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(JBQLYHUVLW\ )DFXOW\ RI $JULFXOWXUH 'HS RI $JULFXOWXUDO 6WUX|
(JH 8QLYHUVLW\ )DFXOW\ RI $JULFXOWXUH 'HS RI $QLPDO 6FLHQFH ,]F
(JBMQLYHUVLW\ )DFXOW\ RI $JULFXOWXUH 'HS RI $JULFXOWXUDO (QJLQHH
&RQWDFWJGHS@DIYOMI VLW\ )DFXOW\ Rl $JULFXOWXUH 'HS RI $JULFXOWXUDO 6WUX
%RUQRYD ,]JPLPDEROUEBWIHKGHOMH JH

$57&/(,1)2 $%675$&7
SUWLFOH KLVWRU\ BROOXWLRQ FDXVHG E\ LQGXVWULDO SRXOWU\ SURGXFWLF
5HFHLYHEX DU\ DORQJ ZLWK WKH SRSXODWRROWIJURZRIKWDQWR Q) R1 WKH
5HFHLYHG LQ WKH UHYLVHBRRWPHQWDO SUREOHPV IRU GHYHCG®IMWGE M QG GHYHORSLQ
0DUFK ODUQ\WKH FRXQWULIQV ZRLWKH ZRUTHD GSRXOWU\ IDUPLQJ
$FFHSOWHZFK VXFK DV 7XUNH\ VKDUH RI SRXOWU\ PDQXUH LQ DQLPDO Z
GD\ E\ GD\ 'XH WB QG FKDRIM¥QWHULVWLFY SUREOHPV SRV}
H\ZRUGYV SRXOWU\ ZDVWH DUH DPRQJ WKH SURERULW\ LVVXHV $FFF
FKLENHQ PDQXUH WDLQHG LWKHUH ZHUH OD\LQJ KHQV DQG
EE’Q’B’VDHVPDQDJHPHQW EURLOHUV LQ 7XUNH\ DQG WKH HVWLPDWHG DQQXDO SUR
HOHUJ\ QXUH H[FHHIGRIG WRQPYO7KHUHIRUH GKQYHORSPHQW RI ZDV!

DJHPHQW V\VWHPV LQ RUGHU WR UHGXFH WKH HQYLURQ
EHFRPH H[WUHPHO\ LPSRUWDQW IRU SRXOWU\ LQGXVWU\
FDXVHV HQYLURQPHQWDO SUREOHPV EXW DOVR KDV D VI
SRWHQW XDR WSIONMUKR DASH FIRKDWHWKRGV IRU WKH HYDOX
WLRQ RI FKLFNHQ PDQXUH HYDOXDWLRQ DV IHUWLOL]HU
FRPPRQ SUDFWLFH DFURVV WKH JOREH $OVR XVLQJ ELRJ
ZDVWH IRU WKH SURGXFWLRQ RI HQHUJ\ LV RQH RI WKH |
(YDOXDWLRQ RI EURLOHU PDQXUH DV IHUWLOL]HU LQ DJUL
KHDWLQJ DUH VRPH RI WKH FRPPRQ PHWKRGV XVHG LQ
UHFHQW \HDUV LQWHUHVW LQ PRGHUQ PHWKRGV VXFK DV
DQG FRQYHUWLQJ ELRJDV L QWUWRHBIQHFW U,IQOF MOKLHQHUJ\ LV
VWXG\ ZLGHO\ XVHG DSSOLFDWLRQV IRU WKH HYDOXDWLR
7XUNH\ DQHOBSPHQW VWXGLHV RI WKHVH PHWKRGV KDYH E
H[WHQVLYHO\

 QWURGXFWLRQ

,QGXVWULDO SRXOWU\ SURGXHWY D@ G QG HXBINHR\S VWG DWDNEH G @ \QZ L
WKH PRGHUQ LOWHJIJUWWHG/ IDOL WIKWL BYD VDAWEHHKDGEHY WKH LQG)
DFKLHYHG TXDOLW\ VWDQGDUGY DW D FRPSHWDWWHOOHYHO ZLV

%URLOHU PHDW SURGXFWLRQ LQ 7XUNH\ VKRZHG KLJK JUR?Z

DQG UHV SHIFW ZRYORBRG E\ DQ LQFUHDVH RI OHVV WKDQ
LW H[FHHGHG PLOOLRQ WRQV IRU SIONVRVIKBE WD OVKHUH ZHU
R SURGXFWLRQ XQLWYV DW GLITHUHQW HQWHUSULVHV 7]
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WKHVH IDFLOLWLHV Z®NU ,Q<XWRWDO RYHU PLOOLRQ FK
SURGXFHG HDFK \HDU $V D UHREOW SRXIOWHDWSA\RTMNHHA D@ ® DO
RI WKH PRVW LPSRUWDQW H[SRUWHUV [IRW KHKIH NERURXDGLQJ PI
FRXQWULHV 86'$

3RXOWU\ PDQXUH LV SURGXFHG GXULQJ WZR PDLQ RSHUDWLRQ
ORVW RI MOKHUERSHUDWLRQV UHVXOW LQ WKH SURGXFWLRQ RI VI
UHIHUUHG WR DV SRXOWU\ OLWWHU RU EURLOHU OLWWHU 7KH S|
FDJH OD\HU PDQXUH LV WKDW WKH EURLOHLUW RD QXWMWLHU ALV X W F
D PL[WXUH RI PDQXUH EHGGLQJ PDWHULDO ZDVWHG IHHG DQG
XVHG WR DEVRUE OLTXLG IUDFWLRQV RI H[FUHWD (GZDUGV DQC
PDWHULDO GHSHQGV RQ ORFDOLW\ DXEXWWSLERBDW LNQFOXDE HV
SHDQXW KXOOV ULFH KXOOV DQG UHF\FOHG SDSHU SURGXFWV
LQ D PDQXUH FRQWDLQLQJ PL[WXUH WKDW LV HDVLHU WR KDQG(
IHZHU SUREOHPV ZLWK RGRUSRQKE PRYNKEW RPEWU RDQ & KBHU P X G

3RXOWU\ SURGXFWLRQ VSHQW D VLJQLILFDQW VWUXFWXUDO H
DFRQWUDFW PDQXIDFWXULQJ PRGHO DQG WKH LQFUHDVH LQ WKF
KDEHHQ WKH ELJJHVWKSDQUPRBDWSKHRGXBWLRQ %XW WKLV UDSLG
MEO\ UHVXOWHG LQ YDULRXV HQYLURQPHQWDO SUREOHPV $00
PDQDJHG WR PLQLPL]H HQYLURQPHQWDO KD]DUGWVRXUFHG IURP
O\ HYDOXDWLRQPRRQWWKHH LF\K IRRNHH @1 WRS SULRULW\ LVVXHV IRU -
VHFWRU 7KH ZDVWH SURGXFHG IURP FRQFHQWUDWHG SRXOWU\
IRMMUHDWPHQW DQG GLVSRVDO $ YHU\ URXJK HWWLPDWH RI WK}
GXFHG LQ 7XWNHROWHIDSSU PLOOLRQ WRQV PLOOLRQ WRQV
EURLOHU SURGXFWLRQ PLOOLRQ IURP HJJ SURGXFWLRQ HYH

'XULQJ KDQGOLQJ DQG VWRUDDHARRIVYBE UG ESRK QWWURDIXUH C
IURP DPPRQLD YRODWLRR®WLRQ %BEDRNAHXBI WKFH SKRVSKRUXV
WLRQ LV UHDGLO\ WUDQVSRUWHG LQ UXQRIlI ZDWHU GXULQJ LQW
ILHOGV UHFHLYLQJ SRXOWU\ OLWWHU FDQ RFFXU 7KH FKHPLFD
LPSRUWDQW LMUWGDWHEW EBDUWLQJYV RQ WKH HQYLURQPHQWDO H
DV ZHOO DV WKH VSHFLILF DSSOLFDWLRQV RI SRROWU\ PDQXUH
URQXWULHQWY H[FHVVLYH ODQG DSSOLFDWLRQV FDQ OHDG WR
FRPORQWYV RI SRXOWU\ PDQXUH FDXVH LW WR SURGXFH YDULRX)\
RGRUV 6DPHU $OVR EHFDXVH RI LWV FKHPLVWU\ SRXOWU\
FDQ EH D YHU\ XVHIXO LQH[SHQVLYH IHHGMWXRRQHRBIDQKLRDOV $¢
EHVW RUJDQLF IHUWLO HJ[fF6 VWRXWF BB SEDMADEMLERDE FDXVH HQYLU
PHQWDO SUREOHPV $OWDQ HW DO

3RXOWU\ PDQXUH LV XVXDOO\ DSSOLHG LQ WKH LPPHGLDWH
ZKHUH WKH SRXOWUH FRQUEBNQMRIDWHG 7KHUH DUH VHYHUDO ZD
PDQXUH FDQ EH FROOHFWHG DQG SURFHVVHG 6HYHUDO IDFWRU)\
DQLPDO W\SH HWF ZLOO GHWHUPLQH ZKDW W\SH RI VIVWHP LV X
W VKRRO®® G WKDW LQ PDQ\ LQVWDQFHV WKH VWURQJHVW LQI
XVHG KDV WKH HFRQRPLFV RI WKH V\VWHP (DFK V\VWHP KDV LWV
FRQVLGHUDWLRQ PXVW EH XVHG LQ RUGHU WR VBIWHFW D V\VWH
XVH RI WKH IDFWRUV LQ ZKLFK LW ZLOO EH RSHUDWHG 7KLV V
DERXW WKH XVDJH RSWLRQV RI FKLFNHQ PDQXUH LQ 7XUNH\ 7K
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GLVSRVDO RSWLRQV DV ZHOO DV VSHHGLQJSIWNRE H\QAL@QIHUDWLRC
SRXOWU\ PDQXUH ZHUH YLHZHG XQGHU PDLQ KHDGLQJV EHORZ

7TKHBRM FKLFNHQ PDQXUH DV D IHUWLOL]JHU

,W KDV EHHQ UHFRJQL]JHG WKDW SRXOWU\ PDQXUH DQG OLWWF
PDLQO\1 3 DQG SRWDVVLXP . UDPEOMWH [BOVR GIRQVRL QSR k D WF
PDIJQHVLXP VXOIXU DQG RWKHU PLF2RQXMLULIHQGWYD@HHGHG IRU
D OD\HU V\VWHP D W\SLFDO OD\LQJ KHQ ZLOO FRQVXPH IHHG ZK
GXFLQJ DSSUR[LPDWHO\ HJJV LQ D \HDU ,Q D EURLOHU V\VWHI
FRQVXPH NJ 1 SHU \HDU RI ZKLFK NJ 1 LV HIFUHWHG DQG
ERG\ WLYWKHYDGHTXDWH DSSOLFDWLRQ UDWWHNOXDH®PHD Q PDQXUH
VRXUFH DV D VRLO IHUWLOL]JHU DV LW SURYLGHV D KLJK FRQWH(
JURZWK DQG UHEBRWWHA®YLD PRZHQWDOO\ IULHQGO\ DOWHUQDWL

7TDEOH

&KHPLFDO FRPSRVLWLRQ RI SRXOWU\ OLWWHU
ODFURQXWULHQWN\ J OLFURQXWULHOQWV] J
ILWURJHQ 1 &RSSHU &X
3KRVSKRUXV 3 ,URQ )H
SRWDVVLXP . ODQJDQHVH 0Q
&DOFLXP &D =LQF =Q
ODJQHVLXP 03J 6RGLXP 1D

6X0OIXU 6 /IHDG 3E

20LYHLUD HW DO

(YHQ ZLWK LWV EHQHILFLDO HIIHFWV RQ SODQW JURZWK KR:
D VPDOO SHUFHQWDJH RI WKH QXWULHQWY DSSOLHG WR FURSOD
OL]HU 2Q WKH RWKHU KWRG SRIREOHOVLRIREPPHWOHQW FRQFHUQ D
KLIJK SURGXFWLRQ DQG ORFDO DFFXPXODWLRQV RI RUJDQLF ZDV
GHJUDGDWLRQ SURFHVVHV LQKHUHQW LQ QDWXUH 7KH SULPDU\
GDQJHUV WR RYRIUSBSSOLFDML@RUH (& R LWHO®NHY 'LUHFWLYH FD
RUJDQLF PDQXUH DSSOLFDWLRQV WR ODQG DW NJ RUJDQLF 1 |
DERYH WKLV OLPLW DQG LW LV HVWLPDWHG WKDW PRUH WKDQ
RII WKH KIRPRH SRWHQWLDOO\ DGYHUVH HIIHFWVQRI VXFK LQGLVI
FOXGH DQ H[FHVVLYH LQSXW RI KDUPIXO W WIRHBHD\DHG/ LQRUJEL
QXWULHQW ORVV PDLQO\ QLWURJHQ DQG SKRV®IGRUXV IURP VF
UXQRDIXVHG E\ D ODFN RI FRQVLGHUDWLRQ RI WKW QXWULHQW UF
HRXV HPLVVLRQV RI RGRU% KDBPRQHDQO4BBKIHBHWR[LF JDVHV ,Q
IDFW WKH DJULFXOWXUDO FRQWULEXWDR®XQRE WRWD.WKUHHQKF
OLYHVWRFN SOD\LQJ D NH\ UROH WKURXJK PHWKDQH HPLVVLRC
WKURXJK PDQXUH SURGXFWLRQ ORUH VSHFLILFDOO\ DURXQG
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12 DQG R1 DQWKUHRBIRIJHIARFVIFRPH IURP WKHFERUOGZLGH DQL
WLRQ VHFWRU

0DQ\ SRXOWU\ EUHHGHUYVY KDYH PDQDJHG WKLV PDQXUH E\ VSUI
WUHDWPHQW WUDGLWLRQDOO\ 8QGRXEWHGO\ VSUHDGLQJ ZDVW
HVW RSWISRYDRURGIFKLFNHQ PDQXUH DQG WKLV PHWKRG KDV E}
D ORQJ WLPH LQ 7XUNH\ DV ZHOO &RPELQDWLRQ RI LQGXVWULEL
DPRXQW RI PDQXUH VSUHDG ILHOGY UHVXOWHG LQ PRUH PDQXU
PLOQOHWIRYMHG LQWR WKH VWUHDPV RU JURXQG ZDWHUV ©6XUIDFH
DFFXPXODWLRQ RI WKH WUDFH HOHPHQWY SUREOHPV ZLWK RGF
DVVRFLDWHBSBIONKIRWHRIQ $OWDQ DQG %D\UDNWDU

SRXOWU\ oumWaHRLEB® U\ PDWWHU '0 FRQWHQW EXW LV 3 ULF
LQDWHYV IURP LPSRUWHG FHUHDOV LW FRQWULEXWHY WR WKH 3
OHDFKLQJ LQWR WKH JURXQGZDWHU QRQSRLQW VRXUFH 3 UXQ
UHOHDVH HQLFD WIKFRUIRRUJDQLVPV DUH WKUHH RI WKH PDLQ SURI
LPSURSHU PDQDJHPHQW RI WKLV UHVRXUFH $Q DRQDO\VLV RI WKF
UXV DQG SRWDVVLXP VKRXOG EH XVHG DV WKH EDVLV IRU WKH D¢
WHKGLOXWLRQ RI WKH PDQXUH ZLWK OLWWHU PHDQV WKDW VXEV)
WK S @WUIWMGWHU FDQ EH XVHG WKDQ WKRVH SUHYLRXVO\ VXJIJHVWE

&RPSRVWHG FKLFNHQ PDQXUH FDQ EH XVHG@ DY ZHBOWLOL]JHU Z
DQG LW SURYLGHV JRRG UHVXOWYVY LQ VRLOV VXIIHULQJ IURP C
DPHQGPHQWY %D\UDNWDU DQG $OWDQ (YHQ WKRXJK FRPS
UHFRJQL]HG DV DQ DOWHUQDWLYH PHWKRG WRHHSRREWWH FKLFI
LOQOWHJUDWLRQV KDV SURGXFHG PRUH PDQXUH LQ ODVW \HDUV $
QXPEHU RI FRPSRVWHG FKLFNHQ PDQXUH SURGXFHUV LQ WKH QH

TKHBRM FKLFNHQ PDQXUH DV D IHHG IRU UXPLQDQWYV

5XPLQDQWY KDYH DVXQWHPHWKLDIWVNLORZY WKHP WR XVH ZDVWH
RI B\VURGXFWV DV VRXUFHV RI G LHMGELO I QLQMXIVHQUN VK DAK HE HFHDQV &/}
ODUJHO\ RQ WKHREXHAWM BQG RWKHU PDWHULDOVY WKDW FDQ EH
QDQWV RULIDWR WAK\H WUXPHQ KDYH WKXRWX®WUTKH BEG COLQMG RWKHU
IRUPV RSUWRMHLQ QLWURJHQ 131 FRQWDLQHG LQ WKH ZDVWH WR
ZKLFK LV VXEVHTXHQWO\ GLJHVWHG LQ WKH ORZHU JXW IRU XVH
FUREHGHXAMRGH FHOOXO RV DE HEDG QU LIROQW)OMIKE ® VL. Q WKH ZDVWF
WKHSERGXFWV WKDW FDQ EH XVHG DV D FDWWOM IHHG ZDV FKLF
WXUH RQ WKLV LVVXH LV YDVW WKHUH LV QR UBSRUMW RQ XVLQJ
LQ 7XUNH\ $W WKH VDPH WLPH XVLQJ SRXOWU\ ZDVWH LQ IHHG L
WKH UHJXODWLRQV RI WKH OLQLVWU\ Rl )RRG $JULFXOWXUH DQG
7KH XVH Rl SRXOWU\ ZDVWH DV D IHHG DGGLWLYH IRU UXPLQD
DQ 'UXJ $GPLQLVWUDWLRQ )'$ HVWLPDWHV WKDW IDUPHUV IHHC
SRXOWU\ OLWWHU WR WKHLU FDWWOH DQQXDOO\ LQ WKH 86$% +F
VXFK SUDFWLFH KDYH EHFRPH PRUH DSSDUHQVELMHEG WROHVH SUD
VRPH FRXQWULHV $OVR XVLQJ WKH FKLFNHQ PDQXUH DV D IHHG
FRZV EHFRPLQJ LQIHFWHG ZLWK ERYLQH VSRQJLWMRUP HQFHSKDO
HDVH $OWKRXJK LW LV UDUH SHRSOHD ¥B E\FRQRWUQF R HD WD WIRP |
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FRZV ZLWK %6( $QLPDO :HOIDUH $SSURYHG $:$ LVWDQGDUGYV SL
PDOV ZLWK SURFHVVHG LQGXVWULDO FKLFNHQ ZDVWH RU DQ\ F
SURGXFWYVY 6WDWHPHQW $OVR I RA GWRIDOMMHY HED AW Q FRQWI
ULD ZKLFK FDWWOH FDQ WUDQVPLW WR KXPDQV VXFK DV FDPS\O
ZHOO DV YHWHULQDU\ GUXJ UHVLGXHV RU PRXOGV DQG \HDVWYV

TKHBRM FKLFNHQ PDQXUH DV D IXHO

$OWKRXJK VRPH RI SRZHU SODQW O LRBMHDWE NG B.SODUJH VF
HUDWLRQ RI SRXOWU\ ZDVWH LV QRW FRPPRQ SU®FWLFH LQ 7XUlI
HUV DW (JH DQG ODUPDUD UHJLRQ RI 7XUNH\ KDV XVHG EURLOHU
V W RIRKIWIDQ% H F D XWKHH RW L Q\ S D U W V. Al QVERMW B OHBEDRWX DHIXHO P D Q X L
EXUQLQJ LV QRW PHQWLRQHG DV DQ DOWHUQDWLYH PHWKRG IR

Rl WKH HOHFWULF HQHUJ\ FRPHV IURP WKHUPDO UHDFWRUV |,
EH XVHG BV QDWDOKMV IXHO VRXUFH IRU WKHVH UHDFWRUV VLJQLII
FDQ EH EXUQHG

%URLOHU SURGXFWLRQ UHTXLUHV HQHUJ\ IRU KHDWLQJ KRXVF
+HDW HQHUJ\ REWDLQHG LQ WKH EXUQLQJ I URKFHVVYHRA IRVVLO I
KRXVH JDV *+* HPLVVLRQV ,QFLQHUDWLRQ RI SRBXOWU\ OLWWH!
WLRQHKMHIFHQW WLPHV /LWWHU XQOLNH PDQXUH LV DQ H[FHOOH
RI EHGGLQJ PDWHULDO ,WV KHDW BRGWHKQNU KM K HJRHQ GWK DW VI
JRRG FRPEXVWLRQ 3RXOWU\ OLWWHU KDV DQ DSSUR[LPDWH %]

SHU NJ GHSMIOHRBLQWXROH FRQWHQW ZKLOH FRDO KDV DQ DYH
+ SHU NJ 7\SLFDO SPRQWWXOHWWREWHKPW BRI DURXQG

WKLV UHDVRQ DGGLQJ PRUH ZRRG FKLSV LQWR WKH SRXOWU\ O
HQHUJ\ LV VXJIJHVWHG $ FRPELQDWLRQ RI ZRRG FKLSV DQG
RPPHQGHG )URP -XO\ UD @OF BRKXO WKHIDIUERHOO EH DOORZHG
EXVW SRXOWDUY R MWRWHUHBRHEHRPIDVY LV QR 3JUHHQ HQHUJ\" SF
ZDVWH LV QRW D FOHDQ IXHO

&RPEXVWLRQ WHFKQRORJ\ LV WKH FRQWUROOHG FRPEXVWLRQ
WR SURGXFHKMWK LQ WXUQ SURGXFHV SRZHU WKWRXJK VWHDP W.
ILFDWLRQ UHSUHVHQW UHILQHG WKHUPDO WUHDWPHQW PHWKRG!
FKDUDFWHUL]HG E\ WKH WUDQVIRUPDWLRQ Rl WKMWAZDNWH LQWR
FRPEXVWLRQ LQ IRU H[DPSOH D ERLOHU RU D JDV HQJLQH )LJIXL

%LRPDVV S\URO\VLV KDV EHHQ JDUQHULQJ PXFK DWWHQWLRQ
JRRG HQYLURQPHQWDO SHUIRUPDQFH FKDUDFWHULVWLFV ,W D¢
SURFHVDYUQLARXIOWXUDO UHVLGXHV OLWWHU RU FKLFNHQ PDQXUH
DO ,Q DGGLWLRQ ELRFKDU VHTXHVWUDWLRQ FRXOG PDNH
HPLVVLRQV ZRUOGZLGH DQG DFW DV D PDMRU WBREDXWW LQ WKH JC
FOHDQ DQG VLPSOH SURGXFWLRQ WHFKQRORJ\
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JLIXUH 7TKH SULQFLSDO PHWKRGV RI WKHUPRFKHPLFDO FRQYHU

TKHBRM FKLFNHQ PDQXUH LQ ELRJDV SURGXFWLRQ

ODQXUH LV WKH ODUJHVW DQG FKHDSHVW UHVRXUFH IRU ELRJD
WLRQ SURFHVV KDV DQ HQYLURQPHQWDO DGYDQR/DJH FRPSDUHG
JDV WHFKQRORJ\ LV RQH Rl WKH PRVW HQYLURQRHQWDOO\ IULH(
PDVV E\ WKH DQDHURELF IHUPHQWDWLRQ SURRKHBW DYGW LV XVI
SRZHU HQHUJ\ SURGXFWLRQ DV WKH ELRJDV FRQWDLQV QR DVKH

%LRJDV LV D SRWHQWLDOO\ LPSRUWDQW HQHUJ\ VRXUFH WKD\
KHDW HOHFWULFLW\ DQG IXHO ,W FDQ EH SURGXFHG DW ZDVWH
DQRBWKHU LQGXVWULDO RSHUDWLRQV WKURXJKRXW WKH ZRUOG
LQ DJULFXOWXUDO RSHUDWLRQV ZKHUH DQLPDO ZDVWH LV RIWHC
ZLWKRXW FRQYHUVLRQ WR HQHUJ\

&RQWUROOHG FRPEXVWLRQWM YR LS\R X Bl O 0S ODADARRA RQKH FDUERQ
PDVV WR FDUERQ GVRIH®HK DN BRNVWURQJHU JUHHQKRXVH JDV W
VKLIWL@QIPIEWLRQE\WR@2ZHUWLQJ ELRPDVV UHVLGXHV WR HQHUJ
GXFHV WKH JUHHQKRXVHWAKH P HFIFORVEG HRMWLERD REQDHURELF WU
PDQXUH UHGXFHV HPLVVLRQV RI PHWKDQH DQG RWKHU KDUPIXO
JUHDW H[WHQW $OVR LW DSSHDUV WR RIITHU VROXWLRQ WR WKH
VKRUWDJH %XW &YHVHUP H@WY AL@P® ARQVLGHUDIEO\ PDQDJHPHQ
TXLUHPHQWY UHGXFH WKH SUDFWLFDOLW)\ RI WKLY PHWKRG 2W|
PDQDJHPHQW UHTXLUHG GXH WR WKH VHQVLWLYLW\ RI WKH GL.
UHTXLUHG IRU HMKKH SPHQYWVKOOME WKH ZDVWHV VWLOO PXVW EH GL

$FFRUGLQJ WR WKH ODVW DJULFXOWXUDO FHQYXV LQ 7XUNH\
FXOWXUDO HQWHUSULVHY DQG DSSUR[LPDWHO\ P RI WKHVH HQW
LQJ RI WRWDO DQLPDO LV FDWWOH RI WRWDO DQL!

LV SRXOWU\ 7KH DPRXQW RI ZHW ZDVWH RI WKHVH DQLF
7KHVH ZDVWHV FRXOG EH D PDMRU SUREOHP IRU7THBWHUSULVHYV I
EHVW ZD\ WR XWLOL]H ZDVWH LV WR SURGXFH ELRJDV ,Q WKLV
REWDLQHG IURP DQLPDO ZDVWH ZDV FDOFXODWHG IRU DOO SUR®
VWRFN DQLPDOV DQG DOVR FRQVLGHUG®@J P DWMRKY FQGWHADLD V)
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DELOLW\ $QLPDO RULJLQ ZDVWH PDS RI 7XUNH\ ZDV DOVR SURGX
JLIXUH 7KH ELRJDV HQHUJ\ SRWHQWLDCERKVXQNMAKIZDYV IRXQC
DQLPDO QXPEHU LQ WKH ODVWHLRJIDARXSGRWH D W LHH® VX VR IIKH. Q\CRA

FDWWOH VPDOO UXPLQDQW DQG SRXOWU\ 7KH ELRJDV S
IURP WKH QXPEHU RI FKLFNARHLFLRJDIPVYL GHQHRWI\WPIURP SRXOWU\
HTXLYDOHQFH RI 7XUNH\ LVOL.RSU R[LACHVOHWKH FKRERHQ ZDVWH P
7TXUNH\ LV H[DPLQHG SURYLQFHV WK DB\ RIMWH SFRRRAVHHQ WKDQ@ DUPRL
IRXQG WR EH %ROX %DOLNHVLU 6DNDU\D 0DQLVD $I\RQ .RQ\L
%XUVD $YFLRJOX HW DO

7TKH FDORXIQBWBG BELRIJDV SRWHQWLDO IURP DQLPDO PDQXUHV |
LQFOXGLQJ IURP ODUJH DQLPDOYV VPDOO DQLPDOV

$YFLRJOX HW DO

JLIXUH $PRXQW RI FKLFNHQ PDQXUH DFFRUGLQJ WR WKH SURYL

7DEOH
%LRJIJDV (QHUJ\ 3BRWHQWLDO RI 7XUNH\
7RWDO DPRVWPERWERW RI| DY BYDDRODHE O H
$QLPDO IXPEHU Rl 5 hoxuH ELRJIJDV ELRJIDV
NLQG DQLPDOV W \HDU P\HDU
/DUJH DQLPDOV
6PDOO DQLPDOV
3RXOWU\
7RWDO
'"HPLUHO HW DO
$W WKH EHJLQQLQJ RI WKH V. WKHUH DUH PDQ\ ELRJDV SOI
WKHPUHXFFHVVIXOO\ LQ 7XUNH\ 7DEOH $W WKH PRPHQW S

HQHUJ\ I[URP ODQGILOO JDV ZLWK OLFHQVH H[LVW ,Q DGGLWLR
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@CFHQVH IRU HOHFWULFLW\ SURGXFWLRQ ZLWK D WRWDO SURGXF
WKHBODQWY DUH RSHUDWLQJ QRZ ZLWK D WRWDO SURGXFWLRQ

7TDEOH
&RPSDQLHV ZKLFK REWDLQHG D ELRPDVYVY EDVHG RQ ELRJDV
&RPSDQ\ 1DPH /I;{:SHH /RFDWLRQQVVE)/_DOOF
&DUJLO $XWR 3L % X
<HQL § $XWR 3L  $GC
*$6., (Q $XWR 3L *D]LD
(6(6 (VNI $XWR 3L (VNL"
.RQEHOW *HQHU .RQ
OHUVLQ OH\ *HQHU OHU
6DPVXQ *HQHU 6DP)
SDPXNRYD 5HQH *HQHU 6DNI
,=8$<'$ *HQHU .RFLC
6LIJPD (C *HQHU $PD\
'"HULQ *HQHU $QN
+HU ( *HQHU .D\V
<D]JDQ

&RQFOXVLRQV

'KHQ SURSHUO\ PDQDJIHRYERXOWILQ 6[MHOIOBQW VRXUFH RI SO
DQG RUJDQLF PDWWHU IRU DSSOLFDWLRQ WR ILHOG DQG FURSOL
DOO WKH HVVHQWLDO QXWULHQWY UHTXLUHG IRU FURS SURGXFW
DQG D VRO RXBOLHQWY KDV EHHQ UHFRJQL]JHG IRU FHQWXUL
HQYLURQPHQWDO LPSDFW RI SRXOWU\ PDQXUH SURGXFWLRQ DV
(DFK VA\VWHP RI FROOHFWLRQ KDQGOLQJ DQG SURFHVVLQJ KDV |
WLRGVKHWZHHQ JRRG ZDVWH PDQDJHPHQW DQG VXVWDLQDEOH S
ZHOO DQDO\]HG 3URSHUO\ PDQDJHG PDQXUH DSS8OLFDWLRQV LP
HQWV WR FURSY DQG PLQLPL]H WKH ZDWHU SRIRXWLRQ 2QH RI
EESUREBVERXOWU\ PDQXUH LV E\ FRPSRVWLQJ LW &RPSRVWLQJ
ELF SURFHVV LQ ZKLFK RUJDQLF PDWWHU LV GHJUDGHG E\ EIL
D UHODWLYHODVMD POW KXPX®

7XUNHNKNROFWSEPEOH WHR. BURGXFRP SRXOWU\ ZDVWH ,Q WKL\
WKH QHZ REMHFWLYH IRU WKH QHDU IXWXUH FDQ EH LQFUHDVLG
VRXUFHV IURP ELRPDVV WR PLQLPL]H GHWULPHQRVDO HIIHFWV RI
JDV IURP GLIITHUHQWRWMWWHW RIHBWRRB\SWRUWXQLWLHY WR UHGXFE
SRXOWU\ ZDVWH DQG WKHUHIRUH WR SURWHFW WKH HQYLURQPHC

6OXUU\ RQ WKH EDVH RI SRXOWU\ PDQXUH PDQDJHPHQW FDQ E
$QDHURELF ODJRRQV DUH FUHDWHGKIN®RRWQYRIP XQXGCHW\Q K B WK
WKH DQLPDO KRXVHV DQG WKHQ SLSHG LQWR WKH ODJRRQ 9HL



(YDOXDWLRQ SRVVLELOLWLHV

DOWHUQDWRYE REWHERESDOWHDBANDOO\ XVHG IRU DQLPDO PDQXL
HW DO

S8OWLPDWHO\ DOWHUQDVRUYH VP BAMWKRGKHDR X WPHRKRAGHUVWDQ
SRUWDQFH RI VWDELOL]DWLRQ RI RUJDQLF PDWWHU DQG PLQLPI
XVH RI DQLPDDQPRQXDGLF DPHQGPHQW

SHIHUHQFHYV

$OWD®@DSUDNWDU 7BYXNFXOXN ,VOHWRIQBULRQIHD ONOARMYHYGH OHUNH]L

YH <HUHO <RQHWLPOHUFH (VDV $OLQPDVL *HUHNH® @BHMNIQLN 20FXW O H
(\0OXO $\GLQ

$OWD®@ DSUDNWHRL UHFLRJIOX 79DYXNRXHONUNMH sOLVNLOHBDXYDWDQFLOLN
.RQBWL (\OXO g]PLU

$QLPDO3WRGXFWY B6WDWRPWQWQHGKWWRP DQLPDOZHOIDUHDSSURYHG RL
FRQWHQW XSO RMGEGR B RGXWWDWYHPSHQW

$YFLRJOX&REOD N7 X&JNHU 8 & R IXENNHHO VD DW H RALRFWQDO R
7HNLUGDJ $JULFXOWXUDO )DFXOW\

% D\UDNWDWDQ $ 7DY2O@DULQ .RPSRVW <RQWHPLBOKVBOHUOHQGLUL
=RRWHNQL %LOLP (RO HWKUVD

'"HPLUHO % 2QD\ 7 7 <HQ$SSQLPRDWLRQ RI %LRJDV 7HFKQRORJ\ LQ 7X
$FDGHP\ Rl 6FLHQFH (QJLQHHULQJ DQG 7THFKQRORDUWMHUQDWLRQDC
6FLHQFH DQG (QJLQHHULQJ

(GZDUGY '5 'DQLHO (R&LURQPHQWDI® U SIRKVOW R\ BDVWH GLVSRVDO
UHYLAHIZRUHVRXUFH 7THFKQRORJ\

/ID]JFDQRYBRHJ%UDQGYORPtQJIXH] - &RPSDULVRQ RI WKHP(ITHFWLYHQHVV R
SRVWLQJ DQG 9HUPLFRPSRVW L DIWIRRIQ R H& E6\E:RVEBDRHRIDASIRON M/ D E L O L

IDEHU %KBUPXGH] $ 3RXOWU\ ODQXUH ODQDJHPHQW DQG 8WLOL]DWLRC

2SSRUW XRELWLANVDWH 8QLYHUVLW\ ([WHQVLRQ %XOOHWLQ "HSDUW
7KH 2KLR @ WYDHAJRY IBW\
20LYHLUBRMPDULYBQ&ER -XQLRWR+%OHWDYHBWRQHHYHUVDW - +

%LRPDVV (OHFWULFLW\ *HQHUDW L Q® BV QQ MHRGBERQMBBRX OW U\ DV
QHZDEOH (QHUJLHV D QMLBRRHIHAKPPOIRMWEHD® 6SDLQ WK WR WK 0DU
6DPHU 0 (PLVVLRQV LQYHQWRU\ Rl JUHHQKRXVH JDVHV DQG DPPR
PDQXUH PDQIHEH@W ,QW &,*5 -RXUQDO
6DULFEDPFLORJUDNSNED\ 7XUNRJGDPDN < 6 7XUNL\HTGH .DQDWOL
,VODK 6WUDWIBRKUHOLQRHAVDNLW DQODUINLRQJUHMPLU

86'S$ ILYHVWRFN D:RE BEX®WUNHW DQG 7UDGH 8QLWHG 6WDWHV 'HS
FXOWRUHLJQ $JULFXOWXUDO 6HUYLFH 1RYHPEHU

86'$ ILYHVWRFN DQG 3RXOWU\ :RQOW M G BWNDHNIH D QS DWOVGHI QW R $.
FXOWXUH )RUHLJQ $JULFXOWXUDO 6HUYLFH $SULO

‘RRG & : %URLOHU OLWWHU DV DD VHWW Q® HMW D@ HFEIDIRADDVIY G H

-2 'RQDOG DQG 3 + 3DWWHUVRQ HGV 3URFHHGL®JV RI 1IDWLRQDO
SRVLXP $XEXUQ 8QLYHUVLW\ 3ULQWLQJ 6HUYLFH $XEXUQ $/
<D]JDQ O HYHORSPHQW RI 6DQLWBUWRDQBULO QVRPQM® QBYMOO *DV LQ
7XUNH\(9' ,QWHUQDWLRQDDO +DQGHOVDIGHOLQJ YDQ GH 1HGHUODQG!
<XP%LU <XPXUWD 7DYXNFX®KIXVOB BIUHNMULFLOHUL OHUNH] %LUOLJL *XC
.DYDNOLGHUH $QNDUD
=DIDU 6 2YHUYLHZ Rl %LRPDY W LRUROYL VREQMXN@WMG [URP
KWWS ZZZ ELRHQHUJ\FRQVXOW FRP WDJ S\URO\VLV



+ %DNL 8QDO g +DNDMND®\BDRMWPIL] ,$NGHQL]

02)/,:2 &, 2&(1< 2'&2'i: . 85=<&+ : 785&-,

6WUHV]EBQLHF]\W]F]HQLD SRFKRG] FH ] SUJHP\VARZHM SURGXNFML GUR
ZUD] ]JH ZJURVWHP SRSXODFML MHVW MHGQ\P ] QDMZD*QLHMV]\FK SURE
UR]ZLQL W\FK L UR]ZLMWIDN IRAFEM\DLF K 6 NAVE KR GRIZRGXWRELX WDNLFK MDY
7XUFMD XG]LDa RGFKRGyZ NXUJ\FK Z RGSDGDFK ]ZLHU] F\FK UR QLH ]
LOR i L FKDUDNWHU\VW\N SUREOHP\ VWZDU]DQH SU]JH] RGSDG\ SRFKR!
QDMZD*QKLHMBARJ GDQ\FK ] 7XUFMD SRVLDGDA&D NXU QLRVHI
EURMOHUYZ D V]IDFRZDQD URF]QD SURGXNFMD ZLH*HJR QDZR]X SUJHNLI
UR]ZYM V\VWHPyZ JRVSRGDUNL RGSDGDPL Z FHOX QP @DHMYRHQLD U\]\ND
ZD*Q\ GOD SU]JHP\V&%G BKRRELRXHPR V (UyG4HP SURDPOHMPWADNIRGRZLVNRZ
SRVLDGDM LVWRWQ\ SRWHQFMD4& HNRQRPLF]Q\ OLPRX*H LVWQLHM NU
UJ\FK LFK RFHQD MDNR QDZR]X SR NFOPSRWW RZD BD X\ M HA FSLR-S X3IRIPDEG W
SRSXODUQ MHMW\WADMRN RZDQLH ELRJD]X RWU]J\PDQHJR ] RGSDGyZ QD F
2FHQD RGFKRGYZ EURMOHUYZ MDNR QD 2R W WR & QLRFWRZIEHY O R B WRYEG 4 D
Z 7XUFML -HGQDFX*BDW RNKVDWOQQWHUHVRZDQLH QRZRMHVQ\PL PHWRGD]
FMD ELRJD]X L SUJHNV]WDAFDQLH ELRJD]X Z HQHUJL HOHNWU\F]Q VWD
QD JUXQWRZQHM DQDOL]LH RFHQ\ RGFKRGyZ NXU]J\FK Z 7XUFML L EDG

RFD\
64RZD NOXJRERG\IRXERGDUND RGSDGDPL ELRJD] HQHUJILD



