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Towards a circular economy
4. RE-THINK

Drastically re-think
business models to
make the system
circular

3. RECYCLED

Use recycled materials instead
of virgin ones (such as Post
Consumed Recycled plastics])

2. RECYCLABLE

Ensuring all packaging materials that we
put on the market are fully recyclable
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Towards a circular economy
4. RE-THINK

Drastically re-think
business models to
make the system
circular
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INTRODUCTION



About Metabolic

Metabolic is a consulting and venture building company that uses
systems thinking to tackle global sustainability challenges.

We work towards our mission in three main ways:

INSIGHTS

We provide influential
organisations and individuals

with the knowledge and tools
to understand the global
metabolism and support
improved decision-making.
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IMPLEMENTATION

We develop transformative
ventures and technologies,

and support existing
networks that can address
sustainability challenges at
scale.

ACTIVATION

We are inspiring a new
generation of changemakers
by breaking down complex
information and by providing
actionable resources.
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Insights
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GRAPHIC

We help businesses, governments, and non-profits thrive in the circular economy through
our knowledge and tools.
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Implementation

SPECTRAL

UTILITIES

Portable Integrated Solar Power

We develop transformative innovations and ventures to shift the way we live and work to
a sustainable state.
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Activation
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We inspire through education and actionable ideas, and our Foundation helps us
reach underserved communities.



WHY | CHOSE THIS PATH



Fatal feedback loops
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Exponential times
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Sustainability challenges
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Planetary boundaries

B Beyond zone of uncertainty (high risk)
In zone of uncertainty (increasing risk)
B Below boundary (safe)
Boundary not yet quantified

BIOGEQCHEMICA-
Source: Rockstromm et. al,
Stockholm Resilience Centre FLOWS

UNLOCKING VALUE IN A CIRCULAR ECONOMY




SO HOW ARE WE DOING?



Ecolabel proliferation
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High levels of investment

NEW INVESTMENT IN CLEAN ENERGY BY SECTOR
Q1 2004-Q4 2012 ($BN)
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mWind ®Solar »Biofusls = Other

Note: Total values include for deals. and R&D.
Incledes small distributed capacity & adjustment for re-invested eguity. Source: Bloombiarg New Entrgy Finand
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The theory: Eco-economic decoupling

Human well-being

Economic activity (GDP)

- |
X} Resource decoupling

Resource use

—~—J Impact decoupling
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Time

Environmental impact

Decoupling Natural Resource Use and Environmental Impacts from Economic Growth
2011 UNEP International Resource Panel Report
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But... Not quite working

DMC, GDP (ppp), Population, Material intensity (DMC/GDP), 1980-2008
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SO WHAT'S
THE PROBLEM?



Pitfalls of not using systems thinking

@ Efficiency rather than Effectiveness
@ Burden Shifting

@ Rebound Effects

@ Short-Term Perspectives

@ Relative Rather Than Absolute Impact
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@ Efficiency rather than effectiveness

» Start from “Why?”
* Does this product need to exist?

* Doing the right things vs. Doing
things right
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@ Burden shifting: lighting technology
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Rebound effects: bioplastics
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Design for multiple life cycles of value
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@ Relative rather than absolute impact

B Beyond zone of uncertainty (high risk)
In zone of uncertainty (increasing risk)
B Below boundary (safe)
Boundary not yet quantified

BIOGEQCHEMICA-
Source: Rockstromm et. al,
Stockholm Resilience Centre FLOWS
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There i1s no such thing
as a sustainable product.

There can only be sustainable
product-service systems.
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Exponential solutions

Global Renewable Energy Consumption
|+ 40 years ahead of expected
250 forecasts in many countries,

| like the United States.

* Over half of new power
y capacity installed in 2015 was
renewable

150 * Already in 2017, renewables
| hit 25% percent of global
I power supply
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THE CIRCULAR ECONOMY



BUILDING A CIRCULAR ECONOMY

Since 2012, Metabolic has completed over 350 projects for companies, cities,
and governments, with a large focus on the Circular Economy.
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THE LINEAR ECONOMY
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THE CIRCULAR ECONOMY

Increasingly powered

by renewable energy @ Mining / materials manufacturing
‘a Farming / collectwn @
Sarts manGiscturer Technical cycles
Biochemical
feedstock Product manufacturer
l * * Recycle

Service prowder

Reus e [ redistr hut

Cascades Ma ntenan ce
Anaerobic \
digestion / Collection C ll t

composting 4 l
Extraction of L o 3 )
biochemical .=~ 7 Energy recovery "; -
feedstock® H : :
-"‘ $ @ i ‘-"- Leakage to be minimised
Landfill
Source: Ellen MacArthur Foundation and McKinsey, 2011 @
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R furb sh [ remanufacture

“Based on detailed
product level modelling,
the report estimates
that the circular
economy represents a
net material cost saving
opportunity of USD 340
to 380 billion p.a. at EU
level for a ‘transition
scenario’ and USD 520
to 630 billion p.a. for an
‘advanced scenario”
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CIRCULAR ECONOMY BUSINESS MODELS

&‘ £1,300
]
£1,000
Finished products are worth much more than the raw materials inside them.
JOB CREATION POTENTIAL

MATERIAL

per 10,000 tonnes of used goods

Sour

INCINERATION

a8 el

1

ce: US EPA (2002) and the Institute for Local Self Reliance
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Power of the
inner circle:

The power of

circling longer:

Power of
cascaded use:

The power of
pure inputs:

* Pay per use and leasing
Repair

Waste reduction
Sharing platforms

Performance based
contracting

Takeback guarantees
Through-sales
Refurbishment

Upcycling
Recycling
Supply chain collaboration

Monomaterials

Certified materials

Circular procurement and
sourcing
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THE VALUE OF MATERIALS

IPhone 5
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IS THIS CIRCULAR?
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Human activities generate Materials in the economy
value in measures beyond are cycled at continuous
: just financial. 1 high value.

The health and wellbeing of All energy is based on
humans and other species is 7 P"_LARS renewable sources.
W structurally supported. 1
OF THE CIRCULAR
ECONOMY

N

Water is extracted at a
sustainable rate and resource

| recovery is maximized.

Human society and culture
are preserved.

Biodiversity is structurally
supported and enhanced.
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THE GLOBAL MATERIAL FLOW: 2010

e

"
. WASTE WATER
CENTRAL AMERICA & (1.500 km?)

FOOD WASTE (2,19 BT)

COMPOSTED (0,21 £

NON MSW WASTE

(7,8 billion tons) RECYCLED (041

METAL (0218 8T)
INCINERATED (0,35 £

PLASTIC (0,226 BT) -
MUNICIPAL SOLID WASTE

, 36567 / (3.4 billion tons) DUMPED (071

/-
', PAPER (0,407 BT) ”/ LANDFILLED (1,275

/

/ OTHER (0,365 |
NON-HAZARDOUS INDUSTRIAL (1,2 BT)

HAZARDOUS INDUSTRIAL (0,4 BT)

METALS (7,38 lm/ - ONSTRUCTION WASTE (1,4 B
DUSTRIAL MINERALS (25 B \

SHORT TERM STOCK)
(1,01 billion tons

MEDIUM-TERM STOCK
(2,36 billion tons)

\UTOMOTIVE WASTE (0,083 BT)
h 6%
a 6% | xz FR R LEGEND:
P 6% :
; m Biomass (food, feed, forestry, and other)
h Fossil fuels (coal, gas, oil, and other)
4 Ores

MIDDLE EAST
@ Minerals (industrial and construction)

“~ Freshwater

OCEANIA

* 117 billion tonnes extracted

* 71,8 billion tonnes “used”
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KEY INTERVENTION AREAS FOR ACHIEVING A
CIRCULAR ECONOMY

§§ agriculture
¢l cities & the built environment

wastewater

electronics

ok

é

B mobility & transport
]

i chemicals

=@ construction & demolition waste

RA LY
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A SYSTEMATIC AND DATA-
DRIVEN APPROACH
TO FINDING CIRCULAR
OPPORTUNITIES



Systems approach to finding circular opportunities

CURRENT STATE ANALYSIS INTERVENTION ANALYSIS
VISIONING & GOALSETTING @@7 B
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01 02 03 04 05 06 07 08 09 10
DEFINE THE MAP & ORGANIZE IDENTIFY KEY ROOT CAUSE DEFINE SET KEY IDENTIFY AREAS  SELECT POSSIBLE EVALUATE FORMULATE
SYSTEM IMPACTS BEHAVIOURS ANALYSIS SYSTEM LEVEL PERFORMANCE FOR INTERVENTION LEVERAGE PROJECTS
DRIVING IMPACTS GOALS INDICATORS INTERVENTION POINTS
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CURRENT STATE ANALYSIS



o Energiegebruik andere sectore
. 62.900 T,
LN

5% Hernieuwbaar

ENERGIE

BIOBAEED‘ .

EMISSIES'
CO, uitstoot (4.040.000 ton)*

7

IR BIOGAS (1.040 TON)

S,
B COMPOST
; AGRIFOOD MATERIALEN (4.540 TON)
Gewassen (150.200 ton) (1%3‘_”2%505%‘") .
Dierlijke producten (117.000 ton) Dierlijke producten : ORGANISCH AFVAL NUTTIGE TOEPASSING
17.000 ton) (165.080 TON) (79.400 TON)
Dranken (95.200 ton) Dranken
., (95.200 ton)
Water (3.748.600 m?) Karton/papier PN
(45.200 ton) OVERIGE MATERIALEN h
Hout (7.600 ton) Metalen (25.720 ton) GERECYCLED
Textiel Hout (25.980 ton) (90.600 TON)
(2.390 ton) Karton/papier (37.750 ton)
Textiel (9.510 ton) D)
PN Kunststof verpakkingen (25.020 ton) =
ﬂ NIET-BIOBASED Luiers (8.100 ton) u
il CONSUMPTIEGOEDEREN MATERIALEN Andere kunststoffen (13.230 ton) VERBRANDING MET
Brandstoffen (11.160 TJ) Synthetisch textiel Drankkarton (3.190 ton) ENERGIETERUGWINNING
Papier/karton (47.200 ton) (3.570 ton) (173.600 TON)
Textiel (5.950 ton) - And1e rgsk;'{‘;;?mf
(11.300 ton) K i .
Metalen (8.000 ton) (11.300 ton) )
Verpakkingsglas (18.300 ton) Metalen i i
« 7.2q0 ton) GEMENGD AFVAL
&) souw Chemeien i Groft huishoudelik afval (19.830 ton) VERERANDING ZONDER
Energie (60 TJ) Overig gemengd afval (51.500 ton) (300 TON)
Metalen (9.200 ton)
Beton (225.000 ton) MINERALEN PN ‘
Beton
(225.000 ton) MINERALEN STORTEN
Bakstenen (81.900 ton) (17.800 TON)
Keramiek (27.300 ton) Bakstenen Glas (23.600 ton) ;
: (81.900 ton) Overige mineralen (35.580 ton)
Glas (1.400 ton) Keramiek
Andere mineralen (530 ton) (27.300 ton) '.\
Water (74.200 m?) Glas id Ui a
(19.700 ton) Steenachtig puin (338.150 ton) DOWNCYCLEN
""" Andere mineralen (334.800 TON)
O ZIEKENHUIZEN 0 ton) B
Energie (1.370 TJ) : :
Textiel (02 ton) ) : ]
Kunststoffen (1.085 ton) WATER 3 Q
Chemicalién (1.030 ton) . Drinkwater 4 WATER
Water (986.500 m?) S (58.082.000 mY)
Rioolwater (383.815.000 ton)
Regenwater S
(691.860.000 m?) GELOOSD
Grondwater (366.122.000 ton) (749.937.000)
LEGENDA:
- - - - onder 3.000 ton/ 1
450 MJ/ 10.000.000 m* ]
*geschaald naar .5% e TExclusief industrie en professionele scheepvaart




IMPACT ANALYSIS

10,000,000

1,000,000

100,000

10,000

1,000

100

Ingebed waterverbruik (x1000 m?)

Benzine
en diesel

Aluminum

Glas

Bakstenen

Beton

Staal

L]
Koper

L]
Hout

[
Groenten

[ ]
Granen

Bubble Size:
Total CO, Emissions (tonnes)

10.000
50.000
100.000

500.000

1 min
15min

N MR,

1

Ingebed landgebruik (Ha)
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CHARLOTTE'S STRENGTHS

* Globalized economy: 14% of GMP
iIn 2014 provided through export
(110,000 jobs in Charlotte supported
by export) and 6.8% employment at
global firms

» Well connected: 45 million passenger
p.a. in Charlotte Douglas International
Airport, placing 1t 24th globally

» Strong connection to rest of North
America, Europe, and Asia

- B ° 27,000 miles of rail connects Charlotte
with 23 states

UNLOCKING VALUE IN A CIRCULAR ECONOMY



CHARLOTTE'S WEAKNESSES

* Prosperity of the city is not accessible
to everyone

- Lowest social mobility among the
50 biggest cities in the US (Deruy &
Boschma, 2016)

@E ° More than 800,000 people living in
Sl poverty (DATA USA, 2018)

b AL LU il - Shrinking middle class (Mecklenburg
Nlh\"l County Community, 2018)
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CIRCULAR CHARLOTTE

despite regulations
[ ] .

. Recycling program only

3,029 tons costs $7/ton, compared

Lower recycling rates for
multi-family households

[ J
to $30/ton for landfill

A La .
147,4 144,403 t .
& HOUSEHOLDS 430 tons PLASTICS ons :
3,879 tons M o
ARAN 4 =
ANNK Single-family households 60494 56,675 t ~ RECYCLING
AT 294,850 tons S TEXTILES i (66,354 TONS)
434 tons
19816 (R R _arrevyswees S geepeenee.
households 28,024 tons ME'!'ALS 27,591 tons
5
33,643 tons
ﬁﬁﬁ Multi-family households GLASS
89,606 tons
E 3
i ke CONSTRUCTION &
4N commerciaL DEMOLITION WASTE | ke
. 26.3% content could
be recycled with

9% 6% Wholesale trade
existing programs

Other jobs 5% Transportation TOTAL WASTE
& warehousing (1,064,063 TONS) @ 1,312 tons
ELECTRONICS A ®

12% Healthcare &
social assistance  JEAAUVARIIN

w

9% Food services

%65 9% Manufacturing PAPER LANDFILL
hereeiiices 14% Public administration/ (944,171 TONS)
government -_<

HAZARDOUS WASTES -2 -~
0Us STES 2,867 tons

3,041 tons

.
58,631 tons N 57,598 tons
OTHER

= | CONSTRUCTION SECTOR

239,595 tons

" 223,718 tons

55,291 & 5613
loy 280,338
= A ORGANIC WASTES

P

- -
===

< PUBLIC
- Roads, events, public,receptacles, 36,943 tons ii
small businesses...
31% of MSW is organics, which COMPOSTING
(56,620 TONS)

creates both a loss of value and
increased methane emissions
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CIRCULAR JOB CREATION
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Bubbel size:
Potential job creation (# of jobs)

Paper

Glass

Electronics

us waste

Metals

1,000,000

Total potential revenue (€)
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IF ALL PLASTICS LANDFILLED IN CHARLOTTE ARE
RECYCLED, THIS SAVES 936,329 BARRELS OF OIL PER
YEAR & CREATES REVENUES & JOBS

<la

' N : B |
€ U , + +
& B LI =)

144,403 TONS 936,329 35 MILLION 1,343

PLASTICS BARRELS REVENUES JOBS
LANDFILLED OF OIL AVOIDED POSSIBLE CREATED

%‘Yﬁfvg, METABOLIC UNLOCKING VALUE IN A CIRCULAR ECONOMY
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SHAPING A VISION AND
DEFINING KPls



VISION FOR A CIRCULAR CHARLOTTE

S5l METABOLIC
A
o X

A CIRCULAR CITY

AN INNOVATIVE CITY OF THE FUTURE

A RESILIENT AND HEALTHY CITY

A CITY WITH OPPORTUNITIES FOR ALL

UNLOCKING VALUE IN A CIRCULAR ECONOMY



DEFINING STRATEGY AND
INTERVENTIONS



IDENTIFYING INTERVENTIONS

Impact Impact Average
No. Impact Addressed Impact Size Intervention Name Type Feasibiliy | polbERe | peoncares | o sminge | orention poeal ob

(Low) (High) (tonnes)
Al Water voor gewassen - import (m3) 4162942 Incentives for low-impact urban agriculture Supply Medium 20% 80% 2081471 High Netural
A2 Mixed Organic Waste {tonnes) 85062 Door-to-Door Biowaste Collection Synergize Medium 20% 75% 40404.45 High Neutral
A3 Mixed Organic Waste (tonnes) 85082 Pay-As-You-Throw schame Synergize High 60% 80% 59543 4 Low Meutral
Ad Mixed Organic Waste {tonnes) 85062 Waste-to-Chemical Processing Synergize Medium 80% 95% 74429.25 High Low
A5 Voedselverspilling - algemeen (tonnes) 24500 Subsidy for food waste avoidance projects Reduce High 10% 20% 3675 Medium Neutral
AB Slib bij bedrijven (tonnes) 22900 Waste-to-Chemical Processing Synergize Medium 50% 90% 16030 Medium Low
AT Mest {tonnes) 27806 Vermi-composting Synergize Lowr 0% 80% 20854.5 Medium Neutral
A Mest (tonnes) 27806 Bio-digestion Synergize Low 80% 90% 236351 Medium Neutral
AS Dierlijk & Planten Afval bij bedrijven (tonnes) 56500 Waste-to-Chemical Procassing Synergize Medium 80% 90% 48025 High Medium
A10 Voedselverspilling bij consumenten (tonnes) 18000 Shopping, Cooking, Storage Education Raduce High 10% 30% 3600 Low Neutral
AN GHG-dieren - import & local (tonnes) 139341 Public procurement of low-impact food Supply High 2% 5% 4876.935 Low Neutral
A2 Mixed Organic Waste (tonnes) 85082 RA&D investment in bioprocessing tech Synergize Medium MIA N/A N/A High Meutral
A13 Voedselverspilling bij retail (tonnes) 1700 Adoption of apps, e.g., FoodCloud Raduce Medium 10% 20% 255 Low Neutral
Al4 Voedselverspilling bij horeca (tonnes) 4800 Adoption of apps, e.g.: Winnow, TooGoodToGo  Reduce High 3% 8% 264 Neutral Neutral
Al5 Voedselverspilling bij ratail (tonnes) 1700 Ban on Retail Food Waste Reducs Low 10% 30% 340 Medium Meutral
A16 Voedselverspilling bij retail (tonnes) 1700 Adoption apps, e.g., NoFoodWasted Raduce High 18% 25% 365.5 Neutral Neutral
A7 Voedselverspilling bij horeca (tonnes) 4800 Family-bag policy Reduce High 10% 20% 720 Neutral Neutral
A8 GFT Afval (tonnes) 48904 Incentives for GFT separation in offices Synergize High 5% 10% 36678 Meutral Meutral
A19 Mest {tonnes) 27806 Biorefining Synergize Lowr 20% 40% 8341.8 Medium Neutral
A23 Mixed Organic Waste {tonnes) 85062 Organic Mono-Material Collection Synergize Low 5% 15% 8506.2 High Neutral
A20 GHG-dieren - import & local (tonnes) 139341 Campaign on sustainable, healthy dists Reducs High 5% 20% 17417 625 Neutral Meutral
A21 GHG-dieren - import & local (tonnes) 139341 Incentives for animal product replacements Supply Medium 10% 30% 27868.2 Low Neutral
A22 Voedselverspilling bij consumenten (tonnes) 18000 Better Food Labeling Reduce Medium 10% 30% 3600 Neutral Neutral
A24 Mixed Organic Waste (tonnes) 85082 Monitoring of organic waste generation Manage Low MIA N/A N/A Low Meutral
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EXAMPLE: REDUCING FOOD WASTE

S5l METABOLIC
S

\

At home
store
below 5°C

>

Suitable
for
freezing

UNLOCKING VALUE IN A CIRCULAR ECONOMY



EXAMPLE: PROTIX

The BLACK SOLDIER FLY

King of the upcyclers

Protein meal

Fly

The flies need light and
the right climate to

mate and lay eggs.

Eggs

Insect proteins are of the

Pupa
A complex transformation Abatch of 200 b 2600 highest quality and vital
happens. The larvae eggslrs laid in cracks & for all animals,
dissolves and regenerates cravices so they are safe.

intoa fly.
The Black soldier
Pre-pupa fly lifecycle Young kvoe
When larvoe are ready to The right environment
become flies, they turn ensures high hatch
dark and migrate to find rates. The health of
a nice place to the larvae is
transform inte flies. determined in

the first days.

Soil nutrients Insect oils & lipids are high

La in lauric acid and offer
rvae
at health benefits.
When larvae are 6-8 days old, o
they grow very intense and fast.
It's here where they build up all 5kal
the nutrients for the rest of their - 3}"' -
lifecycle. P
e _L%‘r?-“»"j

Nearly all organic leftovers
can be used as feed for Insect fertilizer is the best fertilizer

insects. There is no need because this is the first step in top ")
for stabilisation. soil health before microbiology. P ROTIX
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WASTE OR RESOURCE?

/| Pifatex® is an innovative natural
textile made from pineapple leaf
fibre.

The leaves are the byproduct of existing agriculture, and their use creates an
additional income stream for farming communities.

Pifiatex® is a natural, sustainably-sourced, cruelty free material.
@ Low environmental impact, high social responsibility.

@ A better choice for a better future.

5% METABOLIC
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HUISHOUDENS
(18.000 TON)

LS

VERSPILD
VOEDSEL
(24.500 TON)

HORECA (4.800 TON)
RETAIL (1.700 TON

GFT
(48.900 TON)

MEST
(16.000 TON)

- .
o=y Banencreatie

26 METABOLIC

20% (3.600TON)  A22)BETERELABELING

: VOEDSEL EDUCATIE, ~
20% (3.600 TON) A10]OKEN, BEWAREN, KOPEN

. INZAMELEN VAN
11073 (EEATL; A23 \PARTE STROMEN
75 (6.750 TON)

33% (2.250 TON)
5% (FRRTOM, A17) DOGGY BAG POLICY
6% (288 TON) A14 EFFICIENTIE APPS =

79% (3.792 TON)

20% (340 TON) A15) VERBOD OP RETAIL AFVAL = =
22% (374 TON) 'a16 JiBRS
75% (740 TON)

75%
(36.675 TONNES)

25%
(12.225 TON)

90%
(14.400 TON)

A2 PAY-AS-YOU-THROW ¥ ¥
A3 GFT OPHALEN BIJ DEDEUR v »

RESTAFVAL

A2 | A3

ool

A2Y A3

" 259 (246 TON)

A2 | PAY-AS-YOU-THROW

A3 GFT OPHALEN BIJ DE DEUR

l

RESTAFVAL

A3  GESCHEIDEN INZAMELING

INZAMELING OPTIES

HOOGWAARDIGE PRODUCTEN:
LEER VAN FRUIT,

PADDENSTOELEN KWEKEN
rY v
eyemyemy

IV COMPOSTEREN 22

PY CHEMICALIEN /5= o

FYY| PRODUCTIE VAN BIOGAS ==

VERBRANDING MER
ENERGIE-TERUGWINNING

GEBRUIK OP LAND

VERWERKINGSOPTIES
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CIRCULAR CHARLOTTE: BUSINESS CASES

NS METABOLIC

| Selection of five promising business

cases to investigate in detall:

 Closed loop textiles
+ Upcycling food waste into feed

|« Materials innovation lab
- Tokenized reverse logistics for

plastics
» Concrete recycling chain

UNLOCKING VALUE IN A CIRCULAR ECONOMY



CLOSED-LOOP TEXTILES CHAIN

T Treve -
- - i

T

- Textiles are historically important for
Charlotte and innovation in this sector
fits the local context

» Charlotte still ranks 2nd in U.S. for
employment in textiles sector

&
.-?.

L]

;)
:I1 )

f
K
S| e e ‘ 't !

» 57,000 tons of textiles ending up in the
landfill per year

OPPORTUNITY VALUE

Total waste diverted from landfill (Ibs/year) 210,000 Ibs/year ’ lelted Closed-loop teXtIIeS prOJeCt

(uniforms, linens) can be a starting point

Potential profits from case ($/year) $201,800
rotel obs created (1) . for a fully circular chain
(0] issi d (t 1,226 . . .

emssionssaved (009 » Local companies like Unifi and Recover
Wat ided (gall 345,341 . . .

slerse aveded (aalons) Brands show the right pieces are in place
Land use prevented (acres) 79

in Charlotte

UK METABOLIC UNLOCKING VALUE IN A CIRCULAR ECONOMY



UPCYCLING FOOD WASTE INTO FEED

* 150,000 tons of food waste to landfill per
year in Charlotte

« Companies like Crown Town and Earth
Farm collecting organic waste, but still
on a small scale

» Cost of collection is high while value of
compost is low

OPPORTUNITY VALUE

Total waste diverted from landfill (Ibs/year) 100 million

- Upcycling this waste into feed can create
a high-value product at a commercial

Potential profits from case ($/year) 1,200,000 ) o ]

I ys5.33 scale anc.l link to Iocgl Initiatives around

CO,e emissions saved (tons) 97,000 aq ua pO nics p rOd u Ct lon

W ided (gall 41,000 . . . . .
rertsesiaeosions - Legislative barriers still stand in the way

Land use prevented (acres) 3,200

':v i METABOLIC UNLOCKING VALUE IN A CIRCULAR ECONOMY



MATERIALS INNOVATION LAB

« 31% of waste to landfill is organic

* Currently there is a lot of interest
In Innovation in biobased products
made from specific waste streams

* Many interesting new innovations in
waste-based products exist

 Supporting a materials innovation
lab can encourage local innovation
and entrepreneurship

OPPORTUNITY VALUE

Total waste diverted from landfill (Ibs/year)  2.57 million Ibs/year

Potential profits from case ($/year) N/A
Total jobs created (#) 14-21 jobs/ . . .
R P - Provides an invaluable experience
CO,e emissions saved (tons) 23,000 tons over ten-year period
for local students and entrepreneurs
Water use avoided (gallons) Dependent ducts produced -
ater use avoided (gallons ependent on products produce that addS addltlonal Value tO
Land use prevented (acres) Dependent on products produced

A AR
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TOKENIZED REVERSE LOGISTICS SYSTEM

* One of the largest barriers is getting
people to recycle

» Tokenized system gamifies recycling and
provides incentives to households

* Clean and source-separated recyclables
-> Vouchers for local business (also
encourage shopping locally)

OPPORTUNITY VALUE *

Total waste diverted from landfil (Ibs/year) ~ ST: 3.6 min Ibs, LT: 88.2 min Ibs - Once critical mass is reached, case can
Potential profits from case ($/year) ST: N/A, LT: min. 3 min per year be very profitable

Total jobs created (#) ST: 35, LT: 130

CO,e emissions saved (tons) ST: 10,310, LT; 237,003 « Break-even poi nt is around 10%

Water use avoided (gallons) ST: 675 min gallons, LT: 18 bin gallons participation with a 10% rate of recycling
Land use prevented (acres) ST: 1,317 acres, LT: 34,404 acres of materials by those households

*STis short-term, LT is long term

'::“ ‘.f‘ METABOLIC UNLOCKING VALUE IN A CIRCULAR ECONOMY



CONCRETE RECYCLING CHAIN

» Charlotte is a fast-growing city with
12,000 new apartments being built

» 50,000 tons of concrete ends up Iin
the landfill per year, ~6% of total

* Up to 20% of aggregate and 20% of
cement can be replaced by recycled
aggregate and glass in new cement

OPPORTUNITY VALUE
’
Total waste diverted from landfill (Ibs/year) 100 million Ibs * In tOtaI’ a” Of CharIOtte S Concrete
(o)

Potential profits from case ($/year) $2 million after first year COUld become 1 6 /O reCyC|ed

| jobs created
ot 5 » Local concrete recyclers already

missions saved (tons , . .
e e have the equipment for recycling

r voided (gallon 83 million . . .
e moied(oatony e aggregate, but this is currently being
Land use prevented (acres) Unknown

A A8
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BUSINESS CASES: KEY TAKEAWAYS
~

~ » In total, ~100,000 - 150,000 tons of
waste to landfill can be prevented with
the five business cases

« An estimated 290-492 jobs can be
created with these cases

» CO, emissions can be reduced by
379,000 tons/year

3.8% . :
« Each business case improves 13-19

of the 29 Key Performance Indicators
(KPIs)

2.9-2.2%

* $22 - $34 million USD per year in revenue

CURRENT POTENTIAL
UNEMPLOYMENT RATE UNEMPLOYMENT RATE

RAE
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PART

1

REFINING STRATEGIES
AND SELECTING
BUSINESS CASES

R\ A
B
UK METABOLIC
rin

PART

2

ROADMAPPING
THE IMPLEMENTATION
OF STRATEGIES

PART

3

CREATING A HOLISTIC
ROADMAP AND
IDENTIFYING SYNERGIES
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CLOSING THOUGHTS

* We need a holistic vision of a
sustainable, circular, regenerative
future - not one based on single issues
like climate change (even though they
are also important).

* A systems approach can help us
find the pathways towards the most
profitable and circular solutions.
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METABOLIC

Eva Gladek
CEO Metabolic
eva@metabolic.nl // @MetabolicHQ



