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VIVWHS+ $ON 9)$ &2' 66 DQ®6)URP WISHHULPHQW LW ZDV IRXQG WK
DYHUDJH DPRXQW RI ELRJDY SDRIBXE WD XM DIH ELRIDV SURGXFWI

PNJ&2' RU PNJ96 7KH FRPSRVLWLRQ RI WKH ELRJEDUEB® PHWKDQ
GLR[LGH DQG KHSURXOILGHSSP,Q DGGLWLRQ WKLV UHVXOW IURP H[S!
FDOFXODWHG WR WKH 2U5\DI®@UFWR B GALQRI B B WSHAR & XUFMAVDRGWIA VWK R H G
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ZDV GHFUHDVHG ZKHQ WKH 225WHQRBWDRBGLY FRQVWDQW EXW WKH 9
FRQVWDQW WKDW WKW VEH R JDIVY RUROERIBWILRQORDGLQJ UDWH ZDV LQFU
96 UHGXFWLRQ ZIXH RWEDYLRFHERDGLQJ UDWH IRU WKH&26 UHGXFWLRQ
P GD\,Q WKH FRQFOXVLRQ WKH ELRJDV SURGXFWE RXRYBLQHPUDWM EH
DW NJ&2'P GD\FDXVHG WKH PD[LPXP ELRJDV SURGXFWLRQ UDWH RI WK
SHDFW&'8 ELRJDV V\VWHP IURP OD\HU FKLFNHQ PDQXUH

.(<:25'6 %LRJDV /D\HU &KLFNHQ ODQXUH ORGLILHG &RYHUHG /DJRRQ

& RUUHYV SR Q G HRL MIXSAKK R W IDWHKK G U X

T ZQWURGXFWLRQ HOHBWWRKRZHO: >@7KH ELRJDV ZDV
DWWDLQHG IURP DQDHURELF GHFRPSRVL

SHFBQWNVKHUH DUH SURG X FHH WIKGRHH LRU pROU G HUHVLGXHYV ZHUH JHW)\
IRU PDRQUARRRQ WKH ZRWKGEQD WHWKHYXJIDU LOGXVWU\ DOFRKRO LQGXV!
GHYHORSPHQW RI WKH LQGXVYWMWKBV XWERQSRWHJWLDROYVWRY DQG OL
LPSURYH WKH ELRJDV HQHURIQ@VK®PLODRESDOYHRADRIG HFRQRPLF DQG
VXVWDLQDEOH HO@MHPIQJLRRO &RYRMHPO ZDV LQFUHDVHG ZKLFK FDXVH R
FDQ EH LQSXW |IRVWL RDRULN BRIR@EFIY\QZDY TIRBPURMRYHBQPHQW DQQRXQF
SDUW RI 9LHWQDP D VXUYH\WAADBWERBIKRFEWHS LRFUGIDVH WKH DOWHU
GHSWK LQWHUYLHZV RQ sLJ IDMRv IR WRRPHREWRQ USSP LPDUN HQHUJ
9LHWQDPHVH SURYLQFHV 7KDL %KOKDEZQGROMW POBRVVNUR@®W LHV RI E
WKRHKUYH\ VKRZHG WKDW ELRJDIEBXYONREXGEHED MIRPY VKRXOG KDYH

RI WKH WRWDO PDQXUNHSURSSFHCWRQE bRIP VXEWREXFWLRQ LQ FRXC
IDUPM@ 7KH ELRJDV SODQWV 3RWHBRWERSD & DRI DVWIHUR G@ORWHR Q
DQDO\]JHG GHVSLWH WKH IDFWQERNYW UL ROYFPYLH Xkko XMoo WP WWOH
DUH D UHOHYDQW HE@HLRIDRXsWY OHU IDUPV DQG FKLFENHQ HJJV IDL
\HDU KY¥H D UQ WKH SRZHURZAYRWERBMHEXSSRUW PDUNHW LQFUHD!
ELRJDV JHQHUDWLRQ WKHDERKMMKPHYV LQ WKH FROHQBUIRIDYG DEURI
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WHFKQRORJ\ KDV GHYHORSP QW RFSR WA QRIQ IRURUJP®QLF PDWWHU D)\
7KDLOP@GKH ELRJDV SURGX\FRAKRIRDMRIRPG WKH ORGLILHG &RYHUHG
DQDHURELF GLJHVWLRQ RI FKiHDFQ&RD QNKUHU B LRVUKH V ZL@VHWHKLY SDSHU
PDQXUH RU VODXJKDHWDRRMYVWBRILQRH EKH SDUDPHWHUV IRU WKH ELI
WKH ODBRA/KWRELRIDV SURGEKFWRRBQUBRBXFWLRQ SHU GD\ WKH DPR
EURLOHU FKLFNHQ PDQXUH XBVLRUD W ISH RGXBEWLR® HHU RUJDQLF OREC
WKDW ZDW@WEGPHBVXUHG SBHDPHWWDVYHRRI UHGXFWLRQ RI &2' 96 I
S+ $ONDPALRERADWLOH YPWWWEFLE®DOWH RI FKLFNHQ PDQXUH ELRJDV
&KHPLFDO 2[\JHQ&2HPB®GSH QMKHG PHDVWURPISQUDPHWHU YDOXHV SUH
BROGEDQG 9RODVIBOI®HWOLEHYBYW H ZQWHHIQWW WKH UHDFWRU DQG DI
LQ 7KDLODQG WKH ODUJH FKDFHNDHQ QHJ W KIHDODRNGWBMR HP WIKWX U H W K H
ELRJDV SURGXFWLRQ WKDW PDPRXQWR.JDQ G WDGWHVRALBICR XVW SURGXFW
WKH FRYHUHG ODJRRQ WHEKNPRIFRHQS PRGXEHWLRQG HIKRI®PV FRPSRVL
WHFKQRO®RZHWOW WKH LQYHVVDPHIODIQE QDRN RV K H WD RRIXNQWLRI ELRJI
PDLQWHQDIENW \GLVDGYDQWMOBRM ANM)J UDWH VXLWDEOH IRU RSHUD
DUHD IRU WKH L QW WDO D O/\. @ BSEDMMLBEQ SODQW

SDQHO ILQ LQVLGH WKH GLJHVWHU WR LQFUHDVH WKH

ORGLILHG &RYHUHG /DIRRY UMM ROMLRQ WLPH DQG D KLJK UHG
BURGXFWLRQ 30DQW 7\SLFDOO\ WKH FRYHUHG ODJRRQV DU

%LRJDV LV SURGXFHG E\ D@DWHU R BRK GH PDQDURIGHQW VA\VWHPV Wk
ZLWK DQDHURELFIHEPFQWDMWILIREN URI BAR  SHUF HFGWN VRO IRG V
GHFRPSRVDEOH PDWHULDOV BXBKVDWHRPDOQWWOWRHEXVYHG LQ WKH SODF
PXQLFLSDO ZDVWH JUHHQ ZDNADI)WIOD QR PRLWX UG BABVEEHG LV SURG X |
FURSW®W%LRJIDV LV D SURGXFWPRRASRNG G PDHL QWG ODJRRQ WHFKQRORJ
Rl PHWEPQHRDUERQ &L RK\GHRBDDHO ILQ LQVLGH WKH GLJHVWHU E\ E
VXOIEGH DPPRQED 2[\JHD) DQGFKDQQHOV LQ WKH GLJHVAMHU DV VKRZC
YDSRUN >@%LRJDV KDYH WBREEBRWVYFPIODQQHO ZLOO PDNH WKH ZDVW
FKHPLFDO SURSHYMWXWYDBO RIBH JAHRWKU WKDW LV ORQ@XKHU IRU UHWH
FDQ EH XVHG WR ERLOLQJ ZDADWW BRIBWHRR NARZ KQVWRNEPHQW VORZ
RI /3* XVHG DV IXHO IRU BMKRFBWVURBED@YLQILFURRUJDQLVPV DUF
SURGXFLQJ HOHFWULFLW\ YERYHQWGUQDORRK®GP BMFAKIQRRD RJ\ [URP
HQJLQH DQG XUBEHPW QW URHSFKILHFWHI@ RDQXUH RI TKKOH GG HLVDUP L
JDVROLQH WR GUA@H AR XHSHPNDOWKWMHDUDPHWHUY DUH WKH UDWH |
ODJRRQ GLJHVWHU LV D ODUJH DQDHURELF ODJRRQ ZLWK D
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ODWHULDOV DQG OHWKR®GAWPQNHUPHQWDWLRQ UHBIFRURY RU 0&/5
VWRUDJH EDCORYZRIRIQR D @ ISRKFBV |

(ISHULPHQWEDO 6HW ELRJDV SDUW IRU KHDWLQJ SURGXFWLR

7KH OD\HU FKLFNHQ PDQOXBROGRMRH¥YHRAVPWIRY IXHO LQ HOHFWULT
LQ WRIUN ZDV EURXJKW IURP \D\VEKIE WK 1 HSHU 6@ BHU F K MFRNGI Q
.KRQNDHQ SURYLQFH DWKKRPRX81 )Ly IRU PL[LQJ WDQN P
ELRJDV BRQGMMRW OD\HU FKLRNHHPOYHKWYIIRU PORZHU DQG P
ZDV VWXGLHG E\ PHDQV RI WRH BRBIDPVHEWERRNHHBHEDOORRQ ZDV XVH
/IDJRRQ S5HD&EWRWYV VKRZQ LELHRIDV IURP OD\HU FKLFNHQ PDQXUH
7KH 0&/5 ELRJDV V\VWHWRKFHR QBRRIRVRWLRQ RI ELRJDV ZHUH PHDVXUH
PDWHULDO IURRHDJUDZV PDLQUDQDO\]HU

([SHULPHQWDO OHWKRG

7KH H[SEBWLPWDUWHG IURP Z$WH S D UHB XQ& WHKH UDDDABWHULDO
ZDWHU LQWR WKH 0&3D EDR BIERKLMW W@ EDQ XUHHG ZLWK UDZ ZDWHU DW
RI ZDX¥DWHSHJ $ON 9)$ &2' 66 WMGLBERIYROXHQY WKH ELRJDV ZLOO EH
PHDVXULQJ LQZEDERPBDIMRUNGY REGXRYE WKDW WKH UDWH RI ELRJDV
WKH ZDMMWHJ ZDV IHG L QQN®XWEHF N WGP SHU GD\ IURP WKH 0&/5 ELRJ
YDOXKHQ WKH DYHUDJWHADRRAEWQRLWDADYV PHDVXUHG SDUDPHWHUV D\
YROXPH GDLO\ WR EH DGGHG ZQ)WHRU W IQHOXIHRQW \L @ MY MIMFWORY DQG RYHU
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ELRJDV SURGWHPLERODIJUDP ZLWK EDIIOHV FKDQQHO

5HVXOWY DQG 'LVFXVVLR®WiBSZHUH GHFUHDWRGPINRP
&2'GDYKH ELRJDV SURGXFWLRQ UDWH ZDV

%LRJIJDV 3URGX#3%LRQ 5DWRUJDQLF ORDG IN@ER2 UD®BMW RAHO O

7KH PDLQ REMHFWLYH RIDWKMWKH HVWBUBPKH ZRBVRIDWH SEBRGXFWLR
IRXQG WKH ELRJDV SURGXFWLRPQJIJZDWH IBRP6ORRPEDULVRAQ
FKLFNHQ POHXUYSHULPHQWDO ZZDWK FRMWERLRWIM SURGXFWLRQ UDWH R
DGGHGDWKUDJH YRO2ZOPMHRII ZPORVMKIEHD OV ZDV VKRAKHG EL®RIDVEOH
ELRJDV VAKWHPYHUDJH DPRXQWREGXFALIRR@WDWH ZDV FORVHG WR WKD
SURGXFWLRQ 2DWGD\DQG ZKBQG PD[LPXP YDOXH LQUWKLKWHLQIRUPDWI
FDOFXODWLRQ IRU WKH ELRHSHSURBRWWVLEQRUDWHRIRISFRRVLWLRQ FDC
RUJDQLF WRDIBY. FKDQJHV ZHWHKWKRIQGURYHL PHWKDWKHZDYHUDJH
JURP WKH H[SHULPBWWDCH REFDERQWIGLR[LGH PRB WKH DYHUDJH
RI WKH ELRJDV SURGXFWLRW K306 URV MR VEXHD I RHE/BNDD/Q W O\
ZDV IRWRGW RUJDQDMWBRDGBVYHP RI

NR2' PGDWDQG WKH ELRJDV SURGXFWLRQ
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7TDEOHKKH DYHUDJH RI S+ $OMDOLQQRWHDPHFWRYIOQG &2' YDOXH LQ WK
IRU YDULRXVY RUJDQLF ORDGLQJ UDWHYV

2/5V , SON 9)$ 9)$$ON &2 P
NP G PJ O PJ O UDWLr§Q|OXHQWDFWR(UJ|OXHQW

$YHUDJH

BHUIRUPDQFH &KDUDFWHUHYSHWFVPHQW FDQ RIOIIPQ QM VORG® GW R Bi
7KH DYHUDJH S+ YDOXH LWQDW K HRIE MI'DFF VGRW KZEDVHVXOWYV VKRZHG
7KHVH ZHUH IRXQG WR EH WO\ O0\QHDDY R WHMXIFWORDGLQJ UDWFH
RI RUJDQLF GHBRPSBUUWPRQEPUVURBXHFWLRQ EHWZHHQ ZDVWH ZDW
FRQVWDQW IRU DOO RUJIDE®HFHQRMBILQDI UWKMH VVWIMHAGDQG LQ WKH
DYHUDJH UDWERIREBWOWH ZDWHO MVQL WKWK FR QPHDMYWWKDW WKH ELR
UHDFWRU ZRNFK WKH VWDQGHURGXPWDRBWWYWIREZ HXD\W VDB EDGO
RI $O) IRU RBGA WRDVELRIDV SURGIFONIFRQRMGLQJWFRDWKRN2'IURP
WKH UHDFWRU ZRX6 @RARWWHIERPHEN WKH ELRJIDV SURGXFWLRQ V\VWH
RI' ELRJDV SBRERFWI2ZRQ'D O X R SIHY PWREGWKH WHKH UHVXOW ZDV VKRZCQ
ELRJDV VA\VWHP ZDV YHU\ VLJQKDW DWQMNHWHODWe XP VE XWNHEB/ SURGXFWLR
IRU DQDO\LQJ DQG FDXVLQIHWSHELRHIDW B® AWK MVKIHRRNIDQLF ORDGL
,Q WKH H[SHULPHQW DRWHDDV Ig B0 @ pY KD
YDOXH RI ZDVWH ZDWHU EHIRUH HQWHULQJ WKH V\VWHP
ZDV PJ ODQG DYHUDJH &27YPO@HRKHRFRPSDULVRQ RI ELRJDV SURG
ZDVWH ZDWHU LQ WKH RUHOFWRWHZDWRP WKH RWKHUV VXEVWUDWH D
7KH DYHUDJH &2' YDOXH RI ZPWWHI@MWHU RYHU IORZ

UHDFWRU ZPY O DV VKRZQ LQ 7DEOH %RJIDV
6XEVWUDSWURGXFWLRE W HQW
SBRFHVV (IILFLHQF\ P NJ96

7KH SHUFHQWDJH Rl &2' DQ&HIEWDEHBXFWLRQ
ZDV LPSDFW WR HIILFLHQF\ 5 v
SURFHAK'NVH SDUDPHWHUV ZHUHJ RLQHG WKH
RUJDQLF ORDGLQJ UDWHV IRU pyQGhBWRHRYKE HIILFLHQF\ RI
ELRJDV VAKMVHFFHUDJH SHUFHQWZIDMWIRI &2
DQG 9XKFWIGRQ ZHUH VKREHADWR®QYEISDO VROLG
IRXQGWKKD®HUFHQWDJH RI &2' UAPAWHWI RQ KDYH
VLPLODU YDOXHV EI—R/\UZI—D—CI;DYWJ ‘S’E'%QHGZ VW H
RUJDQLF ORDWLWKREZBWHVK DWW Kt ERRI DV
VIVWHP FDQ EH UHPRYHG &2 FRGYWRIHWO T EXW WKH

SHUFHQWDJH RI 96 UQIFHEKWMLRQUERY zbKkWH 1%
RUJDQLF ORDGLQJ UDWH ZDV)RRGFADNWMHG WKDW WKH
SHUFHQWDJH RI 96 UHGXAWLRXLWVBHFUHDVHG 1%

RUJDQLF ORDGLQJ UDWH IRU WKHFNHRUFHQWDJH RI 96
UHGXFWLRQ ZDV KWKHME' _»URLOHU 0DQXUH

P GD\DQG WKHQ WKH SHUFHQWBIH gf 96 UHexFwLRQ
ZDV GURSSHG IHRGRWR N&2' 7KLV VWXG\

P GD\,W VKRZHG WKDW WKH 96 UHGXFWLRQ RI WKLV
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Rl PHWKBQH Rl FDUERQ
* Biogs ProdutionRate GLR[L&MH DQG SSP RI K\GURJHQ
VXOIbtGH7KH &2' UHGXFWLRQ ZDV FRQVW
EXW WKH 96 UHGXFWIKRQ RUDY FIKID QJHG
ORDGLQJ UDWH ZDV LQFUHDVHG WKDW V
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5HVHDUFK *URXS ..8 WKDW ILQDQFLD
ODERUDWRU\ VXSSRUWHG WKH SURMHFW
SDSHKH IRUWKDUH DOVR JUDWHIXO WR WK
&RWG IRU VXSSRUWLQJ WKH WRROV DQ
XVHG LQ WKLV UHVHDUFK
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$ UHYLHZ RI WKH ELRJDV LQGXVWU\ LQ
- (QHBROLF\ +

S@. 99X @ 7UDQ@67DQJI $ VXUYH\

)LJ &2' DQG 96 UHGXFWLRQ |RUR\HDFLRQ2&WHR%%9£EHPHQW RQ SLJ IDUPV
ORDGLQJ RUWKHUQ ILMW\OWRFEN 6FL

> @D )HUUH?n_UIUTXH)‘DOLFR %LRJIDV
&RQNARQ LQ SRUMAMKDWAY DQG SXEOLF SROLFLHYV

7KLY UHVHDUEFK ZDV H[SHULP(H \%ﬁEDIQI %WBERL%
SURGXFWLRQ IURP OD\HU FKL>F OW?@LH-I/I-'&JV&Q(]VWLKF!—'DWH RI WKH

ORGLILHG &RYHUHGO/&D/.BR‘R\Q’VBHB
7KH H[SHULPHQW VWXGLHG W % Lé‘ \J—hS/HI;JIE)Ig\{]Ib?/‘]LSQRX/ZUE
SURGXFWLRQ RI D ODUKH DD/UHRJ D
fVIGRHQHUJ\
DPRXQW RIDAWIHVUWMROXPH GDLO\ H

LQWR WKH ELRJDV \GDWH¥XG Z\l] 0
UDZ PDV\/CD-I[DJ\IH[DJOFKLFNEEQVPIBQ &KBLSUDVHUW % LRABYV 3URGXFWLRQ

ZLWK UDZ ZDWHU DBV YRCAKRHW LR R FAOWXUDO :DVWHV LQ 7KDLODQG

WKH DYHUDJH DPRXQW RI ELRJDV V&BH%)&Q\M@QSF%BO VVXH

P GD\DQG WKH By[B"MB”"REJX@WlR%%VDSDKLWQEXUDQDWKXP

UDWH ZDWNJ&2' RU P NJ96 35HUNNULHQJNUDL %LRJDV 6LWXDWLFR
7KLV ELRJDV SURGXFWLRQ UDWI—H?R&SRTg(ﬁHW FQ(%\W(CDL &V DUP 5 (
ELRJDV SURGXFWLRQ UDWH WK H

7KH DYHUDJH S+ YDOXH LQ W %DBW\B\V$%P¥OOLVWHU
7KH DYHUDJH DONDIOXHWHOR 90L§|[Yxos IHUIHOG $QDHURELF GLIHV

bQG PJ OLQ WKH UHDFWRU RW#\kith\l\M WKHU ZLWK VZLQH PDQ>

7KH DYHUDJH OIBVLR WKEHOWHDF HUKRXVH VOXGJH IRU ELRJIDV
800 SDUDPHWHUV ZHUH UDWRiily fRGGBEQW, IRUTG00

RUJDQLF ORDGLQJ UDWWRV NDQJHG IURP

&2' P GD\ 7KH ELRRPBRVLWYRQ Z



$6ULFKRPXWQDO RI ODWHULDOV 6FLHQFH DQG $SSOLHG (QHUJ\

>@ 6ULFKPWQWLYDBUDYRWEOKDL
%LRJDV WURQGXERP %URLOHU &KLFNHQ
ODQXUH 8VLQJ &RQWLQXRXV 6WLUUHG 7DQN
SHDFWRU 66\ WEPVHG 0DWHU
%LRHQHUJ\ %

>@ 6ULFKPWQWLYDUDNRUQ
. .DPYHUDLVDN ,PSDFW RI 2UJDQLF /RDGLQJ
5DWHV Rl :DVWH :DWHRQMWRP %URLOHUV
R@6% %LRJIJDV 6 BWWHOW-LILF
,QGXVWULDO 5H\Z

> @ - $VIJDUIDBDQML %LRJDV SURGXFWLRQ
WHFKQRORFG HS S

> @ - $OYHY%-XQLRIULLNOHYLF]
(3)ULJR 2YHUYLHZ RI K\GURJHQ
SURBWLRQ WHFKQRORJLHV IURP ELRJDV DQG WKH
DSSOLFDWLRQV LQ+\BHWRFAHDOV ,QWHU
(QHUJ
> @ *KRVK%BDWWDFKHUMHH $ UHYLHZ VWXG\
RQ DQDHURELF GLJHVWHUV ZLWK DQ ,QVLJKW WR
ELRJDV SU R GHRWIER QMNQ,W WR Q
UH&H Y



