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McKinsey Commodity Price Index’
Index: 100 = years 1999-20012

1 Based on the arithmetic average of four commodity sub-indexes: food, non-food agricultural

260 World War |

240 - J

220 1970s oil shock
200 - |

180 World War I

160 -
140 -
120

19 I | “

80 .
Postwar Great Tuming point in
60 depression Depression price trend

o] 1 A 1 A 1 1 1 1 1
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2013

iterns, metals, and energy.
2 Data for 2013 are calculated based on the average of the first three months of 2013.

Source: Grilli and Yang; Pfaffenzeller; World Bank; Intemational Monetary Fund; Organisation for
Economic Cooperation and Development (OECD) statistics; Food and Agriculture Organization of
the United Nations (FAO); UN Comtrade; McKinsey Global Institute analysis

ERIIGE : Resource Revolution:Meeting the world’s energy, materials,

food, and water needs, McKinsey(2011/11)
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strong demand for one can spread to others

Carbon

capacity of
atmosphere

Hydro-
carbons

Rare earths crtical for solar P
steel crtical for offshore drilling

>

~14 percent of energy used in metals
and mining

=5 percent
of water
withdrawals
used in
mining

~8 percent of water withdrawals -

used in enengy

Desalination, groundwater pumping,
and water transport

Irricati

Phosphates critical inpuis into fertilizers

SOURCE: Mckinsey analysis
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The high degree of linkages among resources means

~T70 percent of water withdrawals used in agriculture

=IRIE()
3 B 43 4o

Relative claim on
global resource

5% 5{1%’

Land is
~28 percent
of carbon
dioxide
equivalent
Agriculture is Carbon
=2 percent of abatement
energy demand through
afforestation
and reduced
deforestation

Biofuels use
-2 percent of
global cropland
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1.1 bn more people Dramatic shift to packaged products

iiiiiiiiiii

1.8 bn more middie-class consumers | Much greater waste at end of Iife
=N 353 ety )@W

Food: caloric Food End-ofife
consumption spending Packaging materials

+24% +57% +47% +41%

Source: World Bank, Ellen MacArthur Foundatlon clrcular economy team
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MSW production by country i -

(Kg per person per day) - :
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Bundles

BuddyBridge

ORGANIC & RECYCLED COTTON « PRODUCED IN FAIR FACTORIES + NO CHEMICAL BLEACHING OR STONE WASHING

RETURN YOUR MUD JEANS FOR RECYCLING AFTER USE
AND GET A DISCOUNT OF YOUR NEXT PAIR

Reward  Upcycle  Recycle

2 FE 3 > Mud Jeansil i &k
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(Chemical Leasing, ChL)

Traditional relationship
Conflicting incentives

Chemical Leasing model
Aligned incentives

any ez

Supplier Buyer
Chemical
consumption
wants to wants to
increase decrease

Service
provider

wants to
decrease

Chemical
consumption

Buyer

wants to
decrease
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? PR 33-(Chemical Management Services, CMS)

J'Lgrr'?

Industry sectors/processes

Chemicals

Manufacture of electronic equipment

Coating powder

Car manufacture

Hydrocarbon solvents for cleaning

Various industries/steel treatment

Galvanizing and phosphating agents

Beverage production

Lubricants for packaging conveyers;
cleaning agents for pipes and vessels

Waste water and drinking water treatment

Water treatment chemicals

Hotel and service sector

Cleaning & disinfectants chemicals

Beverage and food-processing

Glue

Petrochemical industry

Catalysts and water treatment chemicals

Agriculture

Pesticides and fertilizers

Sweden

BERRR : Ba

% P Russia
Printing Industry Ink, printing chemicals . #
German: Ugﬂe
i ? 9 Kazakhstan Mongolla
Spaki naly
United States Turkey china I “m;“’ﬂ"‘
: Afghanistan
ﬁ Iraq  yran =
Algerla | jpyg | E9 clib (ol
pol ot T
4 Mali
3 9 lefcha“ Budan
venezusla Nigeria Ethiopla
Calomné ?
B nya
5 bR c""g"_l : Indonesia Pa
Erazi 9 ranzania &'
Peru

Bl T35 B 4AM(UNIDO)(2012)

Bolivia

jouth Chile
acific
lcean

Argentina
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Atlantic

Angola

Namibia - In d.-a A
Botswana Qcear

South
Africa

Australla
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PLASTICS IN THE MARINE ENVIRONMENT:
WHERE DO THEY COME FROM? WHERE DO THEY GO? cunomia kil
‘§ i & = ,%E l%
LAND BASED - INLAND - 0.50 Mtpa .
| 1]
AT SEA FISHING LITTER - 1.15 o N
LAND BASED - o TG o E OCEAN
COASTAL |55 SURFACE .
9 . R 18kg/km2 | o
Million tonnes (1% of total)*
per annum )
v Yo
PRIMARY v "
MICROPLASTIC - 0.95 willion tonnes per annum v T
® 270 s X Y
® 230 i .
190 v
(Thousand ‘. 130
tonnes) 35 ® 80 |
al6 L4 | SEA FLOOR
‘ ’ -a---""~-4--v~4‘ .......................................................................................... 7okg/ km2 (94% Of tota') .............
‘ | o oA . <. DDA O . Pk nd. ST
[
TR X A FWe
é 4 ceeee *Poak concentration found in North Pacific gyre. Average
MARINE COSMETICS ROAD BULDING TEXTILES PELLET VEHICLE concentration globally is <1kg per km2
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Top 12 Building Block Chemical

Glycerol

3-Hydroxypropionate

1,4 Diacids
*Succinic acid
*Fumaric acid
*Malic acid

Aspartic acid

3-Hydroxybutyrolactone

Itaconic acid

Levulinic acid

Xylito/Arabitol

5-hydroxymethylfurfural

Glutamic acid

Glucaric acid

Sorbitol

 ra—

BRI T. Werpy and G. Petersen, DOE,
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O EXF—XBRICEELEELERRE -

O FEREEISEN

O BRYEARAEXR - HESXAFEYEBPLANERS - Nature worksEACALYSTA #E1T#%
MEE  MEBPHREZESHAB/PLA ; 204FBEFEBGRERI20EETERRESE -
2016 FRAASIAREFHEMELUBMELERRERIEMAT) - FAET2018F UM EM IR -
2026 R BRI EIKFE — RS EF RS BEAY TR -

Performance materials made by transforming whatever are the right, abundant, local resources

Sugars from cassava or corn Sugars from lignocellulosics such Direct GHG conversion
starch, sugar cane or beet as bagasse, wood chips, switch technologies
grass or straw
CO,? CH,?
S sl N A D A
Scaled & operating Cg sugar “Purchase” strategy Assess via selective
fermentation technology Cg sugars from 3 party partnerships and investment
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Surar Nutrients Water
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Fermentation
Syrup
Microorganism " Effluents Treatment
Settling
Water
PHB Extraction
Organic
Fertilizer
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Newlight: PHA from methane or carbon dioxide

> Technology: Converts carbon dioxide
or methane to PHA 90% yield claimed S NEWLIGHT

> Low-energy, low-cost, and high-
efficiency recovery of PHA from
fermentation broth

> “Multimillion pound” capacity by end of
2013; engineering finished

> Applications: substitute for commodity
polyolefin resins with bio-based content

> Business model: Aims to beat
incumbent commodity materials on
cost and performance — so compounds
to specifications

Lux take: Wait and See
IHEIRHER Copyright 2018

ZRIAE @ Lux Research(2014) A pomsireuciogy All Rights Reserved 32
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C2 Bio-based Chemical—Ethylene and PE
4 Fo g BT
[ Halcon/Scientific Design * IClI ~ ABB Lummus ~ Petrobras - Solvay » &Union Carbide

ENTIYBE
ELEMBYEEBELITTI3,000E 30,0002 i Z R - KERMI RIS 1990 F AR A A Mg EBMmFE

EEHE - EEHmE -

\

I7—I

‘ll

-8 BERASEERUNEBEIEH

RES Z,‘Ji?ﬁE’JE;—F?t

Table 1 - Overview of current and planned plants for ethylene production from bic-ethanol®
: Start-up Bio-ethylene ; Biomass
Location Company year capacity, kt/yr Final product feedstock type Source
Operational
India India Glycols Limited 1989 175° Bio-EG Molasses IGL, 2011
Brazil Braskem 2010 200 Bio-PE Sugarcane Braskem, 2007; CT, n.d.;a
Under construction
Brazil Solvay Indupa 2011 60 PvVC Sugarcane Solvay, 2007
. Greencol Taiwan . Sugarcane (from . )
Taiwan Corporation 2011 100 Bio-EG Brazil) Petron, 2010; CT, n.d.;b
Brazil Dow/Mitsui 2013 350 (expected) Bio-PE Sugarcane Dow, 2011; Mitsui, 2011
Status unknown
China Sinopec 1980s 9 Bio-ethylene Tan, 2008
China BBCA group 2004 17 Bio-ethylene Tan, 2008
China Yongan 2011 42° Bio-EO Rightler, 2011; SD, 2008
Pharmaceuticals
China Jilin Bohai 2012 63" Bio-EO Rightler, 2011; SD, 2008
China giya"g Bio Ethanol 2013 80° Bio-EO/EG Rightler, 2011; Jiaozou, 2010
) Sinopec Sichuan .
China Vinylon Works 10 Bio-ethylene Cassava SVW, 2011
a) Data based on publically available information, not necessarily up-to-date. The list can miss small-scale pilot plants. b) Data refer to the capacities of bio-
EO or bio-EG only. Actual bio-ethylene capacity is unknown.

ERIFGE . THBTIEK Consulting (2018/11)

LEEW¥E Copyright 2018

Wdusirial Techeology
Rassarchinvttuts
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C2 Bio-based Chemical—Ethylene and F

Braskem

® Braskem(Miami) ® 1 fiz>t® & Triunfo > 2010#97 & &
HDPE ® international HRZEZHED ® 3 FR$ 500 million(2.97% % £)
laboratory Beta B 5T ® 203 "pPEAZ it
Analyticz 7% ® Ry Rr—tfE>e ‘# —HDPE
LLDPE Braskem ® Rk 4 RE—>¢ @2 %—LLDPE

(0 The Green PE product line, which includes
LLDPE, HDPE and LDPE, is used by the plastic
cork producer Nomacorc in its Select Bio range
and TetraPak for the 13 bn/y cartons it produces
in Brazil.

O Braskem E1{E[E £ B (Eckes-Granini - B R 2 &

EQAEHE  EEEBEMFEENAEKRETIEEA
%Eﬁ%ﬂu%ﬁ , BraskemgugT 'm GreenTM” 3—2% , of land Sugar Cane Ethanol  Green Ethylene  Green PE
RiEERNOBERIE
O Braskem I AX A m B FEMZEE E —Bio r 1
Vegan - SEMEMNBRARBENERNTR - ; L
It - (bl M BRAEERVNZELSRERE - ‘ Tetra Pak’
Hoh Gl BREEY - REE - A HMBEELR - k J
( Bio-ethylene are very low in Brazil and India (i.e.
around USD 1,200/t bio-ethylene). TRBEFER Copyright 2018
ISR : THIIEK Consulting (2018/11) A" o AllRights Reserved 34
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C3 Bio-based Chemical—ECH

4

Solvay

Dow Chemical

Solvaye & w4 FECHA ¥4 § soway
2% Bk i7(2010—2016)
® ;: WTavaux? & i #
BZ]Dlester(4 A U @ 2 i 1y oWE/E 27 owplE

/E'l SF)ETRP R E WA D5y oeE/E)
S| ® 2007 %47

® R 4 EH
Solvay Group(50.01%)/ K Map Ta Phut#z (Solvay
PTT Chemical Public Iglochemlcal Thailand)
Company (24.98%) ® 2 i ! 10@" ALK
/Charoen Pokphand ® B F36mH4%k (34F )
Group(11.87%) ® 2012 % Q14 #

@ ikl o 4 o

Uses for Epichlorohydrin *
- Others
Synthetic 15%
Glycerin
o Production
— %
Epoxy
Production
T6%

ERRIR : THFBZIEKConsulting (2018/11)

Iiﬁmﬂﬁ R Copyright 2018
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C3 Bio-based Chemical—1,3-PDO

Dupont B gEciE® #

2 AR AR =

«Dupont Tate & Lyle Bio | sLoudon, Tennessee, %
Products oA it : 6.5F v/ E

Y F R A

oA A7 1 pi%

«2009 £ £ &

O DuPontg94%E 1,3 i & A& mh%—Susterra
fZenmeai&EfT1T8H

® Susterrai 1 ¥ % 2B * o (TL Bk~ Lok
f‘ééﬁ‘ﬁ%% /TEE‘E«Z‘\;}';’ A S R R S E ik s
PR e ,ﬁ’—,’?”ﬁ‘ffﬂj o kA e Ty
/}3 /?ﬁﬂlﬁu”v °

® Zemea™ R F > * € ¥ A K i = 1l friBat
FIR » UEBFrFHFHE 7Lt bE B
VT RE I R MR TR

O AT EEESorona®Rls (PTT)

Rassarchinvttuts

. THEWHER Copyright 2018
BERARR : THRIEKConsulting (2018/11) M8 pgasirsl Techaslogy All Rights Reserved

‘?‘FF;E;‘

2, DuPont Tate & Lyle
‘\\ BioProducts

Delivering renewable solutions today,

Zemea

bio-based performance

Jfor tomorrow.

A sustoinable solvent
for your cleaning products...

Petroleum-free
Zemea® Propanediol
www.duponttateandlyle.com
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C4 Bio-based Chemical—Succinic acid

BioAmber§ d

g f%gé‘- S

r'r'a—w%-fé ?

R TN N

BioAmber

& BioAmber

« Scale up the technology at

B3Vl

® ;2 @Pomacle

Agro-industrie Recherches ® # it : 350,000 litres/+#
& Developpements (ARD) ® Pilot Plant
multipurpose demonstration-
scale facility in Pomacle
HPAFEIFZEFA ® ‘¢ £ + Sarnia
(Mitsui & Co) = 3 ez » | @ Fav @ 3§ 2 0f/# (23 5+ SAR)
e pE Al P | @ T 1420% 4
g #g/&SA - ® Sl
« BioAmber# 4/ % Vinmar g | ® 2015#8" &4
TR 0 MRl eR/ESA - | @ FRT2018E SRR E R E > BT

315 o

4 A 205 #iSA ; 74 v/ 11,4-BDO
#1335 v/ & HTHF

The Sarn|afaC|I|ty uses yeast
to produce succinic acid at low
pH

« BioAmber = ¥ Vinmar & %4+
l%#b—%";h%:: iﬁl)g’i ’ _’Ti <
KPS KA 2 A GDE P
SA 5 2 #75 BDO{rTHF -

® 7 i

% W Louisianaz‘ Canada
10 2 #/# SA > 7w/ & 7
§ e/ ¢01,4-BDO%2 3§ #f/ & (HTHF

o Rl i
® 2017 & & &

ERRIRE : THPRRIEKConsulting (2018/11)

THENHER Copyright 2018
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C4 Bio-based Chemical—Succinic acid
CEE LEF L

o # Wik Ak (DOE)! F50004 % £ » # WA ¥%F #2500 | ® % ®WLake Providence , Louisiana
H 3428 #R70RR EHI FT10005 £ £97 | @ AL LAF 2e/E
e N ® il :
« Myriant and Azelis sign European distribution agreement | ® 2013/6% 2
for biosuccinic acid(2015/01)
Myriant o 3
_— $RPTT2 P & B & iefh ° 8.5,@“2@/3
Myriant o ,%;L%lja s ;\g}&
® YRR
PR TR KB IPOS kT £ ° 10:;;“&';?/&
® R o KR
® 3 + {]zCassano Spinola¥ ¥
Reverdia /Y202 — ® 1y 2w/
® 2012# 12" &%
: ) o . , ® & 17 Montmelo %
3 3 B R LEFEX4 A4 TR A e et
Purac p&ﬁéc ;21(3%\2; 10" BASF# je g crPuracé 7= = 24 2 4 Fymp ® Al 1 ly AelE
S ® 2014/9% &

BRIZRIR :

T #BEIEKConsulting (2018/11)

Ii’ﬁiﬁﬂﬁ R Copyright 2018

rial Techrelogy All Rights Reserved
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C5 Bio-based Chemical—FDCA
AvantiumBEEFDCABIBEE

OAvantium EIBASFREII S B ATISynvinai o}/ﬂ\(o avantium
{T=E (2016/10) d O L
® BASF and Avantium have set up Synvina, a joint Furan dicarboxylic acid (FDCA)

company (51% BASF)for the production and marketing
of furan dicarboxylic acid (FDCA) fromrenewable
sources. =

® Synvina will invest several hundred million Euros for the E
construction of a 50,000 tonnes/y unit at Antwerp, :
Belgium.

® Synvina will continue to work with Toyobo for the
polymerization and development of polyethylene
furanoate(PEF) for food and electronics packaging
applications. 7

® |t will also work with Mitsui for thin films and PEF bottles |
in Japan.

® Synvina also plans collaborations with Coca-Cola,
Danone, ALPLA and other companies for PEF bottles.

O EEFig
® &k /K1 & Y B& #2 5 5-HMF(5-hydroxy-methyl-furfural)
MPTERYIRMF - B EEEERIEMRFDCA (2,5-furan

dicarboxylic acid)

o HEFEREISENMANEHEER - B AMEFDCARNEE ‘
#9500~1200BR 7T - i@ﬂ@ﬁPTAE’ME*%%%OO 1200BA7C PEF bottles

THEWHER Copyright 2018

ERE . THFRIEKConsulting (2018/11) M8 pgasirsl Techaslogy All Rights Reserved 39
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http://3.bp.blogspot.com/-Q6kASljpu5Q/TcA3_4_D3wI/AAAAAAAAHQM/uBHK7AFL3L4/s1600/Aerial+view+of+Avantium's+pilot+facility+in+the+Netherlands.jpg
http://4.bp.blogspot.com/-jcZIS7zGv80/T2tTD3DRxmI/AAAAAAAAH84/jahNK9axzr0/s1600/Danone+bottled+water.jpg
http://4.bp.blogspot.com/-jcZIS7zGv80/T2tTD3DRxmI/AAAAAAAAH84/jahNK9axzr0/s1600/Danone+bottled+water.jpg

EXRRERRS SRR .
6 Bio-based Chemical—Benzene

VirentBIAPRI M AR )

O APREflgEEHIZ QKRN
BioForming® & Aromatics Separation

o Vi rent h as annou nced that |t has eStabliShed a Converting Multiple Feedstocks to High Value Hydrocarbons
strategic Consortium with Tesoro, Toray, Johnson
Matthey and The Coca-Cola Company focused on
completing the development and scale up of
Virent's BioForming technology to produce low

(E3)BIOFORMI
'~ PROC!

Reactive
, Intermediates

::> BioFormPX
&

. . other aromatic
carbon bio-based fuels and bio -paraxylene(2016/09) M
O Virent# Tesoroffi&016/09) e T
BioForming Process Aromatics Processing

existing aromatics infrastructure

® Tesorof AT FE2ERAVirentlOE AR - T iE i -

separation and purification possible

BERAANAO T B A R S ——
O APR#:{ilg [+ | ]

- e
o (EAEMAMIE - EREA50-575 K - E10~90bar it
E_ APR:]

A IR N ETTRIR R 2 FE
E —-{ Condensation }-—)[ Hydrotreating I%? J Q

Corn Starch

Biomass

Catalytic conversion of plant sugars gives Virent several key advantages over

competing technologies:

THEWHER Copyright 2018

ERE . THFRIEKConsulting (2018/11) M8 pgasirsl Techaslogy All Rights Reserved 40
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Coca-ColaZx L B 1BPETEmMMEIRK EE £

o I
Towards a circular economy 8 R
= Oan 6% o] FAEM
EmRat 64%E TR

30% of [2] Wil >
ERXENR 201 7
SRS b
LREFAERL BEBPET
B

) wE13TERT
7% REERRE

of our fotal sales, ond
75% of our glass botle
sales, ore in reusable

packoging

INEE 27 RE ks eI
TR - DUEIME ithBIE R
HPETHREAR 4
| MFHEERN
LI 9 B BIEETE -
Q WEBHEBHEE
] FEAVACILE e

Ccately Ente plises

Based on Coco Cola Enerprises infernal dato

THEWHER Copyright 2018
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&

1

~PEPSICO

= on BX i} RE i

i

[

=]l

. ) *i =K, ;IfAh;(:
> EiThe Recycling Partnership > 2017FEREMS MR

SfF - EEEI00S BHE
O EI R RN RS -
P mERst - ERAEY

= 25%[E|WZPET(rPET) » &
2020F#%4Z%50% - B4
TEMEIERYE -

N \n /j“:l: I—I'\li s E
ar . e aREEE - > PRSI THET R
> BIIE20255 2EE M B > 12 HLE]El B A AT E U A
> FIE2025F70%EmBEIEEol
Bl B -
N —
V5% Nestie MARS
> BO%EIETIEE IF -
> 75 4bE K 8 18 6% B Good BN DI RIRIEI S AR
Magazine & 7 - ¥ & 5] Ui 20 =
B - [EFHAThe Good Guide to ‘qut'e‘r:!ﬁ!guz‘

Recycling 37 R A & &

I BEEpHEE T HEE AR -
> EERIKFB ML Z50-100%[C]

UPETHR(rPET) -

> B0%EIEIERLET A E MR [EIUNER
TR Al EIRAUA -

> BUERRERERE—HE
M EREUY -

&R . Beveragedaily - Foodnavigator * Nestle ~ Coca Cola * Pepsico * Mars * Mondelez - IEKConsulting(2018/11)
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SE PN
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E45 MO EEZEIRClosed-loop

Closed-loop
Recycling

Eumpoyeling
Pessipilities

e Iﬂﬁtﬁﬂf%ﬁ Co ht 2018
FREE | B or T Al s Res
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LR R IR ETTRRAR(E R
T g H B PR B

O Bl REIR
— E R A REEF
MR 2w L o

O HA#RTEIR(Upcycle)

PaS
iim Ao
CHBIAS S RESA SR SR R R
H# > G iiard 2 {4

S LHBRPFL ) AR EA - '

WEle » o

=
BB/ £BR ﬁi,]o%mm %ﬁ/& 219!;1{6%5%% s%,'l_(‘)'on/m

1,350/ 9%/% 1,650/ #&/%

Wi RIE R

B TREWRHER Copyright 2018
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rPET to rEG and rPTA

Waste Fabric
/Garment

Sorting . .
l Machine Chemical Recycling Process

Selected
Fabric

[

Depolymerization Decoloration Crystallization Purification

|} ) 1

Non-PET Fiber Chemical Sludge
(mostly cotton) (mostly dye) r-PTA & r-EG

) " 4

Eumpoyering

Side-products Pessibilities

DHE-BRE-RE-BER-MAE -BEUPVEEER-EMERICRSRE

—_—— Iﬂﬁﬁmﬁﬁ Copyright 2018
BRI . ERmtta f = All Rights Reserved
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PET Carpet

Auto PET Scrap

Resmate s Polyol from rPET

Hesinate”

Recycolysis™ Process o

Flexible and
Rigid Foam
Applications
Resinate Patent-
Pending
Glycolysis and
Purification
Process

Densification
Pelletization
Or Flaking

This Process Provides a Route for
Redirecting Unused PET Raw
Materials Into High Performance
Sustainable Specialty Polyols

ERHR : Resinate4815(2017/09)

IREWMFER Copyright 2018

pusirial Techolegy All Rights Reserved
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Circular Chain of Resinate

8] PLASTICS

INDUSTRY ASSOCIATION

Automotive Waste

8.9
Ty

* Composites
* Adhesives

Auto Manufacturing

i

* Foams
THE WOODBRIDGE GROUP 2 Coatlngs
? » Plasticizers Resinate
Tier One
Z TREWRHER Copyright 2018
ERIZKE : Resinate#d1i5(2017/09) MR s Tchactegy All Rights Reserved 48
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Petopur’s Polyol from rPET

The plant started operation in February 2009 with a capacity of approx. 3800 tons
per year of aromatic and aliphatic polyester polyols

Products Environment and resources Contact

Mouting Block

Coatings Elastomers

T Q' "
¥ oo o
_,]'

Mounting foam Sandwich/ Panels

’ — ! !“ p i

pe sl o Petopur 2 [ & 28 £ 54 15 2 1R B AIHES
| Anlagentechnik GmbH#ETEE

Z TREWRHER Copyright 2018
ERIZKE : Petopur(2018/09) MR s Tchactegy All Rights Reserved 49
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Huntsman’s TEROL®from rPET

HUNTSMAN Digestion

Huntsman utilizes both pre-consumer and post-consumer sources of woygled

. i - In both cases, the
PET is collected, sorted, washed and size reduced for digestion in reactors using
mixtures of glycols. PET from post-consumer sources is collected from curbside
VALIDATED and municipal programs, in a recent year, the equivalent of over 450 million
SRR water bottles were used to manufacture TEROL aromatic polyester polyols.

e N A Huntsman has recently retained UL Environment to certify our pre-consumer

MINIMUM OF 27T%

Sl recycled, post-consumer recycled and renewable resource content claims. With

VA COM/ECY TEROL polyols, the environmental benefits can be enjoyed without sacrificing
performance.

5 HEEYE o TP PU R 3L SR @ E
‘xé&’i BY o BB RFHEY ﬁ \PUsE
i (spray polyurethane foam, SPF) # & ¥ i¢
fﬁ £ Huntsman4g 2 o

IREWMFER Copyright 2018

pusirial Techolegy All Rights Reserved

E R : Huntsman(2017)
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AMPF’s polyol from waste foam PU and rPET
Acidolysis

)

- RECYPOL® PETOL®
INDIVIDU AL

ICT

HESIDUAL MATERIALS

® RAMPFATIRERMMHERMEAERMEIT F BEEELACLKIBIBR20F - IR
2012 T ¥E{EEE -

o PUBRMRINAIHAR RN RRS oiEEEZEASE -
o [RrEMRE - = - PEIAEMHARRZMIN - 2018F % AT tHEE PRIMERIDubai -

Z N TREWRHER Copyright 2018
BERHR © RAMPF M s rehaciogy All Rights Reserved 51
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Agilyx’s PS Recycling Facility

PS Foam Lifesaver

O Agilyx 2> S)7E 3= [ B2 § [ 1 B 322 B2 2K 2 4 #h S 2 [O] —_
lISZ ghtt - 8Kl 10MEMI 14 F e AXPSEEAXR L& e

EO

O EBEMPEEPSHR O IGERERIStyrenics ATIAY
BIF Aol 5E R RE&EIon Timbers®R R~ : “HE
%‘ KRN ERMNER  RAERERESR

ENEIBERE BN —EPSEETRIR - EFH
125%@'?9&&5’%%433@%% BAGBTR—ERERE -

O AgilyxBE#MITRIoe Valllancourt?LlE : fth {938
HTHTEERRAYNES - BISKNESRE

1 o

O 20174 - BEMUREEMNS —KPSEER—
INEOS StyrolutionBY3EE]+/2SIINEOS
Styrolution Americaf1Agilyx3ER 1 A 25 175

O INEOStEA S —R{EPSPEIUIK 2 G E ISR A T 55
Al g - ERURMEALZABRENATAENRE
UK NESRIETTPSHIER R R -

BERIRIE : Agilyx(2018/04/25) ol All Rights Reserved
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Saperatec <%
5 Rk & kTR Saperatec

Aluminium o

The separation
Process

Plastic
01 CRUSHING

02 SAPERATEC SEPARATION LIQUID

03 WASHING

NICHT BUGELN

04 SORTING

05 DRYING

&
=
| O - ! ® @,
@ I i @
beverage cartons Packaging material PV modules Li-ion batteries Car glass

IHEIRHER Copyright 2018
Ingusiral

usirial Techeelogy All Rights Reserved
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CADEL DEINKING
Brf) e KEB v i

“++ CADEL DEINKING

¢ .6 .6 .6 ‘6‘6

PLASTICS +

TYPES OF PLASTICS

INKS +

n on
t4, LZJ « Water-based inks

LDPE HDPE + Solvent-based inks
« UVinks
n n « Electron beam
Sy
PP PET

IREWMFER Copyright 2018

ERIFE . CADEL DEINKING; LHFRISTIZ:E(2018/08) ol All Rights Reserved 54
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GAPK O,

for infinite resources

PE/PA % & 55w fe i

Newcycling® Process overview e.g. for PE/PA

Solid
Separa- fraction Separa-

. ; (PA) _ .

/ i- Solvin tion of Washin tion of
PIE Z?f?nﬁgl s‘cepg liquid and Bl Step ? liquid and
Y solid solid

fraction fraction

Solvent
(solved PE)

Input (example):
PE/PA Multi-layer film waste

Newcycling ®

Extrusion/
Pelletizing

Extrusion/
Pelletizing

PA
Pellets

PE
Pellets

Solvent

technology
End products: #

Plastic re-granulates with properties close to virgin material

LDPE (natural or colored) PA (GF reinforced or natural)

IREWMFER Copyright 2018
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Dow’s Compatibilizer Technolog

RETAIN™ Polymer Modifiers

Win "Sustainable Technology Packaging Award 2016”__

% e

Suggested Use

Blend the recycle compatibilizer
during repelletizing of the barrier
film or during the film production.

Recommended Loading Level
* Compatibilizer should be loaded
at 1:1 ratio of compatibilizer to %
barrier in scrap.
* Generally, a 2- 15% compatibilizer
loading is suggested based on:
- % barrier in scrap
- % loading in new article
- critical performance
requirements (optics, gels, etc.)

Example: 30% Nylon in scrap,
desire to load 50% scrap in
core layer = 15% Nylon,

15% Compatibilizer

Processing Conditions

* Drying is critical prior to
reprocessing

* Extruder feed zone temperature
60-100° C

Figure 1: Recycle Stream Containing PA
CORE LAYER
1:1 60% 2%
| | Y | |
Recycle stream + Virgin PE
i o
(containing 30% PA) XUS 69108.011 Figure 3: Transmission Electron Microscopy
* Recycle stream is 30% ny\oln P?:T?’rzlgrpgsdniriiel:r
* Recycle to be used at 60% in layer
+ Add XUS 69108.01" Polymer Modifier at 18% to recycle stream
Figure 2: Recycle Stream Containing EVOH 47
CORE LAYER No Compatibilizer Conventional Compatibilizer XUS 69108.01"
Large EVOH domains Bimodal EVOH domains Modifier Polymer
Small, uniform EVOH domains
28%
Figure 4: Optical Microscopy
| I Y |
Recycle stream + Virgin PE
(containing 10% EVOH)

XUS 69108.011
Developmental

* Recycle stream is 10% EVOH Polymer Modifier

* Recycle to be used at 60% in layer
« Add XUS 69108.01!" Polymer Modifier at 12% to recycle stream

XUS 69108.011
Modifier Polymer
Small, uniform EVOH domains

Conventional Compatibilizer
Bimodal EVOH domains

No Compatibilizer
Large EVOH domains

4L % & : Dow Chemical; 1 # FLISTI% 12 (2018/08)

THEWHER Copyright 2018
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Printpack Printpack

e asy_te ar P E p O u C h d eS I g N Converting Vision into Value.

Sourcing and commercializing From 2007-2017
renewable materials e b
) O\
Ouvc'nd' '.4 & U 0 ‘T’.
68%&«%( N ]
Q0% 30% 0% 0%

910K0a4ZMoY

HOW2RECYCLE

i \WELCOMES *
'.s' prlnthCk Ask us what's {
coming next! DESIGN ]
o=

Converting Vision into Value”

First to commercialize a e, -
recyclable barrier coffee pod oy st packaging
- IR R RN}
& - -y “ ':-.
!» ; = ﬁ
Py, L b &
Hom Thacrd wme JOTON g

THEWHER Copyright 2018
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O -BASF

el \/erbund site Ludwigshafen in numbers*

Production since1865

B Area: 10 km? (world-wide biggest BASF
production site)

B Employment: 35.972 employees,
32% of BASF’ global workforce

B Production units: ~110 production
entities with ~200 plants

B Products: incl. inorganic chemicals,
petro-chemicals, chemical intermediates,
human- and animal nutrition, raw materials
for cosmetics, flavors, pharma, plan
protection, plastic materials

*as of December 31, 2015
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BASFE@%*i_E.%{tan'I'(l)

Individual sites

Reference:

= 70 sites

= 100km apart
I

|
1 70 x

100 km

Verbund site Ludwigshafen

15 mio. t products/year pass the site

Savings of 3
Daily:
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2,100 trucks,
400 rail cars,

/ 20 barges
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energy structure
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BASFRYHIE—HS1CERET(II)

BASF Ludwigshafen, % of sales products

kg/i100 kg 1.0
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0,0

m disposed waste from production -

B emissions to air

m emissions to water

1996™) 2002 2005 2014

*): data 1996 not fully compatible
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HEEE, BR PR EEENEEES0% Ethylenc 53] 52
Styrene(SMh) 21 2.0

— IEAFEE, AT R EESEO1THID Ps 0.4 0.4
‘ . WVCM ] 1.1

- EmBURERERER, LRI TF5CMEM  pheot X T
kR Aib BF  AREQER foel FE
151% - MHEEEM Ethylene glycol(EG) 12 11
. . Methy-tert-butyl-cther(MTBE) 0.2 03

— PIEEE R B phthjjc anhydride(PA) 5.2 12

[Purified terephthalic acid(PTA) 0.9 1.2

Polycarbonate (PC) 2.7 4.1

HDPE 0.8 1.1

LDPE 1.5 2.1

[Polvpropviene(PF) 0.5 1.0

Polystyrene(PS) 0.4 0.3

Polyvinyl chlonde(PVC) 0.8 1.0

Synthetic rubber & latex 6.8 0.3

Oxvgen 0.4 05
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ecovative

We grow materials.

O B #4822 1l5(Mycelium Technology)

O MycoBoard™ products

® A biofabricated, certified sustainable, form
of engineered wood.

® Growning using mycelium — “nature’s
glue” .

® Current Applications
» Furniture (Structural and Non Structural)

» Gunlocke

Work surfaces

Molded furniture components

Seatbacks

Architectural panels

Door cores

Cabinetry

\

Substrate Variations

VVYVYVYVYYVYY

Gunlocke®

Soft Wood Hard Wood
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http://www.lenzing.com/en/responsibility/economic-responsibility/certifications.html
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Tel : 03-5912407
E-mail : perryliu@itri.org.tw

JIEK Consulting

http://www.iek.org.tw
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