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Petrochemical Industry Braskem

e Braskem is the leading producer of thermoplastic resins in the Americas.
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Industrial footprint Braskem

37 industrial units worldwide

Clients in over 70 countries
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I BRASKEM IN NUMBERS
CLIENTS RS
IN OVER 2 8 o

(US$ 98 MM)
TEAM MEMBERS  countRIES ~ [INNOVATION
EBITDA INDUSTRIAL INVESTMENT
9 3 UNITS
Bl
GROSS REVENUE
US328B) v BORT DOMESTIC
NET REVENUE REVENUE 54 REVENUE
BI

47.3. 6.8 7.4

Source: Braskem Annual Report 2015
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I The world is changing fast...

“Back in 1958, a company in the Fortune 500 could expect to stay on the list for 61
years. These days, the average is just 18 years.”

“In the next 10 years, 40% of the Fortune 500 companies will be gone,” according to an
estimate in a study from the John M. Olin School of Business at Washington University.

“creative destruction - that’s the process by which large companies eventually get
crushed by innovations made elsewhere”.

Since 2002, Google, Amazon, Tesla, and Netflix have joined the S&P 500, while Kodak,
the New York Times, Palm and Compaq have all been forced off, essentially by
changing technology.

Technology Is Wiping Out Companies Faster than Ever (September 10, 2013)
https://www.technologyreview.com/s/519226/technology-is-wiping-out-companies-faster-than-ever/



Climate Change Braskem

Charting the Paris Climate Pledges

To stave off potentially cataclysmic effects of climate change, the world must keep global
warming under 2 degrees Celsius.The climate pledges that countries have submitted so
far would reduce emissions enough to hold warming to 3.5 degrees C.
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*Chart includes emissions of all greenhouse gases, expressed in carbon dioxide equivalent

SOURCES: Climate Interactive PAUL HORN / InsideClimate News
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I Emission reductions from ethanol vs -
gasoline Braskem

Brazilian sugarcane is the best ethanol source

Not all feedstocks created equal

Country Brazil USA EU EU

GHG emissions
reduction

Energy balance 9.3 1.4 2.0 2.0

90% 35% 34% 45%

Productivity

(liters/hectare) 130 3,800 2,900 5,500

*Note: reduction of avoided emissions with ethanol as a gasoline substitute and calculated according to life-cycle analysis. Source: World Watch Institute (2006) and Macedo
et al. (2008) — energy balance. Productivity: IEA — International Energy Agency (2005), MTEC and UNICA. GEE: IEA — International Energy Agency (2004) and Mpcedo, I. de C.
et al. (2004 and 2008). Elaboration: UNICA



Green PE Eraskem

BRASKEM IS THE WORLD
LEADER IN BIOPOLYMERS

STARTUP: SEPT. 2010

CAPACITY: 200 KTA

INVESTMENT: US$290 MM
PRODUCTION: Triunfo Complex, RS

Portfolio formed by products in the HDPE,
LLDPE and LDPE families



I Valorization of Brazilian Sugarcane

GREEN PE
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Valorization of (bio-)ethanol:

e upgrade to higher value product

* Access different, large market from same rawmaterial

* Capture strong CO,/ LCA advantages of Brazilian ethanol for chemical products



Life cycle analysis of Green PE 3raskem

Fixation of 2.78 MT of CO, eq/MT of Green PE

Green PE Cycle o

from Cradle to Braskem’s gate:
Sugarcane

captures C&I Q

Green Polyethylene helps A 1mt s -Zgg;t

reduce greenhouse gases of I'm green™

and is 100% recyclable @ Polyethylene

»

100% @% 6 I
Recyclable b — Production of Green Ethylene

And Green Polyethylene

Production of ethanol
and renewable energy

Packaging made from
Green Polyethylene

Braskem



Green-PE E3raskem

Carbon footprint comparison

Carbon footprint (t CO: q./t polymer)

+1.830  +1.93®
Conventional PE Conventional PE
(Braskem) (Europe average)

-2.78%

Green PE!

1- LCA Study conducted by E4tech & LCA works (from cradle to Braskem factory gate)
2- Plastics Europe Bragkem




I Green PE

‘Braskem celebrates jts
recognition as one of the world's

30 MOST INNOVATIVE
COMPANIES

- ~ACC
Jor 80 Years
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Kirkpatrick.
Award |
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N
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> —O '

Braskem was the only
Brazilian company to
figure on this list. Has
been recognized for its
research in renewable
chemicals.
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I Valorization of Brazilian Sugarcane
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Valorization of (bio-)ethanol:

e upgrade to higher value product

* Access different, large market from same rawmaterial

* Capture strong CO,/ LCA advantages of Brazilian ethanol for chemical products



Methane

—> Butane

—> Propane l

—> Kerosene
—> Diesel

~—> Parafin

One Step Fermentative Production

r3raskem

Ethylene

Ethylene
glycol

—> Polyester

Butadiene

Isoprene

—> Toluene

—> Hexene —> Cyclohexene v

Ethylene » Polyethylene
Propylene Propylene
Propylene . —> Polyester
|/ Py Oxide glycol Y
Acid
; acrylic > SAP
> Polipropylene
Isobutylene > Polisobuthylene

>» Polibutadieno

» Poliisopreno

Adipic Acid—> Nylon 66

r

Caprolactam —> Nylon 6
Toluene Toluene
R Polyurethane
Diamine Diisocianate Y

—

—>» Benzene

» Dedicated production of one chemical with lower CAPEX




I Research Center for Renewable Chemicals (RC)?
Braskem, Campinas Eraskem

829 m? (lab + office)



I Research Center for Renewable Chemicals (RC)?
Braskem, Campinas E3raskem

MULTIDISCIPLINARY TEAM (BIOTECHNOLOGY & RENEWABLE PROCESSES)
Competences:

* PROJECT & PATENT MANAGEMENT

* METABOLIC ENGINEERING/ BIOINFORMATICS

* FERMENTATION/BIOPROCESS ENGINEERING

* ENZYMOLOGY

* ANALYTICAL CHEMISTRY

* GREEN CHEMISTRY, CATALYSIS & DOWNSTREAM TECHNOLOGIES



I Single-Step Green Butadiene

Fermentation route to Butadiene

o
r3raskem @gemmfca

Program results include:

Direct, continuous production from sugar
Development of multiple direct pathways and novel enzymes

Intellectual property



I Single-Step Green Isoprene

Fermentation route to Isoprene production.

P3raskem A%ﬁts | S MICHELIN

®
Galt\

Program results include:
* Direct, continuous production from sugar
* Development of multiple direct pathways and novel enzymes

* Intellectual property



Industrial Platform 3raskem

Flexible Industrial Platform for Chemical Production

e —
T ] I TR
b ] G

~— < ;-‘F-ELA_,.

A AMYRIS

Amyris Achieves Breakthrough Performance With 2nd
Fragrance Molecule Ready for Industrial Scale
Fermentation in Less Than 12 Months

Aug 31, 2015 | General Release |




I Metabolic Pathway Platform

Multiple Products produced with high Synergy

Artemisinic Acid
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I Key Takeaway

* Clients demand a robust LCA analysis: by-products and 2G
residues are the preferred raw material; competitive advantage
of Brazilian biomass;

 Renewable polymers can be one of the best tools for Carbon
Capture and Utilization (CCU), especially for applications in civil
construction, durable goods and recyclable materials;

e Biotechnology allows one-step production of economically
competitive green chemicals with low CAPEX, often in
synergetic platforms;

* Braskem is dedicated to the production of green chemicals via
catalysis or industrial biotechnology.
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Daniel Koch — Science Program Leader
daniel.koch@braskem.com
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