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Today’s Agenda

* Welcome & Introductions

 Arizona Forward Circular Economy Vision and Goals
« Understanding the Linear Economy & Current Issues
* Introduction to Systems Thinking

« Group Activity Part 1

* NGTS Tour

« Current State of Waste Management Systems
 Circular Economy Overview

« Group Activity Part 2

* Wrap Up & Lunch



Circular Economy Vision

Arizona is recognized nationally for valuing its
materials through the development of a circular
economy driven by local reuse, recycling, recovery
and sustainable manufacturing markets, which
Improves the environmental, economic and social
health of the communities in Arizona.



Circular Economy Goals

Goal Area 1: Reduce

Goal A — Product Design and Manufacturing
Goal B — Zero Waste Vision: Education and Behavior Change
Goal Area 2: Reuse and Repair

Goal A — Product Reuse and Remanufacturing
Goal B — Product Repair
Goals Area 3: Recover and Recycle

Goal A — Product End of Life Management
Goal B — Local Circular Economy Development



Understanding the Linear
Economy & Current Issues



Linear Economy




Worldwide Map of Global Consumption
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Global Waste Generation Per Person

Throwaway World

Regional waste generation, tonnes m 2016 WM 2030 forecast M 2050 forecast
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Global Wastes: Food

Which regions waste the most food?

Per capita food losses and waste, kg/year

® Production to retailing  ® Consumer

50 100 150 200 250 300

- O

Europe

North America and Oceania

Industrialised Asia

Sub-Saharan Africa

North Africa, West and Central Asia

South and Southeast Asia

Latin America

L L L 1 1 1

@ % Source: World Economic Forum; The Food and Agriculture Organization of the United Nations (FAO)



Construction & Demolition

m psu

Less than one-third
of construction and demolition waste is currently
recovered

Much discarded material
could be recovered = for

purposes of

Construction and Composition of
demoalition waste discarded waste

Source: Ellen MacArthur Foundation; World Economic Forum; The Boston Consulting Group

Fertilizer additive

Gravel, erosion control

Reuse after treatment

Road-building materials

Wooden flooring material



U.S. Textiles, Apparel and Fibers Waste
That’s about

25 BILLION POUNDS 82 POUNDS
per U.S. resident.

of textiles* per year.

L1 1]
‘g
v

wﬁﬂ‘ﬂNF,
-

A e,
) o) o ) o o o o o of
o o
) o o o
o o o o o o o o o
o) o o o o o o)
) ) ) ) ) o o o o o)
FTTTIITLILL
400 o) o) o o o o o) o o o o
"\ o ) ) ) ) ) ) o o
I LIIITD
AN
i o o o o o o~ of
CCLLLLITL
TR
ITTTILLY
EETILIN

1 Lo

4__,
- On
T2

O 70 pounds
o per person

goes to our landfills.

@ % Source: https://harmonyl.com/textile-waste-infographic


https://harmony1.com/textile-waste-infographic/

Electronic Waste Trajectory
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There is currently no system for tracking legal or illegal (under international law) shipments of electronic waste, and
theretore, there is no quantitative data on volsmes or even all of the true destinations. Some electronic waste is shipped
“working equipment” only to end-np as waste upon arrival. This map indicates information collected through investi-
gations by organizations such as the Basel Action Network, Silicon Valley Toxics Coalition, Toxics Link India, SCOPE (in
Pakistan), Greenpeace and others.

@ % Source: http://www.andrew.cmu.edu/user/saraj




Plastic Waste: Polluting Rivers

95% of plastic polluting the world’s oceans comes from these 10 rivers
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100 billion tons of resources
consumed today

218.5 billion tons by 2050




1.7 earths, unless things change, we’ll need 3 by 2050

N
+ + q

Source: Global Footprint Network




2 billion tons of MSW today and 3.4 billion tons by 2050




150 million tons of plastic in oceans today,
10 million tons enters every year,
1 garbage truck per minute




GLOBAL CITY POPULATIONS*
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Introduction to
Systems Thinking



Guiding Questions:

" What is a system?
= What is systems thinking?

" Why is systems thinking

iImportant?

. ASl



What Is a System?

A set of interconnected parts forming a whole that work
together to achieve something.

Parts
Relationships
: rg an I Zatl O n “T?te whole is greater than the sum of its
pa S”

Boundary _Aristotle

. ASl



What Is Systems Thinking?

. ASl



Systems Thinking and Business

\ Sure glad the hole isn't at our end. ‘\
"

. ASl



So then...systems thinking?

= Not individual, but rather as

part of something bigger ,h,:\”.
* An intentional process: S e s 8
cause and effect "oy . '},’
= Systems thinking is the e ..
mental discipline for et '.}u’ o*%e .:.
sustainability practice . :’”’ Ly °
.nf.‘ *e0% Celgt
s *
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Types of Systems Mapping:
Stock and Flow
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Types of Systems Mapping:
Stock and Flow of Paper

Material
Landfill Recovery Export Broker
Facility

Office W_aste WEACHELS Pulp Processor
Collection Marketplace

Your Desk

Retailer
Legend:
Distributor
Process/

Flows

. ASl



Crude Oil Stock and Flow Map

. ASl

Flow of crude oil and gasoline to your local gas station
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Source: U.S. Energy Information Administration



Food Stock and Flow Map
The Food Supply Chain

2 g
g Farm Transportation

Your Home

Manufacturing Distribution

@ % Image source: https://money.howstuffworks.com/food-supply-chain-pandemic.htm


https://money.howstuffworks.com/food-supply-chain-pandemic.htm

Building a Value Chain Map

For a pair of jeans:

« 1+ billion pairs of jeans sold worldwide = $60+ billion
« 2.7 billion meters of fabric

e 500+ Denim mills worldwide

Source: http://mwww.gtnexus.com/resources/blog-posts/denim-supply-
chain-complexity

%‘ Rob and Melani Walton
Sustainability Solutions Service

Arizona State University



Building a Value Chain Ma

Cotton Farms

Cotton
Processing
Plant

Spinning Mills

0

Yarn Dying

Warehouses
and
Distribution
Centers

RETAIL
STORES

%“ Rob and Melani Walton
Sustainability Solutions Service

Arizona State University

Clothing Production
- Cutting, Sewing,
Pressing,
Embroidering

RESELLERS
REUSERS

RECYCLERS

Fabric
Production

LEGEND

LANDFILL

STOCKS

http://mcadsustainabledesign.com/wp-

content/uploads/2013/07/Maki_Jeans_SupplyChain_FINAL.png



Building a Value Chain Map

Cotton Farms

—

RETAIL
STORES

Cotton
Processing —> Spinning Mills —> Yarn Dying
Plant
Warehouses Clothing Production
and ‘ - Cutting, Sewing, ‘ Fabric
Distribution Pressing, Production
Centers Embroidering

RESELLERS

REUSERS

RECYCLERS

LANDFILL

%“ Rob and Melani Walton
Sustainability Solutions Service

Arizona State University

LEGEND

STOCKS

PROCESS/FLOWS |—>

http://mcadsustainabledesign.com/wp-

content/uploads/2013/07/Maki_Jeans_SupplyChain_FINAL.png



Building a Value Chain Map

Cotton Farms f————p»

l FARMERS l

RETAIL
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Processing —} Spinning Mills —> Yarn Dying
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&
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Sustainability Solutions Service

Arizona State University
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Building a Value Chain Map

Yarn Dying

Fabric
Production

ESI ESI ESI
Cotton
Cotton Farms —> Processing —’ Spinning Mills —’
Plant
l EARMERS l PRIVATgILE MILLS
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DISTRIBUTION
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%“ Rob and Melani Walton
Sustainability Solutions Service

Arizona State University
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Key components in a map

* Quantities or amounts of material flows

« Spatial distribution around a region, country or the world
* Delays, or time dependencies within the system

« Transportation modes and distances

 Costs

 Technologies

* Information flow

* Policies or regulations

 Environmental impacts

« Social impacts

%‘ Rob and Melani Walton
Sustainability Solutions Service

Arizona State University



Group Activity Part 1



Group 1:

e Adrian Keller
e Brittany Keim
e Daksha Masurkar
e Mackenzie Haehl

Group 2:

e Andrea Ramirez
e Brooke Gutierrez
e (Cole Pihl

e Natalie Shepp

Group 3:

e Emily Wilcoxson
e Jaimie Galayda
e Tessa Martinez
e Siobhan Lyons

Group 4:

Kaileigh Walker
Mike Schwartz
Maureen Salloom
Stanley Wong

Group 5:

Simon Charter
Veronica Gonzalez
Viviane Baji

Yiyun Zhang



Group Share Out



Break & Tour



Current state of waste:

Private Sector Perspective
Collection, processing, reuse & what’s next

‘% REPUBLIC

%ﬁ SERVICES
R



Waste ®
Operations

generate 4.9 pounds of waste
and recycle or compost
1.6 pounds per person per day.

- —
—
RESIDENCES & . ]
BUSINESSES Our fleet of more than Once a collection truck is full,

16,000 trucks perform it often goes to a transfer
an average of 5 million station, where waste is
pickups at businesses consolidated. This enables
and homes each day. more efficient service,
NTINUE TO
REGENERATIVE
LANDFILL

The consolidated waste is The larger trucks haul waste from

transferred to larger trucks the transfer station to a landfill,

for increased efficiency and where in many cases the waste
— — reduced truck traffic. eventually helps create renewable

energy, including electricity and
transportation fuel.

: B

<3

o IR = - = - o = SR

RNG powered 21% of Landfill gas is converted into
Republic's fleet in 2020. renewable electricity, renewable
thermal energy or renewable
- — natural gas (RNG). RNG fuels our
— compressed natural gas fleet.

2020 Sustainability Report | 49



Emissions from Waste

SCOPE 1 AND 2 GREENHOUSE GAS EMISSIONS @
15 14,186,701 CLIMATE
) 13,773,367 13,500,035 13.453.373 LEADERSHIP

13
12
m
10

8,952,151

Million Metric Tons of CO2 Equivalent (MMTCO2e)

T

2017 2018 2019 2020 2030 GOAL

Emission Category

B Landfills [ Fleet B Buildings M Goal



Landfill
Gas-to-Energy ®

RNG produces up to
70% fewer emissions
than diesel.

CONTINUE TO COLLECTION:
YC G, ORGANICS, WASTE

| S

(a¥a) (@)

RENEWABLE
NATURAL GAS
RNG powered 21% of
Landfill gas is converted into Republic's fleet in 2020.
renewable natural gas (RNG).

RNG fuels our compressed
natural gas fleet.

REGENERATIVE
LANDFILL

>

Our landfills produce
more than 70 billion
standard cubic feet
of landfill gas per year.

THERMAL
ENERGY

Landfill gas powers
boilers that make
thermal energy.

ELECTRICITY

Landfill gas is converted into

electricity and distributed to

the power grid. -

2020 Sustainability Report | 50



Recycling
Operations

(72 )y

Today, 32% of municipal
solid waste is recycled.

Recyclables goto a
recycling center to
be sorted and
returned to mills
and manufacturers
for reuse.

This facility sorts materials
using technology such as
optical scanners, magnets
and eddy currents.

ctesesesecestststsscscscscscscscsc]P

@ 78% of recyclables sold by

IJ Republic Services in 2020
were fiber-based (cardboard,
newspapers, office paper)

Paper can be re-pulped into
ID new paper, newspaper,

cardboard and other

products continuously

MANUFACTURING
"4 . PLANT

reprocessed into new
items - saving resources

and energy.

Items made from recycled
materials make their way back
to retail and businesses to
repeat the process.

.
I ‘ Sorted materials are then
— L]
.
.
.
.
-
.
.
.
.
.

Recycled materials, like
plastics, metal and
aluminum cans, reduce the
need to mine materials
from the Earth

ceccccccccccgeccn

2020 Sustainability Report | 47



Organics
Operations

BUSINE

K I

(¢ pl s

S\ A M o¥e

RESIDENCES

Restaurants and other Residents put

businesses put organic yard/landscape debris,
material (e.g. food scraps) and in some markets

into the collection cart food scraps, in the organics
or container. cart for collection.

Republic takes the Transfer trucks transport
organic material to a larger loads of organic
transfer station. material for processing.

ool e

Q TRANSFER STATION

20 A

Farmers send locally
grown food back into
the market, beginning
the cycle.

L I I A I I RN R Y

AN s S

COMPOST
Food and yard waste Compost is used as
become nutrient-rich fertilizer for lawns and
soil amendment through farmers’ crops.

the composting process.

Y Depending on the compaosition of
organic material, it is taken to either

a compost site or an anaerobic

digestion facility to be recycled.

ANAERC
DIGEST

Anaerobic digestion breaks down
organic material in an oxygen-free
environment. Renewable natural gas

from food is captured and converted °

into grid electricity or pipeline gas.




Circular
Economy

The materials we collect from residential,

commercial and industrial waste streams
feed into numerous circular systems. Here
&y @ are some examples.
o0 0

N

DISPOSAL REUSE RECYCLING ORGANICS

—— —— ——

1, AN

We work with partners We collect food Sorted materials are Landfill gas is Our composting We pre-process
to recover edible waste for sold to producers, captured to services convert commercial
food and distribute it animal feed. displacing extraction create renewable  organic material into  food waste to

to those in need. and production of power and fuel. soil amendment. make renewable
virgin resources. natural gas.
_— I ;
= —

<

PRODUCTION

2020 Sustainability Report | 53






Current state of waste:
Public Sector Perspective

Collection, processing, facilities, and the future of CE in Phoenix

>

City of Phoenix



Phoenix, AZ

HE JUNCTION

519 Square Miles

Phoenix 1,615,017
AZ 6,931,071






Transfer
Stations
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40 x 2020 Initiative




Phoenix
Diversion
Goal




City of Phoenix

Environmental Benefits
of Phoenix's Diversion

36% : "~ 512,007
Diversion MT CO2e

578,182 102,146
acres  OF Twamy 114 <

1.8 billion 76 billion
kwh* & gallons

<&

Reimagine Phoenix

9


https://youtu.be/TGeVsYp9HyA

rRecommendations based on material source:w
PLASTIC « Establish a PET processing facility
* in the City of Phoenix

Circular Economy Opportunities s § BERES

potential $113.5 million
outputs: additional

ion to GSP

L s’?ns'(f’l;'r) rials (87% i

50 jobs
annual employment at new facility

G L AS « Extend current 50,000 ton cullet
« processing operation in City of Phoenix

TOTAL POTENTIAL IMPACT

$1 24 million g B 1.5 million
6-year additional contribution to S e
Gross State Product potential 7 $11.4 million
outputs: annual additional contribution to GSP
E 14,100 tons i "
34 000 tons + 5 jobs )
recycled materials diverted § anneal employment at facitty @
' at new or extended facilities it B O i

i /1 $437.4 million
':::::::::' & “mr additional contribution to GSP

E 156,000 tons (OCC needed)
Only 22.5K in Ph

| waste

£ 140 jobs
! annual employment at facility

M ETAL: ggsz:f%ﬂﬂg?xscmp metal network in

, Based on the utilization of the existing
/' scrap metal network, no additional
economic impact will be created.

potential
outputs: /




Future of Circular Economy in Phoenix

CIRCULAR
ECONOMY

Location & Facility Developments
« Resource Innovation Campus
e 27" Ave MRF
Business Development
* RFPs
» Education and Engagement
» Workforce Training and Development
* Green Business Leaders Program
« Entrepreneurial Incubation/Acceleration Opportunities
Internal Policies, Programs & Plans
» Sustainable Purchasing Policy
« Circular Public Procurement
« Climate Action Plan
» Zero Waste 2050
* Oops/Shine On Pilot



Circular Economy Overview

Principles, Business Models, Case Studies



Cradle to Cradle (2002)

Cradle to Cradle design perceives the safe and productive processes of
nature’s ‘biological metabolism’ as a model for developing a ‘technical

metabolism’ flow of industrial materials.

* Eliminate the concept of waste. “Waste equals
food.”

* Power with renewable energy. “Use current
solar income.” Maximize the use of renewable
energy.

* Respect human & natural systems. “Celebrate
diversity.”

BIOLOGICAL PLANTS TECHNICAL NUTRIENT

NUTRIENTS

RECYCLING

Technical Cycle
For Products of
Service, e.g.:
packaging

Biological Cycle
For Products of

Consumption, e.g.:

cleaning chemicals

BIO-
DEGRADATIO
N

USE

Image :tana Chemie GmbH, D-Germany, https://epeaswitzerland.com/en/greencare-professional/



Circular Economy (2010)

Increasingly powered by
renewable energy

@ : Mining/materials manufacturing

Parts manufacturer

Biochemical ‘ ‘
feedstock Product manufacturer

Restoration Biosphere ‘ ‘

Principle 1: Preserve ‘
and enhance natural

capital

Technical cycles

PrinCipIe 2: optimize Service provider .
resource yields ”

Biogas

Principle 3: Foster
system effectiveness Arroe

composting

biochemical 5 Energy recovery

feedstock : l ‘
A ” A Leakage to be minimised

Landfill

Extraction of



Linear to Circular

Need to shift the way we think about:
DESIGN, PRODUCTION & BUSINESS MODELS



Why Circular Economy?



GLOBAL CITY POPULATIONS*

Rural Other urban Smallest cities Small cities Medium cities Large cities Megacities
= Fewer than 300,000 300,000 to 500,000 500,000 to 1m 1m to 5m 5m to 10m 10m or more

| ] | [ | ] | 1 T
1950 1960 1970 1980 1990 2000 2010 2020 2030

Source: http://www.economist.com/node/21642053



Arizona’s Projected Population Growth

PROJECTED TOTAL POPULATION PROJECTED POPULATION GROWTH

Projected total population by year Projected annual population growth rate
2020 s B c.7: .
2030 Jé 0.6% B
2050 | c.cs6.2:e 2040 E
2050 'é



Maricopa County’s Projected Population Growth

Projected population
growth for Maricopa
County

Population Growth
(in thousands)

B000 L

7,000 F .

6,000 F

Population

5,000 F Population

aoo0 E

3,000

2000 F

T T T T T 1
2000 2010 2020 2030 2040 2050

Year



So...why does this matter?
MORE PEOPLE = MORE CONSUMERS = MORE WASTE

I Throwaway world
Regional waste generation, tonnes m 2016 WM 2030 forecast M 2050 forecast

_ America  Middle East &
& north Africa

o S

East Asia &
PN the Pacific
290 363 ; '
South Asia ‘
Latin America & Sub-Saharan
the Caribbean Africa

Waste generation per | |" | ;| I -
person, 2016, kg 0 150 300 450 600 750  No data

Source: World Bank
The Economist



Figure 2.8  Global Waste Composition

percent
1 Food and grean W Other B Rubber and leathar
Glass B Paper and cardboard W Wood
B Metal | Plastic

Source: Worldbank.org



Total MSW Generated by Material, 2018

292.4 million tons

Other: 1.56%

Textiles: 5.83%/\
Rubber and Leather: 3.13% \‘
Wood: 6.19% ‘

Yard Trimmings: 12.11% / Plastics: 12.20%

/ Paper and Paperboard: 23.05%

Glass: 4.19%

Food: 21.59% b Metals: 8.76%



Case Studies In
Circular Economy



Case Study: City of Phoenix

. : " Resource
Reimagine Phoenix @ ) 4', R N Innovation and
[ I ' \ Solutions Network




Case Study: Plant Chicago
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BUBBLY DYNAMICS LLC




Case Study: The Materials Marketplace

materials
marketplace

challenging waste and by-prodict already doing, find new customers/ant .« -<and:inmovate.to build new reuse and
materials new buyers recycling businesses

/ | | i ,
I I I hoﬂ manufacturers: find new solutions for recyclers: amplify the good work you!re entrepreneurs: find suitable materials

Create Value Reduce £02

austin michigan tennessee
W\ materials materials materials
/% mark-tplace marketplace marketplace

ﬂ hi
Ohio Environmental

Protection Agency

A\ 4

Do Good for the Environment Stimulate & Inspire Local Johs

El Rob and Melani Walton
 ecveie cororavo Sustainability Solutions Service

A Arizona State University



Case Study: Phillips

v
PH | I,l DS Our approach Ourimpact Accesstocare Grcular economy EcoDesign Climate action Downloads m
- v
Circular economy

manutacturing

parts 1
v ref A't'\a'

\

.as—a—‘-',e".v ce / upgrades

|/

m"n.llm alize / optimize usage
user

— — —
Mot valoe Least value

The circularimperative | How we practice circular economy | Our ambitious circular economy objectives for 2025 Our circular products and services
Our circular products and services | Refurbished systems | In the spotlight | Partnering to drive circularity
Gircular business models - such as offering customers access to, rather than
ownership of, products - open up new opportunities for growth and cost savings,
reduce resource risk, and fadlitate smart asset management

Addressing this customer need, we offer a wide variety of drcular propositions:
+ Penodic, usage- and outcome-based business models

+ Refurbishment and parts recovery

- On-site or remote circular services, including upgrades

* Recycled materials

+ Software

Read more



Case Study: LOOP

E—a

UPS delivers the Loop

tote to customer’s home
3 Customer uses product

Customer orders
Loop items or
refills online m |
s
Packages are UPS collects containers
cleaned and refilled h in the Loop tote from

customer’s doorstep

L@ @ Whetpeeans Shop ~ How It Works v Why It Matters v | Search products Q

Your favorite products are now zero-waste!

Loop is now available nationwide!

Beauty " All products 106 ltems

Grocery v

Health & Personal Care v

Household Essentials v

e E
‘wmm NON-DAIRY mmw
CHOCOLATE SALTED

FUDGE TRUFFLE




Group Activity Part 2



LEGEND

| PROCESS/FLOWS I—p
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A
Cotton

\

n .
toto —— | Processing
Farms

Plant
| FARMERS I
Warehouses
and
Distribution
Centers

RETAIL
STORES

-

DISTRIBUTION
COMPANIES

i -
( RETAILERS JAT___

Spinning
Mills

MODIFY POLICIES?

— (3

Yarn Dying

MODIFY
TRANSPORTATION?

Clothing Producers §
- Cutting, .Sewmg, Fabric
Pressing, Producers
Embroidering,
Assembly
-7 - N
- - N
" AY

-
-

mxu

PRIVATE
COMPANIES

http://mcadsustainabledesign.com/wp-content/uploads/2013/07/Maki_Jeans_SupplyChain_FINAL png
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Group Share Out
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