Ingeo from a
Cradle-to-Cradle Perspective:

NatureWorks Review for Taiwan EPA, ERI

July 23, 2013



Who We Are . ..

 World’s first and
largest bioplastics
producer

 World-Scale Plastics
Facility

e 2002 Winner - Presidential
Green Chemistry Challenge

« Peer reviewed, strong eco-
profile

 Global customer base and
product adoption

* Ingeo applications breadth
across markets, geographies,
and retail applications
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& NatureWorks LLC Where we are in the Market
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@ NatureWorks LLC where are we geographically
Global-scale adoption

ingenious materials from plants not oil




@ NatureWorks LLC wWhere are we geographically
Global-scale adoption

T X h oy, T
With this breadth or products

& Geographies - for us, it’s
about being cognizant of all
relevant end-of-life
opportunities, for all
applications, in all geographies .
we sell into . .. d
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® NatureWorks LLC

How we look at things . . .




Ingeo From A Cradle-to-Cradle Perspective

“Nature doesn’t have a design problem, people do”

William McDonough and Michael Braungart, 2002

“Technical nutrients” “Biological nutrients”

* Dbasically inorganic or « Biological nutrients and
synthetic materials materials are organic
manufactured by materials that can
humans—such as CERTIFIED decompose into the
plastics and metals-- natural environment,
that can be used many soil, water, etc. without

times over without any cradletocradle affecting it in a negative
loss in quality, staying way, providing food for
in a continuous cycle. Fm— bacteria and

microbiological life

1) 1= M =67 — mal09€0.COMIDOSHNC

Source: Cradle to Cradle: Remaking the Way We Make Things by William McDonough & Michael Braungart

®ingeo

© 2011 NatureWorks LLC

ingenious materials from plants not oil : 7




® NatureWorks LLC

Ingeo
Cradle
to
Cradle
Options

ingenious materials from plants not oil

Incumbent
Plastics

Ingeo

Mechanical
Recycle

Feedstock
Recovery

Compost

Anaerobic
Digestion

Energy
Recovery
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® NatureWorks LLC

Energy Recovery




® NatureWorks LLC

NatureWorks LLC conducted testing at an

Test Results optimum incineration temperature of 1000°C.

Decomposition Products
Ingeo™ Heat Content
Carbon Monoxide ND (=0.1)
23568 Bru/lh Carbon Dioxide 2020
Summar o
y Volatiles ND (=0.001)
Semivolatiles ND (=0.01)
; 8 Residt 0.01
« BTU value higher than Elemental Analysis esicue
cellulosic based materials = | %aw |
Carbon 30.05
. Other Energv Values
* Low residue Hydrogen S 71
Fuel 01l 20,900
: Oxyzen 45.07 HDPE 18,700
* No volatiles Rubber and Leather 12,800
Nitrogen 0.04 PET 10,900
Wyoming Coal 9.600
Sulfur 0.30 Textiles 0,400
Phosphorus ND (=0.10) g:;:;sdpaper ?ggg
Chlorine ND (<0.05) Cormugated Boxes (paper) ?,00{]
Average MSW 5,000
Yard Waste 2,000
Food Waste 2,900

ingenious materials from plants not oil ) 10
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Compost
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® NatureWorks LLC

Global Standards for compostable plastics

ZTRN
NS4

EN13432 (Europe)
ASTM D6400 (USA & Canada) S = I ‘,

0K compost
Biodegradahle
Products
Instltute

rg bk adable products toughout the wo

5188
VINCOTTE

AN ESSENTIAL GUIDEPOST FOR CLIENTS,
APLE COMMITMENT
COMPOSTABLE ]

Pndrarnantie | USEMLeR™
@ composmb\e
www.compostable.info

reenPLA
(Japan)

£

59-235.
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What’s Resulted in
& NatureWorks LLC the Global Market
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® NatureWorks LLC

Ingeo in Compostable
Food Serviceware
Food Serviceware

SV
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@& NatureWorks LLC
Cradle-to-Cradle: Composting

« Composting of bio-
plastics as such
makes little sense

— No energy recovery, no
carbon storage,
no re-use

« Use of compostable
items to divert
organics from landfills
makes a lot of sense

ingenious materials from plants not oil




® NatureWorks LLC

Where Compost has arole

Total US MSW Generation
(by material), 2008
250 Million tons (before recycling)

>

Scraps Oth
Yard er
trimming Wit 3.5%

Dol

A Credible Closed Loop Solution
Exists Today In Seattle...

Plastics
12.0%

Source: Municipal Solid Waste in the US:
2008 Facts & Figures
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Ingeo
Commercial Compost
Examples
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GREEN )
SPORTS September 5-7, 2012

ALLIANCE Seattle, Washington

|\

US Sports Venues & Arenas — Zero Waste Initiatives

Tidll «

JIAZERS

e The Portland Trail Blazers and the Rose Garden

* Minnesota Wild / Excel Energy Center

* The Pittsburgh Pirates and AgRecycle




HAIEERs

Housekeeping Manager
HEIGHT: 510"

ASSIST:
Composting more than 150
tons of food waste annually

JAMES JEDIBUDIAH
POSITION:
Ovations - Sustainability Coordinator

HEIGHT: 6'

ASSIST:
Sourcing our compostable
food service wares from
Portland-based
Stalk Market

| - -
g ripeity

PO T | i

make it better.

@PORTLAND TRAIL BLAZERS

“I'd like to introduce you to...Dell 0’Neal and James Jedibudiah. It's a dirty job, but somebodys got to do it. You see,
Dell oversees recycling efforts at the Rose Garden and James ensures we compost as much as possible. They both
deserve a standing ovation for diverting more than 60% of arena waste out of our city’s landfills each year.”

To learn more about how you can help make it better with the Trail Blazers visit trailblazers.com/makeitbetter.

W PACFIC POWER  gpaffjarkel

A DIVISION OF PACIFICORP
COMPOSTABLE PRODUCTS

®inge
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AgRecycle was
founded in 1991 and
operates multiple
composting sites in
western Pennsylvania

Pennsylvania’s Composting

General Permit allows us to

accept
*Yard Debris
*Clean Wood Waste
*Manures (and bedding)
*Paper
*All food residuals (including
proteins and bones)
*Non-biosolid liquids
*Green building materials
*Corrugated/wax corrugated
*Approved compostable
products




We have been accepting food
scraps since 1998 and began
our own collection routes in

2000.

CLE
i)

FROM FORGOTTEN{'FERTILE

AgRecycle’s food scrap customers are from
these commercial sectors:

* Serving
- Food processors
~ Supermarkets
— Restaurants
— Universities/Schoals
- Professionalsports stadiums
- Pittshurgh Convention Center
- Corporate cafeterias
— Publicvenues
- Special events

- Museums




Pennsylvania’s Regulations

* There are no landfill bans in place for any
organic materials within the state, nor are
there any local ordinances regulating the flow
of organic waste materials away from landfills.

* Every client of AgRecycle’s diverts voluntarily.

* No subsidies have ever existed for private
sector composting entities.
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® NatureWorks LLC

Ingeo in use at London 2012

Olympic Games

R

which was and
then

transported to

a composting
site...

and helped
divert an
estimated
8,000 tons of
waste to
landfill..

composted in
We supplied g weeks...
120 million
pieces of
eco-friendly

packaging...

» 14.3 million Ingeo lined paper cups
« 7.5 million heat resistant Ingeo lids

ingenious materials from plants not oil

ready to
fertilize local
crops that
can then be
converted
into new
packaging.

2<% LondonBioPackaging
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® NatureWorks LLC

Recycle
Options

ingenious materials from plants not oil

Incumbent
Plastics

Ingeo

Mechanical
Recycle

Feedstock
Recovery

Compost

Anaerobic
Digestion

Energy
Recovery

Vv
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Recycling Post Consumer Ingeo
Three Challenges

4 R 4 ) 4 R

Collecting > Converting _ End
Markets

. J . J - J

Final Plastics Sort
Grinding/Size Reduce
Cleaning/Washing
Repelletizing (?)

Sortation

ingenious materials from plants notoil 2 P 24
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® NatureWorks LLC

MRF Sortation Demonstrations & Pilots

« Equipment/Technology Assessment

« USA:
— California Funded Bioplastics Grant ------

— Titus LA MRF

o ltaly:
— “COREPLA” (COnsortium for REcycling PLAstic) Study

« UK: Waste Resources Action Programme (WRAP)

ingenious materials from plants not oil ' . 28 o ™
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® NatureWorks LLC

Equipment/Technology Assessment - “NIR”

. Titech (o) TITECH

INNOVATION IN GLOBAL RECYCLING

. Unisensor UNISENS@

sensorsysteme GmbH

e MS M OPTICAL SORTERS
A DIVISION OF THE CP GROUP

e Pellenc PELLENC J

selective technologies ¥,

ingenious materials from plants not oil



® NatureWorks LLC ¢

Equipment/Technology Assessment

* Titech (www.titech.com)

Titech has demonstrated the abllity of its near-
Infrared sorting systems to eject concentrated
amounts of PLA in a PET sorting operation.
Sorting efficiency in a single pass was found to
be a minimum of 97.5% accurate. Titech’s near-
Infrared sorting is perhaps the most dominant
technology used worldwide.

30 I}
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® NatureWorks LLC UNISENS@

Sensorsysteme GmbH

Equipment/Technology Assessment

* Unisensor
(http://unisensor.luveno-net.de)

Unisensor has shown its laser flake technology
Is fully capable of sorting PLA flakes from
desired PET recycle streams at efficiencies as
high as 96-99%. This is consistent with other
plastics considered contaminants in the PET
flake sorting technology.

31 ©
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OPTICAL SORTERS
@ N atu re\/\/o r|<S |—|—C M A DIVISION OF THE CP GROUP

Equipment/Technology Assessment

« MSS (www.magsep.com)

MSS tested Ingeo™ in its Aladdin near-infrared system.
The test confirmed that Ingeo™ emits a unigue
polymeric “signature.” The test demonstrated that
Ingeo™ comes up as “other plastics” in a system
specifically designed to identify PET, PE, and other
plastics. Its unique signature means that the equipment
could be programmed to identify Ingeo™ as Ingeo™ or

simply as “other plastics.”

4 ®.ingeo
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® NatureWorks LLC

MRF Sortation Demonstrations & Pilots

* Global: Equipment/Technology Assessment

« UK: Waste Resources Action Programme (WRAP)

o ltaly:
— “COREPLA” (COnsortium for REcycling PLAstic) Study

« USA:
— California Funded Bioplastics Grant l:al Hecvcle O

— Titus LA MRF

ingenious materials from plants not oil . 33 o ™
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& NatureWorks LLC —,f-i;:"'m

UK Sortation Study Domestic Mixed Plastics Packaging
Waste Management Options

“NIR (near-infrared) systems
can effectively remove PLA
and carton board from a
mixed packaging stream.”

WRAP is an internationally
recognized not-for-profit
company that helps
Individuals, businesses, and
local authorities reduce waste

Waste Resources Action Program (WRAP)
report published, June 2008, “Domestic

Mixed Plastics Packaging Waste Option”. An assessment of the technical, environmental and economic viability of
recycling domestic mixed plastics packaging waste in the UK.

®ingeo
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® NatureWorks LLC UK WRAP Project

Bottle with PLA

Whole Item Separation Trials Results

Polymer PP PE PET PS PVC PLA Throughput
Purity 96% 94% 94% 87% 93% 97% 3 tph
Achieved*

*Represenmtl've output purity for NIR Sorting

“the systems are capable of being trained to identify new polymers or variations of polymers. This function was utilised to
identify PLA bioplastic within the streams and successfully eject them from the mixed plastics fraction (...) ”

WRAP (Waste & Resources Action Programme ) — UK June 2008

¥ingeo
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® NatureWorks LLC

Sortation in Italy

ingenious materials from plants not oil

®ingeo

© 2011 NatureWorks LLC



® NatureWorks LLC

MRF Sortation Demonstrations & Pilots

* Global: Equipment/Technology Assessment

« UK: Waste Resources Action Programme (WRAP)

o ltaly:
— “COREPLA” (COnsortium for REcycling PLAstic) Study

USA:
— California Funded Bioplastics Grant l:al Hecvcle O
— Titus LA MRF

ingenious materials from plants not oil
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- Project Sponsors

Future 500 Bioplastics Project received funds from
CalRecycle to construct, test and prove that an optical
sorter can separate PLA bioplastics from other
plastics to work toward a clean PLA stream, and
guard against unacceptable PLA in the PET stream.
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- Primary Project Goals

1.

Demonstrate the ability of optical scanners to separate PLA from
PET and other plastics

|dentify products made from PLA as well as other bioplastics that are
In the sorted recyclables

Measure volume of PLA products that are separated by the sorting
machinery, and the volume that remains in the sort residue

Educate MRF operators about best practices in PLA separation and
recycling

Demonstrate to the materials recycling industry that state of the art
technology can deliver marketable PLA and other uncontaminated
bioplastics into the marketplace
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Findings

When PLA is present in the feedstock materials, the Pellenc optical
sorting system is capable of identifying it and separating it from other
materials.

The optical sorting system is capable of separating PLA bottles only or
bottles, cups, and clamshells from all other mixed materials at a MRF.

The optical sorter most effectively separated the greatest amount of PLA
material (up to 99.6%) from other plastics when it was set to positively
sort only for PLA
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® NatureWorks LLC

Recycling Post Consumer Ingeo
Three Challenges

~ ) é ) ~ )

Collecting Converting

) End
Markets

\ J \_ J

Grinding/Size Reduce
Cleaning/Washing

I
I
I

Sortation I * Final Plastics Sort
I Repelletizing (?)
]
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® NatureWorks LLC MRFs & PRFs

(Material & Plastics Recovery Facilities)

Post Consumer Ingeo Recycling
Value Chain in the MRF Centric Model

Closed
\ 0w =) \aterial Feedstock
ENLEE Recovery — Cleaning & =B
C . Facility Sizing Facility ‘ REBYE 50
urbside & Markets
Commercial ‘ (MRF) (FCSF)
Collection

........
-
R

/ Ingeo Recovery Point

« Smaller geographic
reach for recovery
efforts.

« Smaller quantities
recovered.

. » Long-term economies of

‘ scale questionable.

ingenious materials from plants not oil 43
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® NatureWorks LLC MRFs & PRFs

(Material & Plastics Recovery Facilities)

Post Consumer Ingeo Recycling
Value Chain in the MRF Centric Model

Closed
\ VI;:(;EZS ) \aterial Plastics Feedstock -
Recovery — Recovery - Cleaning & ‘ Recveled
Curbsi Facility Facility Sizing Facility y
urbside & Markets
Commercial ‘ ) (PRE) (FCSF)
Collection N::::::l‘:; ~~~~~~~~~~

~
~.
’ \, ~o
................
g 2

/ Ingeo Recovery Point

« Smaller geographic
reach for recovery

-
~—~——
~~

'Ingeo Recovery Point

« Larger geographic reach for
recovery efforts.

efforts. N
. Smaller quantities « Larger quantities recovered.
recovered. « Long-term economies of

. » Long-term economies of scale improved.
‘ scale questionable. g

ingenious materials from plz 44
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® NatureWorks LLC

Recycling Post Consumer Ingeo
Three Challenges

’____

r N o N Y D
Collecting [ | J| Converting _I_, End
[ Markets
N J 1 U y 9 Y
I I
Final Plastics Sort
I Grinding/Size ReduceI
Cleaning/Washing I
I Repelletizing (?)
\ ]
] | | | ,
ingenious materials from plants not on 45
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® NatureWorks LLC

Post Consumer Recyclate - Conversion

Final Size Wash Repelletize ??
Sort Reduce

|C
w

— Plastics Forming Enterprises: Bench/Pilot washline process
development

- EU
— Sorema: Italian Turnkey Equipment Supplier to the recycling industry
(lab & pilot facilities)

— LooplLife

46
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® NatureWorks LLC

Post Consumer from California Venue
Collection

Washline Key Process Input Variables
 Time, Temperature, Caustic %, Surfactant %

ingenious materials from plants not oil E i ! 47
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® NatureWorks LLC

486 486
Incoming Ground Incoming Ground
Drink Cups ~Thermoforms

I




® NatureWorks LLC

406
Washed

« Key Take-Aways

— “Standard” PET type
wash condition produces
reasonable visual
appearance

e I — Ink removal appears
straightforward

* Need to check MW post
washing

 Next: Exploratory DOE
MW, Color =f (T, pH, t)

ingenious materials from plants not oil
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EU Washline Process Development

« Founded in 1976 with over 250 recycling lines currently in operation,
around the world,

« Specializes in turnkey recycling lines.

« Market leader for washing lines for PET recycling plants and for all
post consumer plastics.

« Lab (kg scale) and pilot (tonne scale) trlals arranged with Sorema
Sept-Nov , -
— Sant’Anna Bottle Bale

— Looplife cups from closed loop
collection

— Cups from Taiwan ?

ingenious materials from plants not oil : 50
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Talwan
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purity Ratio of R-PLA

¢ Result
batch NaCl density =1.17 g/cm? 1.17<PLA density<1.27 H2504=1.27 g/cm? Impurity
] ratio %

A(fE #1) 3.65% 88.5% 4.67% i 115
B(A¥) 6.83% 94.67% 1.68% 5.33
(B a) 2.48% 95.81% 1.71% 4.19
D(i% 4%) 1.72% 97.8% 0.48% P 22
F(#R48) 6.13% 92.81% 1.06% i 719
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® NatureWorks LLC

Taiwan Plastics Sortation Recycling Facility
(Da Fon Environmental Technologies)

Sort Line

(Manual
Picking
Staions)

Material
take-off in
order of
decreasing
amount
present

ingenious materials from plants not oil

EEE & @

© 0 NOoO Ok wWDdDRE

e e S o
o Uk wDdPEO

_—

# 2 HDPE “white tank”
# 2 HDPE “Yogurt”

# 2 HDPE “Detergent”

# 2 HDPE “Milk Bottles”
# 1 PET “PET Bottles”
# 5 PP “Juice Bottles”
# 6 PS “Yakult”

# 5 PP “Disposable Dishware”

# 3 PVC

# 1 PET “Bottles (Other)”

# 1 PET “Bottles/?”

# 1 PET, # 3 PVC, “Packing Box”
# 7 Other “Miscellaneous plastic”
# 2 HDPE “Silicone Bottles”

# 6 PS “Packing BV
#7 PLA “PLA” u

54
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® NatureWorks LLC

Taiwan Plastics Sortation Recycling Facility
(Da Fon Environmental Technologies)

Sort Line

(Manual
Picking
Staions)

Material
take-off in
order of
decreasing
amount
present

EEE & @

© 0 NOoO Ok wWDdDRE

e e S o
o Uk wDdPEO

# 2 HDPE “white tank”

# 2 HDPE “Yogurt”

# 2 HDPE “Detergent”

# 2 HDPE “Milk Bottles”

# 1 PET “PET Bottles”

# 5 PP “Juice Bottles”

# 6 PS “Yakult”

# 5 PP “Disposable Dishware”
# 3 PVC

# 1 PET “Bottles (Other)”

# 1 PET “Bottles/?”

# 1 PET, # 3 PVC, “Packing Box”
# 7 Other “Miscellaneous plastic
# 2 HDPE “Silicone Bottles”

#6 PS “Packing Box” _—
#7 PLA “PLA”

55
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& NatureWorks LLC
Da Fon Post Consumer
PLA Bales
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® NatureWorks LLC

Recycling Post Consumer Ingeo
Three Challenges

" ) & A Ir ) )
Collecting 5| Converting I, End I
I Markets I
\_ J _ _J \_ J
I [
Final Plastics Sort
Grinding/Size Reduce I I
Cleaning/Washing I I
Repelletizing (?)
\ /

ingenious materials from plants not oil 517
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® NatureWorks LLC

Sampling market with post industrial scrap
(as “proxy” for clean post consumer flake)

y ®.ingeo
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Questions/Discussion

NatureWorks Review for Taiwan EPA, ERI

July 23, 2013



@ NatureWorks LLC
. a division of Aspen Research Corporation C
RPLA Series 0.

Aspen Materials — 9"




@& NatureWorks LLC
Trend 1: Single Stream Collection

Type of Recycling Program for Each State’s Largest Municipality*

e r— S 2

Single Stream

Dual Stream 8 7 7 5
Source Separated 1 1 1 1
Pilot Program(s) 2 1 1 0
Drop Off Only 1 3 3 2
Subscription 5 5 4 3

Total 48 51 o1 51

Lincludes Washington D.C.

61
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® NatureWorks LLC

Trend 2: Collection of #1 — 7 Containers

No. of Each State’s Largest Municipality® Having
#1 — 7 Plastic Container Recycling Programs

S T—— i L2

All #1 — 7 Containers

#1-7 Bottles Only 8
#1 — 7 Containers With 6
Some Exceptions

Total 30

LIncludes Washington D.C.

62
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38

10
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Feedstock Recovery
(Chemical Recycle)
Recap

NatureWorks Review for Taiwan EPA, ERI

July 23, 2013



® NatureWorks LLC

What we mean by “Feedstock Recovery”

Ingeo™ is a bio-polymer made from lactic acid

. . Ingeo
Lactic Acid Polylactide

Polymerization

Hydrolysis

ingenious materials from plants not oil




1. Developing end markets
® NatureWorks LLC W

Feedstock Recovery Programs:

Post Industrial

* Routine Operation
— Blair Off-grade Ingeo ... ... ...

— ~ 25 MM Lbs lactic acid feedstock
recovered and polymerized back to virgin
Ingeo since Blair startup in 2002

— Technology well demonstrated
— Economics well demonstrated - with post industrial supply

— The hydrolysis process is product & format ‘agnostic’

— How do various post consumer materials perform in this
process?

ingenious materials from plants not oil I 65
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® NatureWorks LLC _

Feedstock Recovery Programs

Post Consumer
e Case Studies & Working Models

— UN COP-15

COP15
COPENHAGEN

— ColeurCafé.............

— LOC 7000

ingenious materials from plants not oil




® NatureWorks LLC m

“Post Consumer Feedstock Recovery” at the UNFCC

COPENHAGEN

Ingeo
Carpet in
use at the
COP—15,
the UN’s

Climate

| > Change

http://www.you'tu e.com watch.v:dJEUf_mII\!xY&Iist:FLbrpVitpz Conference
R =23&feature=plpp_video

67




1. Developing end markets
® NatureWorks LLC W

“Post Consumer Feedstock Recovery”: Ingeo Cups from closed venues.

Ingeo
Cups in
June, 2011 Jee at EU
Brussels sic
Cguleur_ festival
Café music managec
festival by
LOC7000

LOC7000

®ingeo
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Ingeo LCA Studies

Eco-Profile Fundamentals

Starbucks Cold Cup Comparison PET/PP/Ingeo
Clamshell/Tray Comparison (Ingeo/r-PET
Yogurt Cup comparison (PS/Ingeo)

NatureWorks Review for Taiwan EPA, ERI

July 23,2013



® NatureWorks LLC  Ingeo Bio-Based Credentials

Greenhouse Gases Non-renewable energy use

Continuous improvement process
Ingeo 2005 =» Ingeo Current =»Ingeo Future




® NatureWorks LLC

Starbucks Ingeo Cold Cup LCA Summary
A US-focused cradle-to-grave LCA

Compared 16 ounce clear cold drinking cups and flat lids.

Materials included are virgin polyethylene terephthalate
(PET), virgin Ingeo, and virgin polypropylene (PP).

It is an original ISO 14040/44-series compliant study.
It is peer reviewed.

71



® NatureWorks LLC
Objective of the study

Support the material selection decisions for 16 ounce
clear cold drinking cups within a coffee retail chain by
assessing the environmental performance of Ingeo,
PET and PP drinking cups throughout their life cycle.

ingenious materials from plants not oil i 79




i « PET: 155gcup/2.5¢glid
@ N atU reWO r|<S LLC « PP: 13.0gcup/2.1glid (average of PP scenarios)

* Ingeo 2009: 14.0gcup/ 2.3 glid (average of

GIObaI Ind|Ca't0r Results Ingeo scenarios)

Climate Change Non-renewable Energy
100

N
&

N

=
o1

megajoules /1 cup & lid

N
o
|

g CO,eq./1cup &lid
W o1
o o
H

N
o
|
O
ol

=
o
!

o
!

0
Ingeo 2009 PP PET Ingeo 2009 PP

®ingeo




® NatureWorks LLC

A comparison of Clamshell food
packaging made from Ingeo ™ and r-PET

Recycled PET Ingeo

—

e
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® NatureWorks LLC

A North American example: Sam’s Club
reduced resin use with Ingeo™ compared to rPET

Mastronardi tomato clamshell

When made in rPET
1) 55 grams
2) 16 mil

When made in Ingeo
1) 44 grams
2) 14 mil

=

20% Actual Weight Reduction due to Ingeo Lightness & Stiffness

®ingeo
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@ NatureWorks LLC  Results for climate change

0% rPET 84.4
50% rPET 71.5
i 19.9 g PET
100% rPET 8.6 Clamshell
|
0 20 40 60 80 100

CO2 equivalents / 1000 clamshells

US EOL: clamshell landfilled after use

As expected, higher r-PET use reduces the environmental burden

ingenious materials from plants not oil 76
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® NatureWorks LLC

Ingeo 2005
Ingeo 2009

0% rPET

50% rPET

100% rPET

Results for climate change

I
49.2

| 15 g Ingeo

Clamshell
29.1
84.4

71.5

| 19.9 g PET

$8.6 Clamshell
|
0 20 40 60 80

CO2 equivalents / 1000 clamshells

US EOL: clamshell landfilled after use

Conclusions:

* In all scenarios, virgin Ingeo has a lower GHG footprint than 100% rPET

* Differences in impact increases significantly if rPET content is less than 100%.

100




@ NatureWorks LLC  Results for climate change

What happens if Ingeo clamshell is not light-weighted?

I I
Ingeo 2005 149.2
| 15 g Ingeo
Ingeo 2009 |29.1 Clamshell
Ingeo 2005 |65.3 19.9 g worst
] case Ingeo
Ingeo 2009 | |38.6 Clamshell
0% r PET |84.4
50% r PET 1715 | 19.9g PET
| Clamshell
100% r PET | $8.6
0 20 40 60 80 100

CO2 equivalents /1000 clamshells

US EOL: clamshell landfilled after use

Conclusions:

*Even with Overdesigned Ingeo Clamshell, today’s virgin Ingeo is still better than
100% rPET

« Differences in impact increases significantly if rPET content is less than 100%.




Results for non renewable primary energy required

Ingeo 2005 0.93 15 g Ingeo
7 Clamshell

Ingeo 2009 0.71

0% rPET 1.74

50% rPET 1.42
i 19.9 g PET

100% rPET 1.1 Clamshell
0 0.5 1 1.5 2

GJ per 1000 clamshells

US EOL: clamshell landfilled after use

Conclusions:

* In all scenarios, virgin Ingeo uses less energy than 100% rPET clam shells

* Differences in impact increases significantly if rPET content is less than 100%.




Results for non renewable primary energy

What happens if Ingeo clamshell is not light-weighted?

[
Ingeo 2005 10.93 15 g Ingeo
Clamshell
Ingeo 2009 10.71
Ingeo 2005 11.23 19.9 g worst
case Ingeo
Ingeo 2009 | 0{95 Clamshell
0% r PET |1.74
50% r PET 1142 19.9 g PET
Clamshell
100% r PET [1.1
0) 0.5 1 1.5 2

GJ per 1000 clamshells

US EOL: clamshell landfilled after use

Conclusions:

*Even with an overdesigned Ingeo Clamshell, today’s virgin Ingeo uses less energy
better than 100% rPET

« Differences in impact increases significantly if rPET content is less than 100%.
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Danone and WWF launch sustainable
Ingeo™ Activia Yogurt Cup in Germany

“Blomass resources for bio-based
—_ products have to be produced
= ASEREA it sustainably — the certification
systems are now in place”

Frdbeere

Martina Fleckenstein,
Director EU-Policy,
Agriculture & Biomass,
WWEF Germany, May 2012

SONs1OF
b

i
= . BN
ACTWVIA ‘&
bringt Ihn‘\‘”du’::n“ o — 'é;‘i E(

a0 Y
e : At"\

Improves packaging carbon footprint by 25% and use 43% less fossil resources
[LCA study conducted by the Heidelberg based LCA institute IFEU ]

®ingeo
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' wu)wbioreferrecf\gov R o

WASHINGTON, Jan 19, 2011

USDA Launches New Biobased Product Label to Boost Demand for Products Made from
Renewable Commodites ...

“This new label will clearly identify biobased products made from renewable resources, and will
promote the increased sale and use of these products in the commercial market and for consumers...”

ﬁ

USDA

CERTIFIED
BIOBASED
PRODUCT

PRODUCT 57%

ingenious materials from plants not oil
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Some Points of Reference: Consumer Labels

USDA

DOE

Existing

USDA

L
L,
ENERGY STAR

84

New

USDA

CERTIFIED
BIOBASED
PRODUCT

PRODUCT 57%

J
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® NatureWorks LLC L2 BioPreferred:

1

\, USDA
CERTIFIED

D AT Product

PRODUCT 57%

o =1 1l l.:».\.‘.
7~ N\ USDA
! \

ey Package

PACKAGE 32%

1

— )\ USDA
PRODUCT Both

PRODUCT 57%
PACKAGE 32%

ingenious materials from plants not oil i 85

®ingeo




@ NatureWorks LLC % BioPreferred:

Implementation Detalils

e Minimum Threshold biobased carbon content: 25%
(Most Ingeo grades are 100% biobased carbon)

e No USDA fee for application & label license & usage

e 3rdparty certified labs will do ASTM 6866 biobased carbon
testing

e Manufacturer (applicant) is responsible for paying for
independent lab testing to 6866 standard

e ASTM will administer the program

86
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Generic Descriptor

Examples

Representative list of
Bioplastics

Biobased Content

Biodegradable

Folylactic Acid (FLA) Matureworks Ingeo® 100% Compostable - DBAOD
Tellex Mirel® ~90% C”Tf;f;:'f';ga’i‘m
Folyhydroxyalkanoates (FHA) - ., Compostable - DEA00
anan i Marine - D7081
_ _ _ BEASF Ecoflex®
aliphatic-aromatic copolyester (AAL) : 0% Compaostable - DBAOD
IRE Chemical EnFol®
AAC Starch blends Movamont hater-BiE “aries Compostable - De400
, , ro -
AAC/PLA blends BASF Ecaovio® “aries [25 5% Caompostable - D400
Cereplast Compostables® “aries Caompostable - D400
Cereplast Compostables® “Warles Cormpostable - DBAOD
Thermoplastic Starch (TPS) i
DuPont Biomax® TP “arles CDT{&?;:'?IEN%%MD
Folybutylene Succinate PBS showa Bionelle® 7 Compostable - De400
Folyamide 11 (PA 11} Arkema RilsanE 100% Mo
Brask I d 100% I
bin-Palyolefins fhio-PO) raskem (planned) ° 2
Dow/'Crystalev (planned) 100% Mo
DuPont = (B 37 I
Folytrimethyleneterephthalate (PTT) L on !:urnna - 0
DuFPont Biomax® PTT 37 % Mo
BASF Ultrarmid® Bal B3%
Palyamide 6,10 (PAG,10) e maenre i No
DuPaont Zytel® ¢
Corwventional plastic/bioplastic blends  [Cereplast Hybrid Resins® “arles Mo
Folyether Block Amide Arkerma Pebax® Rnew 100% Mo

A= NN O
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_________________________________________________________________

~
/7 7/
; A ’ R

. Renewable, NOT ‘: i Renewable AND |

. compostable i . compostable E

i * Bio-PE- Braskem i L. |ngeO (NOTE: Recyclable and compostable!) i

"« Bjo-PET — (partially bio) ; i« PHA ;

.+ Nylon 11 ,' .« Thermoplastics Starchs ;
Nor}/_ \ Compostable

‘Biopolymers are NOT based | ~  ----------mmmmmmmmmmmomoooooooes .

Petrochemical based

on “degradable additives” g'
. AND compostable

*Biopolymerse do NOT use
“‘oxo-degradable” additives
*Biopolymers are NOT

designed to fragment and ) )

‘disappear’ Non-renewable (fossil) Feedstock

« PBS, PBAS, PBAT, PBAST,
PCL, etc.

N
N U
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What Happens to Ingeo
Should it End Up In
Landfill ?

NatureWorks Review for Taiwan EPA, ERI

July 23, 2013
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What Happens to Ingeo Should
It End Up in Landfill ?
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4. “Where it Goes”

® NatureWorks LLC

Ingeo™ behavior in Anaerobic Conditions

« \We've considered two extremes

1 2
What happens to Can Ingeo
Ingeo Under be forced
Landfill to generate
conditions ? methane ?

« Each case has been assessed quantitatively, by
independent 3" party authority OWS (Belgium)

y ®.ingeo
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4. “Where it Goes”

® NatureWorks LLC

1. What Happens to Ingeo™ in Accelerated Landfill Conditions?

 Long Term Testing Required (ASTM D5526)
ASTM D5526-94 (2002)

“Standard test method for determining anaerobic biodegradation of plastic
materials under accelerated landfill conditions”

This static anaerobic biodegradation test determines the biodegradability of a
material in a (somewhat optimized) landfill environment.

Test Conditions:

Temp: 21°C Duration: 6 months (up to 12-24)

Sample Size: pellets Inoculum: Sample ratio: 150g:2g
Samples:

Degradation References: Test Samples:

Cellulose

Ingeo 2002D; thermoforming grade
Ingeo 4032D: film grade
Ingeo 4060D: film applications

Cellulose =i ite office paper ASTM Standard D5526 (2002), ASTM International, West Conshohocken, PA, 2003,

po 93 ®ingeo

© 2011 NatureWorks LLC


http://www.astm.org/Msgs/www.astm.org

4. “Where it Goes”

& NatureWorks LLC
ASTM D5526: Accelerated Landfill Simulation

110%
100% 0\\
90% W
70%
60%
50%
40%
30%
20%
10%
0% | | | | | | | |
0 20 40 60 80 100 120 140 160

Time (days)

% Sequestered Carbon

ingenious materials from plants not oil 7 94
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4. “Where it Goes”

® NatureWorks LLC

ASTM D5526: Accelerated Landfill Simulation
0
75400 N ———
c J\,\ Ingeo 4032D
8 90% W
= 70%
S 60%
g 50%
S 40%
3 30%
N 20%
10%
0% . . . . . . . .
0 20 40 60 80 100 120 140 160
Time (days)
OWS:

“Biodegradation has not started for any of the Ingeo test samples”



4. “Where it Goes”

® NatureWorks LLC

2. CanIngeo™ be forced to generate methane?
« Accelerated Testing is Appropriate — ASTM D5511-02

ASTM D5511-02

“Standard test method for determining anaerobic biodegradation of plastic
materials under high-solids anaerobic digestion conditions”

The biodegradability of plastics is determined through high-rate dry
anaerobic batch fermentation with significantly accelerated conditions

Test Conditions:

Temp: 35°C Duration: 15 days (up to 30 days)
Sample Size: pellets Inoculum/Sample ratio: 1000g/2g
(pH, nutrients, active inoculum,...)

Samples:
Degradation References:
Polyethylene (inert)
Cellulose (fast)

Test Samples:

Ingeo 2002D; thermoforming grade
Ingeo 4032D: film grade

Ingeo 4060D: film applications

ASTM Standard D5511: ASTM International, West Conshohocken, PA, 2003,

4 ®.ingeo
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http://www.astm.org/Msgs/www.astm.org

C‘) 4. “Where it Goes”
W Natu re\/\/orks LLC Can Ingeo™ be forced to generate methane?

ASTM D5511; Mesophilic Anaerobic Digester Simulation

120

[EEY
o o
o o
[
|
|
|
|
|
|
|
|

ol

40

% Sequestered Carbon

20

0 I I I I I
0 5 10 15 20 25 30

Time (days)

0/

C.) ® ™
™ I I l g E O
© 2011 NatureWorks L|
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4. “Where it Goes”

@& NatureWorks LLC
ASTM D5511; Mesophilic Anaerobic Digester Simulation

Ingeo 4032D
Ingeo 4060D

Can Ingeo™ be forced to generate methane?

120

100 *W—W

80

60

40

% Sequestered Carbon

20

Cellulose

O I I I I I
0 5 10 15 20 25 30

Time (days)

98
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4. “Where it Goes”

® NatureWorks LLC

Can Ingeo™ be forced to generate methane?

ASTM D5511; Mesophilic Anaerobic Digester Simulation

120
g 100 : ’\‘h':‘ A;\" ;:;i 3 gl] . ; V : : ‘
e OB IS S e SISO g M
cs N/ o \v_
O 80 Ingeo 4032D
B Ingeo 4060D
o 60
1%
(D)
> 40 i
()]
)
X 20

Cellulose
0 n I I I
0 20 40 60 80 100 120 140 160 180

Time (days)
OWS:

“The Ingeo grades tested would be poor feedstocks for a mesophilic
biogasification facility”




4. “Where it Goes”

® NatureWorks LLC

The behavior of Ingeo™ products in landfills

Conclusions

* |In Landfill [ASTM D5526]
All the carbon in Ingeo
remains sequestered

* |n an anaerobic digestion facility [ASTM D5511],
In anaerobic bio-digester, some grades of Ingeo
can be marginally degraded
— Not viable feedstocks for mesophilic degradation
— Residuals would be compostable

ingenious materials from plants not oil 100
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Polylactic acid waste
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ANSI/ASABE S596 FEB2006
Recycling Plastic Containers from Pesticides and
Pesticide-Related Products

American Society of
Agricultural and Biological Engineers

ASABE is a professional and technical organization, of members worldwide, who are dedicated to advancement of
engineering applicable to agricultural, food, and biological systems. ASABE Standards are consensus documents
developed and adopted by the American Society of Agricultural and Biological Engineers to mest standardization
needs within the scope of the Society; principally agricultural field equipment, farmstead equipment, structures, soil
and water resource management, turf and landscape equipment, forest engineering, food and process engineering,
electric power applications, plant and animal environment, and waste management.

NOTE: ASABE Standards, Engineering Practices, and Data are informational and advisory only. Their use by
anyone engaged in industry or trade is entirely voluntary. The ASABE assumes no responsibility for results attrib-
utable to the application of ASABE Standards, Engineering Practices, and Data. Conformity does not ensure
compliance with applicable ordinances, laws and regulations. Prospective users are responsible for protecting
themselves against liability for infringement of patents.

ASABE Standards, Engineering Practices, and Data initially approved prior to the society name change in July of
2005 are designated as ‘ASAE’, regardless of the revision approval date. Newly developed Standards, Engineering
Practices and Data approved after July of 2005 are designated as ‘ASABE’.

Standards designated as ‘ANSI are American National Standards as are all ISO adoptions published by ASABE.
Adoption as an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria for approval have been met by ASABE.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement means much more than a simple
majority, but not necessarily unanimity. Consensus requires that all views and objections be considered, and that a
concerted effort be made toward their resolution.

CAUTION NOTICE: ASABE and ANSI standards may be revised or withdrawn at any time. Additionally, procedures
of ASABE require that action be taken periodically to reaffirm, revise, or withdraw each standard.

Copyright American Society of Agricultural and Biological Engineers. All rights reserved.

ASABE, 2950 Niles Road, St. Joseph, Ml 49085-9659, USA ph. 269-429-0300, fax 269-429-3852, hq@asabe.org



ANSIASABE 5596 FEB2006
Approved Apnl 2006 as an Amencan National Standard

Recycling Plastic Containers from Pesticides and

Pesticide-Related Products

Figure 1 = Typioal HOFE Costsiners

be handied and wiived o manufachoe appropnate end-use produds &
described 0 Secion 14 0 such @ way that the plasic wil hawe no
unreasonabie adverse efect on the evarmnment, peoplie handing the
plashic, or usars of and-use products manutachered fom recycled plastic.
14 The spedficalions in this Sandard do nol replace, modify, o
overmide requisions of approprate jurisdicons.

1.5 Recordiseping sequiements are described in Sections 8, 8, 10, 12

it oely used to manubichre scceptalde end-use poduch, and o
faciitale ¥acng tecyced plashe Back to ks souwce. The nioimabon
requied e%al b fecorded on fere wmilr do e example [ome
prividad in Figurss 811 in nomlie Annes A

2 Definitions

2.1 agreculbaral erop predustion crop production al danms., lorests,
nursanes and greenhouses,

1.2 dry plastic meducad-volume plastic hat doss nol leave 3 mostue
resalsd on AN Absoebant maberial (ech a8 paper of comugatsd

4.3 tully crained contairer. a confainer thal has been alowed o drain
for X0 seconds afler the flow i down o a dip

2.4 HDPE: high-densily polyeliyiens. [See paragesgh 00

241 blow-mold grace or fractional melt HOPE: HOPE tal has & melt
indian valm babvesan 0 and 1.

2432 high melecular weight HOPE: HOFE with @ molecular weight
numbsing in e millons

241 injection grade HDPE: HOPE with a mel index vale belwean 8
and B and a density of babween 0050 glem” and 0 555 glert’

25 cpan haad drum: dnam wilth & remeeble head flop)

25 pesticide-related products: For the purpeses of this Standard,
peshode-elred poducts are ajuiants tal are added 1o a pestiode
L L L

:rmm mmmuhﬁqm
between wolume reduction and endame prodecd mandfadung othes
MWIMHHW ﬁm—mhﬁ:rﬂ.ﬂ-ulml
18 mmmmwmmm
profestionsl end users i fud, omamental, pest confrel, aquatic and
tetiesliial wegetaliod reansgersnt and oher nonfood el sppheatarms.
19 shipping conlaimers: gayked Doxes, fexble Plomedile bul
COMIENErS, BUPRr-EACE of offher vesteds used 1o coliect, mamspor andiod
80 reducad-volume pashc

219 tight head drum: drem with a nonemovable head Top)

3 General safety requiremants

34 Each of the processes in this Standard shall be pedormed in a
manner that avoids an enheathy or unsafe work envieonment, injuries o
persons, damage o property and palution

3.2 Appropriale personsl robective equipment (PPE] shall be used foe
each pocass.

ASABE STANDARDS 3004 ANSFASARE 538 FERIGE 1



3211 For conlsiner rnsing, The required PFE & specilied on e
[eeicide label under [he direclions for use

3.2.2 Whan handing contairers afar they am rinsed, FPE should
nchade, at @ menemam, rotective syawee. chamicaleesstant gioves and
& chamcabessian! apon
1.2.3 For vansportafion, sioeage, piooessing. and manutsctening end-
use products, handiers shall follow nelevant woriplace salely regulations
3.3 To minimize any polental risk to hurman heath and the environment,
ron-refilabie pestode containers that ane incheded in ths Standard shall
ol be reused 35 containens

4 Rinsing containers

4.1 Containers shal be empied of pestiodes or peshode-elaled
products. and rngad as describad in ths sechon befom they cam [e
mcycied

4.2 Each container shall be pks finsed or pressuie finsed ancording i
e inshuctions. on i label

4.3 | the lbel doas not inchide nmsing nslnictions of does nol define
e apecific slepe of the process (& 0. “Triple rinse or equivalent ), the
contanel shall be nmed stoonding Yo paragraphs 4.4, 45 46 o AT
4.4 Prassens rivsing contaners ciher than drums.

4.4.1 Emply contents of e confaimer by luming e container so that
any product rapped in the handls s alowed to fiow cut Once fiow is
dow io a dnip, allow the contaener 1o drain for an addtoral 30 seconds
4.4.2 immediately Begin (msing procedures of the product may Become
difficult 1o remove

4.4.3 The pressure nozzle shal be confecied o & desn waler soure

with 8 pressuwe of al lessi 276 kPa (40 psi Exsrples of pressurs
sazTies e shown in Fig. 2

444 Hold e conbainer 50 M rneale draiss ind The Bpray mis of an
appropralely labeled comamer

445 Usa the messum noik accoeding %o the manuachuner's
msinuchicns.

448 Turn the pressuie noffle inside the containes lo assue good
coverage of all sides inchuding the Bande

4T Rirss for al kit 30 seconds.

4.8 Rirss cap inle an approprataly ebeked conbairer and deposs of
T cap b8 80k wirkle. Do nol re-aliach cap b Confainar.

4.4.9 Cawilly rirse any fomulation from the outside of T containar
4.4.1% Irspect the contamer to ensure that all vesble and deiocdgeable
tesidue has been removed.

4N ¥ sy viable &l dabdpeabls residue & il B oor on e
coftaine, fepedal the process unli Thal resadue his bees removed.

4417 Contaners should be punclred so they cannol be reused s
conanars o shoull otherwise be rendered umsabla A punchred
conanel & shown in Fig 2

4.4.13 Replace any guards'covers on the rinsing appanahs

4414 Contminers shall be fuly drained before they e offsed for
recycing

4.6 Triple rsing conainens other thas dume

451 Empty conlents of e container by fuming e container & that

any product trapped in the handle i alowed o flow ot Once fiow s
o 2 @ anp, Al e contaenes 1o drain for an addnongl 30 seconds

483 Immodately begin rnsing procedures of the peoduct mary become
afficult 1o remove

4.6.3 Fill the amply container 114 ful of clean waler
454 Secorely roplate e cap on P container YWh e Container
apening lacng e, shaks the container I8 I night over a distancs of 10

o 15 cmi (4 1o & i) Shake the contsner & rinimum of ho limes per
sennd lof 3 seconds

4,65 Dran ness warler mio Tw 5pray mix of BN appropnalely latsied
aniEnes

466 Fil the emply containar 14 full ol clean water a second time
487 Secmly recap the container With e opening of the contmnes
ponied iowards the gmound, shake the conlaner a desoibed in
paragraph 454 Then drain the ringe waler inta the spray mix or an
appropnately beled contane:

468 Fill the emply contairer 14 Tl once mone with clean waler.
4,59 Securely recap the container, With The container in the romal,
upnght posibion, shake The containes & described in paragraph 4.54.
Then drain e rirvse vealor it the Spriry mix of &n approgrately labeled
EnlEner

4,510 Rirse cap inio an appropraiely labsled container and deposs of
the cap as solid waste. Do not re-afach cap o containes

4,81 Carefilly rinse any formulation from the outside of the container,
4612 Inepec! e contiinel 1o enduie Bl o veible and diskdgeab
gt has besn femoved

4513 I any viible and dsiodgeable resides & st N oor on e
contmner rapeal tha procass untd that resides Pas besn removed
4894 Containers should be punclured 5o they cannol be mused as
contaness of should otherwsg e rndared umsabls

4618 Containers shall ke fully drained beloee Sey are oBsred foo
recyding

4.5 Presute neing drume

480 Emply drum to the lowest possible kvl

4,62 Immediately begin rinsing procedures or The produd may become
difficult o remove.

483 The pressure nozrle shall be comneded 1o & dean waler sous
with & pressure of &1 leas? 278 WPa (40 pai)

Figers 2 = Exampies of Prassere Nomies and 3 Purotared Contsner

ASABE STANDARDS 2006



Figum 3 - Wsdge Cst imio 2 Orum

464 Insarl tha pressune finss nozzie inte e drem. This may requing
drilling a ko ima the Batiom of the drum for @n eniny point or cutting 8
wadge in the dnum be dran e nesabe. (See Fg. 3 Wedge oul inlo a
drumi |

4.6.6 Fotaile the presswe nozzle nede the drum o nnse all sides.

408 Rings drum for al least 3 saconds o unil insste rone compieiely
cheal, whithever i boege:

4.8.T Rirss Bung imlo an apropnately labeked container snd deposs of
e Bung & sokd watls

468 Carefilly rinse any formulation from the outside of e dem

489 Inspsd the drumiio ensure Tal sl visile snd delodgashle residus
has besn semnovid

48,10 V amy wisble snd dsledgeabi residue i sbll in or on the dium
gl the piocess unll that iesiche has bean memoed

4810 Drums chowld Do penclured 50 they cammol Do rewssd Be
con@nans o should othanwess be rendenad unusalie

4612 Replace any guardsioovers on the rinsing appanahs

4.8.13 Drurre shall be fully drained telose By ane oflered for recyding
4T Trple mneng drums

471 Emply drum bo e owest possible leed

4.7.2 Immodiately begin rinsing procedures of the peoduct mary become
difficukt fo remove

4.7.3 Fil drum vith waler o 1/4 of capaciy. Replace bengs.

474 Tip drum ome s s and ol & back and fordh for 30 seconds,
anianing &1 Bail oh comphila revolimon

4.7.6 Stand the dnam on s end. and tip it back and forth several bmes
e rsE the Comess.

4.7.6 Tuin the dhum onds its other &nd, and bp il back and fosth several
fimes io fnse e comers

&

HDPE

ml-n-_-pd-mmnﬂ-,mmc—m

ASARE STANDARDS 2004

d.T.7 Carsfully smply the nnsate nio the sprEy M of an apprepniately
Iabelad Comlping

4,78 Rapaat shaps 47 3 theoagh 47 7 teo mom tmes

4.T8 Rinsa bung info an appropriately abeled container and deposa of
the bung & solid waste

470 Carelully snse any foemulation feom e culside of the drum
AT Impect the drum f ensure that all vesible and diskdgeabin
rasadlud has Desn remived

4,712 ¥ ary visible and dsindgeatie reside & still N or on e deum,
rapeat e peocess unhl ral resue has bedn ramoved

4.T13 Drain al rinss waler info the spray mix of an appropralely labeled
contener. This may sequine driling & kole or ouling & wedge inlo the
bosom of the drum lo completely drain the rinsale. (See Fig. 3, Wedge
cull inlo & deam)

4794 Drums should Be punclured &2 hey caanol be meused &
coflianers of shoil] ofhermes be fendeied umsabls

4,715 Drums shall be Sully drainad Bedore they are offared for recycing

5 Removing nonHDPE components from containers.
5.1 Mon-HDFE i 15 aftached o cont canndgl ba recycld
and shall be removed from e Contaimers as desonbed in his secton
befcre the contamens can b recycied

8.2 Ml non-HOPE components: shall ke emoved from confainers and
disposed of a5 sobd washe, Examples of non-HDPE componants includa,
but are not imiled b, caps, hanckes made: of metal or dflerent plastc, ol
seabs and ndbar Inings

B.3 Caps shall not be put back on msed contaners

6.4 Seeves, labals and booklets shal be removed Trom the conlainem
uniess kocal authoriies require hat B0ek remain afteed. Glusd on lael
méry feEn of T confaner

& Inspacting containers

8.1 A inspection shall be conducted on containers fo ensure thal they
are chan, propery prepaned, and ncluded in B scops of T recycing
progeem. [Sé4 informalive Asnex B, Commeantary) Containers shall mesl
al apecheations in the Section

6.2 Conainers shall te nonrefilable and made from HOPE Some
HOPE contamers have A tin bamir of other co-manufactured matarial

Figurs B - Comtaing with Dred Pormelation at is Viekle and Dislodge-
able Meides. Thiy Container i Unacceptable for Recycing. NOTE: To view
@ O BECUrE Goder renditics of Figure 6. coler phote of is svailable ot

It eere i3 b o SN S Mg S YEmaspes himi
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Pal & soteplable. HOPE conlsaners will be amboised wilh iecychng
wymbal B2, which i shown in Fig. 4
&3 The capacity of the contamner shall ks 312 L (55 pal] o less

§.4 The confamers shal nol have caps or other nonHOPE parts, sech
a5 metal handies, seals (ypecaly fol and'or paper) and nobber lnings.
attachesd (See Sections 52 and 51

.5 Labsts and booklels shall be removed o comlsiners. (See Sacon
5d)

6.8 The container shall be emply progedy rnsed, and fully draned as
teduited 0 Sachon 4

6.7 A parts of Me container shall be frved ol veible and delodgeabls
T

E7.1 The mside and ouiside of Be container shall be rspecied %o
assww that al surfaces are fres of visble and delodgeabls residus, In
particular, the pour spout, spout theads and container wall sumounding
#w spout shall be checked. (Ses Fig § for an example of 3 container
with visible and dislodgeabls ressdue Sal is unacoeptable for recydling |
§.7.2 Some pesticiles dacolor plashic with & penetsting slain. Stained
confaners ae acceplable pronided that no malenal can be smeaned of
memoved when fouched by @ prolecive-gloved hand {See Fig 6 for an
examplie of & shained containes that is acospiable for recycling |

6.8 Feconds shall be manianed o denily the sis whane he conlpines
et inepecisd, he rame and affilalion of the confaifer nepecind and
T dabe of ivspechon and o include & Certhcation that the containess.
wee irmpaded. The fecoids shal be mantaieed for 8 mnerum of 3
yedrs rom he dale of mpection See the sxamgle Papecion Cenficate
i Fig. B i Aoimmalies Adner A

T Rejecting unacceptable containers,

7.1 This Seclion provides procsduies for peoperly handing &nd
managing contaners that are uracceplable for recycling

7.2 Comginers Pl do nol meel e deanbiness standands in parageaphs
66 and &7 shal be iepcied

7.3 Proper manageswnt of repced conlainers shal wan e
resspongibility of the parsce anging i T contaimar s offenng them
far recychng

Figera § — Contaings That is Samed But Has Mo Viskle and Deiodgeable
Rewdus. Thie Conbiiner m Acceptable for Recycing. RITE: To vew o momn
seoursle aoior rendition of Figure §, & coler pholo of i awsilabls af hipoV

W B 0 LR M TA G mages i

4 ANSFASARE 538 FERBI0E

T4 Repched conidinens may be progerty insed, ceaned. prepared and
pretenied agan iy aoceplance

7.6 Ammcted contaners stal ba Fanded e processed with sdequate
pracautons and m accordance wih al spphoabie lederal sate and kol
laws and reguiatong o et any polental nsk I fuman healh and
he amironment. (See informalve Annex B Commantang

8 Collecting containers and managing collection
Sifes,

8.1 Containers shal te nspecied acconding W Sechon 6 phor
acceping the conlanes o the cobection sie

8.2 Confamars shal be siored such thal they remain clean and fully
draned (See nloemative Annex B, Commentary |

B.3 The collection sie shal be in compliance with all federal, siate and
local e

B4 Contanel colleclion sies shall mantain the sppiopale level ol
deankness before, during and afler contanens ane colecdied Al maleralks
thist aie &1 the collechon sle Bul mol plotesiad for wlume eduction shal
be coliaded from the site s the completion of wark Final mansgement
of dpoddl of thede maleials shall be in sostsdans with bl stale and
federal requisements. These malerak may noude doswes (inchadng
caps, bungs and bds), hendies, lmbels, inserts of cafons, wasle
gereraled by the wolume reduction activities, trash coffee cups, lood
wiappers, oic |, spills (oil, gasoline, plastic fakes. eic ), and cther debris

3 Volume reduction of containers.

8.4 Emply contamners oocupy 8 lot of space. The afficent packaging,
mnsporabon, and managemenl of conlaners A lachiated by frsl
reducing T volume of B contaners. This section describes proceduses
For wokime redecton and slandans S volume reduchon siles

8.2 Ml contarers shall be propesly rrsed, pregaed and inspecied
amonding fo Secions 4, 5 and & before volume msduction

2.3 Volome reduction ndudes bul is nol iled lo granulalos, baling,
and shredding ABempling lo reduce mntsiner volume by deving heawy
equpment over contarens 5 neffective and polentally unsale

9.4 Paslic should be dry al T &nd ol he volume redudion prooiss
Chimale vanalors may require additonal processng of slorage sleps o
achmve lhes poal

9.5 Volume mefuction p hat ww b 3t he
same giba shal be conducled on an mpaneous surface and podectsd
from contaminalion, sech as sand, g, dusl, and mostue. This

Figurs 7 = Fuid drain pipe.
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specification is intended to keep the plastic dry and clean and to
minimize any potential contamination of the volume reduction site.

9.6 The volume reduction site shall assure containment of the plastic.
9.7 Previous and current activities conducted at volume reduction sites

shall not contaminate the plastic in such a way as to render it
unacceptable for recycling. (See informative Annex B, Commentary.)

9.8 Volume reduction of the plastic shall be conducted so as to not
adversely affect current or future activities at the site.

9.9 Containers should be segregated into the following HDPE categories
before volume reduction:

9.9.1 Blow-mold grade or fractional melt HDPE, which includes but is not
limited to bottles, jugs and tight head drums with capacities up to and
including 212 L (56 gal).

9.9.2 High molecular weight HDPE, which includes but is not limited to
tight head drums with capacities greater than 19 L (5 gal) and less than
212 L (56 gal).

9.9.3 Injection grade HDPE, which includes but is not limited to open
head pails or drums with capacities less than 212 L (56 gal) (ie.,
injection-molded pails or drums).

9.10 Reduced-volume plastic may be packaged in shipping containers
as defined in paragraph 2.9. Shipping containers shall be free of
contamination that would render the plastic unacceptable for recycling.

9.11 Shipping containers or units (such as bales) shall be marked to
identify the contents as HDPE from pesticide and pesticide-related
product containers. Referring to a code from a log or record is
acceptable.

9.12 Reduced-volume plastic shall be labeled in a way that the HDPE
category (if applicable) and collection site can be identified.

9.13 The entity that authorizes volume reduction shall ensure that the
plastic is delivered to a manufacturer of end-use products that are
acceptable according to the criteria in Section 14.

9.14 The entity that authorizes volume reduction shall complete the
applicable parts of a form similar to the example Recycling/Shipping
Certificate for Volume Reduction in Fig. 9 in normative Annex A and shall
ensure that the form is delivered to a storage, processing, or end-use
manufacturing facility or a broker. The Recycling/Shipping Certificate for
Volume Reduction shall include the shipping container or unit numbers
that were shipped, the destination of the plastic, and a certification that
the plastic was shipped to that location.

9.15 Records shall be maintained to identify the plastic as plastic from
pesticide and pesticide-related product containers, and to identify the
HDPE category (if applicable), collection site location/address, date of
volume reduction, estimated weight, and the manufacturer of the end-use
product. The records shall be kept for a minimum of 3 years from the
date of volume reduction. See the example Volume Reduction Form in
Fig. 10 in normative Annex A.

10 Transportation of containers or plastic.

10.1 The procedures described in this Section ensure that rinsed
containers and reduced-volume plastic are transported in good condition
(dry and clean) to proper locations.

10.2 Containers or plastic shall be transported directly to a volume
reduction site, storage site, processing site, or an end-use product
manufacturer that meets the conditions in this Standard.

10.3 Containers and plastic shall be kept dry and contained in the
vehicle during transportation.

10.4 Dry, visually clean shipping containers shall be used to transport
plastic.

10.5 Each shipping container shall be clearly identified as containing
HDPE from pesticide and pesticide-related product containers.

10.6 Records shall be maintained to identify the plastic with the
transportation starting point, shipping company, destination, and net

ASABE STANDARDS 2006

weight. The records shall be retained for a minimum of 3 years from the
date of delivery to the destination. See the example Transportation Form
in Fig. 11 in normative Annex A.

11 Storage of plastic.

11.1 Plastic shall be stored under conditions that maintain its quality and
cleanliness, as described in this section.

11.2 Previous and current activities conducted at plastic storage sites
shall not contaminate the plastic in such a way as to render it
unacceptable for recycling. (See informative Annex B, Commentary.)

11.3 The plastic shall be stored so as to not adversely affect current or
future activities at the site.

11.4 Storage shall be in compliance with federal, state and local
regulations.

11.5 A storage facility shall be designed to keep the plastic dry and to
protect the plastic from contamination such as sand, gravel, dit and
moisture.

11.6 To allow circulation of air during storage, a separation shall be
maintained between the shipping container and the floor.

12 Processing the plastic.

12.1 Plastic shall be processed in accordance with this section to ensure
that it remains uncontaminated and to maintain cleanliness at processing
sites.

12.2 Previous and current activities conducted at plastic processing sites
shall not contaminate the plastic in such a way as to render it
unacceptable for recycling. (See informative Annex B, Commentary.)
12.3 The plastic shall be processed so as to not adversely affect current
or future activities at the site.

12.4 Processing activities shall be in compliance with federal, state and
local regulations.

12.5 Waste generated during processing activities may have an adverse
impact on the material being processed, the environmental health of the
site, and on the community at large. Best efforts should be made to
minimize the amount of waste generated while processing the plastic.
Waste minimization plans and activities should include efforts to minimize
the volume of water used during processing.

12.6 Records shall be maintained to identify the plastic with the
processing site location/address, date of processing, and type of
processing. The records shall be retained for a minimum of 3 years from
the date of p ing. See the ple Plastic P ing Form in Fig.
12 in nomative Annex A.

13 Manufacturing end-use products.

13.1 End-use products shall be manufactured in accordance with this
Section to restrict the use of the plastic for manufacturing acceptable
end-use products, to ensure that manufacturing does not contaminate
the plastic, and to maintain cleanliness at manufacturing sites.

13.2 Previous and current activities conducted at end-use product
manufacturing sites from the plastic shall not contaminate the plastic in
such a way as to render it unacceptable for use. (See informative Annex
B, Commentary.)

13.3 End-use products shall be manufactured from the plastic so as to
not adversely affect current or future activities at the site.

13.4 End-use product manufacturing activities shall be in compliance
with federal, state and local regulations.

13.5 The end-use product manufacturer shall only use the plastic for the
manufacture of products that are acceptable according to the criteria in
Section 14.

13.6 The end-use product manufacturer shall complete the applicable

parts of a form similar to the example Recycling/Shipping Certificate for
Volume Reduction in Fig. 9 in normative Annex A and shall ensure that

ANSIFASABE $596 FEB2006 5



a copy of the completed form is delivered to the volume reducer. The
Recycling/Shipping Certificate for Volume Reduction shall include the
name and location of the end-use product manufacturer, the end-use
product that was manufactured, and a certification that the plastic was
only used to manufacture the acceptable end-use product identified on
the form.

13.7 Records shall be maintained to identify the plastic with the end-use
product manufacturing site location/address, date of manufacture and the
end-use product manufactured. The records shall be retained for a
minimum of 3 years from the date of manufacture. See the example
End-Use Product Manufacturing Form in Fig. 13 in normative Annex A.

14 Determining acceptable end-use products.

14.1 Acceptable end-use products shall be determined such that they
will have no unreasonable adverse effect on the environment, people
handling the plastic, or users of the end-use products manufactured from
the recycled plastic.

14.2 Products with frequent human exposure, such as food or beverage
containers, toys, playground equipment and similar products are not
acceptable end-use products.

14.3 Acceptable end-use products include marine pilings, bridge pilings,
field drain pipe, fence posts, construction site mats, speed bumps,
parking stops, hazardous waste drums, scaffold nailing strips,
commercial truck sub-floor support members, and commercial truck/
manure spreader decker boards. (See Fig. 7, field drain pipe, which is an
acceptable end-use product.)

14.4 Other acceptable end-use products shall be identified by
conducting a risk assessment that accounts for the following factors:
14.4.1 Physical, chemical and toxicological properties of pesticides and
pesticide-related products.

14.4.2 The probable concentration of pesticides and pesticide-related
products in or on the surface of the end-use product.

14.4.3 The general characteristics of the end-use product, including the
potential human and environmental exposure.

14.5 To the extent possible, the inputs to the risk assessment for
determining acceptable end-use products should be based on statistically
valid sampling and analytical data.

Annex A
(normative)
Example Recordkeeping Forms

Annex A includes full-sized and reproducible versions of the example forms cited in the Standard. The following table identifies the form title, the
paragraph(s) of the Standard that refers to the form, and the figure number in Annex A.

Form Title Paragraph in the Standard | Figure Number in
that Cites Form Annex A
Container Inspection Certificate 6.8 8
Recycling/Shipping Certificate for Volume Reduction 9.14,13.6 9
Volume Reduction Form 9.15 10
Transportation Form 10.6 11
Plastic Processing Form 12.6 12
End-use Product Manufacturing Form 13.7 13

6 ANSIYASABE S596 FEB2006
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Figure 8 - Example Inspection Cerificate
AMSUASABE 5898 FEB2005: Recycling Plastic Containers from Pesticides and Pasticide-Related Products
Container Inspection
Site Information:

Drescription or Address:
County: Town/City: State:
Site Comlact: Phone:

Container Inspecton

MName;
Affiliation:
Address:

Phone:
Authorized by:

‘Work Description:

Date:
Approximate weight/number of containers inspected:
Comments (if amy):

Certification

As a participant in & pesticide container recycling program. 1, (print), hereby certify that
the containers af this site were inspected on the date indicated below. Based on & visual examination, the
gooepled comainers were judged to be: (1) appropriate for this ANSIASABE 559 FEB2006 pesticide container
recycling programs (2) properly rinsed; and (3) properly prepared in accordance with ANSFASABE 55306

FEB 2006, Recycling Plastic Containers from Pesticides and Pesticide-Related Products.

Signed: Dhate:
Aunthorized Personnel Signarure

Newte: This form showld be filled our by a person who inspecis plastic pesticide and pesticide-relaied
product containers.

ASABE STANDARDS 3004 ANSFASARE 5588 FERINE



Figure 9 - Example Recycling/Shipping Certificate for Volume Raduction

AMNSUASABE 5536 FEB2006: Recycling Plastic Containers from Pesficides and Pesticide-Related Froducts
This section fe be filled in by the Volume Rediecer:

Company/Organization Name:
Shipping Container or Unit Mumbers (Lots) that were shipped:

Met Weight of Shipped Plastic (1bs):
(shipped to) Mame and Location of Storage, Processing or End-Use Product Manufacturing Facility or
Broker:

Description of Plastic (HDPE Category, if applicable):
Other Comments (if any):

L . of , hereby certify that the above
(Agent of Volume Reducer) (CompanyOrganization Mame)
plastic from pesticide and pesticide-related product contaimers was shipped to on
—_— {Mame of Storage, Processing or End-Use Product Masufacturing Facility or Broker)
(Date)
Signature:
This section to be filled in by E‘md Uise Product Marufacturing l'_'ampmt !_‘fs!r:;?edm Broker, Broker assumes

responsibility for assuring appropriate destingtion for plastic from pesticide containers reclaimed in
aecordaice with ANSFASABE 5596 FEBIDDE.

L of at the location identified as
{Name of company representative)  (Name of end-use product manufacturing company)

in f
{Sive name) (City) {Staie)

hereby certify that:

Plastic recovered in sccordance with ANSFASABE 5596 FEB2006, Recycling Plastic Containers from
Pesticides and Pesticide-Related Producis, shall only be utilized to manufacture acceptable end-use product{s)
specified below, and that the manufacture and distribution shall conform to ANSVASABE 5596 FEB2006,

Productis):
Signature:

(Authorized Agent)

| ANSFASARE 5588 FERINE ASABE STANDARDS 2006



Figure 10 — Example Volume Reduction Form

ANSI/ASABE S596 FEB2006: Recycling Plastic Containers from Pesticides and Pesticide-Related Products

**The plastic identified on this form is plastic from pesticide and pesticide-related product containers.**

Volume Reduction Company/Entity NAME:

Authorized Agent NAME:

Shipping Collection Site Volume Estimated HDPE Category
Container (Location/Address) Reduction Weight in (if applicable)
or Unit # Date ( )

Note: This form should be filled out by a company or entity that reduces the volume of the plastic
pesticide and pesticide-related product containers.

ASABE STANDARDS 2006 ANSIYASABE S596 FEB2006



Figure 11 - Example Transportation Form

ANSI/ASABE S$596 FEB2006: Recycling Plastic Containers from Pesticides and Pesticide-Related Products

**The plastic identified on this form is plastic from pesticide and pesticide-related product containers.**

Shipping Company NAME:
Authorized Agent NAME:
Date:
Shipping Transportation Starting Point Transportation Destination Net Weight
Container (Company and Address) (Company and Address) in ( )
or Unit #

Note: This form should be filled out by a company or entity that transports plastic from pesticide and
pesticide-related product containers.

Note: A manifest may be used in lieu of this form.

ANSIYASABE S596 FEB2006 ASABE STANDARDS 2006



Figure 12 - Example Plastic Processing Form

ANSI/ASABE S596 FEB2006: Recycling Plastic Containers from Pestcides-Related Products

**The plastic identified on this form is plastic from pesticide and pesticide-related product containers.**

Plastic Processing Company NAME:

Processing Site LOCATION/ADDRESS:

Authorized Agent NAME:

Shipping Processing
Container or Date
Unit #

Type of Processing
(washing, drying, etc.)

Note: This form should be filled out by a company or entity that processes plastic from pesticide and

pesticide-related product containers.

ASABE STANDARDS 2006 ANSIYASABE S596 FEB2006
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Figure 13 — Example End-Use Product Manufacturing Form

ANSI/ASABE S596 FEB2006: Recycling Plastic Containers from Pesticides and Pesticide-Related Products

**The plastic identified on this form is plastic from pesticide and pesticide-related product containers.**

End-Use Product Manufacturing Company NAME:

End-Use Product Manufacturing Site LOCATION/ADDRESS:

Authorized Agent NAME:
Shipping Manufacturing End-Use Product Manufactured
Container or Date
Unit #

Note: This form should be filled out by a company or entity that manufacturers end-use products from
plastic from pesticide and pesticide-related product containers.

12 ANSIYASABE S596 FEB2006 ASABE STANDARDS 2006



Annex B
(informative)
Commentary

Annex B provides additional information and explanation about several
paragraphs in the Standard that could be open to interpretation. The
paragraphs discussed below set performance standards that inherently
include flexibility to account for personal judgment and experience,
differences in climate and a variety of activities or situations that may
occur at the facilities. The descriptions below are intended to reflect the
experience and collective wisdom regarding pesticide container recycling
that was represented on the committee that developed this Standard.

7.5 Handling rejected containers: Section 7.5 states that “Rejected
containers shall be handled and recycled or disposed of with adequate
precautions.” Similar to Section 6.1, this provides the people at the
container collection site with flexibility to use their best judgment in
handling rejected containers. If there is a small amount of dried residue
in the container that can be easily removed and collected for proper
disposal, a collection site worker may choose to hand that container back
to the person who provided it but continue inspecting the other
containers. If the first group of containers taken from a load is
consistently dirty, a collection site worker may choose to reject the whole
shipment.

8.2 Storing containers at collection sites: Section 8.2 states that

6.1 Inspecting containers: Section 6.1 specifies that “An inspecti

ts s shall be stored in a way that they remain clean and fully

shall be conducted on containers to ensure that they are clean, propery
prepared and included in the scope of the recycling program.” This
requirement is intended to provide flexibility during the inspection process
and is not intended to mandate that all containers must be individually
inspected. The inspector can rely on past experiences with the person
providing the containers, histher best judgment, inspecting a randomly
selected sample of containers, certification of cleanliness and
appropriateness from the person providing the containers, or other
options to determine the degree necessary to ensure that the containers
meet the standard of being clean, propery prepared and included in the
scope of the recycling program.

drained. This is intended to prevent containers from becoming dirty,
blowing around and being rained upon. The specific practices needed to
accomplish this vary according to the climate - what works in the
Southwest (storing the containers outside in a vessel that prevents them
from blowing around) may not work in a rainier part of the country.
9.7,11.2, 12.2 and 13.2 Other activities at facilities: If other activities
occur at these sites, the plastic should be properly segregated or
separated and other appropriate precautions taken to prevent the other
activities from contaminating the plastic.

Annex C
(informative)
Bibliography

The following documents are cited as reference sources used in the
development of this Standard:

1 Ag Container Recycling Council, /nsy Checklist.
2 Ag Container Recycling Council, The Recycle Option.

3 Ag Container Recycling Council, Technical Committee Review
Process (Form 1).

4 Ag Container Recycling Council, Technical Committee Site Review
and Approval Form.

§ Ag Container Recycling Council, web site, http://www.acrecycle.org.
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6 Hutton, Steven A. and Scott W. Allison, Using Statistics and a
Computer-Based Risk Assessment Model to Evaluate Use Options
forRecycled Plastic, Presentation at the National Pesticide Stewardship
Alliance Conference, 2000.

7 Society of the Plastics Industry, SP/ Material Container Coding
System, web site: http:/Awww.plasticsindustry.orgfoutreach/recycling/
residcodes htm.

8 Society of the Plastics Industry, SP/ Resin identification Code Guide
to Correct Use, web site: http:www.plasticsindustry.org/outreach/
recycling/2124 htm.

9 University of Nebraska-Lincoln, Rinsing and Recycling Pesticide
Containers.

10 University of Nebraska-Lincoln,
recyguide.htm.

web site, http:#/pested.unl.edu/
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