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SUSTAINABILITY: HOW DID | GET INVOLVED?

First 27
Years with
GE Plastics

SUSTAINABILITY
PERFORMANCE

Sustainability Report 2011

Last 8
Years with
SABIC*

*SABIC Sustalnablllty Reports 2011 2013; **Ecomagination is General Electric’s green initiative



SUSTAINABILITY: "MAKING THING LAST

=l ( YHERITAGE

N ENVIRONMENTAL SERVICES

Businesses bjectsof Culture



SOME THINGS WORTH SUSTAINING

Planet

Philadelphia News, Jan 7, 2012

Prosperity/Life Style

Mobility

Information

Longevity Convenience

. o
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Affluence




5

PROSPERITY COMES WITH SEVERAL PLANETARY RISKS

Non Renewable
Resource Depletion

Human Induced
Climate Change

Increasing Food and Water
Energy Demand Shortage
Ecological Wastes
Degradation, Bio-Persistence

Species Loss

Interconnected Trends/Risks all moving in wrong direction



SUSTAINABILITY: THE FORMAL DEFINITION

Sustainability: Meeting the Social
developmental needs of the present
without compromising the ability of
future generations to meet their needs
(economic, social, environmental)

Sustainable

Environmental Economic

UN Conference 1987 Brundtland Commission

“Our Common Future”

-Earth Summit, Rio 1992

-UN Millennium Goals 2000-2015 (8)

-Rio + 20, Rio 2012

-Sustainability Development Goals 2015-2030 (17)



UN SUSTAINABILITY DEVELOPMENT GOALS 2015

Environment(Planet)

Water Availability

Sustainable Consumption

Urgent Action on Climate
Change and Its Impact

Oceanic Protection

Restore Terrestrial Ecosystems

and Prevent Biodiversity Loss

Social

Sustainable

Environmental

Fconomic

Social(People)

End Poverty

Improve Nutrition

Ensure Healthy Lives
Inclusive Education

Gender Equality
Safe/Resilient Cities

Reduce Inequality

Peaceful and Justice Societies
Global Partnership

Economic(Profit)
Affordable Energy for All
Economic Growth and Full
Employment
Infrastructure and Innovation

Ratification of 2015-2030 SDG anticipated by General Assembly in September



SUSTAINABILITY IS ALSO ABOUT MANAGEMENT OF RISKS

WORLD ECONOMIC FORUM 2015 RISK ASSESSMENT

Likelihood Impact
Interstate conflict € Water crises
Extreme weather events Q Spread of infectious diseases
Failure of national governance €) Weapons of mass destruction Categories

Interstate conflict

State collapse or crisis

% A Primary Reason Why Business Must Embrace Sustainability

©Q0O0COOGOH-OH-OOO

Natural catastrophes € Energy price shock Environmental
Failure of climate-change adaptation 0 Critical information infrastructure breakdown ’ Gaopoltical
Water crises € Fiscal crises

’ Societal
Data fraud or theft @ Unemployment or underemployment
Cyber attacks @ Biodiversity loss and ecosystem collapse ’ Technological



SUSTAINABILITY RISK AND HUMAN NATURE
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Scientifically Complex and Debated Conflicts with Other Priorities

Scientists Must Create Awareness, Perspective and Action



HISTORICAL
PERSPECTIVE

GOLDILOCKS EXTINCTION IS THE
CONDITION RULE. SURVIVAL IS THE

ANTHROPOCENE EXCEPTION.
AGE

Carl Sagan



GOLDILOCKS CONDITION

Mass of star rdativeto Sun

0,5

Penn State Department of Astronomy
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Radius of
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Earth

Yenus

orbit redativeto Earth's

Right type of sun

Stable period in our solar system
Right distance from sun

Right size

Iron core

Water abundant

Right atmosphere

Right temperature



EARTH HISTORY: APERSPECTIVE

* Universe 13,700,000,000
* Planet 10,000,000,000
o Life 4,000,000,000
« Oxygen Atmosphere 3,000,000,000
* Fossil Fuels 300,000,000
* Dinosaurs 200,000,000
« Mammals 65,000,000
e Humans 250,000
* [ndustrial Revolution 250

Events in Earth’s Evolution/History created the Goldilocks Condition

Big History Project, David Christian



INDUSTRIAL REVOLUTION CIRCA 1760-1840

The Age of Machines

Dalton



ANTHROPOCENE AGE

Anthropocene: an epoch that begins when human activities have had a significant
global impact on the Earth's ecosystems.

~1.0 B people; 30y avg. longevity >7.0 B people; >70y avg. longevity

Human and animal muscle Machine driven economies
Energy from sun Energy from fossilized sunshine
Materials from natural world Synthetic materials not found in nature

Human impact local/innocent Human impact undermines Goldilocks Condition



MASTERY OF THE PERIODIC TABLE
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PLANETARY BOUNDARIES 2015

Establish safe operating boundaries within intrinsic bio-physical processes for
Population and Economic Expansion

Climate change

Biosphere integrity

E/MSY Novel entities
Bl ‘
?
? -
Land-system ‘ Stratospheric
change l ‘ ozone depletion
?
Atmospheric aerosol
Freshwater use : loading
ey =]
Stockholm Resilience Center N Ocean acidification | 8 Beyond zone of uncertaie
£ In zone of uncertainty (inc
. @ Below boundary (safe)
SClenCE/Jan 15, 2015 Biogeochemical flows g Boundary ol b Sl




ANTHROPOGENIC PERIOD (AGE OF MAN)

World population development

Billions Billions
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CONSUMPTION AND POPULATION TRENDS

Indicator 1992 2012 % Change KEEPING TRACK“"

of our changing environment ’# 3

« Population 5.5B 7B +27

+130%
+60Alwu men parliam entaraI S

21 megacities

Consumption is out pacing population
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« Plastic 116 MMT >265MMT +130 Globalization }

7]
36% increase in CO, emissions B~ 3

slum dwellers + 171 million

 Natural Res 42 Billion Tly 60 Billion Tly +43

From Rio to Rio+20 (1992-2012)

 Energy 8.8K MToe 13.5K MToe +50 UN, Rio+20

3 Billion people will enter the middle class in next 30 years



AMERICANS ARE LEADING THE CONSUMPTION COMPETITION

If everyone consumed like Americans, we need 5.4 earths to support



HUMANITY'S NEEDS BY 2025-2030 ARE OVERWHELMING

+50% +40% +50% +30% +200% +600 million

tet ittt

Food Water Waste Jobs
Meeting society’s needs outside of planetary boundaries is making the 21st
century very risky




ANTHROPOCENE AGE: WILL HUMANS RESEMBLE
DINOSAURS OR LOCUST?
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ENERGY

The Good News is that Energy is Essentially Infinite

Energy Intensity Joule

Earth’s Annual Sunshine 102°

Earth’s Fossil Fuels 1023 >100,000 X
Annual Human Energy Consumption 1020

1 Million Tons of Coal 1016

1 Gallon of Gasoline 108

* Fossil Fuels not a short term supply issue
« Affordable technology is emerging
« Theissue is the consequences of Fossil Fuel Use



HOW MUCH ENERGY HAS BEEN AND WILL BE REQUIRED ?

Myles Allen

Since Industrial Revolution

« 0.5 Trillion Tons of Carbon = Coal train wrapping equator 1690 times
1.8 Trillion Tons of CO, + Heat

« 0.5 Trillion Tons needed by 2050



WHERE DOES THE CO, GO?

KEELING CURVES*
Recent Monthly Average Mauna Loa CO»

December 2014: 398.78 ppm
December 2013: 396.81 ppm
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* Scripps Institute of Oceanography. NOAA
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"HUMAN INDUCED CLIMATE CHANGE IS INDISPUTABLE"...IPCC

2014: 0.69 C degree > 20t century average @

06F -
Decadal average —
041 -
0.2 -
—
00 — -
2014 Hottest Year on Record _— eSS
Since 2000: 9 out of 10 hottest —_— —
Years on Record 04} —_= -
Over the last 20 years 06k -
-Ocean levels rise 5cm e ———————————————————— ettt
-Ocean Temp. rises 0.3 C° 1850 1900 1950 2000
-Sept. Arctic Ice diminishes 35% Year

Globally averaged combined land and ocean surface
temperatures




* 25% of CO, ends up in the Ocean

THE OCEAN CHEMISTRY IS CHANGING

CO, + H,0 > HCO, + H*

CO,=+ H* > HCO,

CO,= + Ca2* > CaCo,

Ocean food chain depends on
organisms to utilize CaCO3
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HUMAN IMPACT ON GOLDILOCKS CONDITION

Human Influence is at the ppm level with dramatic effect

Composition of Atmosphere
° |\|2
° 02
* H,0
« Ar

Mario Molina

. CO,
° 03
. SO, NO,

Understanding and Successful Action demonstrated !



ALTERNATIVE VIEWS

Heartland Institute.com
Climate Depot.com

Christopher Monkton




Materials

Unlike energy, our planetary
resources are fixed...

with one big exception.




BASIS OF OUR GLOBAL ECONOMY TODAY

PRODUCTS
and
SERVICES




THE LINEAR ECONOMIC (LE) MODEL
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Take ‘Make ~ Consume Dispose

Linear Economy Model is totally embedded in our culture, technology and businesses,
It has relied on:

Abundance and Increasing Growing Global Convenience
Low Cost Efficiency Demand Low Cost

LE has delivered: prosperity, amazing innovation, and global supply chains!




MATERIALS, UNLIKE ENERGY, ARE FIXED / FINITE
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Scarcity and security are already major issues for many economies

* Toward a Circular Economy, 2014, Ellen MacArthur Foundation



THE LINEAR MODEL AND SUSTAINABLE ECONOMIC GROWTH

Index:1980=100

225 -

200

175

150
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100 -
75
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50

Economic Growth'is fundamentally needed.

LE growth is coupled to the extraction of
finite of raw materials.

GDP

Resource

............................ RS R R R e Sl B lasnied Extraction

Population

Major step change is from the

Expansion in Asia.

1980

1985

1990

2000

2005

Sustainability European Research Institute



SURGING GLOBAL DEMAND IS FUNDAMENTALLY SHIFTING *

Commodity prices have increased sharply since 2000, erasing all the

declines of the 20th century
MGI Commodity Price Index (years 1999-2001 = 100)’

260 r
240 F World War |
220
200
180
160
140
120
100 T
80

1970s

Postwar  Great
60 - depression  Depression

Decoupling economic expansion
from raw material use is essential
for economic sustainability.

oil shock

From 2000-2012:
Metals +300%
Food +200%
A Energy +250%

40 I o e e e e e A

1900 1910 1920 1930 1940 1950 1960 1970

*McKinsey Global Institute, Resource Revolution, Nov 2011

1990 2000 20112



THE CIRCULAR ECONOMY(CE) MODEL IS THE ALTERNATIVE

* Inspired by Nature’s sustainable design
« Restorative/regenerative by design
« Decouples prosperity from consumption

 Focused on commerce as the engine for change

* Provides for jobs, saves energy, eliminates wastes

THE RISKS OF FINITE RAW MATERIALS CAN BE REPLACED BY
RENEWABLE ABUNDANCE



THE BASICS OF THE CIRCULAR ECONOMIC MODEL

— Nutrients — Make / Remake Reuse / Recover — Return -
R e Safely to
z Biosphere

Renewable

Use / Return




FLOW BACK/RESTORATIVE PROCESS ARE KEY

The Re’s: Re-Use, Re-pair, Re-Manufacture, Re-Cycle, Re-Cover
RICOH Comet Circle

M#&terials
supplier

Generation of raw materials

» Chemical recycling
Sl Metals recycling

Cﬂlection fre
center

.................. ~‘ "final
.................................................... disposal

............................. company

©1994 RICOH Crushing of products Landfill



DURABLES PRODUCT SEGMENT EMBRACING CE PRACTICES

Caterpillar

« Since 1973, nine locations. Increased profit margin over new
*  65% of cost is materials, saved with remanufacturing.

* 50-60% of the cost and increased profit margin

Renault Choisy-le-Poi plant
« 1In 2012, 200,000 components remanufactured/100 M Euros revenue

Jaguar / Land Rover

* Aluminum(Al) now the material of choice, use 50—75% recycle

« Sole Supplier relationship with Novalis to achieve fully recycled Al
exterior

« Cars designed for disassembly, all parts labelled by composition

=SS . RICOH
; — GreenlLine « Disassemble 200,000 copiers per year
;T‘j::; e « GreenLine™ product line of remanufactured copiers is 2x the margin
= of other new products and reaches non-traditional market segments

FAST MOVING CONSUMER GOODS SEGMENTS ARE MUCH TOUGHER



PLASTICS AND NON DURABLE VALUE RECOVERY

Re-Use, Repair Some consumer products Containers, DVDs....

Re-Manufacture A few durable parts Automotive. Info Mgmt

Re-Cycle (closed / open loop) Many applications/low volume US(7%)* EU(26%)**

« Re-Cover (chemicals) Condensation Polymers PET, N6

Gasification/pyrolysis Developmental
 Re-cover (energy) Incineration, steel, cement US(10%)* EU( 36%)**
« Landfill When Tipping Fees are low _US_.(8:;/0)_EUE%80_A))**_
e Litter Plastic Soup ~3 % but big effect

* 2011 data, Nickolas J. Themelis and Charles Mussche, Columvia Univ. EEC

X%k Dlactire E1irano



PRODUCT OWNERSHIP: A CHANGE OF PERSPECTIVE
« Should consumers/users actually own the materials in the Life Cycle?

« Extended Producer Responsibility ensures good reverse flow products back
to retailers and manufacturers

Chemicals/ End-product
Pellets Conversion

4 » .
S o ST |
m_ < ~ -
- o (‘! -

& <

Extended Producer Responsibility

« Service and Leasing relations focused on performance vs ownership

Intermediates Product/Use End of Use




Design features which enable restorative technology

A strategy for recovery needs to be designed into products

CIRCULAR ECONOMY REQUIRES RETHINKING ABOUT DESIGN

More durable

Repairable/reusable

Easy to disassemble, labelled as to composition
Standardized and transparency of composition
Simpler/pure material use

Integrated value chain

Restorative technology and loops that cross over value chains




Engaging
Soclety

"With public sentiment,
nothing can fail:
without it, nothing can
succeed.”

Abraham Lincoln; 1859




Global Citizens
2015
Earth Day



April 28, 2015, Vatican City22

Protect the Earth, Dignify Humanity. The
Moral Dimensions of Climate Change and

Sustainable Development

Papal Encyclical Summer 2015 reflecting on the moral dimensions
of climate change and sustainable development

« Care for creation

* Integral human development

« Concern for the poor



June 18t
7 Continents
1 B People

o Wi o A PB 2015 WEF Davos




Extra Terrestrials
and Sustainability

‘We will find evidence of
extraterrestrial life within a
generation. We know:

what to look for, where to look
and we have the tools” NASA

-4000 suspected planets

-1000 confirmed stars

-Suns without planets are the
exception

->10%2 stars in Universe

NASA Kepler’s Hall of Fame:

Small Habitable Zone Planets

As of January 2015
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ARTIST’S CONCEPTS



NASA TRAVEL POSTERS FOR REAL EARTH LIKE EXO PLANETS

RELAX on

K[Plf&\@b

EXPERIENCE THE GRAVITY OF
: A SUPER

HD 403079 EARTH

WHERE YOUR SHADOW ALWAYS HAS COMPANY

The Humans are Coming



ARE WE ALONE? IS THERE INTELLIGENT LIFE OUT THERE?

A yes or no answer has profound social,
theological, scientific, sustainability implications

If the answer continues to come back No, If the answer iIs Yes, then will we be
then we know just how special we are! proud of our planetary stewardship?
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AY BE TIME TO GET SERIOUS ABOUT
- TAKING CARE OF THE ONE WE HAVE. "



Although any information, conclusion or recommendation contained herein is given in good faith, the author
makes no warranty or guarantee to the complete accuracy of the information. The information and illustrations
are provided solely as an educational tool for the audience and not intended for commercial purposes.

This presentation or document does not contain any calculation, estimate or other warranty or representation
that third parties may rely on. Third parties are responsible for making their own determination as to the
suitability of any information or recommendations for their particular intended use.

The author shall not be responsible for any loss or damage resulting from any use of the information described
herein and the author assumes no liability whatsoever in this respect.

No information by the author concerning a possible use of any product should be construed to imply a specific

product recommendation or be used in manner that infringes any patent or other intellectual property rights of
others.



