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$ERXW FRPSDO\

7/UHDWPHQW RI ZHOOV ZLWK /LJKW 2L 0O

TUHDWPHQW RI ZHOOV ZLWK_+HDY\ DQG 9LVERXV 2LO
&HPHQW IULHQGO\ WUHDWPHQW SURYHQ LQ SUDFWLFH
3K\ WVLFDO SURSHUWLHV Rl XOWUDVRQLF H[SRVXUH
/THFKQRORJ\ DGYDOQWDJHYV

SHTXLUHPHQWY IRU VHOHEWLQJ FDOGLGDWH ZHOOV
ID\RXWV IRU $:6 DSSOLFDWLRQ

&RQILUPDWLRQ RI HIILFLHQF\ SUDFWLFDO UHVXOWYV
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7KH JURXS RI FRPSDQLHV VSHFLDOL]HV L
WHFKQRORJ\ DQG VRIWZDUH V\VWHPV IRU
GR]HQV RI SDWHQWY (QJLQHHULQJ FRPSI
5XVVLDQ DQG LQWHUQDWLRQDO H[KLELWI

//1& 39LDWHFK =5 ' PDQXIDFWXULQJ RI XO
/1& *6RQRWHFK £+ 6HUYLFHV ZLWK SHUPDQ
WHUULWRU\ RI 7DWDUVWDQ UHSXEOLF IUF
//1& ©&87 6HUYLFHV2 B6HUYLFHV RI XOWUD'
5XVVLDQ J)HGHUDWLRQ DQG ,QWHUQDWLR!
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$EUDPRY 20HJ 90DGLPLURY#FK
JRXQGHU RI $:6 WHFKQRORJ\ RQH RI ILUVW VFLHQWLVWYV LQ
WKH RLO ZHOOV FOHDQLQJ DSSOLFDWLRQ
6FLHQWLILF EDFNJURXQG

* &HQWUDO UHVHDUFK ,QVWLWXWH RI IHUURXYV PHWDO
, QVWLWXWH RI VROLG VWDWH SK\VLFV 8665 $FDGHP\
, QVWLWXWH RI *HQHUDO DQG LQRUJDQLF FKHPLVWU\
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+LV PDLQ DUHD RI UHVHDUFK WKH VWXG\ WKH LQIOXHQFH RI SRZHU XOWUDVRX
HQJLQHHULQJ FKHPLVWU\ IRU WKH LQWHQVLILFDWLRQ RI KHDW DQG PDVV WU
SURSHUWLHV RI PDWHULDOV

20HJ $EUDPRY ZzDV D PDMRU JOREDOO\ UHFRJQL]JHG H[SHUW LQ WKH ILHOG 81 L(
PRUH WKDQ VFLHQWLILF ZRUNV LQFOXGLQJ ERRNV DQG FKDSWHUV LQ ERR
6WDWHV (QJODQG *HUPDQ\ 60ORYDNLD PRUH WKDQ SDSHUV DQG UHFHKWHYHG |
KHDG RI WKH JUDGXDWH VWXGHQWY ZKR KDYH GHIHQGHG 3K' WKHVLV RI KLV V



+,6725< 2) 8/75$621,& '(9(/230(17 ,1 9,$7(&+

$EUDPRY 90DGLPLU 20HJRYLFK
/IHDG VFLHQWLVW ZKR GULYLQJ XOWUDVRQLF UHVHDUFK DOO
&R IRXQGHU DQG FR RZQHU RI JURXS RI FRPSDQLHV 9,%$7(&+ |
6FLHQWLILF EDFNJURXQG E}

* &HQWUDO UHVHDUFK ,QVWLWXWH RI IHUURXYV PHWDO

* *HUPDQ\ OD[ 3BODQFN ,QVWLWXW |l«U OHWDOOIRUVFKX
JURP , QVWLWXWH RI *HQHUDO DQG LQRUJDQLF FKHPLVWU\

+LV PDLQ DUHD RI UHVHDUFK + WKHRU\ RI XOWUDVRQLF YLEDDRWLRQWR\W KW KK
XOWUDVRXQG RQ SK\VLFR FKHPLFDO DQG WHFKQRORJLFDO SUREHRNVG \ZHOXAO >
UHILQLQJ DQG FKHPLFDO FRQYHUVLRQ WR RLO SURGXFWYV

90DGLPLU $EUDPRY LV WKH DXWKRU RI RYHU VFLHQWLILF SXEOLFDWLRQV C
8OWUDVRQLF HTXLSPHQW DQG WHFKQRORJ\ F\FOHV GHYHORSHEHKKQWHGC WG
VXFFHVVIXOO\ IXQFWLRQLQJ LQ 5XVVLD DQG PRUH WKDQ IRUHLJQ FRXQWULH
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A A A A A A A A A A A A ‘HFUHDVH WKH SHUPHDELOLW\ RI WKH QHD
. . FDXVHG E\ PDQ\ IDFWRUV ZKLFK GHSHQGYV
RI WKH URFN DQG WKH PRGH DQG WHFKQR(
LQFOXGLQJ WKH PRVW FRPPRQ FDXVHV RI
ZHOOV FDQ EH

I 0XGGLQJ RI D QHDU ZHOOERUH JRQH RI WKH

f OXGGLQJ RI D QHDU ZHOOERUH JRQH RI WKH L
ZD[LQJ VNLQ LQFUHDVH

LEIYBR B 2 B Gy I )RUPDWLRQ RI FUXVW LQ SHUIRUDWLRQ FKDQ
SHUIRUDWLRQ

+ )RUPDWLRQ URFN

+)RUHLJIQ SDUWLFOH PXG ILOWPDWHOHRGJLQJ Rl SHUIRUDWLRQ FKDQQHOV DQG S
+ +\GURFDUERQ ERXQGDU\ OD\HU RQ URRHHOM MY SRIELNLOOLQJ WKH ZHOO DQG VXEVHT)>
+ +\GURFDUERQ ERXQGDU\ oD\HU RRUBDV G LHQWLEOHW ZHHQ IRUPDWLRQ DQG WKH ZH
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+ )RUPDWLRQ URFN

ffHVWUXFWLRQ RI WKH ERXQGDU\ OD\HU FRQIL

RWKHU SDUWLFOHV LQ WKH URFN SRUHYV

fSHPRYDO RI FRQWDPLQDQWYV IURP WKH URFN

[,PSURYLQJ FRPPXQLFDWLRQ RI ZHOO I|IRUPDWI

f, PSURYLQJ ZHOO SURGXFWLYLW\ IURP WKH ILU

fBUHVHUYLQJ HIITHFW XS WR \HDUV GXULQJ FR

+ )RUHLJQ SDUWLFOH PXG ILOW
+ +\GURFDUERQ ERXQGDU\ OD\H

+ +\GURFDUERQ ERXQGDU\ OD\H

vowH Hwr DOHGXFLQJ UHVLVWDQFH RI QHDU

URQ IRUPDWLRQ SRUH

U RQ IRUHLIQ sbuwLroda URGXFWLYLW\ LOFUHDVH
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f " HVWUXFWLRQ RI WKH ERXQGDU\ OD\HU FRQILQLQJ SDUWLFOHV RI C
f HWDFKPHQW FUXVW IRUPHG E\ WKH FXPXODWLYH MHW IURP WKH UI
f5HTXLUHG WR HQVXUH ZHOO IORZLQJ GXULQJ $:6 WR FOHDQ SHUIRU!
f . PSURYLQJ FRPPXQLFDWLRQ RI ZHOO IRUPDWLRQ V\VWHP

f . PSURYLQJ ZHOO SURGXFWLYLW\ IURP WKH ILUVW KRXUV

f 3UHVHUYLQJ HIIHFW XS WR \HDUV GXULQJ FRQWLQXRXV IORZ IURP

DU\ RI SHUIRUDW
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SHUIRUDWLRQ FKDQQHO DIWHU SHUIRUDWLRQ SHUIRUDW

f$ VLIQLILFDQW LQFUHDVH RI WKH LQIORZ DUHD RI SHUIRUDWLRQ Fk
f,Q DGGLWLRQ WR WKH UHPRYDO RI WKH FUXVW WKHUH LV NHFDWDR
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F 2SHUDWLRQV RQ WKH ZHOOV ZLWK OLJK

t $:6 HTXLSPHQW FRQWDLQV VXUIDFH XOW, ="' |
DFRXVWLF ZHOO RVFLOODWRU FRQQHF W SRS

f 7KH PDLQ FRPSRQHQW RI GRZQKROH W R s ; ‘
PDJQHWRVWULFWLYH RU SLHJRFHUDPLF :ifyrorgnxamw I ©'UP HOHFV
WR PHFKDQLFDO YLEUDWLRQV LQ XOWUD :i%'teowire +

+:LUHOLQH FDEOH s

T LDPHWHU RI GRZQKROH WRRO LV RU + 7XELQJ

“FLOODWR|
WKH ZHOO WKURXJK WXELQJ SRZHU VXSBEO\ SURYLGHG WKURXJK ZL
FDEOH $GYDQWDJIHV

+LJK FRPPHUFLDO HIILFLHQF\
BURGXFWLRQ JURZWK DQG KLJKHU
4XLFN RSHUDWLRQV

(QYLURQPHQWDO HFRORJLFDO VDIHW
8QOLPLWHG LWHUDWLRQV RQ HDFK ZHQ®O
&RQWLQXRXV HIIHFW IURP WR PRQWK
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f SHGXFLQJ WKH FRVW RI RLO UHFRYHDWBBLLG GHYHORSPHQW RI WKH ZHO
f QFUHDVLQJ WKH OLIH SHULRG R HKRUWRHIQNG 0LG WHUP SURGXFWL
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f$FRXVWLF :HOO 6WLPXODWLRQ RI QHDU ZHOOERUH ]RQH
f$FRXVWLF :HOO 6WLPXODWLRQ LQ FRPELQDWLRQ ZLWK &KHPLFDO
f$FRXVWLF :HOO 6WLPXODWLRQ RQ 8QGHUEDODQFH -HW SXPS RU
f @RPELQHG WUHDWPHQW $:6 &KHPLFDO LQMHFWLRQ 8QGHUEDO

&OLHQW PD\ FKRVH DQG DGRSW W\SH RI VHUYLFHVY EDVHG RQ ILH®G
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,QFUHDVH RI GUDLQDJH DUHD DQG YHORFLW\ RI IOXLG LQIORZ
UHFRYHU\ LQFUHDVH IRU WKH ZHOOV ZLWK KHDY\ DQG YLVFRX
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f&RQWLQXRXV $:6 LV LQWHQGHG WR LQFUHDVH WKH IORZUDWH RI KH
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6RQR FDSLOODU\ HIIHFW

, | WKH OLTXLG LQ WKH FDSLOODU\ WXEH H |
RI WKH VRXUFH RI XOWUDVRXQG WKH FDS VH
GUDPDWLFDOO\ WKH KHLJKW RI WKH OLTX V F
WHQV RI WLPHV VLJQLILFDQWO\ LQFUHDVH HU
([SHULPHQWDOO\ SURYHQ WKDW WKH IOXLC \' W

UDGLDWLRQ SUHVVXUH DQG WKH FDSLOODI
XOWUDVRQLF ZDYH 7KH XOWUDVRXQG DJD
WKH OLTXLG FROXPQ DQG SLFNV LW XS

'LVFRYHUHG E\ DFDGHPLFLDQ ( * .RQRYD




3+<6,8&%$/ 3523(57,(6 2) 8/75$621,& (:32685(

"HVWUXFWLRQ R

LOWHUPROHFXODU ERGQGUV

Before AWS

After AWS

us E] o

S

S
- (]

O W

O W«

I "XULQJ $:6 HDFK PROHFXOH RI OLTXLG LV
GHSHQGHQW WHQVLRQ

VW V VIZQ

, I WKHH[SRVXUH GXUDWLRQ H[FHHGV WKH'

E e ]vider.+%Z 05 WIKSWXUH RILQWHUPROHFXODU ERQGYV

1 N75d 4
W 1SZ s 10&?

IHIHQG
V,+ EUHDNLQJ VWUHVYV IRU FXUUHQW W\SH RI L
J + FKDUDFWHULVWLF IRU FXUUHQW W\SH RI LQ

r%oz 0% v] * %WROWVPDQ FRQVWDQW

L +WHPSHUDWXUH




3+<6,8&%$/ 3523(57,(6 2) 8/75$621,& (:32685(
6800$5<

SK\VLFDO SURSHUW\ &DIYLWDWLRQ 6&&5&%#%@)

OHDQLQJ RI SHUIRUD Q &OHDQLQJ RI QHI
$SSOLFDWLRY ERDBONHOV DWESRR Lo S =

"HFUHDVH RI VNLQ
E\ EUHDNLQJ ERXC(

, WV HVSHHGOPI\HQIRGZ XG ILO\
nl W S KL FUX\JW% V LQ IRUPODNMLRRUHLIQ S

SULQFLSOH RI LPEBOE®DU\ RI SH

FKDQQHO WR WMWOKD)WDOMHDG WR HD

GUDLQDJH DUHD RIWKRHRKZBOOWLFO
IRUPDWLRQ SRU

WHPSRUDU\ WL
GXULQJ ZRUNRY
RSHUDWLRQV

Vvq_l-UJLRXVUHTXLUHPb-lFQU/VS’I—I\MH%’DQH&%\P

e FLILE G FHPHQW TXDOLW\DSSOLFDWLRQV




7(&+12/2*< $'9$17$*(6

© © © © © © © © © ©

KD /E d/KE t/d, y/~d D d,K » K& E, E
&& d/s dZ dD Ed KE t >>" t/d, >Kt E
NE K& E '"d/s && d dK Es/ZKED Ed
/', W Z&KZD E [E / dKZ K& dZ dD Ed”
D y/DhD "E Zd WKt Z hW dK ii <t
KDW d Yh/WD Ed E DK /> d D~*
hE>/D/d /d Z d/KE” KE , t >>
EK D' dK D Ed Kz ~*/E’
NdZKE' N | Ed/ &/ <'ZKhE
/', W Z&KZD E KE , sz K/>

KI/I> Z Ks Zz
e ZK &>KtZ d 7
E &KZD d/KE




&21),)0$7,21 2) ()),&,1&<




£21),50%$7,21 2) ()),&,(1&<
7JUHDWPHQWYV LQ

ORUH WKDQ ZHOOV WUHDWHG GXULQJ SHULRG IURP WLOO RQ W

f $YHUDJH RLO SURGXFWLRQ JWR2WK +ABDRP P
f 6XFFHVV UDWH

f ' XUDWLRQ RIHITHFW IURP WR PRQWK
$YHUDJH UHVXOWYV RI WUHDWPHQW IRURQHRI&OLHQWV LQ :HVWHUQ 61

/ILTXLG DQG RLO IORZUDWH KLVWRU\ &RPPHUFLDO HIIHFW EXPXODWLYH POQ

1000-, - 350 90,0
o0 o &RQWLQXRXV HIIHFW RYHU \HDlgaq
. 67,3
800 - 300 700
ol 584 =
gﬁ' ' 50,0
J
ety 190 L 568
e /—’\ 300
200 - 135 150
o 10,0
100 4 — : -16,8
0 - -~ 100
Q‘;“Qgggﬂﬂﬂg 10089 S 3330080003332 3
o 2 2o o o 2 o o c 5 E 5 & 2 8 B 5wt ¢ s T 2 g =
A R S S T L - 5§ 22853358288 5885853%§%853
§ 8§ ¥ 2 5 3 § 8 F 2
- = = = w = - = = — -30,0




£21),50%$7,21 2) ()),&,(1&<
JUHDWPHQWYV LQ

ORUH WKDQ ZHOOV WUHDWHG GXULQJ SHULRG IURP WLOO RQ W
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f$YHUDJH RLO SURGXFWLRQ JURZWK ii
f6XFFHVV UDWH

f'"XUDWLRQ RIHITHFW IURP WR PRQWK

$W WKH VDPH WLPH ZHOOV ZHUH QRW H[ WR WKH

GDPDJH E\ DFLGL]LQJ DQG PXOWLSOH SH LRQ WKB
KHOSHG WR SUHVHUYH WKH RULJLQDO ER H FRQ G
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WUHDWPHQW DQG WKH DEVHQFH RI QHIDWLYH HIIHFWY LY . .
FHUWDLQO\D XQLTXH IHDWXUH RI WKH WHFKQRORJ\
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SURGXFWLRQ KLVWRU\ RI ZHOO DFWXDO QXPEHWUHDMWPMHIQ B/H

29,7

N
(%))
Treatment 05.10.11

18,8

n’/d; Qg ton/d;

20,7 20,5 20
19,3
183 ahe 179 pm 175 B2 435 175
167 16,5 - ' ' 15,6
=l I i1 0=

GD\V LQ RSHUDWLRQVY DYHUDJH LQFUHDVH RQ RLO UDWH WRQ GD\ SURG:
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SURGXFWLRQ KLVWRU\ RI ZHOO DFWXDO QXPEHWUHDMWPMHIQ B/H

VW UHDWPHQW GD\V LQ RSHUDWLRQV DYHUD JHWQHDVDPHORQ RLGIMNYWEY RMHRPWDRQV DYHUDJH LQ
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SURGXFWLRQ KLVWRU\ RI ZHOO DFWXDO QXPEHWUHDMWPMHIQ B/H

GD\V LQ RSHUDWLRQVY DYHUDJH LQFUHDVH RQ RLO UDWH WRQ GD\ IURP
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SURGXFWLRQ KLVWRU\ RI ZHOO DFWXDO QXPEHWUHDMWPMHIQ B/H

GD\V LQ RSHUDWLRQVY DYHUDJH LQFUHDVH RQ RLO UDWH WRQ GD\
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SURGXFWLRQ KLVWRU\ RI ZHOO DFWXDO QXPEHWUHDMWPMHIQ B/H

GD\V LQ RSHUDWLRQVY DYHUDJH LQFUHDVH RQ RLO UDWH WRQ GD\




£21),50%$7,21 2) ()),&,(1&<

SURGXFWLRQ KLVWRU\ RI ZHOO DFWXDO QXPEHUWUHNWHRHKQ MG H (

GD\V LQ RSHUDWLRQVY DYHUDJH LQFUHDVH RQ RLO UDWH WRQ GD\
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fF&ERQWLQXRXV $:6 KDV EHHQ WHVWHG DW ORZ SURGXFLQJ ZHOOV RI *L
JRUPDWLRQ 86$LQ

f7KLV ILHOG ZDV VHOHFWHG IRU SLORW WHVWYV EHFDXVH UHSUHVHQW !
UHFRYHU RLO GHSRVLWYV
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f6& ©L:L?708 5HSXEOLF RI7DWDUVWDQ 5XVVLIIHFRHGHWDWORRHWWHU

TUHDWPHQW RI ZHOOV RI '"HPNLQVNRHILHOG LQ
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7ULDO MRE SURYHG WHFKQRORJ\ HIILFLHQF\ LQ W
2Q :HOO HTXLSPHQW ZDV UHPRYHG DIWHU WKH
2Q :HOO HTXLSPHQW NHSW LQ WKH ZHOO IRU W

SURMHFW RNQYQ/IRALROM VHOHFWLRQ RI ZHOOV IRU VW
DFRXVWLF RVFLOODWRU LQ

=719

KH IRUPDWLRQ FRQGLWL

WUHDWPHQW
KH FROQWLQXRXV PRQLWHF
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SHFRJQLWLRQ OHWWHU

7THFKQRORJ\ ZHQW WKURXJK DOO OHYHOV RI

ILHOG WULDOV IURP XQWLO DQG ZDV
DGGHG WR WKH OLVW RI SULRULW\ WHFKQRORJLHYV
WR GHSOR\PHQW LQ 71. %3 E\ +4

ODQDJHPHQW

JURP WHFKQRORJ\ IXOO\
FRPPHUFLDOL]JHG LQ 5XVVLDQ )HGHUDWLRQ
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