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-XQH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

5HY $

6WDWLWWNDK\HY QRBUYEDYV)VY& GWDUHQJIWK 'D
6WDWLWWIDK\HY QRBUWD VLW & BWDHQJIWK
&RUUHODWLRQ 6WDWLVWHRV WKU' BW@JOH 6KHDU %
6WDWLWWDKHYD QREUYBYV 16¥6 %WDVUH QJWK 'D
6WDWLWWNDK\HY QRUY DV L6/6 %DMWNDUHQJIWK '

/ILVW RI 2XWOLHUV









-XQH 5HY $
'"HILQLWLRQV

$[HV RU 'LUHFWLRQKHDRUILE DM QWGRE &K WKH WSKH EXLOG RSt
VSHELPHQV DUH FRQVWHKEK FWHY/GV M BREEKGW KR WK HE RZMWUHVBI W K R
RULHQWDWLRQ 6HH )LIJXUH

)LIXUH 6SHFLPHQ 2ULHQWDWLRQ 'LDJUDP
1RWH WKDW : :< < :==:= =:LG WKH WZR OHMNWWHIWH QRB 0

I %DWFK

¥ 5DZ 5HVLQ Tuid udnkty of a unique batetientifier as defined by
original resin manufacturer.

¥ )L ODPH Qe geawlity of consumables manugaed at one time to a single
set of defined properties ng a single raw resin batch.

¥ J)LODPHQW ([W UOnY deRiCatdd @arufactag line that takes raw
resin batches and extrudes them into filatrlets through a controlled process.
Multiple lines may be inse at one location, but thaye independent of each
other

f ODFKLQH $ VLQJOH P DKM K DWW S DEG@NV MIRHP W/HWW DR XU |
PL[HG ZLWK ILODPHQW












-XQH 5HY $

%DFEFNJURXQG

BWDWLVWLFDO FRPSXWDWLRQV DUHQS HWFIRRMH B QLW R Q8PCH+
EH XVHG ZKHQHYHU LW LV SHUPLVVLE OHQBIRFR,UGLRRIOW®) &l
SHUPLVVLEOH WYHQ UGN XSORYD VR IDD) D &OWLYV 69 R LLG/HGQED X G |
LQVWHDG ,I WKH GDWD GRHVY QRW PMH®J@B+SRLEWHIJD O MPLH
DUH FUHDWHG E\ D YDULHW\ RI PHWKRSSU RBSISHINGH QR R QV K}
DYDLODEOH 6SHFLILF SURFHGXUH\GXDAGYBEWLKRQWV BIQNUHS V
SUHVHQWHG

&0+ 67%76 6 WDWUVWRAKIFIDMODQG &RPSXWDWLRQV

7KLYV VHFWLRQ FRQWDLQV WKH GHWDLOWV7®R16 WKH W S HF LLIW
FRPSXWDWLRQV

%DVLF '"HVFULSWLYH 6WDWLVWLFV

7KH EDVLF GHVFULSWLYH VWDWLVWLRAWKYKRZXD DUIHR FRPGDXW I
VKRZQ EHORZ

-0 X

OHDQ X | (TXDWLRQ

6WG 'HY S \/n—: X X (TXDWLRQ
S

&R 9DULDWLRQU (TXDWLRQ

"KHUHUJHIHUV WR WKH QXPEHU RI WSHHLRUYQ \WRQWKKIHLQGRSOE
PHDVXUHPHQWYV

6WDWLVWLFV IRU 3RROHG 'DWD

BULRU WR FRPSXWLQJ VWDWLVWLEV RU MWKHLBFRR WHRG DG P MG
GLYLGLQJ HDFK YDOXH E\ WKH PHRR@RI DRIOVWKUHD QU IVRL PR W I
DIITHFW WKH FRHDMERRBQWY WKMDRMFLYLGXDO FRQGLWL

3RROHG 6WDQGDUG 'HYLDWLRQ
7KH IRUPXOD WR FRPSXWH D SRROHRZ VWDQGDUG GHYLDWLRQ

3RROHG 6WG '$LY (TXDWLRQ

























-XQH 5HY $

P

ELE')”OQ -“ XC}QH %; c%% ad 00 (TXDWLRQ

&0+ 67%$76 VROYHXDMKUHRGHY HO X P4 DDEDIOCD RUFAHU WR FRPSXW
YDOXHV

*RRGQHVYV RI MLWHWHVBWXIORW GLVWULEXWLRQ

7TKH WZR SDUDPHWHU HLEXOO GLVWWUEXWKHR Q@XPWXGRWIVYLIB H
GLVWULEXWLRQ IKWNVWARK GUXW W XHYWEN WW H LEXRAKLAROWILX Q FW L |
8vLQJ WKH VKDSH DQG VFDOH SDUDPHWBIIWHVWLPDWHYV IURP

P
z xi/@ IRU°1/4n (TXDWLRQ

7KH $QGHUVRQ 'DUOLQJ WHVW VWDWLVWLF LV

L
Q

-0

"Q H[SA] o%L 1 Q@ %  (TXDWLRQ %,

DQG WKH REVHUYHG VLIQLILFDQFH OHYHO LV

26/ H[S> ¢ 0Q ¢ N @ (TXDWLRQ

ZKHUH
§ .
Jne 1
7KLV 26/ PHDVXUHV WKH SUREDELOLW® RVWBDWHLWYLIQRI DWW ¢80
DV WKH YDOXH FDOFXODWHG LI L¥242R D WXAHH W B W D HLVE DOWD E
I 26d RQH PD\ FRQFOXGH DW D ILYHRWBEHWEKDQWWWKIHY IS RRSIX
GRHV QRW KDYH D WZR SDUDPHWHU MLEEKOKOSE WKWV LE X W K

SRSXODWLRQ KDV DLWZXEOG DUV WHWEWWMEBR Q) RY ORVWVKHMH QIR
WKHVH SURFHGXUHV VHH UHIHUHQFH

AD (TXDWLRQ

%DVLV YDOXH FDNMOKEK ODMVEIXFODV ARVUWULEXWLRQ
JRU WKH WZR SDUMMHM/.BEXWHRBXOWMXWE 1% EDVLYV YDOXH

o Ve '
B g/ & . (TXDWLRQ
Z K H U H
0O O /b (TXDWLRQ












“XQH 5HY $

% %DVLV +DOVRQ .RRSPDQV 7DEOH
0 U N

7TDEOH % %@VRY +PRSPDQV 7DEOH





















-XQH 5HY $

,QGLYLGXDO 7HVW 6KPYPD®WDNVYVINMDMDWHWYW QG *UDS

7HVW GDWD IRU DGGLWLYHO\ PDQXIQRWKXNGIG HEBH VAW HS D R SA-H
VWDWLVWLFV ZHUH LQFOXGHG LQ WKHDBBREGHYV7HD\QG \WKE XE®
DQG H[SODQDWLRQWWHR D DG LEKIRE R RSKENDUH RRIDHGLIOF WH[W
WHVW $Q $129%$ DQDO\VLV ZDV FRQGXWWHEGUNGLEHWHOQWLD
VXIILFLHQWO\ VLPLODU WR EH FRPBDQHGUH WKHOQV D SBURS (S IUMRV
FRPELQHG D[HV LQ DGGLWLRQ WR HDFK D[LV LQGLYLGXDOO\

,QGLYLGXDO VSHFLPHQ UHVXOWYV ZHUW)\ JRIDBXWG L R B OKIGAIQ W
DQG D[LV ZLWK WKH UHFRPPHQGHG ED¥LARPBOWHR QR UKHQ FK
PRUH WKDQ WZR SURSHUWLHV UH 8 RARNDN/GV URF W HBHW R/ LD\
RI FRUUHODWLRQ EHWZHHQ WKH SURSHUWLHV

:KHQ D GDWDVHW IDLOV WKH $QGHUWRRQE'DW PK QURNEDDVFFKO YD |
$129$ DQDO\VLV LV UHTXLUHG ,Q RRFESIMWIHRG IR (E B RP\& R\DLOXHH
XVLQJ WKH $129%$ PHWKRG &0+ UHTXHEBHW YGDUW DVKWHRE H LLYQHL !
EDWFKHV IRU FRPSRVLWH PDWHULDOV ®Y0GHGL QG VEK H& DG
PDQXIDFWXULQJ 8/7(0&E PDWHULDO DVEDWHRV MNPV QBRW LR K
WKH VL[ FRPELQDWLRQV Rl WZR PDFKRWHVLDQE WHWH HNEBBW
VHSDUDWH JURXSV ZKHQ XVLQJ WKH $1D3XMHWV KRG/ W R PRP
EDVLV YDOXHV DUH SURYLGHG EXWPAH@WK WWKKH VIR DYCDGD XGHDWV |
FRQVLGHUHG HVWLPDWHV RQO\

7KH PRGLILHG &9 PHWKRG DV GHYHOR DG ORH GFRRS RIKIHWH B
IXUWKHU UHVHDUFK DQG LQYHVWLJDWKRY ND$IDRBEIQIJWWR KE
PDQXIDFWXULQJ LV QHHGHG 7KH $'. VDHWWDZDM RIHWDIWUR B GRI
DFFRUGLQJ WR WKH DVVXPSWLRQV RWWX® PRGIRUHGH&OD PE W
GDWDVHW SDVVHV WKH $'. WHVW DRBL 9 RADRIXHLM X HAUHHY IV @ VIR
XVLQJ WKH PRGLILHG &9 PHWKRG


















“XQH 5HY $

'RIJIERQH 7THQVLRQ '7 PRGXOXV
6WDWLVWLFV &7' &RIQGLWLRQ

$[LV DSy <|s[Lv = $[LY = $[LV

OHDQ
6W G H|Y
&9
0LQ
0D
%DW FKH Vv
ODFKLJHV
1R 6SH|F
7TDEOH 6WDWLVWLFV IURP &7' ORGXOXV 'DWD













“XQH 5HY $

'RIJIERQH 7THQVLRQ '7 RGXOXV
6WDWLVWLFRQGLSL

s[Lv ] ;osfLv <s[Lv =| s$[LyY = $[LV
OHDQ
6W G H|Y
&9
0LQ
0D][
%DW FKJH V
ODFKLQHYV
1R 6SH[F
7TDEOH 6WDWLVWLFV IURP 57' ORGXOXV 'DWD













“XQH 5HY $

'RIJIERQH 7THQVLRQ '7 PRGXOXV
6WDWLVWLFRQGLAWLRQ

s[Lv] ;sfv <plLv =] $[L = $[LV
OHDQ
6W G H|Y
&9
0LQ
0D
%DWFKHV
ODFKLQHV
1R 6SH|F
7TDEOH 6WDWLVWLFV IURP 57: ORGXOXV 'DWD
































































-XQH 5HY $
























“XQH 5HY $

JOH[ ) ORGXOXV 6WDWLVWLFYV &7' &RQGLWLRQ

$[LV Cs[dv < $fLv =] s[Lv |= s[LVv
0HDQ
6W G H
&9
0LQ
0D[
%DWFKHV
ODFKLQHV
1R 6SHH
7TDEOH 6 WDRVAL YOVHF¥ 7'UORGXOXV 'DWD




-XQH 5HY $

JOH[ 57" &RQGLWLRQ

8VLQJ WKH $QGHUVRQ 'DUOLQJ N VDFRBE®OWHVWHMWLFIWEWUBLHZ
EHWZHHQ WKH VL[ PDFKLQH EDWFK FRRARMDWDWRRQW KRU<6 WU |
D[HV 57" GDWDVHWYV 7KH $129% PHWKRG V4D ¥ DUH VX Y DIDX HV F
HVWLPDWHYV 1R PRGLILHG &9 EDVLKHKDOBNHW FRXW DB EH FRP\
&9 JUHDWHU WKDQ RU IRU WKH ; DOQVGDY BD\WN | B DOWDG EW K B XY
DIWHU DSSO\LQJ WKH PRGLILHG &9 WUDQVIRUPDWLRQ WR WK

7TKHUH ZDV RQH RXWOLHU LQ WKH 57Y IF&XQH LW LEREW FK HR QR 2HD
IRU WKH = D[LV GDWD ZDV DQ FKKQWOWHRKR MRKIH E DW/HAKF
FRPELQDWLRQ RU WKH 57' FRQGLWDRWQLV,W ZDV UHWDLQHG I

6WDWLVWLFV EDVLV YDOXHV DQGWKV@EDWDWIHY DOBEOBILY HQD K
PRGXOXV GDWD LQDWECCHG % EOH/ IAVQ YIDUM)SHK\W. PDUJAHOV KR ) LI X U

6WUDWDV\V &HUWLILHG 8/7(0C& JRUW XV PF
JOH[ ) 6WUHQJWK 57' &ROQGLWLROQ
ngAAAAozo‘““:.““
00001 e® 0g A 0e0eARA
o e
> @ A (YY)
O 4@ °
z 070 AA’Q‘A:A... 0000 A M.‘m
< = =
$,,6
O %DWFK ODFKLQH ® %DWFK ODFKLQH ® %DWFK ODFKLQH
A %DWFK ODFKLQH A %DWFK ODFKLQH A %DWFK ODFKLQH
7 $[LV % %DVLV 1RUPD®+ < $[LV % %DVLV $1290f=== = $[LV % %DVLV $129%
— $[LV % %DVLV ORG €9 .= $[LV % %DVLV $129% 2XWOLHU

JLIXUH 3O0RW IRU )OH[ 57" 6WUHQJWK












-XQH 5HY $
9 1RWFK ,Q 3ODQH 6KHDU 9,36

7HVWLQJ ZDV GRQH RQO\ RQ ;: D[LV 6XHALWP HQMORKNUHPRQ\WNK
WDNHQ IRU 211QBW \WWHE QWW KD FRQYGDWDRIQY IRX' 57' 5
DQG (7: 8OWLPDWH 6WUHQJWK YD GXYHWD QE WH ' RRRA) G Y\DLLROD
RQO\ IRU D IHZ Rl WKH VSHFLPHQV IRR BQW\L PINW H PEOMUHAQ DW K
IRU WKRVH WZR FRQGLWLRQV $ ERUSORQYWM BAKBI[9Y3B Q/GV BR
VKRZQ LQ )LJXUH

YJLIXUH %R[ 30ORWIIREWFKLW 30DQH 6KHDU 6WUHQJW

8VLQJ WKH $QGHUVRQ 'DUOLQJ N VOOSOHIJWHN.WD QW HUHIAHH
EHWZHHQ WKH VL[ EARWEK QI)/GL RQNKRQY WV KW EB\WUE GYWRR QG LW
WKH $129% PHWKRG ZDV UHTXLUHG WR\WRPBWWM WKH EDV2ZNW
BWUHQJWK GDWD FRXOG EH SRROHG DEWRR ® W KHK57 & 75 77 RIDQX
FRXOG QRW EH LQDBPDOGHIE FEIX/H YWHRQ BTV WHVW

ORGLILHG &9 EDVLVY YDOXHYV DUH SURMMG G IEXFHULRDBIK G RK
EH DSSOLHG WR WKH 21IVHW 6WWHRQWKX G DWRDW KM &B LEF

7TKHUH ZHUH D WRWDO RI IRXU WWHDW 8 ¥ W& DAMDOMV RWW OIZAR \R KW®/K
2[ITVHW 6WUHQJIJWK DQG WZR RXWDLAUYV IRU WKH 6WUHQJW






























“XQH 5HY $

2SHQ +ROH 7THQVLRQ 2+7 6WUHQJIJWK %DVLV 9DOXHYV
DQG 6WDWLVWLFV (7: &RQGLWLRQ

$[LV D $[LM < sfLv = s[Lv |= s[LVv

0 HD(
6W G H|y

&9
ORG &P
0LQ
0D]
%DWFKHV
ODFKLQHV
i R 6 s H F
%DVLV 9DOXHVY DQG (VWIPDWHYV

% %DV|LV
$ (VWLRDWH
OHWKRG $149% $1P9 % $129% $[L29%

ORGLILHG &9 %DVLV 9DOXHV|DQG (VWLPDWHYV

% %DV|LV

$ (VWLHDWH 1%
oHWKRG 1RUpDO 1kupPpO | 1RUPDOQ

7TDEOH 6WDWLVWaBQIXOHAG I RBD 2tV (7: 6DVWBQJIJWK




-XQH 5HY $
JLOOHG +ROH 7THQVLRQ )+7

J)LOOHG +ROH 7THQVLRQ UHSRUWHG RSN IRWRPSHHCU WQ  Vé WUWHHHD F\R
&7' 57' DQG (7: $Q $1203%V IZPIVOGRQH RWQH WXGIWAMNVIRHQKH VKK F F
WR GHWHUPLQH LRQ@DDB M WRRJ 8 LM BHILHFW IR QEAHOK R/RPILQHG LQ VI
YDOXHV ,I VR WKLV ZDV GRQH LQXH3/GIRVULRRFKR @B P % X®M M)
- DQG = D[HV FRXOG EH FRPELQHG IRG WK 7V &ER® G GWAR Q

FRPELQHG IRU WKH BR' FROG/LEDRQ B RWRIZMG WWKIHH QUM K YD O X |

$ ER[ SORW RI WKH )+7 VWUHQJWK PRI® \LX UHPRIZNIVQE)LD KUWH D (

J)LIXUH %R[ 36RWWBHQJIJWK 3URSHUWLHYV

ORGLILHG &9 EDVLV YDOXHYVY DUH SURWVUIHGH &@9ZRB QURPDFELFRK!
EH DSSOLHG WR WKH &7' = D[LV D [ DY HO/YQ&GDWVION HF\R N EG XQHH G\
EHLQJ DERYH

7KHUH ZHUH D WRWDO RI WHQ VM DMWLGE W BN®G VRX WIKLILHLHY LGS M
FRQGLWLRQ WKUHH LQ WKH 57' FRQIGNMR@ Q$ D Q CR KRAXQWL HQ WV K|
IRU WKLV DQDO\VLYV





































































-XQH 5HY $
6LQJOH 6KHDU %HDULQJ 66%

7KHUH ZHUH REVHUY HG VDKM X 6% WRISWY & MUKDOWL DID\SIS FRRS U L D
FOHDYDJH DQG ODWHUDO WHQVLRQ WKLO/XEBIV I K HUKH D$ Q7R0Q'
UHLQIRUFHG SRO\PHU PDWHULDO Z DM WHYWW & KRXE G H) FON EX
GLVUHJDUGHG 7KK REVHUYGIEGIPRIOKVEQC\ + Q SWKW GLUHFW
DSSHDU WR EH FOR WK DV IVRW LEOMUHSDMLR B UIQBRPEY YDWLRQ
FRXSRQV DQG PD\ EH WKH LQKHUHQ W UEHHE& BOMRHP R | $ G330 MOLWH
UHIHUHQFH 6HFWLR®W 5RSRE¥WOZFHYE3 DULILRLWAWRQ

6LQJOH 6KHDU %HWHGQW ARHYWRSHHWRHYIWKZOPYBWGWLPDWH
7THVWV ZHUH SHUIRUPHG LQ WZR FRQGODWMWRRWV5FRBXEWHRG E
VSHFLPHQ IRU HDFK GLUHFWLRQ D@&EE®R QG LWKRQFWH V M® WL
EHWZHHQ WKH WZAR B/URDEBIW WHXHY/DWY GO R W W RRI JW KeHF DVVHW W/ U H V
PHDVXUHPHQWY IRU HDFK FRQGLWLRQSH/YEF DUN VKRXKQ LG YH

$ ER[ SORW RI WKH WZR GLIITHUHRMWGEWDRRUHP M RRAQ EL D

7KH JUDSKV VKRZDWKDW VDKHV, KKDWW WHF XOWY WRU 66% ZL
YDULDELOLW\ DQG OLWWOH FRUUSODWILHRY PG Z\WKE W RH W R
ORZHVW PHDVXUHPHQWY 7KH 57' FFOMALPI) MRH) WD HKQLIMK Kl UE X'\
OLWWOH GLITHUH@GRWER®NV HRIQ® WRHWRQ 6 WUHQJIWK

S7° (7:
YLIXUH 6 FDW W H 5 WBWDHRWIW R | 366R/6 HLRQL BQ & \$ RIRQ G L W

SHDUVRQ &&RUUHODWIRQVERHIWEBHRQOWK BMNAKIQOWK P
X < = = $00

57'
(7:
$//
7DEOH &RUUHODFW LIRQY 6WQWWOH WK H DH @4 M/IXU'IDQVD6 W U




-XQH 5HY $

JLIXUH %R[ 30RW IRU 66% 6WUHQJWK 3URSHUWLHYV

$Q $129%$ DQDO\VLV ZRWWRE B JRMX HOUR KRIQUWR GGG AFRRGQ MW L1
GLIIHUHQW D[HV ZHUH VXIILFLHQWQV \ELDPLIOD VYDWR HEH F,R F/RL Q.
GRQH LQ DGGLWLR® WBOPRPS KRVUL G[EM U QT LB XD H QR VWI
VLIQLILFDQW GLIIHUHQFHYV EHWZHH /MW H \W UH QR Q\B K= L QD YWHKVH | E
FRQGLWLRQ 7KH WHRADZH\HVQ RQV W IEMHOWENGH. QI DQN @FHV IRU 211
BWUHQJIJWK LQ WKH (7: FRQGLWLRQ L7KHG:; IIRQYGS © \I [HPD \W R X60AC
WKH (7: FRQGLWLRQ 3RROLQJ DFUKRWY BADKH | R/Z RVRKRIQGRW VR (
BWUHQJWK RULJLQDO &9 RQO\ DQGSWKHQJIJWKD QR G & D [RWY080

2XWOLHU VWDWXV ZDV FKHFNHG IRK HDFRKVGH FLEE QVEH FRRPG
RI EDWFK DQG PDPKLBBIO IROQMOL\N CLVQ AWKIHH 6634 GWWIRDHER XU LG
FRQGLWLRQ DQG ILYH LQ WKH (7: PRIQWGHMW ZRQH2IRWKH HT7V RW
BWUHQJWK DQG RQH ZDV IRU 80OWLPYDWRHQGHWADHQ URMK 2R I\WKHHN (
VWUHQJWK DQG IRXU ZHUH IRU XOWL RXWI® MNURYIERWKRSUR
RXWOLHUV ZHUH QB Q\VILOH GH VRIJLWMHDAVE [W.YRIQ HRFK FRQGLW
RXWOLHUV DUH OLVWHG LQ 7DEOH

ORGLILHG &9 EDVLVY YDOXHYV DUH SURMMGKEG ZEFHULRDBIK G RK
EH DSSOLHG WR WKH 211VHW 6 W URHEM WEX @ DWRD WIKGIO&D [HM LI






























