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Sugarcane-based PE vs. Fossil-based PE

» Advantages
* Global Warming potential
e Fossil Fuel demand

* Acidification potential

> Tradeoffs

 Land occupation
» Water demand

 Eutrophication potential
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Cane to PE Project Background (RY(TAL <>

» Dow Crystalsev Joint Venture announced in 2007

Pr oduc e wantegratdd'sugarcdnetbases golyethylane |
facility in Brazil —350 KTA, 2011 Start up

Al 1T gnment with Dow’'s Corpor
Crystalsev’ s Diversificat.i

» Crystalsev/SEV —Industry leader in cane/ethanol technology
» Dow —World leader in polyethylene production

» Cane PE Life Cycle Assessment
Dow’ s 2015 Sust alifesydelviéwef prd@ustse r

 Marketing & Communications Transparency
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LCA Goal & Scope
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 Goal: Compare life cycle impacts of processpecifi€ane-based PE*
with industry-average Fossil-based PE

 PE Product is the same —> Eco-profile comparison possible
Cane-based PE Eco-profile

Excluded from Analysis

Extract &

1

1

1

| ; ; g
| Refine Oil/Gas

1

Transport
PE

Product

N Make PE |

Use PE
Product

Dispose
of PE
product

Fossil-based PE Eco-profile

Functional Unit:
1 kg of PE, ready for shipment to customer

 Out of Scope: Land Use Change - to be addressed by local experts

*PE = LLDPE = linear low density PE
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Cane to PE Process Highlights (RY(TAL <>

» Cane and Ethanol production = Best in class technology

* Internal Recycling: Nutrient-rich by-products (vinasse, filter
cake) and process water returned to fields

 Mechanical Harvesting

* Bagasse (biomass residue) combusted to produce energy
* Produces all steam and electricity required for entireCane to PE process
* Produces surplus electricity, sale to grid

» Ethanol to Ethylene = Improved dehydration technology
» Ethylene to PE - Dow proprietary Solution Technology
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Best In Class Ethanol: Internal Recclin RY TAL
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» Nutrient-rich by-products
(vinasse, filter cake) and
process water
returned to fields




Best In Class Ethanol: Mechanical Harvesting RY(TAL @ <>
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Best In Class Ethanol: Biomass to Ener RY(TAL @ <
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»Bagasse (biomass residue) combusted to produce energy
* Produces all steam and electricity required for plant
* Produces surplus electricity, sale to grid
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Cane to PE Process Highlights (RY(TAL <>

» Cane and Ethanol production = Best in class technology

* Internal Recycling: Nutrient-rich by-products (vinasse, filter
cake) and process water returned to fields

 Mechanical Harvesting

» Bagasse (biomass residue) combusted to produce energy
* Produces all steam and electricity required for plant
* Produces surplus electricity, sale to grid

» Ethanol to Ethylene = Improved dehydration technology
» Ethylene to PE - Dow proprietary Solution Technology
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Cane to PE Process”*
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JEV SANTELISAVALE
OUTPUT T 4
Fugitive
Furnace Emissions
Boiler Emissions L
Emissions L Vent Emissions
Flare Emissions T
Flare Emissions
EOH: E2E: Cane-based
) EtOH ' C,H . PE
Ethanol |==b{ Ethylene === PECLLDPE L_
; : Production
Production Production
‘ ‘ Comonomers
Water Refrigerant Reaction
T T Solvent
Water Tr.eatment Flare. Fuel Fossil PE
EqUiement HT IIZIUid Transportation
Bun?mgs Catz:llyst Hydrogen
. Waste L
Anti-foam Treatment Catalyst Solvent
Wa.ste
Treatment
INPUT I

*Major input and output categories shown
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> Cane-based PE Data Sources P35 ~
* Cane to PE process: Detailed Design Data PLInputs P2:0UtpULS
« Comonomer production: Consulting Report Data »@
» Cane to PE process inputs: Ecoinvent 2.01 T1:Cane PE Production

> Fossil-based PE Data Source —PlasticsEuropdata
> UMBERTO® Model developed
» Cut-Off Criteria
* At least 99.6 mass% of inputs to each stage of cane-to-PE process modeled

> Allocation: All burdens allocated to Cane-based PE
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Impact Category Assessment Method

Global Warming IPCC 2001

Energy Demand Cumulative Energy Demand

(CED)
Acidification CML 2001
Eutrophication CML 2001
Land Occupation CML 2001

Water Demand Valuation System Created
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Global Warming Potential

-2.0

Fossil-based PE Cane-based PE

350 KTA plant = 1.3 million tons CO, avoided/yr
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Global Warming RUTAL @ a3
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Agricultural operations dominates GHG emissions
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Energy Demand RY(TAL
( ( S/\NIHIS/\V/\H @

140

e
)
o

|

N S (o)) o o
o o o o o o
I I I I I I

O nuclear

O biomass (renew able)

M fossil

(MJ/kg LLDPE)

Cumulative Energy Demand

DNNNN

Fossil-based PE Cane-based PE

Uses 80% less Fossil Energy
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Acidification RY(TAL
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Fossil-based PE Cane-based PE

Low N, S content of bagasse = low acid gas formation
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Eutrophication RY(TAL
( ( SANHL:SAVALL®

3'd Party
Environmental

- Report: No
= Significant Impact
o &
5 0 Expected
o _
—e))
o X
8 3 04
— <t
g
s o 0.2 1
3 N’
LL

0.0 .

Fossil-based PE Cane-based PE

Eutrophication mostly from bagasse combustion
No fertilizer runoff expected
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Ne studies have shown that

extracted from the reservoir will not have any adverse
effects on aquati c fauna
ERM

*Worst case scenario. Actual water demand will be lower. No adverse effects on local water users. Page 18




Environmental Impact Stud RUTAL '@ <>
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Environmental Impact Study by ERM

e Candidate site* evaluated in detail
e Eutrophication

- No adverse effects on flora or
fauna

» Water Demand

- No adverse effects on local water

Report - EIR users

8 Usina Santa Vitoria

[ | Environmental Impact

santa viora Cane-based PE is disadvantaged
in these areas compared to Fossil-
1 based PE, but no significant

' impacts are expected

*Santa Vitoria site evaluated. Final site to be determined. Page 19
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» LCA for Cane-based PE conducted based on detailed design datz:
» Study critically reviewed according to ISO 14040/44

» Significant Cane-based PE Advantages:

e Global Warming Potential
e Fossil Energy Demand

» Cane-based PE Tradeoffs:
e Land, Water, Eutrophication

» No Significant Local Impacts (Environmental Impact Report)

» Cradle-to-Gate Impacts dominated by Agricultural Operations
o Cane farming methods significantly influence results
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