
1 

GO\FRO CROOHFWLRQ CDUW: A DHVLJQ IRU 6PDOO ALUSRUWV 

6HSWHPEHU 2019 - ASULO 2020 

ALUSRUW EQYLURQPHQWDO CKDOOHQJHV 

0LFKLJDQ 7HFKQRORJLFDO 8QLYHUVLW\ 

8QGHUJUDGXDWH 7HDP 0HPEHUV: 
DHUHN CLQJHO 

-DUHG /DQJGRQ 
BU\FH /HDI 
5XWK 0DNL 

DRXJODV 3HGHUVHQ 
APDQGD 0R\D 
AOHF 0LWWHHU 

()LUVW VHPHVWHU RQO\) 

AGYLVRU:  
DU. 3DXO YDQ 6XVDQWH 

078 6HQLRU CDSVWRQH DHVLJQ 3URJUDP DLUHFWRU: 
DU. :LOOLDP EQGUHV 



2 

E[HFXWLYH 6XPPDU\ 
 

7KH DFW RI UHPRYLQJ LFH JUHDWO\ LPSURYHV WKH SHUIRUPDQFH RI D SODQH, VXFK DV UHGXFLQJ 

WKH SRWHQWLDO IRU ORVVHV LQ SRZHU DQG WKUXVW, LQFUHDVLQJ OLIW XS WR 30%, DQG UHGXFLQJ GUDJ E\ XS WR 

40%. 7R NHHS WKH SODQH IUHH IURP LFH, FKHPLFDO PL[WXUHV RI ZDWHU DQG JO\FRO DUH DSSOLHG, EXW XS 

WR 70% RU PRUH RI WKH FKHPLFDOV FDQ UXQ RII WKH SODQH, ZKLFK QHJDWLYHO\ LPSDFWV QHDUE\ ZDWHU 

VRXUFHV DQG HFRV\VWHPV.  

ALUSRUWV FDQ XVH XS WR 300 JDOORQV RI GHLFLQJ IOXLG RQ RQH UHJLRQDO-VL]HG DLUFUDIW, ZKLFK 

FDQ NLOO DTXDWLF OLIH LQ D ERG\ RI ZDWHU URXJKO\ WKH VL]H RI RQH EDFN\DUG SRRO (DURXQG 10,000 

JDOORQV). 7KH HWK\OHQH JO\FRO LQ WKH GHLFLQJ IOXLG VWULSV WKH R[\JHQ RXW RI WKH ZDWHU. 7KLV 

FKHPLFDO DOVR KDV EHHQ NQRZQ WR UHGXFH WKH GLYHUVLW\ DQG DEXQGDQFH RI WKH DTXDWLF FRPPXQLW\ 

LQ HFRV\VWHPV GRZQVWUHDP RI VWRUPZDWHU RXWIDOOV IURP DLUSRUWV, EDVHG RQ GRFXPHQWDWLRQ IURP 

WKH EQYLURQPHQWDO 3URWHFWLRQ AJHQF\ LQ ASULO 2012. AGGLWLRQDOO\, WKHVH ERGLHV RI ZDWHU FDQ DOVR 

LQFOXGH DHVWKHWLF LPSDFWV VXFK DV RGRUV, GLVFRORUDWLRQ, DQG IRDPLQJ LQ H[WUHPH FDVHV.  

7KH HQG-XVHUV DW  KLJKHVW ULVN DUH WKH GHLFLQJ RSHUDWRUV GLUHFWO\ KDQGOLQJ WKH JO\FRO 

DSSOLFDWRUV DQG WKH HQFORVHG EXFNHW RSHUDWRUV FRQWUROOLQJ WKH DSSOLFDWRUV. ,QGLYLGXDOV ZKR DUH 

SDUW RI WKH DLUSRUW PDLQWHQDQFH WHDP UHVSRQVLEOH IRU ILOOLQJ VWRUDJH WDQNV DQG IUHTXHQW FKHPLFDO 

FKHFNV FRXOG EH DIIHFWHG SRVLWLYHO\ E\ FKDQJLQJ WKH JO\FRO DSSOLFDWLRQ DQG FRQWDLQPHQW SURFHVV. 

7KLV UHSRUW VKRZV KRZ DQ LPSURYHG FROOHFWLRQ PHWKRG ZRXOG KDYH D FRVW DGYDQWDJH IRU WKH 

DLUSRUW DQG D KLJK DGYDQWDJH IRU WKH VXUURXQGLQJ HQYLURQPHQW, ODUJHO\ RIIVHWWLQJ ZRXOG OLNHO\ DGG 

DGGLWLRQDO UHVSRQVLELOLWLHV IRU WKH PDLQWHQDQFH VWDII. 7KH FROOHFWHG JO\FRO KDV WKH SRWHQWLDO WR EH 

UHF\FOHG, DQG VPDOO DLUSRUWV WKDW GR QRW DOUHDG\ KDYH FROOHFWLRQ PHWKRGV FDQ SURILW IURP WKH 

EX\EDFN SULFHV UHF\FOLQJ FRPSDQLHV RIIHU. 
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1.0 3UREOHP 6WDWHPHQW DQG BDFNJURXQG 

CXUUHQWO\ VPDOO DLUSRUWV, WKRVH ZLWK WZR RU OHVV FRPPHUFLDO IOLJKWV SHU GD\ DURXQG WKH 

QDWLRQ, WKRVH ZLWK WZR RU OHVV FRPPHUFLDO IOLJKWV SHU GD\, DOORZ WKH GH-LFLQJ IOXLG (JO\FRO) WR UXQ 

RII LQWR WKH ORFDO HQYLURQPHQW. 7KLV FDXVHV HQYLURQPHQWDO GDPDJH E\ UHGXFLQJ WKH DPRXQW RI 

R[\JHQ DYDLODEOH LQ WKH ZDWHU VXIIRFDWLQJ WKH ORFDO PDULQH OLIH.  

:KHQ VSUD\LQJ WKH ZLQJV DQG WKH UHVW RI WKH DLUSODQH DW VPDOO DLUSRUWV WKH JO\FRO UXQV RQWR 

WKH JURXQG. )URP WKH JURXQG WKH JO\FRO PDNHV LWV ZD\ WR ORFDO PDULQH HFRV\VWHPV, ZKHUH LW 

FDXVHV WKH R[\JHQ OHYHO LQ WKH ZDWHU WR GHFUHDVH, FDXVLQJ ORFDO ILVK DPSKLELDQV DQG RWKHU ZLOGOLIH 

WR GLH. 

CXUUHQW VROXWLRQV WR FROOHFWLRQ LQFOXGH KDYLQJ SDGV ZKLFK DUH LQ RQH ORFDWLRQ DQG DOORZ 

GH-LFLQJ IOXLG UXQRII WR FROOHFW LQ D VWRUDJH DUHD EHORZ DQG WKHQ UXQ WR D SHUPDQHQW FROOHFWLRQ 

DUHD WR EH UHF\FOHG. 0RVW GH-LFLQJ FROOHFWLRQ V\VWHPV DUH VLPLODU WR WKLV LGHD. 7KH SUREOHP ZLWK 

WKHVH V\VWHPV LV WKDW WKH\ DUH ODUJH DQG H[SHQVLYH WKXV VPDOO DLUSRUWV FDQQRW FRVW MXVWLI\ WKHLU 

LPSOHPHQWDWLRQ.3URSRVLWLRQV IRU VPDOO DLUSRUWV LQFOXGH KDYLQJ PDWV WKDW FDQ DEVRUE WKH JO\FRO. 

7KHUH DUH DOVR PLWLJDWLRQ PHWKRGV WKDW KHDW WKH JO\FRO WR SUHYHQW WKH DPRXQW RI JO\FRO WKDW LV 

UHOHDVHG. +RZHYHU, WKHVH VROXWLRQV HLWKHU UDLVH HUJRQRPLF SUREOHPV RU GRQCW IXOO\ DGGUHVV WKH 

LVVXH RI SUHYHQWLQJ WKH JO\FRO IURP UXQQLQJ RII LQWR WKH HQYLURQPHQW. 

,Q VKRUW, WKHUH LV D JDS LQ WKH HQYLURQPHQWDO SURWHFWLRQ RI ORFDO PDULQH HQYLURQPHQWV IURP 

JO\FRO UXQRII DQG QR V\VWHP WKDW FDQ WUXO\ SUHYHQW D VLJQLILFDQW SRUWLRQ RI WKH JO\FRO UXQRII 

ZLWKRXW HLWKHU HUJRQRPLF LVVXHV RU PDVV LQIUDVWUXFWXUH XSJUDGHV. 7KLV SUREOHP DOLJQV GLUHFWO\ 

ZLWK VROXWLRQV VRXJKW E\ WKH ALUSRUW CRRSHUDWLYH 5HVHDUFK 3URJUDP. 
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2.0 LLWHUDWXUH 5HYLHZ 

7KH WHDP UHVHDUFKHG WKH VFRSH RI SRVVLELOLWLHV VXUURXQGLQJ WKH HQYLURQPHQWDO LPSDFWV RI 

DLUFUDIW GH-LFLQJ, LQFOXGLQJ  JHQHUDO YHKLFOH RSHUDWLRQV, GH-LFLQJ IOXLG FRPSRVLWLRQ DQG LWV HIIHFWV 

RQ WKH HQYLURQPHQW, DQG H[LVWLQJ FROOHFWLRQ PHWKRGV. 5HVHDUFK PDWHULDOV UDQJHG IURP 

HQJLQHHULQJ VWDQGDUGV WR VXSSOLHU ZHEVLWHV.  

2.1 DH-LFLQJ IOXLG FRPSRVLWLRQ DQG LWV HIIHFWV RQ WKH HQYLURQPHQW 

7KH GH-LFLQJ IOXLG W\SLFDOO\ FRQVLVWV RI HWK\OHQH JO\FRO, SURS\OHQH JO\FRO, DQG RWKHU XUHD 

FRPSRXQGV ZLWK DPPRQLD WR ORZHU WKH IUHH]LQJ SRLQW RI ZDWHU WKDW KDV DFFXPXODWHG RQ DLUFUDIW 

(DNURQEUDVV.FRP 2019). 7\SH 1 DQG 7\SH 4 DUH WKH WZR W\SHV RI GH-LFLQJ IOXLG WKDW DUH WKH PRVW 

FRPPRQO\ XVHG DW FRPPHUFLDO DLUSRUWV. 7\SH 1 LV DSSOLHG ILUVW DIWHU EHLQJ KHDWHG WR 150-180 �) 

WR PHOW WKH VQRZ DQG LFH DOUHDG\ RQ WKH SODQH. 7\SH 4 LV DSSOLHG DIWHU 7\SH 1 WR SURYLGH D FRDWLQJ 

WR SURWHFW WKH VXUIDFH RI WKH SODQH IURP VQRZ DQG LFH EXLOGXS EHIRUH WDNHRII. 7\SH 4 KDV D KLJKHU 

FRQVLVWHQF\ RI JO\FRO (5LWWHU, 6. 2019). 

DH-LFLQJ IOXLG LV QRW GLUHFWO\ KDUPIXO WR KXPDQ KHDOWK EXW FDQ IORZ LQWR QHDUE\ ERGLHV RI 

ZDWHU DQG UHGXFH WKH R[\JHQ OHYHOV. ,W FDQ EH KDUPIXO WR KXPDQ KHDOWK ZKHQ LQJHVWHG, VR LW¶V 

FULWLFDO WR NHHS GH-LFLQJ IOXLG DZD\ IURP GULQNLQJ ZDWHU VRXUFHV. ,I UHOHDVHG LQWR ZLOGOLIH KDELWDWV 

DQG HFRV\VWHPV, GH-LFLQJ IOXLG ZLOO NLOO ILVK, ZKLFK UHGXFHV RUJDQLVP DEXQGDQFH DQG OHDGV WR D 

VPDOOHU YDULHW\ RI VSHFLHV (BRH, D. 2019).  

2.2 E[LVWLQJ FROOHFWLRQ PHWKRGV 

CXUUHQW GH-LFLQJ IOXLG FROOHFWLRQ PHWKRGV UDQJH IURP XQGHUJURXQG GUDLQDJH, WR YDFXXP 

WUXFNV, DQG VORSHG SDGV. 7KH XQGHUJURXQG GUDLQDJH V\VWHPV FDQ KDYH PDQKROH-OLNH GUDLQV SODFHG 

RQ WKH JURXQG DURXQG DUHDV ZKHUH WKH SODQHV DUH GH-LFHG. 7KH GUDLQV OHDG WR XQGHUJURXQG VWRUDJH 

WR EH FROOHFWHG IRU GLVSRVDO RU UHF\FOLQJ. *O\FRO UHFRYHU\ YHKLFOHV UHFHLYH WKH OHIWRYHU JO\FRO RQ 
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WKH JURXQG DIWHU WKH SODQH UROOV DZD\ (2IILFH RI :DWHU, 2002). 7KH YHKLFOHV DFW DV YDFXXP 

VZHHSHUV WKDW VXFN XS DQ\ JO\FRO DQG RWKHU OLTXLGV OHIW DIWHU GH-LFLQJ. 7KH WUXFNV KDYH WDQNV WR 

FRQWDLQ WKH IOXLGV FROOHFWHG WR EH GLVSRVHG RI RU SURFHVVHG IRU UHF\FOLQJ. DH-LFLQJ SDGV FDQ EH 

XVHG DW WKH HQGV RI UXQZD\V. 7KH SDGV DUH VORSHG WR JXLGH H[FHVV GH-LFLQJ IOXLG DQG FRQWDPLQDWHG 

UDLQZDWHU (D. +RO]PDQ, 1997). 7KHVH DUH QRW WKH RQO\ PHWKRGV RI FRQWDLQPHQW RQ WKH PDUNHW EXW 

DUH WKH PDLQ PRGHV XVHG DW DLUSRUWV.  

2.3 DH-LFLQJ YHKLFOH RSHUDWLRQV 

+\EULG GH-LFLQJ WUXFNV XVH D PHWKRG RI IRUFHG DLU, ZKLFK DOORZV WKH RSHUDWRUV WR XVH KRW 

DLU WR DVVLVW WKH DSSOLFDWLRQ RI GH-LFLQJ IOXLG (B. CKHQ HW DO 2016). 7KLV PHWKRG XVHV OHVV GH-LFLQJ 

IOXLG ZKLOH EHLQJ DEOH WR UHPRYH VQRZ DQG LFH HIIHFWLYHO\. +\EULG GH-LFLQJ WUXFNV XVXDOO\ KDYH 

HQFORVHG EXFNHWV, ZKLFK DOORZV WKH RSHUDWRUV WR EH SURWHFWHG IURP WKH RXWVLGH ZHDWKHU. 

7UDGLWLRQDO GH-LFLQJ YHKLFOHV KDYH DQ RSHQ EXFNHW DQG RQO\ XVH QR]]OHV WKDW DOORZ IRU XS WR 45 

JDOORQV/PLQ RI RQO\ GH-LFLQJ IOXLG. CRQYHQWLRQDO GH-LFLQJ WUXFNV DUH FKHDSHU ZKHQ FRPSDUHG WR 

K\EULG WUXFNV. 

BRWK W\SHV RI YHKLFOHV UHTXLUH PXOWLSOH XVHUV - DW OHDVW RQH LQ WKH WUXFN DQG RQH LQ WKH 

EXFNHW. 7KH ERRPV RI ERWK WUXFNV KDYH FDSDELOLWLHV WR PRYH LQ ERWK KRUL]RQWDO DQG YHUWLFDO 

GLUHFWLRQV, ZKLFK LV FRQWUROOHG E\ WKH LQGLYLGXDO LQ WKH EXFNHW (HYHU\VSHF.FRP 1997). BRWK W\SHV 

RI WUXFNV KDYH GH-LFLQJ IOXLG FRQWDLQPHQW WDQNV WR KROG DQG KHDW WKH IOXLG EHIRUH DSSOLFDWLRQ 

(QRUZHJLDQ.FRP 2016). 

7KHVH DUHDV RI UHVHDUFK KHOSHG WKH WHDP XQGHUVWDQG WKH LPSRUWDQFH RI NHHSLQJ JO\FRO 

DZD\ IURP ZDWHUZD\V DQG ZLOGOLIH, DQG DOVR JDYH XV LQVLJKW RQ FXUUHQW DSSOLFDWLRQV DQG 

SURFHVVHV. 7KURXJK WKH OLWHUDWXUH UHYLHZ, ZH ZHUH DEOH WR GHYHORS RXU HQJLQHHULQJ UHTXLUHPHQWV 

UHYROYLQJ DURXQG WKH FKHPLFDO FRQVHTXHQFHV DQG ODERU LQYROYHG LQ GHLFLQJ.  
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3.0 IQWHUDFWLRQ ZLWK ALUSRUWV 

,Q WKH HDUO\ VWDJHV RI WKH SURMHFW, PXOWLSOH DLUSRUWV DQG DLUOLQHV ZHUH FRQWDFWHG. 

6SHFLILFDOO\, DLUSRUWV FORVH WR 0LFKLJDQ 7HFK'V FDPSXV, DQG DLUOLQHV WKDW DUH FRPPRQO\ XVHG. 7KH 

DLUSRUW FRQWDFWV ZHUH XVHG WR JDXJH JHQHUDO SUREOHPV WKH\ IDFH, DQG WKH DLUOLQH FRQWDFWV KHOSHG WR 

XQGHUVWDQG PRUH RI WKH SURFHVVHV EHKLQG GH-LFLQJ. 7KH PRVW EHQHILFLDO FRQWDFW XVHG ZDV D 

PDQDJHU IURP 6N\ZHVW DW +RXJKWRQ CRXQW\ 0HPRULDO ALUSRUW (C0;). 7KH\ ZHUH DEOH WR JLYH 

WKH VFRSH RI WKH SODQH WKDW IOLHV LQ DQG RXW RI +RXJKWRQ, DV ZHOO DV JLYH DFFHVV WR WKH GH-LFLQJ 

WUXFN WKH\ XVH. 7KH\ ZHUH JHQHURXV HQRXJK WR VKRZ WKH WHDP WKH GHLFLQJ WUXFN XS FORVH, DV ZHOO 

DV OHW WKH WHDP REVHUYH D IXOO GHLFLQJ RQFH ZLQWHU FRQGLWLRQV SHUPLW.  

2EVHUYLQJ D GH-LFLQJ RQ D VWRUP\ GD\ LQ +RXJKWRQ EURXJKW PXOWLSOH WDNHDZD\V IRU WKH 

SURMHFW LGHD. 7KH ILUVW WDNHDZD\ ZDV WKDW WKH GH-LFLQJ RSHUDWRU VSHQW RYHU D PLQXWH VSUD\LQJ WKH 

IOXLG DLPOHVVO\ RQWR WKH JURXQG WR ZDUP WKH KRVH WR EH FRQWUROOHG HDVLHU. 7KH VHFRQG WDNHDZD\ 

ZDV WKDW RQ D ZLQG\ GD\, LW ZDV GLIILFXOW WR FRQWURO WKH DLP RI WKH IOXLG - DQG WKLV KHOSHG XV 

HOLPLQDWH SRWHQWLDO SURMHFW LGHDV RI UHGHVLJQLQJ WKH QR]]OH RI WKH KRVH. AQRWKHU WDNHDZD\ ZDV WKH 

REVHUYDWLRQ RI H[FHVV DLUILHOG ZRUNHUV DQG YHKLFOHV. +DYLQJ VHHQ WKH GHLFLQJ SURFHVV, FRQFHSWV 

ZHUH QDUURZHG GRZQ, DQG WKHUH ZDV D UHDOL]DWLRQ WKDW FRQWDLQPHQW ZRXOG EH WKH EHVW FRXUVH WR 

GHFUHDVH WKH HQYLURQPHQWDO LPSDFWV RI GH-LFLQJ IOXLG.  

AQRWKHU XVHIXO FRQWDFW ZDV WKH HQJLQHHULQJ PDQDJHU DW *HUDOG 5 )RUG ,QWHUQDWLRQDO 

ALUSRUW (*UDQG 5DSLGV, 0,). AOWKRXJK *5),A LV QRW D VPDOO DLUSRUW, WKH\ ZHUH D JUHDW VRXUFH WR 

XQGHUVWDQG ZKDW FRQWDLQPHQW ORRNV OLNH DW D ODUJH DLUSRUW. 7KHLU LGHDV RI KRZ WR LPSURYH WKHLU 

GH-LFLQJ SURFHVVHV (OLNH K\EULG GH-LFLQJ WUXFNV) ZHUH IDU WRR H[SHQVLYH DQG XQQHFHVVDU\ IRU VPDOO 

DLUSRUWV OLNH C0;. 7KH\ DOVR LQWURGXFHG WKH FRQFHSW RI UHF\FOLQJ JO\FRO, ZKLFK EHJDQ WKH SXVK 

WR UHFHLYH LQIRUPDWLRQ RQ ZKDW UHF\FOLQJ FRXOG ORRN OLNH IRU C0;. CRPPXQLFDWLRQ ZLWK D 
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PDQDJHU IURP WKH 86 EFRORJ\ LQ 5RPXOXV, 0, KHOSHG ZLWK WKH XQGHUVWDQGLQJ RI WKHLU UHF\FOLQJ 

SURFHVVHV DQG RSWLRQV IRU UHF\FOLQJ LQ +RXJKWRQ.  

:LWKRXW LQWHUDFWLRQV ZLWK DLUSRUWV, LW ZRXOG KDYH EHHQ FKDOOHQJLQJ WR FRPH XS ZLWK D 

SURMHFW LGHD. 7KURXJK HDFK LQWHUDFWLRQ, VRPHWKLQJ QHZ ZDV EURXJKW WR DWWHQWLRQ WKDW KHOSHG 

QDUURZ GRZQ SUREOHPV DQG VROXWLRQV.  

4.0 3UREOHP 6ROYLQJ 

4.1 EQJLQHHULQJ 5HTXLUHPHQWV 

7R GHWHUPLQH KRZ EHVW WR UHGXFH WKH HQYLURQPHQWDO LPSDFW RI JO\FRO, D OLVW RI HQJLQHHULQJ 

UHTXLUHPHQWV DQG FRQVWUDLQWV ZHUH SURGXFHG. 7KHVH UHTXLUHPHQWV VKRZ WKH SHUIRUPDQFH PHWULFV 

WKDW QHHG WR EH PLQLPL]HG RU PD[LPL]HG LQ RUGHU WR GHOLYHU WKH EHVW SRVVLEOH GHVLJQ. 

AUJXDEO\ WKH PRVW LPSRUWDQW UHTXLUHPHQW LV WKH SURMHFW FRVW. 7KH RULJLQDO EXGJHW IRU WKH 

SURMHFW ZDV WKUHH WKRXVDQG GROODUV. 7KLV ZDV WKH DPRXQW DOORFDWHG WR EXLOG D SURWRW\SH. ,W ZDV RI 

KLJK SULRULW\ WR PHHW WKLV, WKHUH ZDV YHU\ OLWWOH ZLJJOH URRP LI WKUHH WKRXVDQG GROODUV ZDV EURNHQ. 

A FORVH VHFRQG, DSSOLFDWLRQ WLPH PXVW QRW EH H[WHQGHG PXFK DQG SUHIHUDEO\ QRW DW DOO. ,I 

WKH WLPH LQFUHDVHV, WKH DLUSRUW ZLOO QHHG WR VSHQG PRUH PRQH\ SD\LQJ HPSOR\HHV DQG DOVR, PRUH 

VR, UHXFH RQ-WLPH GHSDUWXUH UDWLQJV E\ SRVVLEO\ GHOD\LQJ IOLJKWV DQG ORVLQJ FXVWRPHUV. 7KH 

DPRXQW RI WLPH LW WDNHV WR UHPRYH WKH JO\FRO IURP WKH FROOHFWLRQ GHYLFH WR D ODUJHU VWRUDJH DUHD 

DOVR QHHGV WR EH PLQLPL]HG LQ RUGHU WR NHHS FRVWV ORZ. 

,Q RUGHU IRU WKH GHVLJQ WR EH LPSOHPHQWHG LW QHHGV WR EH SURILWDEOH RU DW OHDVW EUHDN-HYHQ. 

7KLV LV EHVW DFFRPSOLVKHG E\ QRW RQO\ FROOHFWLQJ WKH JO\FRO UXQRII EXW DOVR HQDEOLQJ WKH  

UHF\FOLQJ RI WKH JO\FRO. 7KH ODWWHU UHTXLUHV WKDW HQRXJK RI WKH JO\FRO EH FROOHFWHG LQ RUGHU WR WXUQ 

D SURILW. 7KXV, LW ZDV GHFLGHG WKDW WZHQW\ ILYH SHUFHQW RI WKH JO\FRO GXULQJ UXQRII DQG HLJKW\ ILYH 

SHUFHQW RI WKH JO\FRO GXULQJ LQLWLDO KHDWLQJ ZRXOG QHHG WR EH FROOHFWHG. 
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7KH ILQDO LWHP RQ WKH OLVW RI HQJLQHHULQJ UHTXLUHPHQWV ZDV FDXVLQJ QR KDUP WR WKH 

DLUSODQH, WKH ZRUNHU RU DQ\RQH RU DQ\WKLQJ HOVH. 3DUW RI WKLV ZDV WR KDYH D GHVLJQ ZKLFK FRXOG EH 

OLJKWZHLJKW DQG QRW FUHDWH HUJRQRPLF SUREOHPV. 7KH RWKHU SDUW ZDV WR PDNH VXUH DQ H[LVWLQJ 

DLUSRUW YHKLFOH ZRXOG EH DEOH WR PRYH WKH HTXLSPHQW. 7KH LQLWLDO YDOXH RI ILIWHHQ KXQGUHG SRXQGV 

ZDV VHW IRU D VFDOHG-GRZQ SURWRW\SH GXH WR WKH OLPLWHG QDWXUH RI RXU WHVWLQJ DUHD. 8OWLPDWHO\ 

WKRXJK XQGHU HLJKW WKRXVDQG SRXQGV LV SUHIHUUHG DV WKLV LV WKH KLJKHVW ZHLJKW WKDW D IXOO VL]H 

SLFNXS WUXFN FDQ WRZ. 

7DEOH 1. EQJLQHHULQJ 5HTXLUHPHQWV 

OEMHFWLYH 
NDPH MHDVXUHPHQW DHVFULSWLRQ 3ULRULW\ DLUHFWLRQ 7DUJHW 

8QLWV RI 
MHDVXUH 

3URMHFW CRVW 7DUJHW FRVW RI HQWLUH SURMHFW 4 0LQLPL]H 3000 GROODUV 

ASSOLFDWLRQ 
7LPH 

APRXQW RI WLPH LW WDNHV WR GHLFH WKH 
SODQH 4 0LQLPL]H 30 PLQXWHV 

CRQWDLQPHQW 
3ULRU 

7DUJHW FRQWDLQPHQW RI ZDUP XS 
VROXWLRQ 3 0D[LPL]H 85% YROXPH 

CRQWDLQPHQW 
DXULQJ 

7DUJHW FRQWDLQPHQW RI DSSOLHG 
VROXWLRQ 3 0D[LPL]H 25% YROXPH 

3RVW ASSOLFDWLRQ 
7LPH 

APRXQW RI WLPH LW WDNHV WR PRYH DQG 
GUDLQ VROXWLRQ WR SHUPDQHQW ORFDWLRQ 3 0LQLPL]H 15 PLQXWHV 

9HKLFOH 
/RFDWLRQ 

1R FRQWDFW ZLWK RU GDPDJH WR WKH 
SODQH 3 0D[LPL]H 3 IHHW 

0RELOLW\ :HLJKW RI GHVLJQ DQG IOXLG 3 0LQLPL]H 1500 OE 
 

7KH HQJLQHHULQJ FRQVWUDLQWV GHDO PDLQO\ ZLWK H[LVWLQJ SURFHGXUHV, VXFK DV VSUD\LQJ IURP 

D FUDQH RU WKH DPRXQW RI WLPH LW WDNHV EHIRUH D SODQH QHHGV WR EH VSUD\HG DJDLQ. 8QOLNH WKH 

REMHFWLYH ZKLFK DUH GHVLUHG WDUJHWV, WKHVH FRQVWUDLQWV PXVW EH VDWLVILHG IRU WKH GHVLJQ WR EH 

VXFFHVVIXO. 7KXV, WKH KHLJKW RI WKH ERRP PXVW QRW EH RYHU UHDFKHG RU WKH GLVWDQFH DZD\ IURP WKH 
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SODQH FDQQRW EH FKDQJHG. /DVWO\, WKH HTXLSPHQW PXVW ZRUN SURSHUO\ GRZQ WR WKH OLPLWLQJ 

WHPSHUDWXUH. 

7DEOH 2. EQJLQHHULQJ CRQVWUDLQWV 

CRQVWUDLQW NDPH MHDVXUHPHQW DHVFULSWLRQ LLPLWV 
8QLWV RI 
MHDVXUH 

/LIW +HLJKW 9HUWLFDO KHLJKW RI CODVV A YHKLFOH ERRP < 42 IHHW 

BRRP 5HDFK +RUL]RQWDO UHDFK RI YHKLFOH ERRP < 40 IW 

+ROGRYHU 7LPH 

7LPH EHWZHHQ VWDUW RI ILUVW DSSOLFDWLRQ DQG 
ZKHQ UH-DSSOLFDWLRQ LV QHHGHG ZLWK QR 

WDNHRII <90 PLQ 

2XWVLGH ALU 
7HPSHUDWXUH 

AOORZDEOH RXWVLGH DLU WHPSHUDWXUH IRU 
HIIHFWLYH GHLFLQJ -25 

GHJUHH 
)DKUHQKHLW 

 

4.2 3UHOLPLQDU\ CRQFHSWV DQG IGHDV 

AV VWDWHG LQ WKH SUREOHP VWDWHPHQW ZH FKRVH WR SDUWLFLSDWH LQ WKH; ALUSRUW EQYLURQPHQWDO 

,QWHUDFWLRQV FKDOOHQJH GXH WR WKH WHDPV' VWURQJ IHHOLQJV DERXW KHOSLQJ FUHDWH D VXVWDLQDEOH 

HQYLURQPHQW IRU IXWXUH JHQHUDWLRQV. 7KH RWKHU FKDOOHQJHV, ZKLOH LPSRUWDQW, GLGQ'W UHVRQDWH WKH 

VDPH ZD\ DV KHOSLQJ WR UHGXFH WKH HQYLURQPHQWDO GHJUDGDWLRQ GRQH E\ DLUSRUWV. BH\RQG WKH 

HQYLURQPHQWDO FKDOOHQJH, WKH VXE-FKDOOHQJH RI PLQLPL]LQJ WKH LPSDFWV RI GH-LFLQJ IOXLG UHVRQDWHG 

GXH WR WKH FROG FOLPDWH LQ +RXJKWRQ, 0,. :H NQHZ ZH ZRXOG KDYH RSSRUWXQLWLHV WR VHH GH-LFLQJ 

LQ-SHUVRQ. 

AIWHU FKRRVLQJ GH-LFLQJ DV WKH PDLQ IRFXV, WKH WHDP QHHGHG WR SLFN RQH LGHD IURP D OLVW RI 

PDQ\. ,Q RUGHU WR FRPSOHWH WKLV, ZH XVHG WKH 3XJK DQDO\VLV PHWKRG WR UHGXFH WKH FKRLFHV EDVHG 

RQ WKH HQJLQHHULQJ FRQVWUDLQWV DQG REMHFWLYHV (VHH WKH 3UREOHP 6WDWHPHQW DQG BDFNJURXQG 

6HFWLRQV).  
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7KH ILUVW VWHS ZDV WR EUHDN GRZQ WKH IXQFWLRQV WKDW WKH V\VWHP ZRXOG QHHG WR XQGHUJR. 

7KLV VWDJH ZDV FDOOHG IXQFWLRQDO GHFRPSRVLWLRQ, ZKHUH DOO WKH UHTXLUHG IXQFWLRQV DUH LGHQWLILHG 

DQG DVVXUHG WR FRPSOHWH WKURXJK FRUUHODWLRQ ZLWK WKH UHTXLUHPHQWV WR HQVXUH WKDW HYHU\ REMHFWLYH 

DQG FRQVWUDLQW PD\ EH PHW. )ROORZLQJ WKH IXQFWLRQDO GHFRPSRVLWLRQ FDPH IXQFWLRQ OHYHO 

FRQFHSWLQJ, GXULQJ ZKLFK PXOWLSOH LGHDV DUH JHQHUDWHG IRU KRZ WR DFFRPSOLVK HDFK IXQFWLRQ. 

/DVWO\ LV WKH V\VWHP-OHYHO FRQFHSWLQJ ZKHUH 3XJK DQDO\VLV FRPSDUHV FRPELQDWLRQV RI IXQFWLRQ-

OHYHO LGHDV WR D GDWXP (WKH RULJLQDO LGHD). 0XOWLSOH URXQGV RI V\VWHP-OHYHO FRQFHSW JHQHUDWLRQ DQG 

DVVHVVPHQW DOORZV IRU WKH EHVW V\VWHP-OHYHO VROXWLRQ WR HPHUJH. :KHQ FRPSDULQJ RXU LGHDV WR WKH 

GDWXP, ZH FRQVLGHU LI WKH QHZ LGHD LV EHWWHU, VLPLODU RU ZRUVH WKDQ WKH GDWXP ZLWK UHVSHFW WR HDFK 

REMHFWLYH DQG FRQVWUDLQW. :H ZHQW WKURXJK WKUHH URXQGV RI WKLV, VWDUWLQJ ZLWK DQ RULJLQDO LGHD DQG 

HQGLQJ ZLWK RXU ILQDO GHVLJQ, D *O\FRO CROOHFWLRQ CDUW RU (*CC). 

7KH ILUVW VWDJH VWDUWHG FRPSDULQJ QR]]OHV, ZKLFK FDQ UHFROOHFW WKH JO\FRO RU D QR]]OH WKDW 

SUHKHDWV WKH JO\FRO WR SUHYHQW WKH ZDVWH RI JO\FRO GXULQJ WKH LQLWLDO KHDWLQJ SKDVH EHIRUH WKH 

DFWXDO GH-LFLQJ SURFHVV. 7KH ZLQQHU RI WKH ILUVW URXQG ZDV D GH-LFLQJ EUDFNHW ZLWK IRUFHG DLU 

(ZLWKRXW KHDWLQJ) DV VKRZQ LQ )LJXUH 1. 7KLV GHYLFH VKRZHG SRWHQWLDO LQ ORZHULQJ WKH DPRXQW RI 

JO\FRO XVHG EXW KDG D KLJK SURGXFWLRQ FRVW. 

 

)LJXUH 1. DHLFLQJ BDU ZLWK )RUFHG ALU 
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7KH VHFRQG URXQG RI 3XJK DQDO\VLV FRPSDUHG WKH GHLFLQJ EUDFNHW ZLWK FRPSUHVVHG DLU 

KHDWLQJ GHYLFHV DQG PRUH HIILFLHQW QR]]OHV. 7KH ZLQQHU RI WKLV URXQG ZDV VLPLODU WR WKH ODVW 

URXQG H[FHSW WKDW WKH EDU LV VWUDLJKW (VHH )LJXUH 2), WKH JO\FRO LV KHDWHG DQG WKHUH'V QR FRPSUHVVHG 

DLU. 

 

)LJXUH 2. +DQGKHOG 6SUD\ BDU ZLWK EOHFWULF +HDWHU. 

7KH ODVW URXQG RI SXJK DQDO\VLV VKLIWV WKH IRFXV IURP QR]]OHV DQG KHDWLQJ DSSDUDWXVHV WR 

FROOHFWLRQ DQG UHGXFLQJ WKH VSUHDG RI JO\FRO. 7KH ZLQQHU, LQ WKH HQG, ZDV WKH *O\FRO CROOHFWLRQ 

CDUW. 

7KLV ZDV GXH WR WKH IDFW WKDW FROOHFWLQJ WKH JO\FRO WKLV ZD\ LV LQH[SHQVLYH, VLPSOH LQ XVH, 

DQG UHTXLUHV OLWWOH WLPH WR SURGXFH. 7KH FDUW DOVR DOORZV DLUSRUWV WR XVH WKHLU RZQ H[LVWLQJ 

HTXLSPHQW. )RU H[DPSOH, WKH\ FDQ XVH DQ H[LVWLQJ SLFN-XS-WUXFN RU IURQW-HQG ORDGHU. 7KLV 

SURYLGHV WUHPHQGRXV EHQHILW E\ UHGXFLQJ WKH KDVVOH LQYROYHG ZLWK WKH *CC. 

7KH JRDO RI WKH SURMHFW KDV EHHQ WR LPSOHPHQW D PHWKRG RI FROOHFWLRQ IRU VPDOO VFDOH 

DLUSRUWV WKDW DUH QRW UHTXLUHG WR KDYH DQ\ PHDQV RI FROOHFWLRQ. 7KHVH LQFOXGH DLUSRUWV WKDW KDYH 

WZR RU IHZHU FRPPHUFLDO IOLJKWV SHU GD\. CRVW DQG FRQYHQLHQFH ZHUH WKH GULYLQJ FRQFHSWV WKDW 

IXHOHG WKH LGHDV EHKLQG WKH SURMHFW. ALUSRUWV DUH DOUHDG\ ILJKWLQJ D OLPLWHG WLPH VFKHGXOH WR 
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FRPSOHWH WKH GHLFLQJ SURFHVV DQG NHHS SODQHV RQ VFKHGXOH. ALUSRUW SHUVRQQHO ZLOO QRW EH RSHQ WR 

LPSOHPHQWLQJ RXU VROXWLRQ LI  LW FDXVHV WRR PXFK RI D GLVUXSWLRQ LQ WKH SURFHVV. 7KURXJK FRQWDFW 

ZLWK WKH +RXJKWRQ CRXQW\ 0HPRULDO ALUSRUW (C0;), WKH WHDP OHDUQHG WKDW DLUSRUWV DUH QRW 

LQWHUHVWHG LQ V\VWHP FKDQJHV XQOHVV LW ZLOO VDYH WKHP PRQH\. 7KH VPDOO DLUSRUWV KDYH D VWULFW 

EXGJHW DQG RSHUDWLQJ FRVWV WKDW PXVW EH IROORZHG ZLWK WKH FRQVLGHUDWLRQ RI KDYLQJ RQO\ WZR 

IOLJKWV SHU GD\. 7KLV LV ZK\ LW LV HVVHQWLDO WKDW WKH VROXWLRQ UHPDLQV ZLWKLQ WKH FRQVWUDLQWV RI EHLQJ 

VLPSOH DQG DEOH WR XWLOL]H H[LVWLQJ UHVRXUFHV.  

:KHQ ILJXULQJ WKH GHWDLOV IRU WKH SURMHFW, IDFWRUV OLNH DSSOLFDWLRQ WLPH DQG FRQWDLQPHQW RI 

GHLFLQJ IOXLG ZHUH DOVR GHHPHG QHFHVVDU\, VR WKH UHDO FKDOOHQJH ZDV ILQGLQJ D ZD\ WR VDWLVI\ 

WKHVH UHTXLUHPHQWV WR PHHW WKH OHYHO RI FRQYHQLHQFH IRU SRWHQWLDO DLUILHOG XVH.  

7KH ILUVW LGHD IRU WKH SURMHFW IRFXVHG DURXQG WKH DSSOLFDWLRQ RI WKH IOXLG DQG WR PDQLSXODWH 

WKH IORZ UDWH DW ZKLFK WKH JO\FRO OHIW WKH QR]]OH. 7KH WHDP GLG PRUH UHVHDUFK RQ WKLV SRWHQWLDO 

VROXWLRQ WR ILQG ZD\V WR FRQFHQWUDWH WKH VSUD\. AIWHU EHLQJ LQYLWHG WR ZDWFK WKH GHLFLQJ SURFHVV DW 

C0;, LW LV HYLGHQW WKDW WKH FXUUHQW IORZ UDWH LV HVVHQWLDO WR WKH RSHUDWLRQ. 7KH PDVVLYH IORZ RI 

JO\FRO LV QHHGHG WR UHPRYH H[FHVV GHEULV OLNH VQRZ DQG LFH. 7KH ZLQG FRQGLWLRQV ZHUH DOVR 

REVHUYHG WR KDYH D VLJQLILFDQW HIIHFW RQ WKH UDWH RI JO\FRO H[LWLQJ WKH QR]]OH. A ORZHU IORZ UDWH 

ZRXOG GLVSHUVH PRUH TXLFNO\ ZLWK WKH LPSDFW RI ZLQG DQG ZRXOG UHVXOW LQ PRUH JO\FRO HQGLQJ XS 

RQ WKH JURXQG UDWKHU WKDQ WKH ZLQJ. AIWHU REVHUYLQJ WKH GHLFLQJ SURFHVV, DQ REVHUYDWLRQ ZDV 

PDGH DERXW WKH ZDUP-XS SURFHVV IRU WKH KRVH FRQQHFWHG WR WKH GHLFLQJ WUXFN. 7KH DLUSRUW 

SHUVRQQHO UHVSRQVLEOH IRU GHLFLQJ WKH SODQH VSHQG 1-2 PLQXWHV VSUD\LQJ JO\FRO RQWR WKH JURXQG WR 

ZDUP XS WKH KRVH. 7KLV LV GRQH WR UHGXFH WKH VWLIIQHVV LQ WKH KRVH FDXVHG E\ WKH FROG LQ RUGHU WR 

QDYLJDWH WKH QR]]OH DORQJ WKH ZLQJ. 
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7KLV REVHUYDWLRQ KHOSHG PRYH WKH WHDP¶V IRFXV RQ WKH FROOHFWLRQ RI JO\FRO. A FDOFXODWLRQ 

ZDV GRQH WR ILQG WKH DPRXQW RI JO\FRO ZDVWHG HDFK GD\ DQG D WRWDO DPRXQW IRU WKH \HDU MXVW LQ WKH 

ZDUP-XS VWDJHV RI WKH GHLFLQJ SURFHVV. ,W LV HVWLPDWHG WKDW C0; XVHV DURXQG 78,310 JDOORQV 

GXULQJ WKH GHLFLQJ PRQWKV. AIWHU ORRNLQJ IXUWKHU LQWR WKH SUREOHP, WKH WHDP ZDV DEOH WR OHDUQ WKDW 

WKHUH DUH JO\FRO UHF\FOLQJ FRPSDQLHV WKDW DFFHSW FROOHFWHG JO\FRO WR EH UHF\FOHG DQG UHVROG DV 

RWKHU ORZ SHUFHQWDJH JO\FRO SURGXFWV. 7KH WHDP UHDFKHG RXW WR 86 EFRORJ\, ,QF. WR OHDUQ PRUH 

DERXW WKH UHF\FOLQJ RI JO\FRO. AIWHU D GLVFXVVLRQ ZLWK 86 EFRORJ\, ZH OHDUQHG WKDW WKH\ DFFHSW 

FROOHFWHG JO\FRO IURP DLUSRUWV. ,I WKH JO\FRO SHUFHQWDJHV DUH KLJK HQRXJK (15% RU PRUH), WKH 86 

EFRORJ\ ZLOO SD\ IRU WKH FROOHFWHG JO\FRO RU RIIHU WKH DLUSRUW SHUVRQQHO UHGXFHG SULFHV RQ JO\FRO.  

4.3 3URWRW\SH MDQXIDFWXULQJ DQG 7HVWLQJ 

7KH ILUVW VLJQLILFDQW LGHD OHDGLQJ XS WR WKH IXOO-VFDOH PRGHO ZDV WR EXLOG D UHGXFHG-VFDOH 

SURWRW\SH RI D FDUW ZKLFK FDQ FROOHFW JO\FRO DV LW VSODVKHV RII RI WKH ZLQJ GXULQJ WKH GH-LFLQJ 

SURFHVV. 7KH IXOO-VFDOH GHVLJQ LV DSSUR[LPDWHO\ 18 IHHW ORQJ DQG 6 IHHW ZLGH. +RZHYHU, GXH WR 

YDULRXV VL]H DQG PDQXIDFWXULQJ OLPLWDWLRQV ZLWK UHJDUG WR WKH EXLOG-XS IDFLOLW\ DW 0LFKLJDQ 

7HFKQRORJLFDO 8QLYHUVLW\ (078), D GHPRQVWUDWLRQ-VFDOH SURWRW\SH ZDV GHHPHG QHFHVVDU\. 7KH 

SURWRW\SH ZDV VFDOHG WR DSSUR[LPDWHO\ RQH-WKLUG RI WKH LQWHQGHG ILQDO 18 IRRW-ORQJ IXOO VFDOH 

PRGHO. 7KH SURWRW\SH¶V ILQDO GLPHQVLRQV ZHUH DSSUR[LPDWHO\ 6 IHHW ORQJ DQG 4 IW ZLGH, ZLWKRXW 

WDNLQJ KLWFKHV LQWR DFFRXQW (VHH )LJXUH 3).  

DXH WR WKH JOREDO C29,D-19 SDQGHPLF, 078 KDG WR FORVH LWV FDPSXV WR DOO QRQ-HVVHQWLDO 

SHUVRQQHO IRU WKH UHPDLQGHU RI WKH VHPHVWHU, UHVXOWLQJ LQ D KDOW LQ SURGXFWLRQ GXULQJ WKH 

PDQXIDFWXULQJ SURFHVV. BHFDXVH RI WKLV, WKH WHDP ZDV UHQGHUHG XQDEOH WR ILQLVK FUHDWLQJ WKH 

IXOO\-IXQFWLRQLQJ, DSSUR[LPDWHO\ RQH-WKLUG-VFDOH SURWRW\SH (VHH )LJXUH 4). 
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)LJXUH 3.  3URWRW\SH CAD 0RGHO 

 

)LJXUH 4. 3DUWLDOO\ BXLOW *CC 3URWRW\SH 

BHFDXVH RI WKLV XQIRUWXQDWH DUULYDO RI C29,D-19, SUHYLRXVO\ SODQQHG WHVWLQJ VWDJHV ZHUH 

DOVR IRUFHG WR EH FDQFHOHG. )EA ZDV FRQVLGHUHG DV D SRWHQWLDO UHSODFHPHQW IRU WHVWLQJ, KRZHYHU LW 

ZDV GHWHUPLQHG WKDW PRVW )EA VLPXODWLRQV WKDW ZRXOG EH XVHIXO VXUURJDWHV IRU SK\VLFDO WHVWLQJ 

ZRXOG UHTXLUH FRPSXWLQJ UHVRXUFHV WKDW ZHUH QR ORQJHU DYDLODEOH WR XV. 2QH WKLQJ ZH ZHUH DEOH 

WR VLPXODWH ZDV WKH SDWK RI WKH FDUW IURP RQH ZLQJ WR DQRWKHU (VFUHHQVKRWV RI ZKLFK FDQ EH IRXQG 

LQ )LJXUHV 9-10). 7KLV KHOSHG GHPRQVWUDWH WKDW WKH FDUW ZLOO QRW UHTXLUH H[FHVVLYH DPRXQWV RI WLPH 

DQG VSDFH LQ RUGHU WR PDQHXYHU LW IURP RQH ZLQJ WR DQRWKHU  
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5.0 7HFKQLFDO DHVFULSWLRQ 

5.1 CDUW DHVLJQ 

7KH GHVLJQ RI WKH *CC FRQVLVWV RI D 7UDLOHU, CROOHFWLRQ AUHD, D 3LYRWLQJ 7RS, DQG WZR 

VHWV RI )DEULF DDPSLQJ 6WULSV (VHH ILJXUHV 5-7).  

 

 

)LJXUH 5. )XOO-VFDOH *O\FRO CROOHFWLRQ CDUW AVVHPEO\ 

 

 

)LJXUH 6. *CC BDVLF E[SORVLRQ 
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)LJXUH 7. *CC DDPSHU 6WULSV E[SORVLRQ 

7KH DDPSHU 6WULSV KHOS UHGXFH WKH VSODVKLQJ WKDW PD\ RFFXU LI WKH JO\FRO KLWV WKH PHWDO. 

7KH 7UDLOHU ()LJXUH 8) FDQ HLWKHU EH D PRGLILHG SXUFKDVHG SDUW RU FXVWRP-PDGH. ,W FRQVLVWV RI 4 

SXUFKDVHG ZKHHOV URWDWLQJ DERXW D IL[HG D[OH DQG UHWDLQHG E\ D VHW RI FRWWHU SLQV DQG ZDVKHUV. 

7KH D[OHV DUH 4 IL[HG FLUFXODU URGV, ZHOGHG WR WKH WUDLOHU IUDPH. 7KH WUDLOHU IUDPH LWVHOI LV DOVR 

FRQVLVWLQJ RI D ZHOGHG VHW RI WXEH VWRFN DQG DQJOH LURQ. AW RQH RI WKH HQGV WKHUH LV D SLQWOH-VW\OH 

KLWFK RQ KHDY\-GXW\ KLQJHV IRU HDV\ DWWDFK- DQG GHWDFK-SURFHGXUHV.  

 

)LJXUH 8. 7UDLOHU E[SORVLRQ 
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,QVWHDG RI KDYLQJ D VHFRQG KLWFK WKH FDUW ZLOO KDYH D URWDWLQJ VSODVK JXDUG ZKLFK FDQ EH 

IOLSSHG IURP RQH VLGH WR WKH RWKHU ZKHQ EDFNLQJ WKH *CC LQWR LWV SRVLWLRQ RQ HLWKHU VLGH RI WKH 

SODQH. 7KLV LQ WXUQ UHGXFHV WKH WLPH WKDW LW ZRXOG WDNH WR KLWFK DQG GH-KLWFK LI WKH VSODVK JXDUG 

ZHUH XQLGLUHFWLRQDO (QRQ-IOLSSDEOH). 1RWH WKDW WKLV UHTXLUHV D VHFRQG VHW RI GDPSHU VWULSV RQ WKH 

RWKHU VLGH/HGJH RI WKH VSODVK JXDUG (QRW VKRZQ LQ WKH ILJXUHV). 

 
)LJXUH 9. 6FDOH FRPSDULVRQ RI *CC FRPSDUHG WR ALUSODQH :LQJ 

 

 
)LJXUH 10. *CC RQ RWKHU VLGH RI SODQH WR VKRZ QHHG IRU SLYRWLQJ WRS 

7KH CRQWDLQPHQW AUHD (6HH )LJXUHV 11-14) VXEDVVHPEO\ LV PDGH XS RI D VWHHO WXEHVWRFN 

VWUXFWXUDO IUDPH; D VKHHW VWHHO RXWHU EDVH VKHOO, FRQVLVWLQJ RI 3 ERWWRP VKHHWV DQG 8 VLGH SDQHOV; 

DQG WZR VKHHWV RI VWHHO LQVLGH RI WKH VKHOO, VODQWHG VXFK WKDW LW ZLOO GLUHFW WKH OLTXLG LQWR D ò-LQFK 

YDOYH-VW\OH VSLJRW, ORFDWHG DV LQGLFDWHG LQ )LJXUH 11. 7KLV YDOYH LV WKUHDGHG IRU HDV\ LQWHUIDFH 
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ZLWK D PDWFKLQJ KRVH IRU WUDQVIHU LQWR ZKLFKHYHU VWRUDJH YHVVHO WKH DLUSRUW ILQGV PRVW 

FRQYHQLHQW. ,Q DGGLWLRQ, WKH VSODVK JXDUG ()LJXUH 14) DOVR FRQVLVWV RI 3 VKHHWV RI VWHHO DFWLQJ DV D 

EDFNERDUG, DV ZHOO DV 2 VKHHWV RQ HDFK HQG WR SDUWLDOO\ HQFORVH WKH DUHD. 

 

 

)LJXUH 11. *O\FRO CRQWDLQPHQW 8QLW DQG 6SLJRW  

 

 

)LJXUH 12. *O\FRO CRQWDLQPHQW 8QLW VLGH SDQHOV  
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)LJXUH 13. *O\FRO CRQWDLQPHQW 8QLW ERWWRP & VODQWHG VKHHWV 

 

 

)LJXUH 14. *O\FRO CRQWDLQPHQW 8QLW VSODVK JXDUG 

 

5.2 6DIHW\ - DFMEA 

7KH GHVLJQ IDLOXUH PRGHV DQG HIIHFWV DQDO\VLV ZDV UHILQHG WKURXJKRXW WKH SURMHFW. 7KH WRS 

WKUHH DUHDV RI SRWHQWLDO IDLOXUHV DUH FDUW GLVFRQQHFWLRQV, GDPDJH WR WKH DLUSODQH, DQG IOXLG 
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RYHUIORZLQJ IURP WKH FDUW. 7KH DFWLRQV WR UHGXFH WKH ULVN SULRULW\ QXPEHU DUH PLQRU FKDQJHV WR 

WKH GHVLJQ. 7KHVH FKDQJHV ZLOO LQFUHDVH WKH VDIHW\ RI ERWK WKH ZRUNHUV, SDVVHQJHUV, DQG WKH 

HQYLURQPHQW.                                                     

7DEOH 3. DHVLJQ )DLOXUH 0RGHV DQG EIIHFWV AQDO\VLV (WRS 3 531V) 

 

CROOLVLRQV WR WKH DLUFUDIW FRXOG FDXVH GHOD\V FRVWLQJ WKH DLUOLQHV PRQH\ RQ WRS RI WKH 

FRVWO\ GDPDJH WR WKH DLUFUDIW. 2Q WRS RI WKH FRVW, FROOLVLRQV FRXOG FDXVH KDUP WR ZRUNHUV DQG 

SDVVHQJHUV. AWWDFKLQJ PDQXDO EUDNHV WR HDFK ZKHHO ZLOO EH DEOH WR KLQGHU WKH PRYHPHQW RI WKH 

FDUW DW DQ\ WLPH. 7KH GULYHU ZLOO SDUN WKHLU YHKLFOH, JHW RXW RI WKH WUXFN, DQG XWLOL]H WKH EUDNHV WR 

DW OHDVW WZR WLUHV. 7KH RWKHU VDIHW\ FRQVLGHUDWLRQ LV WKDW LI HLWKHU WKH GULYHU EDFNV LQWR WKH SODQH RU 

LI WKH EUDNHV IDLO. 3DGGLQJ ZLOO EH DGGHG WR WKH IRXU FRUQHUV RI WKH FDUW. 7KLV ZLOO SUHYHQW 

VLJQLILFDQW GDPDJH IURP RFFXUULQJ GXH WR DFFLGHQWDO LPSDFW.  

A IDLOXUH RI FROOHFWLRQ FRXOG EH LI WKH GULYHU KDV WR VSHHG XS RU VORZ GRZQ LQ VXFK D ZD\ 

WR FUHDWH ZDYHV LQ WKH FDUW ELJ HQRXJK WR VSLOO RXW RQWR WKH JURXQG. 1RW RQO\ LV WKLV D SRWHQWLDO 
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KD]DUG IRU ZRUNHUV, EXW IRU WKH HQYLURQPHQW DV ZHOO. 7KH JRDO RI WKH SURMHFW LV WR UHGXFH WKH 

KDUPIXO HIIHFWV WKDW JO\FRO KDV RQ WKH HQYLURQPHQW, DQG D PDMRU VSLOO GHIHDWV WKLV JRDO. 7R 

PLWLJDWH WKHVH ZDYHV RU VORVKLQJ, D JUDWH RU ZDYH JXDUG FDQ EH SODFHG DW WKH WRS RI WKH FDUW WR 

FRQVWUDLQ WKH VORVKLQJ. 

6.0 FHDVLELOLW\ 

.HHSLQJ LQ PLQG WKDW WKH IRFXV RI RXU SURMHFW LV EDVHG DURXQG VPDOO VFDOH DLUSRUWV ZKHUH 

EXGJHWV DUH ORZ, DQG SURILWV DUH PLQLPDO, WKH GHVLJQ KDG WR EH FRVW-HIIHFWLYH. :LWK WKH FDUW 

GHVLJQ, WKH JRDO LV WR KDYH WZR FROOHFWLRQ SXUSRVHV. 7KH ILUVW XVH RI WKH FDUW ZLOO EH WR FROOHFW WKH 

JO\FRO WKDW LV JHQHUDOO\ VSUD\HG RQWR WKH JURXQG WR ZDUP XS WKH KRVH EHIRUH WKH GH-LFLQJ EHJLQV. 

7KH FDUW ZLOO EH EDFNHG LQWR SODFH QHDU WKH RSHUDWRU HOHYDWHG LQ WKH ERRP DQG UHPDLQ VWDWLRQDU\ 

ZKLOH JO\FRO LV VSUD\HG LQWR WKH FDUW. 8QGHU QRUPDO ZLQG FRQGLWLRQV, WKH JRDO LV WR FROOHFW 85% RI 

FOHDQ JO\FRO GXULQJ WKH LQLWLDO ZDUP-XS VWDJH. )URP WKH WHDP¶V REVHUYDWLRQ RI D SODQH GH-LFLQJ DW 

C0; DQG WKH IORZ UDWH FDSDELOLWLHV RI WKH VSUD\ QR]]OH, LW ZDV HVWLPDWHG WKDW 9.35 JDOORQV ZRXOG 

EH FROOHFWHG SHU ZDUP XS. 

AIWHU WKH ZDUP-XS VWDJH, WKH FDUW ZLOO EH EDFNHG LQWR SODFH, UHPDLQLQJ VWDWLRQDU\ ZKLOH 

UXQQLQJ SDUDOOHO ZLWK WKH ZLQJ RI WKH SODQH WR FROOHFW ERWK UXQRII DQG GHIOHFWHG JO\FRO. )LJXUH 15 

JLYHV D YLVXDO IRU WKH RULHQWDWLRQ RI WKH FDUW GXULQJ WKH GHLFLQJ SURFHVV.  
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)LJXUH 15. 2ULHQWDWLRQ RI FDUW ZLWK UHVSHFW WR ZLQJ  

 

7KH EXGJHWV RI WKH VPDOOHU DLUSRUWV DUH WLJKW, VR WKH FDUW ZDV GHVLJQHG WR ZRUN ODUJHO\ 

ZLWK H[LVWLQJ HTXLSPHQW DQG RSHUDWRUV DOUHDG\ LQYROYHG LQ WKH GHLFLQJ SURFHVV. 7KH FDUW ZLOO EH 

PRYHG DURXQG ZLWK DQ H[LVWLQJ SLFN-XS WUXFN UHDGLO\ DYDLODEOH RQVLWH. 7KH FRQQHFWLRQ RQ RI WKH 

FDUW ZLOO EH D SLQWOH KLWFK IRU TXLFN FRQQHFWLRQ DQG GLVFRQQHFWLRQ WR WKH SLFN-XS WUXFN. DXULQJ WKH 

GHLFLQJ SURFHVV, WKH WHDP QRWHG D WRWDO RI WKUHH RSHUDWRUV LQYROYHG LQ WKH SURFHVV. 7KH WKLUG 

RSHUDWRU WKDW QRUPDOO\ VLWV RQ WKH SDVVHQJHU VLGH RI WKH GHLFLQJ WUXFN LV UHVSRQVLEOH IRU GRLQJ D 

SK\VLFDO LQVSHFWLRQ RQ WKH ZLQJV DIWHU WKH\ DUH GH-LFHG. 7KLV RSHUDWRU FDQ EH XVHG WR PDQHXYHU 

WKH VHSDUDWH WUXFN DQG FDUW LQWR SODFH. 7KH RSHUDWRU FDQ VWLOO JHW RXW DQG GR KLV LQVSHFWLRQ EHIRUH 

PRYLQJ WKH FDUW WR WKH RWKHU VLGH RI WKH SODQH. 8VLQJ WKH WKLUG RSHUDWRU FDQ PLQLPL]H FRVWV QHHGHG 

IRU DQ\ DGGLWLRQDO ODERU.  

7LPLQJ LV DOVR D YHU\ LPSRUWDQW SDUW RI WKH SURFHVV LQ RUGHU WR NHHS WKH DLUFUDIW RQ 

VFKHGXOH. 7KH WHDP LV DZDUH RI WLPH WKDW LQFRUSRUDWLQJ WKLV FROOHFWLRQ PHWKRG PD\ DGG. 8VLQJ 

SURSHU WUDLQLQJ DQG SODQQLQJ IRU WKH QHZ SURFHVV, WKH DGGLWLRQDO DGGHG WLPH LV HVWLPDWHG WR EH 

PLQLPDO; WKH FDUW ZRXOG EH PRYHG GXULQJ WKH VDPH SHULRG DV WKH GH-LFLQJ WUXFN. 
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8SRQ FRPSOHWLRQ RI WKH GH-LFLQJ, WKH SODQH ZLOO WDNH RII, DQG WKH JO\FRO ZLOO QHHG WR EH 

GUDLQHG IURP WKH FDUW IRU SHUPDQHQW VWRUDJH XQWLO LW LV SLFNHG XS IRU UHF\FOLQJ. A VPDOO JDV ( RU 

HOHFWULF) SXPS DQG KRVH ZLOO EH XVHG WR SXPS WKH FROOHFWHG JO\FRO IURP WKH FDUW LQWR D SODVWLF 

VWRUDJH FRQWDLQHU LQVLGH WKH KDQJDU. :LWK D IORZ RI 164 *30, WKH JO\FRO FDQ EH HPSWLHG IURP WKH 

FDUW LQ D PDWWHU RI PLQXWHV. 7KH SODVWLF VWRUDJH FRQWDLQHU ZLOO EH SXUFKDVHG DQG KDV EHHQ IDFWRUHG 

LQWR WKH RYHUDOO PDWHULDO FRVW RI WKH FDUW DORQJ ZLWK WKH SXPS DQG KRVH. 7KH VWRUDJH FRQWDLQHU KDV 

D 2,000 JDOORQ FDSDFLW\ DOORZLQJ HQRXJK JO\FRO VWRUDJH IRU PXOWLSOH ZHHNV DW D WLPH XQWLO LW FDQ 

EH SLFNHG XS. 7KHUH LV DOVR D VHFRQGDU\ GUDLQLQJ V\VWHP ZKLFK LV D GUDLQ KROH WDSSHG ZLWK D 0.75-

LQFK GLDPHWHU VSLJRW. 7KLV FDQ EH XVHG DV D EDFN-XS V\VWHP LI WKHUH LV DQ LVVXH ZLWK WKH SXPS. 

7KH GUDLQ KROH FDQ DOVR EH XVHG WR FOHDQ DQG HPSW\ WKH FDUW RI GHEULV EXLOG XS OLNH GLUW. 

7KH PD[LPXP DPRXQW RI JO\FRO H[SHFWHG WR EH FROOHFWHG GXULQJ D VLQJOH GH-LFLQJ LV DERXW 

85 JDOORQV. 7KH FDUW KDV HQRXJK VWRUDJH IRU RYHU 1,000 JDOORQV, ZKLFK OHDYHV H[FHVV URRP WR GR 

PXOWLSOH GH-LFLQJ RSHUDWLRQV EHIRUH GUDLQLQJ DQG VWRULQJ WKH JO\FRO LQ D SHUPDQHQW SRO\ WDQN. 

AIWHU WDONLQJ ZLWK 86 EFRORJ\, WKH KLJKHVW EX\EDFN SULFHV RIIHUHG FRPH IURP D KLJKHU 

SHUFHQWDJH JO\FRO JHQHUDOO\ DW 15% JO\FRO SXULW\. 6RPHWKLQJ FRQVLGHUHG ZDV WKH SRWHQWLDO IRU 

GLOXWLRQ RI WKH JO\FRO FROOHFWHG RQFH LW LV VLWWLQJ LQ WKH FDUW. E[SRVXUH WR VQRZ DQG UDLQIDOO FDQ 

GLOXWH WKH JO\FRO SXULW\. 7R DFFRXQW IRU WKLV, D FDOFXODWLRQ ZDV GRQH EDVHG RQ ZRUVW FDVH UDLQIDOO 

ZKLFK ZDV RYHU WZR LQFKHV. 7KH UHVXOW FRQILUPHG WKDW D ZRUVW-FDVH VFHQDULR ZRXOG VWLOO UHVXOW LQ D 

FROOHFWHG JO\FRO SXULW\ RYHU 20%. .HHSLQJ WKLV LQ PLQG, LW ZRXOG EH EHVW WR HPSW\ WKH FDUW HYHU\ 

FRXSOH RI GD\V WR UHGXFH WKH SROOXWLRQ DQG GLOXWLRQ RI WKH FROOHFWHG JO\FRO, DV WKLV ZRXOG UHGXFH 

WKH EX\EDFN SULFH.               
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7.0 IPSDFW  

7R SURYH WKH HIILFDF\ RI RXU GHVLJQ, ZH H[SORUHG PDQ\ IDFWRUV LQFOXGLQJ UHF\FOLQJ 

EHQHILWV, FRVW DQDO\VLV, PDQXIDFWXULQJ DQDO\VLV, DQG IXWXUH SURMHFWLRQV WR VKRZ WKDW WKLV FDUW 

GHVLJQ LV IHDVLEOH ZLWK UHWXUQV RQ WKH LQYHVWPHQW. AV VWDWHG HDUOLHU, WKH XVH RI JO\FRO LQ GH-LFLQJ 

SODQHV LV HIIHFWLYH, EXW WKH SURFHVV LV H[SHQVLYH, DQG WKRXVDQGV RI JDOORQV HQG XS LQ WKH 

HQYLURQPHQW RQ DQ DQQXDO EDVLV. 2XU GHVLJQHG SURGXFW KDV WKH SRWHQWLDO WR ERWK UHGXFH FRVWV DQG 

WKH DPRXQW RI JO\FRO WKDW HQGV XS LQ WKH HQYLURQPHQW. 

AV WKH SURGXFW VWDQGV, RXU WHDP SUHGLFWV WKDW, DW D PLQLPXP, ZH FDQ H[SHFW WR FDSWXUH 

25% RI WKH JO\FRO XVHG GXULQJ WKH GH-LFLQJ SURFHVV, DQG GXULQJ ZDUPXS, LW LV H[SHFWHG WR UHDFK 

85%. BDVHG RQ WKHVH H[SHFWDWLRQV, WKLV HOLPLQDWHV DURXQG 18,000 JDOORQV IURP HQGLQJ XS RQ WKH 

JURXQG, ZKLFK LV D FRQVLGHUDEOH LPSDFW RQ WKH FXUUHQW UXQRII DPRXQW. ,I ZH ORRN HYHQ IXUWKHU 

WKHUH DUH URXJKO\ 5,000 SXEOLF DLUSRUWV LQ APHULFD LI 3,000 DUH VPDOO DLUSRUWV DQG, LI KDOI RI WKRVH 

DUH QRUWK RU PRXQWDLQRXV HQRXJK WR QHHG GH-LFLQJ DQG WKHLU ZLQWHUV DYHUDJH WZR PRQWKV. 7KHQ 

ZLWK D 25% FDSWXUH UDWH IRU JO\FRO DQG 300 JDOORQV PD[LPXP XVHG IRU GH-LFLQJ, WKLV FDUW FRXOG 

SUHYHQW 6.75 PLOOLRQ JDOORQV RI JO\FRO IURP HQWHULQJ WKH HFRV\VWHP HDFK \HDU. 

7KH LPSRUWDQFH RI WKH LPSDFW RI RXU GHVLJQ LV HYLGHQW, DQG WR IXUWKHU VKRZ WKLV, D FRVW 

DQDO\VLV PRGHO ZDV GHYHORSHG WR VKRZ WKH FRVW RI LQYHVWPHQW YV. WKH UHWXUQ UDWH RI JO\FRO. 7KLV 

PRGHO LQFOXGHV D ELOO RI PDWHULDO ZKLFK DFFRXQWV IRU DOO FRVWV IRU WKH PDWHULDO ZKLFK LV XVHG WR 

PDQXIDFWXUH RXU SURGXFW. AGGLWLRQDOO\, D PDQXIDFWXULQJ PRGHO LV XVHG WR GHWHUPLQH WKH FRVW WR 

DVVHPEOH DQG SURGXFH RXU SURGXFW. 7KHVH FRVWV RI LQYHVWPHQW DUH WKHQ SODFHG DJDLQVW WKH UHWXUQ 

UDWH RQ UHF\FOHG JO\FRO ZKLFK XOWLPDWHO\ VKRZV WKDW WKH LQYHVWPHQW LV FRVW HIIHFWLYH DQG ZLOO HQG 

XS SD\LQJ IRU LWVHOI EHIRUH WKH SURGXFW¶V OLIHWLPH LV RYHU. )LJXUH 16 LQ VHFWLRQ 7.5 VKRZV WKH 

HIIHFWV WKDW WKH EX\EDFN UDWH RI WKH JO\FRO KDV RQ WKH SD\EDFN SHULRG RI WKH FDUW. )RU H[DPSOH, LI 
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WKH UHF\FOLQJ FRPSDQ\ RIIHUV D 5% EX\EDFN RQ WKH FRVW SHU JDOORQ RI JO\FRO, LW ZLOO RQO\ WDNH 3 

\HDUV IRU WKH FDUW WR EH SURILWDEOH. 

7.1 CRPSHWLWLRQ GRDOV 

7KH JRDOV IRU WKLV FRPSHWLWLRQ LQFOXGHG UDLVLQJ DZDUHQHVV DERXW WKH AC53 DQG 

KLJKOLJKWLQJ WKH LPSRUWDQFH RI WKH DLUSRUWV WR WKH 1DWLRQDO ALUVSDFH 6\VWHP LQIUDVWUXFWXUH. 7KH 

FRPSHWLWLRQ JHWV VWXGHQWV LQYROYHG ZLWK FXUUHQW LVVXHV VXUURXQGLQJ DLUSRUWV. 6WXGHQWV DUH 

SURYLGHG D PHDQLQJIXO RSSRUWXQLW\ WR FRQWULEXWH LGHDV DQG SRWHQWLDO VROXWLRQV WR WKHVH LVVXHV. 

:KLOH WKH FRPSHWLWLRQ DOVR SURYLGHV D FKDOOHQJLQJ HGXFDWLRQDO H[SHULHQFH, LW DOVR UDLVHV 

DZDUHQHVV IRU VWXGHQWV ZKR KDYH DQ LQWHUHVW LQ IRFXVLQJ WKHLU FDUHHUV LQ WKH DLUSRUW LQGXVWU\. 

7KH WHDP ZDV DEOH WR FRQFHSWXDOL]H DLUSRUW RSHUDWLRQV WR EH DEOH WR ILQG D SUREOHP DUHD 

DQG WKHQ ZHQW RQ WR XWLOL]H FRQWDFWV LQ WKLV LQGXVWU\. 7KURXJK WKLV HGXFDWLRQDO H[SHULHQFH, WKH 

WHDP ZDV DEOH WR GHYHORS D JHQXLQH LQWHUHVW LQ LPSURYLQJ RSHUDWLRQV DW VPDOO DLUSRUWV DQG VSUHDG 

DZDUHQHVV RI WKH LPSRUWDQFH RI DLUSRUWV DQG WKH AC53. 

7.2 AIIRUGDELOLW\ 

AIWHU GLVFRYHULQJ KRZ WLJKW WKH EXGJHWV DUH DW VPDOO DLUSRUWV, WKH FRVW WR LPSOHPHQW WKH 

FDUW GHVLJQ LQWR HYHU\GD\ RSHUDWLRQV EHFDPH D PDMRU GULYLQJ IDFWRU IRU WKH SURMHFW. E[DFW 

QXPEHUV IRU D \HDUO\ EXGJHW ZHUH QRW SURYLGHG, EXW LW ZDV PDGH FOHDU WKDW DQ\ DGGLWLRQDO FRVW FDQ 

FDXVH D PDMRU GLVUXSWLRQ WR \HDUO\ UHYHQXH. AOWKRXJK LPSOHPHQWLQJ WKH FDUW LQWR HYHU\GD\ 

RSHUDWLRQV ZRXOG KDYH DQ XSIURQW FRVW, EX\EDFN SULFHV IRU UHF\FOHG JO\FRO ZRXOG FRYHU WKLV FRVW 

ZLWKLQ WKH ILUVW IHZ \HDUV RI XVH, 

,W LV DIIRUGDEOH WR VHQG WKH FROOHFWHG GH-LFLQJ IOXLG WR D UHF\FOLQJ FHQWHU VXFK DV 86 

EFRORJ\. A UHSUHVHQWDWLYH IURP 86 EFRORJ\ JDYH FRQILUPDWLRQ WKDW LI WKH IOXLG VHQW IRU UHF\FOLQJ 

KDV DW OHDVW D 15% JO\FRO SXULW\, WKHUH LV SRWHQWLDO IRU WUDQVSRUWDWLRQ FRVWV WR EH FRYHUHG E\ WKH 
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FRPSDQ\. 7KHUH LV DOVR SRWHQWLDO IRU UHEDWHV DQG GLVFRXQWV RQ IXWXUH JO\FRO SXUFKDVHV LI WKH 

FRPSRVLWLRQ H[FHHGV WKLV SHUFHQWDJH. :LWK SULFHV RI GHLFLQJ IOXLG DURXQG $6.80 SHU JDOORQ, DQ\ 

GLVFRXQW RQ SULFLQJ ZLOO KHOS UHGXFH FRVWV IRU WKH \HDU. 7\SH 1 GHLFLQJ IOXLG FRQVLVWV RI XS WR 

70% JO\FRO, DQG EHFDXVH WKH FDUW LV GHVLJQHG WR FROOHFW WKH IOXLG EHIRUH JURXQG FRQWDFW, LW LV OLNHO\ 

WKDW WKH FROOHFWHG JO\FRO VHQW WR 86 EFRORJ\ ZLOO H[FHHG WKH 15% FRPSRVLWLRQ WKUHVKROG. EYHQ 

ZLWK 6´ RI VQRZ RQ ERWK ZLQJV RI WKH SODQH, WKLV ZLOO RQO\ GHFUHDVH WKH FRQFHQWUDWLRQ GRZQ WR 

DERXW 28% JO\FRO. 7KLV LV D ZRUVW-FDVH VFHQDULR LI WKH SODQH LV QRW NHSW LQ D KDQJHU GXULQJ KHDY\ 

VQRZIDOO. 

7.3 CRVW AQDO\VLV 

,Q RUGHU WR VKRZ WKDW RXU SURGXFW LV QRW RQO\ D YLDEOH VROXWLRQ WR RXU SUREOHP, EXW DOVR 

FRVW HIIHFWLYH, DQG ZRUWK WKH LQYHVWPHQW, D FRVW DQDO\VLV ZDV GHYHORSHG. 7KLV V\VWHP VKRZV WKH 

VWHSV WKDW DUH LQYROYHG LQ PDQXIDFWXULQJ DV ZHOO DV LQFOXGLQJ ODERU DQG PDWHULDO FRVW. 

7R GHYHORS D FRVW HVWLPDWLRQ IRU RXU SURGXFW D VXP RI WKH SXUFKDVHG PDWHULDOV DQG 

FRPSRQHQWV ZLWK WKH DGGLWLRQDO FRVW RI ODERU FRVW (LQFOXGLQJ RYHUKHDG IDFWRU). /DERU FRVWV DUH 

EDVHG RQ WRWDO SURGXFWLRQ WLPH RI HDFK RSHUDWLRQ LQ PDQXIDFWXULQJ DQG DUH VXEMHFW WR VPDOO 

YDULDQFHV. 7KH ODERU FRVW LV EDVHG RQ WRWDO SURGXFWLRQ WLPH. 7KLV LQFOXGHV VHWXS, PDQXIDFWXULQJ 

DQG RSHUDWLRQV, LQVSHFWLRQV WR PHHW HQJLQHHULQJ UHTXLUHPHQWV, WHVWLQJ RI DVVHPEOHG XQLWV, DQG 

FOHDQ XS. 

7.4 3XUFKDVHG MDWHULDO DQG CRPSRQHQWV 

AOO SULFHV XVHG LQ WKH FRVW DQDO\VLV V\VWHP DUH IRU RQH VLQJOH XQLW WR EH PDQXIDFWXUHG DQG 

GR QRW FRQVLGHU D PDVV SURGXFWLRQ. AOO SULFHV XVHG LQ WKH V\VWHP DUH DFWXDO SULFHV IRU HDFK 

PDWHULDO DQG FRPSRQHQW. 1R PDWHULDOV DUH VXEMHFW WR EXON GLVFRXQWV DQG PDWHULDOV GRQDWHG RU 

GLVFRXQWHG DUH LQFOXGHG DW XVXDO SULFLQJ (QR IUHH RU GLVFRXQWHG PDWHULDOV). 7DEOH 4 EHORZ JLYHV 
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WKH LQGLYLGXDO PDWHULDO FRVW IRU HDFK VHFWLRQ RI WKH FDUW. ,QFOXGHG LQ WKH SURFHGXUH DFFHVVRULHV 

FRVW LV SXPSLQJ HTXLSPHQW DQG D VWRUDJH FRQWDLQHU WR KROG WKH JO\FRO ZKHQ WKH FDUW LV HPSWLHG. 

 

7DEOH 4: 7RWDO 0DWHULDO CRVW 

6XE AVVHPEO\ 7RWDO CRVWV 

7XE )UDPH $3,300.00 

7XE )UDPH -:HOGPHQW $640.71 

7UDLOHU $2,524.31 

+LWFK $210.00 

3URFHGXUH AFFHVVRULHV $1,810.15 

7RWDO $8,485.43 
 

 

7.5 CRVW EVWLPDWLRQ 7DEOH 

7KH FRVW DQDO\VLV ZDV GRQH XVLQJ DQ E[FHO VKHHW DQG LV VXPPDUL]HG EHORZ (7DEOH 5). 7KLV 

WDEOH FRQWDLQV WKH GHWDLOV IRU HDFK FRPSRQHQW DQG HDFK RSHUDWLRQ XVHG LQ PDQXIDFWXULQJ WKH 

*CC. 7KH DVVHPEO\ IRU HDFK FRPSRQHQW LV EDVHG RQ D RQH-GD\ DVVHPEO\ SURGXFWLRQ. EDFK 

RSHUDWLRQ LV D VWHS LQ WKH DVVHPEO\ SURFHVV ZLWK VLPLODU RSHUDWLRQV FDWHJRUL]HG XQGHU WKH VDPH 

RSHUDWLRQ. 
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7DEOH 5: 0DQXIDFWXULQJ CRVW DHWDLOV 

MDQXIDFWXULQJ 
CRVW DHWDLOV        

 OSHU. 1 OSHU. 2 OSHU. 3 OSHU. 4 OSHU. 5 OSHU. 6 7RWDO 

 

CXW PDWHULDO WR 
OHQJWK DQG SUHS 
IRU ZHOGLQJ 

JLJ 
6HWXS 

7DFN DQG 
ZHOG 

AVVHPEOH 
ZHOGHG VXE 
DVVHPEOLHV 
WRJHWKHU. 

IQVSHFW 
RU WHVW 

COHDQXS 

 
D. 7RWDO WLPH WR 
FRPSOHWH RSHUDWLRQ 
(+2856) 2 1.5 1.75 1.5 1 0.5 

8.25 
(HRXUV) 

E. LDERU UDWH IRU 
RSHUDWLRQ $60.00 $60.00 $60.00 $60.00 $60.00 $60.00  
F. /DERU FRVW (D*E)  $120.00 $90.00 $105.00 $90.00 $60.00 $30.00  
D. 2YHUKHDG IDFWRU 1 1 1 1 1 1  
H. ETXLSPHQW IDFWRU 0.5 0.5 0.5 0.5 0.5 0.5  
I. 6SHFLDO RSHUDWLRQ/ 
7ROHUDQFH IDFWRU 0.25 0 0 0 0 0  
J. /DERU / 
ETXLSPHQW CRVW 
F*(1+G+H+I) $330.00 $225.00 $262.50 $225.00 $150.00 $75.00 $1,267.50 

 

7DEOH 5 EUHDNV GRZQ WKH PDQXIDFWXULQJ SURFHVV E\ WDNLQJ LQWR DFFRXQW WKH WLPH DQG ODERU 

UDWH IRU HDFK RI WKH RSHUDWLRQV. 7KH WRWDO ODERU FRVW IRU HDFK RSHUDWLRQ LV VLPSO\ WKH DPRXQW RI 

WLPH WR FRPSOHWH DQ RSHUDWLRQ PXOWLSOLHG E\ WKH KRXUO\ UDWH RI HDFK RSHUDWLRQ. ,QFOXGHG DOVR LV 

FRVWV IRU EDVLF RYHUKHDG DQG HTXLSPHQW FRVWV WR FRYHU WKH H[SHQVH RI PDWHULDOV QRW GLUHFWO\ 

VXEMHFWHG WR RXU SURGXFW (ZHOGLQJ PDWHULDOV, ETXLSPHQW PDWHULDOV, BDVLF RYHUKHDG. 

2XU SURGXFW GHVLJQ KDG WKH SRWHQWLDO WR PDQXIDFWXUH RXU VFDOHG SURWRW\SH JO\FRO 

FROOHFWLRQ FDUW DW D YHU\ UHDVRQDEOH WLPH DQG H[SHQVH. 7KLV LV GXH WR WKH VLPSOLFLW\ RI RXU GHVLJQ 

DQG WKH IRFXV RI UHPRYLQJ DQ\ SDUW ZKLFK UHTXLUHV VSHFLDO PDFKLQLQJ. AOO SDUWV DUH RI VLPSOH 

JHRPHWULHV DQG VL]H ZKLFK DOORZV WKH PDQXIDFWXULQJ WR HVVHQWLDOO\ EH DV VLPSOH DV SRVVLEOH DQG 
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DOORZV XV WR PDQXIDFWXUH RXU SURGXFW IRU D WRWDO H[SHQVH RI $1,267.50. 7KLV QRW RQO\ HQDEOHV XV 

WR SURGXFH RXU SURWRW\SH DW D PLQLPDO FRVW EXW IRUHWHOOV WKH OLNHOLKRRG RI GHOLYHULQJ SURGXFW WR 

RXU FXVWRPHUV DW D SULFH ZKLFK DOORZV IRU D JUHDWO\ LQFUHDVHG UHWXUQ RQ WKHLU LQYHVWPHQW ZKLOH 

DOVR SURILWDEOH WR WKH EXVLQHVVHV PDQXIDFWXULQJ DQG VHOOLQJ WKH SURGXFW. 8OWLPDWHO\, 

PDQXIDFWXULQJ DW D ORZ FRVW DOORZV IRU D VKRUWHU SD\EDFN SHULRG ZLWK UHF\FOLQJ GH-LFLQJ IOXLG.         

AJDLQ XQGHU QRUPDO ZLQG FRQGLWLRQV, WKH JRDO IRU FROOHFWLRQ GXULQJ WKH GHLFLQJ RI SODQH 

ZLQJV LV WR FROOHFW 25% RI H[FHVV JO\FRO. BDVHG RQ WKH DVVXPSWLRQ WKDW WKH FROOHFWHG JO\FRO KDV DW 

OHDVW 15% SXULW\, D EX\EDFN UDQJH RI  $0.20 WR $0.44 SHU JDOORQ, DQG DVVXPLQJ 25% FROOHFWLRQ LV 

DFKLHYHG, WKH FDUW ZDV HVWLPDWHG WR SD\ IRU LWVHOI LQ D UDQJH RI \HDUV. AW $0.20 SHU JDOORQ (3%)  LW 

ZRXOG WDNH 9 \HDUV WR EH SURILWDEOH. AW $0.27 (4%) LW ZRXOG WDNH 5 \HDUV, $0.34 (5%) SHU JDOORQ 

ZRXOG WDNH 4 \HDUV, DQG DW $0.44 SHU JDOORQ (6.5%) LW ZRXOG WDNH 3 \HDUV WR EH SURILWDEOH. )LJXUH 

16 EHORZ JLYHV D WLPHOLQH IRU SURILWV EDVHG RQ WKHVH EX\EDFN SULFHV.   

 

)LJXUH 16: *CC ,QLWLDO ,QYHVWPHQW 3D\EDFN 3HULRG   
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7.6 3RWHQWLDO IRU GHVLJQ 

2XU GHVLJQ JLYHV DLUSRUWV WKH RSSRUWXQLW\ WR GHFUHDVH WKH HQYLURQPHQWDO LQWHUDFWLRQV RI 

GH-LFLQJ IOXLG LQ D FRQYHQLHQW DQG LQH[SHQVLYH ZD\. ALUSRUW SHUVRQQHO DQG LQGXVWU\ H[SHUWV ZHUH 

LPSUHVVHG ZLWK RXU VLPSOH LGHD WR FROOHFW JO\FRO EHIRUH LW KLWV WKH JURXQG DQG EHOLHYH WKLV SURMHFW 

KDV D IXWXUH LQ WKH LQGXVWU\. 7KLV SURMHFW QRW RQO\ DOORZV VPDOO DLUSRUWV WR EH PRUH 

HQYLURQPHQWDOO\ IULHQGO\ EXW WR PDNH D SURILW ZKLOH GRLQJ VR. ALUSRUWV ZLOO EH DEOH WR WUHDW WKLV DV 

RSHQ-HQGHG GHVLJQ. 7KH\ ZLOO EH DEOH WR FKDQJH WKH KHLJKW RI WKH *CC DV ZHOO DV ZKDW KLWFKHV 

DUH XVHG WR QDPH D IHZ SRVVLELOLWLHV. 7KLV ZLOO DOORZ DOPRVW HYHU\ VPDOO DLUSRUW DURXQG WKH QDWLRQ 

WR XVH D YHUVLRQ RI WKH *CC, ZLWKRXW KDYLQJ WR EX\ DQ\ RWKHU QHZ HTXLSPHQW. 

8.0 CRQFOXVLRQ 

2XU WHDP ZRXOG ORYH WR LPSURYH WKH UHODWLRQVKLS EHWZHHQ VPDOO DLUSRUWV DQG WKH ORFDO 

HQYLURQPHQW. 7KDW LV ZK\ WKH SDVVLRQ EHKLQG WKLV SURMHFW LV WR LQWURGXFH D QRQ-LQYDVLYH HOHPHQW 

WR WKH GHLFLQJ SURFHVV WR KHOS SUHVHUYH ORFDO PDULQH OLIH DV ZHOO DV VDYH PRQH\ IRU WKH DLUSRUWV LQ 

WKH SURFHVV. ,W LV RXU KRSH WKDW WKLV PD\ EH FRQVLGHUHG E\ WKH AC53 DV D YLDEOH RSWLRQ IRU VPDOO 

DLUSRUWV WR DGRSW GXULQJ WKH ZLQWHU PRQWKV. 7KH SULFH SRLQW RI WKH LQLWLDO LQYHVWPHQW PD\ VHHP 

VWHHS, KRZHYHU, DV GHPRQVWUDWHG, WKLV FDQ TXLFNO\ WXUQ D SURILW. ,W LV VLPSOH DQG UHTXLUHV PLQLPDO 

FKDQJHV WR FXUUHQW RSHUDWLRQV. ,W LV RXU YLHZ WKDW WKHVH IDFWRUV, DV ZHOO DV WKH SURMHFW¶V +RQRUDEOH 

0HQWLRQ DW WKH 2020 078 6HQLRU DHVLJQ E[SR, IDU RXWZHLJK WKH FRVW, DQG WKH HQYLURQPHQW ZLOO 

WKDQN \RX IRU \RXU VHUYLFH. 2XU WHDP ZRXOG DOVR OLNH WR WKDQN \RX IRU \RXU WLPH DQG 

FRQVLGHUDWLRQ. 
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ASSHQGL[ A - LLVW RI CRQWDFW IQIRUPDWLRQ 

8QGHUJUDGXDWH 6WXGHQWV: 

DHUHN CLQJHO 
GMFLQJHO@PWX.HGX 

-DUHG /DQJGHQ 
MPODQJGR@PWX.HGX 

BU\FH /HDI 
EOHDI@PWX.HGX 

5XWK 0DNL 
UUPDNL@PWX.HGX 

DRXJODV 3HGHUVHQ 
GVSHGHUV@PWX.HGX 
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FDFXOW\ AGYLVRU: 

DU. 3DXO YDQ 6XVDQWH 
SMYDQVXV@PWX.HGX 

M78 6HQLRU CDSVWRQH DHVLJQ 3URJUDP DLUHFWRU: 

DU. :LOOLDP EQGUHV 
ZMHQGUHV@PWX.HGX 



34 

ASSHQGL[ B - DHVFULSWLRQ RI XQLYHUVLW\ (IURP PWX.HGX) 

0LFKLJDQ 7HFKQRORJLFDO 8QLYHUVLW\, IRXQGHG LQ 1885, LV D SXEOLF XQLYHUVLW\ ORFDWHG LQ +RXJKWRQ, 

0LFKLJDQ. 0LFKLJDQ 7HFK¶V YLVLRQ LV WR FUHDWH SRVVLELOLWLHV, LQVSLUH OHDUQLQJ, DQG H[FHHG 

H[SHFWDWLRQV. 7KH XQGHUJUDGXDWH VWXGHQW ERG\ LV FRPSRVHG RI DURXQG 5,800 VWXGHQWV ZLWK 

RSSRUWXQLWLHV LQ PRUH WKDQ 120 DUHDV RI VWXGLHV. 63% RI WKH VWXGHQW ERG\ LV HQUROOHG LQ WKH VFKRRO 

RI HQJLQHHULQJ, DQG DV RI )DOO 2018, WKHUH ZHUH 1,448 VWXGHQWV HQUROOHG LQ PHFKDQLFDO 

HQJLQHHULQJ.  

0LFKLJDQ 7HFK¶V XQGHUJUDGXDWH PHFKDQLFDO HQJLQHHULQJ LV 34WK LQ WKH 86 DQG KDV UDQNHG LQ WKH 

WRS 27 QDWLRQDOO\ IRU WKH QXPEHU RI GHJUHHV DZDUGHG IRU 35 FRQVHFXWLYH \HDUV. 6WXGHQWV HQUROOHG 

LQ PHFKDQLFDO HQJLQHHULQJ DW 0LFKLJDQ 7HFK DUH LQWURGXFHG WR KDQGV-RQ H[SHULHQFH HDUO\ LQ WKH 

FXUULFXOXP. 7KH\ H[SHULHQFH 0HFKDQLFDO EQJLQHHULQJ 3UDFWLFDO FRXUVHV EHIRUH WKHLU VHQLRU 

FDSVWRQH WR WHVW WKHLU FDSDELOLWLHV WKURXJK LQWHUQVKLS-OLNH H[SHULHQFHV WR SUHSDUH WKHP IRU WKH 

IXWXUH. 

AORQJ ZLWK LW¶V KLJK UDQNLQJ, VWXGHQWV DUH DWWUDFWHG WR 0LFKLJDQ 7HFK¶V ORFDWLRQ LQ WKH EHDXWLIXO 

UXUDO DUHD RI WKH .HZHHQDZ 3HQLQVXOD, DOVR NQRZQ DV WKH KLVWRULF CRSSHU CRXQWU\. 7KH QDWXUH 

VXUURXQGLQJ 0LFKLJDQ 7HFK SURYLGHV HQGOHVV RSSRUWXQLWLHV IRU VWXGHQWV WR HQMR\ WKH RXWGRRUV. 

:LQWHUV FDQ EH H[WUHPH LQ WKH 8SSHU 3HQLQVXOD RI 0LFKLJDQ, EXW WKLV GRHVQ¶W VWRS VWXGHQWV IURP 

JHWWLQJ RXW DQG VNLLQJ, VQRZERDUGLQJ, VQRZPRELOLQJ, KRFNH\, DQG EURRPEDOO. 
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ASSHQGL[ C - NRQ-XQLYHUVLW\ FRQWDFWV 

DHQQLV +H[, ALUSRUW 0DQDJHU, +RXJKWRQ CRXQW\ 0HPRULDO ALUSRUW 

1LFROH -RKQVRQ, 6N\ZHVW 0DQDJHU, +RXJKWRQ CRXQW\ 0HPRULDO ALUSRUW 

5R\ +DZNLQV, 3ODQQLQJ EQJLQHHU, *HUDOG 5. )RUG ,QWHUQDWLRQDO ALUSRUW 

CDVH\ 5LHV, 3.E., EQJLQHHULQJ & 3ODQQLQJ DLUHFWRU, *HUDOG 5. )RUG ,QWHUQDWLRQDO ALUSRUW 

6WHYHQV BXWOHU, 2SHUDWLRQV 6HUYLFH 0DQDJHU DQG EQYLURQPHQWDO CRRUGLQDWRU, DHOWD ALUOLQHV, 
*HUDOG 5. )RUG ,QWHUQDWLRQDO ALUSRUW 
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ASSendi[ E - EYalXaWiRn Rf edXcaWiRnal e[SeUience 

SWXdenW QXeVWiRnV 

1. Did Whe AiUSRUW CRRSeUaWiYe ReVeaUch PURgUam (ACRP) UQiYeUViW\ DeVigQ CRmSeWiWiRQ fRU
AddUeVViQg AiUSRUWV NeedV SURYide a meaQiQgfXl leaUQiQg e[SeUieQce fRU \RX? Wh\ RU Zh\ QRW?

YeV, befRUe VWaUWiQg WhiV challeQge I ZaVQ'W eYeQ aZaUe WhaW de-iciQg Rf Whe SlaQe ZaV aQ eYeQW 
WhaW haSSeQed. LRRkiQg back I kQRZ WhaW iW mXVW haYe haSSeQed bXW QeYeU WhRXghW abRXW iW. The 
laUgeU Siece WR WhiV SURjecW ZaV Whe facW WhaW gl\cRl haV VXch a QegaWiYe eQYiURQmeQWal imSacW. I 
QeYeU Ueali]ed hRZ iW UemRYed R[\geQ fURm Whe ZaWeU killiQg lRcal aTXaWic life. 

2. WhaW challeQgeV did \RX aQd/RU \RXU Weam eQcRXQWeU iQ XQdeUWakiQg Whe cRmSeWiWiRQ? HRZ did
\RX RYeUcRme Whem?

OQe majRU challeQge Ze had ZaV CRYid-19. We RUigiQall\ had SlaQV WR bXild aQd WeVW a URXghl\ 
ѿ Vcale mRdel SURWRW\Se hRZeYeU, abRXW half Za\ WhURXgh Whe bXildiQg SURceVV Ze ZeUe QR 
lRQgeU able WR gR RQ camSXV. ThiV iQ WXUQ made XV gR YiUWXal fRU Whe UeVW Rf Whe SURjecW. HRZeYeU, 
WhiV made fRU leaUQiQg QeZ cRmmXQicaWiRQ aQd Wime maQagemeQW VkillV Ze ZRXldQ¶W haYe 
leaUQed ZiWhRXW VXch XQfRUWXQaWe eYeQWV.  

3. DeVcUibe Whe SURceVV \RX RU \RXU Weam XVed fRU deYelRSiQg \RXU h\SRWheViV.

We ZeUe able WR SURYide a h\SRWheViV afWeU dRiQg aQ iQiWial liWeUaWXUe UeYieZ. AfWeU agUeeiQg RQ 
Whe idea Rf imSURYiQg deiciQg meWhRdV, Ze VSliW Rff aQd UeVeaUched diffeUeQW aUeaV Rf deiciQg. 
OQce cRmSiliQg all Rf Whe iQfRUmaWiRQ, Ze decided iW ZRXld be a gUeaW idea WR UedeVigQ Whe QR]]le 
WhaW¶V aWWached WR Whe hRVe iQ aQ aWWemSW WR decUeaVe Whe amRXQW Rf gl\cRl XVed dXUiQg deiciQg. 
OQce DecembeU came aQd Ze cRXld gR RbVeUYe a deiciQg, iW ZaV decided WhaW a cRllecWiRQ 
meWhRd ZRXld be mRUe beQeficial WhaQ a QeZ QR]]le fRU aiUSRUWV WhaW dRQ¶W alUead\ XWili]e 
cRllecWiRQ. We WheQ ZeQW RQ WR deVigQ Whe cRllecWiRQ caUW. 

4. WaV SaUWiciSaWiRQ b\ iQdXVWU\ iQ Whe SURjecW aSSURSUiaWe, meaQiQgfXl aQd XVefXl? Wh\ RU Zh\
QRW?

PaUWiciSaWiRQ ZaV e[WUemel\ helSfXl fRU Whe Weam. WiWhRXW RXU cRQWacWV ZiWh Whe aiUSRUWV, aiUliQeV, 
aQd Uec\cliQg cRmSaQ\, Ze ZRXldQ¶W haYe gRWWeQ QeaUl\ eQRXgh daWa RU feedback WR haYe a 
cUedible deVigQ. IW ZRXld haYe beeQ iQaSSURSUiaWe aQd challeQgiQg WR QRW geW feedback RU Ueal 
daWa fURm iQdXVWU\ e[SeUWV, becaXVe Ze ZRXld QeYeU kQRZ if RXU SURjecW ZRXld make iW iQ 
iQdXVWU\ . IW ZaV alVR YeU\ meaQiQgfXl WR e[WeQd RXU iQdXVWU\ cRQWacWV aV \RXQg eQgiQeeUV WR be 
able WR keeS WheVe SRViWiYe iQWeUacWiRQV iQ RXU back SRckeWV fRU fXWXUe RSSRUWXQiWieV.  

5. WhaW did \RX leaUQ? Did WhiV SURjecW helS \RX ZiWh VkillV aQd kQRZledge \RX Qeed WR be
VXcceVVfXl fRU eQWU\ iQ Whe ZRUkfRUce RU WR SXUVXe fXUWheU VWXd\? Wh\ RU Zh\ QRW?

We leaUQed Whe eQWiUe SURceVV fURm VWaUW WR fiQiVh fURm decidiQg Zhich challeQge Ze ZeUe gRiQg 
WR Wake WR hRZ Ze ZeUe gRiQg WR Wake iW RQ. TheQ Ze XVed all Rf RXU kQRZledge abRXW VRfWZaUe 
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aQd haUdZaUe (ZheUe aSSlicable). ThiV Zill helS XV XQdeUVWaQd Whe eQgiQeeUiQg SURceVV ZheQ Ze 
VWaUWiQg ZRUkiQg fXll Wime. 

FacXlW\ QXeVWiRnV 

l. DeVcUibe Whe YalXe Rf Whe edXcaWiRQal e[SeUieQce fRU \RXU VWXdeQW(V) SaUWiciSaWiQg iQ WhiV
cRmSeWiWiRQ VXbmiVViRQ.

The YalXe iV WhaW Whe VWXdeQWV geW WR WhiQk abRXW a Ueal RSeQ eQded SURblem ZiWh Ueal VWakehRldeUV 
aQd Whe\ haYe WR ShUaVe Whe SURblem, SRVVible VRlXWiRQV aQd eYalXaWiRQV iQ VXch a Za\ aV WR 
e[SlaiQ WheiU daWa aQd aQal\VeV WR eYeU\RQe aV Zell aV iQ a cRQYiQciQg maQQeU WR Whe cRmSeWiWiRQ 
aXdieQce. 

2. WaV Whe leaUQiQg e[SeUieQce aSSURSUiaWe WR Whe cRXUVe leYel RU cRQWe[W iQ Zhich Whe
cRmSeWiWiRQ ZaV XQdeUWakeQ?

YeV, iW cRXld be a biW mRUe haUdZaUe ceQWUic, bXW Whe aQal\ViV SaUW aQd VcRSe ZeUe fiQe. 

3. WhaW challeQgeV did Whe VWXdeQWV face aQd RYeUcRme?

Lack Rf a cleaUl\ defiQed VcRSe aQd haUdZaUe cRmSRQeQW aW fiUVW. TheQ laWeU Whe VhXWdRZQ dXe WR 
COVID-19 aQd UemRWe ZRUk. 

4. WRXld \RX XVe WhiV cRmSeWiWiRQ aV aQ edXcaWiRQal Yehicle iQ Whe fXWXUe? Wh\ RU Zh\ QRW?

YeV, if a gURXS Rf VWXdeQWV iV iQWeUeVWed iQ Whe SaUWicXlaU WRSicV RffeUed. 

5. AUe WheUe chaQgeV WR Whe cRmSeWiWiRQ WhaW \RX ZRXld VXggeVW fRU fXWXUe \eaUV?

SRme helS ZiWh cRQWacWiQg VWakehRldeUV fRU VSecific cRmSeWiWiRQ WRSicV ma\ be helSfXl WR geW Whe 
WeamV VWaUWed. NRW a UeTXiUemeQW, bXW ZRXld be a hXge helS WR geW VWaUWed eaUl\. 
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