to measure waste management system footprints

• GHG Emissions Footprint: -0.91 to -1.3 tCO2eq./person

• Energy Use Footprint: -800 gal/person

• Water Use Footprint : -7,700 to -18,050 MJ/person

• Human Toxicity Footprint: -0.00021 to -0.00029 CTUh/person

• Ecotoxicity Footprint: -33 to -6,200 CTUe/person

• Eutrophication Footprint: -0.23 to 0.21 kgNeq./person

• Acidification Footprint: -7 to -10 kgSO2eq./person

For Florida 2018 Solid Waste Management System:

Note: Range is because we used SWOLF, WARM, and MSW-DST impact factors
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2016 2018 2019

Hinkley Center 

Florida Solid Waste 

Management: State 

of the State

(HC16/17 Project)

FDEP

WasteCalc

Upate

2019

Hinkley Center 

Looking beyond 

Florida’s 75% 

Recycling Goal: 

Development of 

a Methodology 

and Tool for 

Assessing 

Sustainable 

Materials 

Management 

Recycling Rates 

in Florida 

(HC17/18 Project)

FDEP

WasteCalc & 

Waste 

Compositions

10/13/2020
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Composition Studies

Palm Beach County Orange County

Aucilla Landfill Area



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

Updated WasteCalc Composition Studies

10/13/2020



Projects History

46

2016 2018 2019

Hinkley Center 

Florida Solid Waste 

Management: State 

of the State

(HC16/17 Project)

FDEP

WasteCalc

Upate

2019

Hinkley Center 

Looking beyond 

Florida’s 75% 

Recycling Goal: 

Development of 

a Methodology 

and Tool for 

Assessing 

Sustainable 

Materials 

Management 

Recycling Rates 

in Florida 

(HC17/18 Project)

FDEP

WasteCalc & 

Waste 

Compositions

2020

Hinkley Center 

An Integrated 

Tool for Local 

Government to 

Track Materials 

Management 

and Progress 

toward 

Sustainability 

Goals

(HC19/20 Project)

10/13/2020



HC 19/20 Objectives

• Refinements to the WasteCalc model in a 
manner that retains its existing functionality

• Incorporate SMM using metrics to measure 
environmental, social, and economic impacts
developed from the FY18/19 project, include new 
waste categories, and provide a means to better 
integrate source reduction activities

• Develop necessary support materials for future 
users and developers

47
10/13/2020



Refinements to the WasteCalc model 

48
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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

Output the Tons of MSW Collected, Recycled, 
Landfilled, Composted, Combusted 



Incorporate SMM Using Metrics

49
10/13/2020

Collected

Landfilled

Combusted

Recycled

Composted

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

Workbook-
Based Tool WARM

MSW-DST
SWOLF

LCI Factors 
From 

HC18/19 
Project

Refined 
WasteCalc Model



Integrate Source Reduction Activities

50
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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



Integrate Source Reduction Activities: Textiles 

Donation 

10/13/2020 51

2020 Apparel (lbs.) Linens (lbs.)

Total 

(lbs.)

Jan 431852 115628 547480

Feb 367108 91557 458665

Mar 470895 80836 551731

Apr 366281 56776 423057

May 386510 74567 461077

Jun 403259 96312 499571

Jul 452794 124510 577304

Total 3518885

Total Textiles Donated at 
Goodwill = ~3,000 Tons / Yr

• Year-end reports from 
donation services (e.g., 
Goodwill, ESOL Closet) 

• Services will either put the 
item so sale, ship them 
overseas for resale, or 
dispose of them

• Data from Goodwill 
collected for Florida Total



Integrate Source Reduction Activities: Furniture 

Donations

10/13/2020 52

2020

Bric Brac/Wares 

(lbs.)

Metal 

(lbs.)

Kitchen 

Wares (lbs.) Total (lbs)

Jan 41256 127718 12340 181314

Feb 41297 95526 10335 147158

Mar 25794 101646 10069 137509

Apr 1743 159760 8636 170139

May 4802 105783 8862 119447

Jun 9332 104583 9679 123594

Jul 14606 106342 13743 134691

Total 1013852

Total Furniture Donated 
at Goodwill = ~870,000 

Tons / Yr

• Year-end reports from 
donation services (e.g., 
Goodwill, Habitat for 
Humanity ReStore) 

• Most services do not 
measure mass sold or 
received of furniture

• Data from Goodwill 
collected for Florida Total



Integrate Source Reduction Activities: Electronics 

Donation

2020 Computers (lbs.)

Electrical 

(lbs.) Phones (lbs.)

Total 

(lbs)

Jan 19223 22125 0 41348

Feb 30183 29797 0 59980

Mar 7603 9935 0 17538

Apr 19655 19843 0 39498
May 9123 9649 0 18772

Jun 8124 9803 0 17927

Jul 21880 21945 339 44164

Total 239227
10/13/2020 53

Total Electronics 
Donated at Goodwill = 

~200 Tons / Yr

• Year-end reports from 
manufactures and donation 
services

• Many manufactures recycle 
the donated electronics and 
do not refurbish for resale 

• Data from Goodwill 
collected for Florida Total



Integrate Source Reduction Activities: Food Donations

10/13/2020 54

• Year-end reports from 
donation services (e.g., 
Feeding Florida Food 
Banks, local food 
pantries)

• Many manufactures 
recycle the donated 
electronics and do not 
refurbish for resale 

• Data from mostly 
Feeding Florida Food 
Banks and Heartland 
Farm Gleaner 

Total Food Donated = ~149,000 Tons / Yr



Challenges with Donation Data

10/13/2020 55

• This research was conducted during the COVID-
19 pandemic, impact on donation flow 
quantities 

• Many locations could not accurately quantify 
mass or volume of donations received

• Many service organizations contacted could not 
(because of COVID or proprietary data) provide 
the information needed for this research



Develop Necessary Support Materials 

56
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• Training materials for the refined model will be developed 

• We will work with FDEP, local governments and the 
working group to test these training materials

• A series of case studies for several counties will be 
integrated into this exercise

• Work with FDEP to provide training statewide through a 
webinar or conference presentations. 

• Following each training event we expect to receive 
feedback or comments that will be used in potential model 
refinement.



Bulky Waste Reuse

• Let’s say we want to incorporate better 
collection services to encourage source 
reduction. 

– We looked at two alternative systems:

1) Separate food collection for composting 

2) Separate bulky waste collection for refurbishment

10/13/2020 57
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Bulky Waste Reuse
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▪ Major appliances
▪ Small appliances
▪ Furniture

▪ Electronics
▪ Textiles

Bulky Waste Reuse
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Bulky Waste Reuse
What is the 
additional 
cost to the 
household?
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Bulky Waste Reuse

What is the 
additional 
GHG 
savings?
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Bulky Waste Reuse
What is the 
“return-on-
investment”?
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https://faculty.eng.ufl.edu/timothy-

townsend/research/florida-solid-waste-issues/florida-

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

waste-issues/looking-beyond-floridas-75-recycling-goal/
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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/

Malak Anshassi

813-385-6392
manshassi@ufl.edu 
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