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,Q WKLV SDSHU� , ZLOO GHVFULEH WKH H[SHULHQFHV RI HPSOR\HHV
ZRUNLQJ LQ DXWRPDWHG HQYLURQPHQWV DQG H[SUHVV P\ FRQFHUQ RQ
GHYHORSLQJ PDFKLQH�WHFKQRORJ\ GHSHQGHQF\�

.H\ZRUGV.H\ZRUGV.H\ZRUGV.H\ZRUGV
$XWRPDWLRQ� URERWLFV� FR�H[SHULHQFH GHVLJQ�

�������� ,1752'8&7,21,1752'8&7,21,1752'8&7,21,1752'8&7,21
0DQ\ SHRSOH DUH IDVFLQDWHG E\ WHFKQRORJLHV DQG WKH RSSRUWXQLWLHV
WKH\ JLYH XV LQ RXU GDLO\ OLIH� 7KH DLP RI WKLV SDSHU LV WR ZDUQ
GHVLJQHUV RI WKH SRVVLEOH FRQVHTXHQFHV RI LPSOHPHQWLQJ
WHFKQRORJLHV LQ HYHU\ VSKHUH RI RXU OLIH� 7KH SDSHU GHVFULEHV
ILQGLQJV RI WKH GHVLJQ VSHFLDOL]DWLRQ FRXUVH �([SORULQJ FR�
H[SHULHQFH�� 7KH ZRUN LV GRQH E\ WKUHH ,7 3URGXFW 'HVLJQ
6WXGHQWV DW WKH 8QLYHUVLW\ RI 6RXWKHUQ 'HQPDUN � 7KH SDSHU
FRQWDLQV DXWKRU
V SHUVRQDO SRLQW RI YLHZ LQ UHODWLRQ WR ILQGLQJV�
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,Q -DQXDU\ ���� , WRRN SDUW LQ D GHVLJQ VSHFLDOL]DWLRQ FRXUVH
FDOOHG �([SORULQJ FR�H[SHULHQFH�� 7KLV SURMHFW LV D SDUW RI
�6WHULOFHQWUDO 3URMHFW� ZKLFK LV GRQH LQ FROODERUDWLRQ ZLWK ILYH
SXEOLF KRVSLWDOV LQ 'HQPDUN� ;SHULHQFH 'HVLJQ *URXS RI WKH
8QLYHUVLW\ RI 6RXWKHUQ 'HQPDUN DQG 5RERFODVWHU � D 'DQLVK
LQQRYDWLRQ QHWZRUN ZLWKLQ URERWLFV DQG DXWRPDWLRQ� :H IRFXVHG
RQ WKH VWHULOH ZDUG RI WKH 6¡QGHUERUJ +RVSLWDO� 2QH RI RXU DLPV
ZDV WR H[SORUH KRZ VWDII DW WKH VWHULOL]DWLRQ ZDUG ZRXOG
H[SHULHQFH IXWXUH DXWRPDWLRQ DQG URERWV DW WKHLU ZRUNLQJ SODFH� ,Q
RUGHU WR JHW D EHWWHU XQGHUVWDQGLQJ RI ZKDW KDSSHQV ZKHQ
DXWRPDWLRQ DQG URERWV �FRPH WR SRZHU�� RXU JURXS YLVLWHG WZR
'DQLVK IDFWRULHV� 2QH RI WKHP ZDV +DUWPDQQ� ZKLFK LV D SURGXFHU
RI HJJ�ER[HV DQG DQRWKHU RQH ZDV 6DXHU�'DQIRVV� ZKLFK SURGXFHV
VWHHULQJ XQLWV� %RWK FRPSDQLHV DUH KLJKO\ DXWRPDWL]HG DQG DOVR
XVH URERWV LQ WKHLU SURGXFWLRQ�

,Q JHQHUDO� ERWK SRVLWLYH DQG QHJDWLYH UHDFWLRQV ZHUH H[SUHVVHG LQ
UHODWLRQ WR DXWRPDWLRQ DQG LPSOHPHQWDWLRQ RI URERWV DW DOO
ZRUNLQJ SODFHV� $W WKH IDFWRULHV� DWWLWXGHV RI WKH LQWHUYLHZHHV FDQ
EH GHVFULEHG DV PRUH SRVLWLYH� +RZHYHU� LW QHHGV WR EH WDNHQ LQWR
FRQVLGHUDWLRQ WKDW LQWHUYLHZHHV DW WKH IDFWRULHV ZHUH VHOHFWHG E\
WKH PDQDJHPHQW RI WKHVH IDFWRULHV� ZKR IDYRU DXWRPDWLRQ�

)URP WKH HPSOR\HU¶V SRLQW RI YLHZ DXWRPDWLRQ LV D SRVLWLYH
SKHQRPHQRQ� VLQFH LW UHGXFHV ERWK WKH FRVWV RI SURGXFWLRQ DQG RI
WKH ILQDO SURGXFW� :KHQ PDFKLQHV DQG URERWV DUH LQ XVH� DQ
HPSOR\HU GRHV QRW QHHG VR PDQ\ ZRUNHUV DQ\PRUH� VR E\ ILULQJ
WKHP� FRVWV FDQ EH GLPLQLVKHG� $V WKH SURGXFWLRQ LQ ERWK +DUWPDQ
DQG 6DXHU�'DQIRVV JRW PRUH DXWRPDWL]HG� D ORW RI HPSOR\HHV JRW
ILUHG� 6¡QGHUERUJ 0XQLFLSDOLW\ ZRXOG OLNH WR LQWURGXFH PRUH
DXWRPDWLRQ DW KRVSLWDOV IRU WKH VDPH UHDVRQ� WKH\ ZRXOG OLNH WR FXW
GRZQ WKHLU FRVWV�

)RU IDFWRU\ HPSOR\HHV ZKR �VXUYLYHG� WKH DXWRPDWLRQ� SK\VLFDO
ZRUNLQJ FRQGLWLRQV EHFDPH EHWWHU� EHFDXVH WKH DPRXQW RI SK\VLFDO
ZRUN ZDV FRQVLGHUDEO\ UHGXFHG� 7KHVH HPSOR\HHV DOVR IRXQG WKH
QHZ FRQGLWLRQV PRUH FKDOOHQJLQJ DQG LQWHUHVWLQJ� EHFDXVH WKHLU
MRE FKDQJHG WR WURXEOHVKRRWLQJ PDFKLQH IDLOXUHV LQVWHDG RI MXVW
�SUHVVLQJ D EXWWRQ� RQ D PDFKLQH�

+RZHYHU� WKHUH LV DOVR D GRZQVLGH RI DXWRPDWLRQ DQG HPSOR\LQJ
URERWV LQ PRGHUQ ZRUNSODFHV� )RU LQVWDQFH� D VHQLRU IDFWRU\
ZRUNHU ZH LQWHUYLHZHG VDLG WKDW WKHUH XVHG WR EH PRUH
FRPPXQLFDWLRQ EHWZHHQ HPSOR\HHV ZKHQ WKHUH ZHUH PRUH RI
WKHP DQG WKH\ ZHUH ORFDWHG QRW IDU IURP HDFK RWKHU� +H IHHOV
IUXVWUDWLRQ EHFDXVH QRZ WKH\ KDYH IHZHU ZRUNHUV� PRUH ZRUNLQJ
SUHVV DQG OHVV WLPH IRU FRPPXQLFDWLRQ�

'XULQJ RXU ILUVW YLVLW RI WKH VHULDOL]DWLRQ ZDUG� ZH KDG PDGH DQ
DWWHPSW WR XQGHUVWDQG WKH ZKROH SURFHVV RI VWHULOL]DWLRQ� 7KLV ZDV
GRQH E\ XVLQJ ERWK LQWHUYLHZ ZLWK WKH FKLHI QXUVH DQG E\ RXU
REVHUYDWLRQV� :H
YH DOVR PDSSHG RXW WKH WRXFK SRLQWV RI QXUVHV LQ
GLIIHUHQW DUHDV� :H JRW D ORW RI LPSUHVVLRQV IURP WKLV YLVLW� WKDW
FRXOG EH XVHG IRU DFKLHYLQJ DQRWKHU JRDO ZH KDG VHW IRU XV � WR
H[SORUH ZKDW NLQG RI PRFN�XSV DUH SRVVLEOH LQ HDUO\ VWDJHV RI
GHVLJQLQJ FR�H[SHULHQFH� 2XU LPSUHVVLRQV ZHUH WUDQVIRUPHG LQWR D
PRFN�XS WKDW FDQ EH FDOOHG JXLOORWLQH�

)LJXUH �� 0RFN�XS �JXLOORWLQH�

7KLV PRFN�XS KHOSHG XV WR H[SORUH VRPH LGHDV ZH KDG JRWWHQ
GXULQJ RXU REVHUYDWLRQ RI WKH ZKROH VWHULOL]DWLRQ SURFHVV� :H
ZRQGHUHG ZKDW NLQG RI IHHGEDFN ± YLVXDO� VRXQG RU WDFWLOH � ZRXOG
EH WKH PRVW DSSURSULDWH ZKHQ RQH QXUVH LV DERXW WR UHFHLYH
LQVWUXPHQWV� IRU H[DPSOH� DW WKH FRQYH\RU�EHOW�



)LJXUH �� $ QXUVH LV UHFHLYLQJ D SDFNDJH DW WKH FRQYH\RU EHOW�

:H FKRVH WKH �JXLOORWLQH� PRFN�XS� EHFDXVH LW FDQ EH DGMXVWHG WR
VKRZ RQO\ KDQGV RI D QXUVH RU RQO\ KHU KHDG RU ERWK� :H XVHG WKH
PRFN�XS LQ RXU ZRUNVKRS ZLWK IRXU QXUVHV RI WKH VWHULOL]DWLRQ
ZDUG�
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$ ZRUNVKRS ZH FRQGXFWHG FRQVLVWHG RI WKH VWDII IURP WKH
6¡QGHUERUJ +RVSLWDO¶V VWHULOH ZDUG� 7KLV ZRUNVKRS ZDV EDVHG RQ
D IXWXUH VFHQDULR ZKLFK WDNHV SDUW LQ WKH ´6WHULOFHQWUDO 3URMHFW´�
SURYLGHG E\ 3K' VWXGHQW -HVSHU /HJDDUG -HQVHQ DQG DOVR EULHIO\
GHVFULEHG EHORZ� :H ZHUH DLPLQJ DW ILQGLQJ RXW KRZ WKH VWDII RI
WKH VWHULOL]DWLRQ ZDUG ZRXOG IHHO OLNH� ZKHQ WKH SURFHVV RI
VHULDOL]DWLRQ EHFRPHV PRUH DXWRPDWHG WKDQ QRZ� $QRWKHU DLP IRU
WKH ZRUNVKRS ZDV WKH FR�GHVLJQ RI WKH ZRUNLQJ VSDFH�

7KH ZRUNVKRS ZDV FRQGXFWHG E\ WKUHH VWXGHQWV RI WKH 8QLYHUVLW\
RI 6RXWKHUQ 'HQPDUN� 7R FUHDWH WKH ZRUNVKRS� ZH SUHVHQWHG
-HVSHU /HJDDUG -HQVHQ¶V FRQFHSW RI WKH VWDU�VKDSHG SDFNDJLQJ
VWDWLRQ DQG D PDS RI WKH IXWXUH VFHQDULR WKDW ZH DOVR H[SODLQHG WR
WKH SHUVRQQHO GXULQJ WKH ZRUNVKRS�� :H XVHG GLIIHUHQW FDUGV ZKHQ
FUHDWLQJ D PRRG�ERDUG RI WKH IXWXUH VFHQDULR DQG D VLPSOH VNHWFK
RI WKH FRQYH\RU EHOW ± WKLV ZD\ ZH GHVLJQHG DQ LGHDO ZRUN VWDWLRQ
SODFHPHQW�

,Q RUGHU WR XQGHUVWDQG IXWXUH VFHQDULR� RQH QHHGV WR NQRZ DERXW
WKH SUHVHQW SURFHVV RI WKH VHULDOL]DWLRQ� &XUUHQWO\ WKHUH DUH DERXW
WZHOYH VWHULOL]LQJ QXUVHV GRLQJ WKH MRE RI VRUWLQJ WKH WRROV RXW�
VHWWLQJ WKHP LQWR WKH ZDVKLQJ PDFKLQH� FKHFNLQJ� SDFNLQJ DQG
VHWWLQJ WRROV LQWR DXWRFOD\� 'XULQJ RXU YLVLW WR WKH VHULDOL]DWLRQ
ZDUG� ZH REVHUYHG WKDW DW VRPH SRLQWV RI WKLV SURFHVV WKH\ QHHGHG
WR FRPPXQLFDWH WR HDFK RWKHU RU JHW D SRVVLELOLW\ IRU VPDOO�WDON�

,Q WKH IXWXUH VFHQDULR�WKH ILUVW SHUVRQ LQ WKH SURFHVV � SRUWHU � FDQ
EH HOLPLQDWHG� EHFDXVH WKHUH ZRXOG EH DQ DXWRPDWHG GHOLYHU\
V\VWHP� 6R� WKH WRROV DUH GHOLYHUHG DXWRPDWLFDOO\ WR WKH SUH�ZDVK
DUHD ZKHUH WKH\ DUH VRUWHG RXW DQG LQVSHFWHG E\ QXUVH� 7KH QH[W
VWHSV � UHFHLYLQJ WKH WRROV DIWHU ZDVK� LQVSHFWLQJ DQG DVVHPEOLQJ
DQG SDFNDJLQJ FDQ EH DOO GRQH E\ RQH SHUVRQ WKDW LV VHSDUDWHG
IURP WKH ILUVW SHUVRQ LQ WKH SUH�ZDVK DUHD E\ D JODVV ZDOO� 7KH ODVW
VWHS � DXWRFOD\ � ZRXOG EH IXOO\ DXWRPDWHG LQ WKH QHZ VFHQDULR�
7KH PDS RI WKH QHZ VFHQDULR FDQ EH VHHQ KHUH�

)LJXUH �� )XWXUH VFHQDULR PDS ZLWK FRPPHQWV RI WKH SHUVRQQHO

3UHVHQWHG WR WKLV VFHQDULR� WKH VWDII H[SUHVVHG WKHLU IHDU WRZDUGV
WKH SRVVLELOLW\ RI EHLQJ ILUHG� ,QGHHG� DERXW WHQ QXUVHV ZRXOG ORVH
WKHLU MRE ZLWK WKH XVH RI WKLV QHZ VFHQDULR�

$QRWKHU FRQFHUQ ZDV WKDW LI PDFKLQHU\ WDNHV RYHU WRR PDQ\ RI
WKHLU WDVNV� WKHLU MRE FDQ EHFRPH ERULQJ DQG QRW PRWLYDWLQJ�

6WDII DOVR VDLG WKDW WKH\ ZRXOG PLVV WKH IDFH�WR�IDFH
FRPPXQLFDWLRQ� DQG WKDW WKH\ ZRXOG IHHO ORQHO\� 2Q WKH RWKHU
KDQG� WKH VWDII ZDV SRVLWLYH DERXW WKH LPSURYHG HUJRQRPLFV DW
WKHLU ZRUNLQJ SODFH� EHFDXVH WKH PRYHPHQWV WKH\ ZRXOG KDYH WR
PDNH GXULQJ ZRUN ZRXOG EH WDNHQ WR D PLQLPXP�

&XUUHQWO\� WKH VWHULOL]DWLRQ ZDUG DW 6¡QGHUERUJ +RVSLWDO KDV D
KDOI�DXWRPDWHG V\VWHP� LQFOXGLQJ VRIWZDUH ZKHUH VWDII FDQ UHJLVWHU
D WRRO DQG WUDFN LW WKURXJKRXW VWHULOL]DWLRQ SURFHVV� +RZHYHU�
GXULQJ RXU YLVLW WR WKH VWHULOL]DWLRQ ZDUG� WKH FKLHI QXUVH VDLG WKH\
KDG D IDLOXUH RI WKH V\VWHP RQFH DQG DV D UHVXOW RI WKLV IDLOXUH DOO
WKH ZRUN KDG WR EH VWRSSHG� ,Q WKH SURSRVHG IXWXUH VFHQDULR� WKH
VLWXDWLRQ ZRXOG QRW EH LPSURYHG� WKHUH ZRXOG EH D KXJH
GHSHQGHQF\ RQ WKH V\VWHP� ZKLFK ZRXOG PHDQ WKDW ZRUN FDQQRW
EH GRQH ZKHQ WKH V\VWHP LV GRZQ�

, WKLQN WKDW GHVLJQHUV KDYH WR EH YHU\ FDUHIXO ZKHQ GHVLJQLQJ
V\VWHPV OLNH WKLV� ,GHDOO\� WKH VWHULOL]DWLRQ�SURFHVV VKRXOG EH
SRVVLEOH HYHQ LI WKH V\VWHP LV GRZQ� EHFDXVH ZH DUH WDONLQJ DERXW
WKH LQVWUXPHQWV WKDW DUH XVHG IRU RSHUDWLQJ SDWLHQWV�

,Q JHQHUDO� , WKLQN WKDW DQ\ NLQG RI WHFKQRORJLFDO GHYHORSPHQW
FUHDWHV D VRFLHW\ WKDW LV GHSHQGDEOH RQ WKH PDFKLQHV DQG
WHFKQRORJ\� :H QHHG WR EH YHU\ FDUHIXO DQG WKLQN RI WKH
LPSOLFDWLRQV RI WKH WKLQJV ZH GHVLJQ� LQFOXGLQJ HWKLF VLJQLILFDQFH�

, KDYH DWWHPSWHG WR ILQG VRPH DFDGHPLF DUWLFOHV UHODWHG WR GHVLJQ
RI FR�H[SHULHQFH DQG WKH H[SHULHQFHV ZLWK DXWRPDWLRQ DQG URERWV�

, FRXOG QRW ILQG DQ\ LQIRUPDWLRQ ZLWK WKH GLVFXVVLRQ RI WKH
GRZQVLGHV RI WKH DXWRPDWLRQ DQG LPSOHPHQWDWLRQ RI URERWV�

$ VWULNLQJ H[DPSOH LV WKH DUWLFOH �5RELYLH� ,9� $ URERW HQKDQFHV
H[SHULHQFH�� ZKHUH WKH DXWKRUV GLVFXVV ZKDW FKDUDFWHULVWLFV D
SHUIHFW URERW VKRXOG SRVVHVV� ,W VKRXOG EH OLNH D KXPDQ� EHLQJ DEOH
WR UHPHPEHU SHRSOH DQG H[SUHVV HPRWLRQV� 7KH DXWKRUV KDYH EHHQ
DLPLQJ DW FUHDWLQJ DQ XELTXLWRXV PHGLXP WKDW JLYHV VRPH
LQIRUPDWLRQ DERXW D SDUWLFXODU H[SHULHQFH MXVW DV ZHE� QHZVSDSHUV



DQG 79 GR� +RZHYHU� WKH DXWKRUV GR QRW JLYH DQ\ DFFRXQW DERXW
WKH IHHOLQJV RI SHRSOH ZKR KDYH LQWHUDFWHG ZLWK WKH URERW�

,Q WKH 5RERWLFD PDJD]LQH� VRPH DUWLFOHV DERXW URERWV XVHG LQ WKH
KHDOWK FDUH FDQ EH IRXQG� )RU H[DPSOH� ,VVXH �� ���� LV D VSHFLDO
HGLWLRQ� WLWOHG VXUJLFDO 5RERWLFV� 6\VWHP 'HYHORSPHQW�$SSOLFDWLRQ
6WXG\ 	 3HUIRUPDQFH $QDO\VLV�

,Q DGGLWLRQ� DQ DUWLFOH RQ WKH VLPLODU WRSLF LV IUHHO\ DYDLODEOH RQOLQH
DQG FDOOHG 'HYHORSPHQW RI URERWLFV IRU UHKDELOLWDWLRQ WKHUDS\�
7KH 3DOR $OWR 9$�6WDQIRUG H[SHULHQFH� 1HLWKHU WKLV RU RQH RI WKH
DUWLFOHV LQ 5RERWLFD JLYH DQ\ DFFRXQW RQ ZKDW SDWLHQWV DQG KHDOWK
FDUH SHUVRQQHO DUH IHHOLQJ ZKHQ FRQFHUQLQJ WKH XVH RI URERWV DQG
KRZ WKH\ H[SHULHQFH WKH XVH RI WHFKQRORJ\� )RU H[DPSOH� LW ZRXOG
EH YHU\ LQWHUHVWLQJ WR ILQG RXW� KRZ WKH SDWLHQWV ZRXOG UHDFW WR
ILQGLQJ RXW WKDW WKH\ ZRXOG EH RSHUDWHG E\ D URERW�

$OO LQ DOO� , WKLQN WKDW PDQ\ GHVLJQHUV QRZDGD\V FUHDWH PRUH
GHSHQGHQF\ RQ WKH QHZ WHFKQRORJLHV ZLWKRXW WKLQNLQJ FDUHIXOO\
DERXW WKH LPSOLFDWLRQV RI WKHLU GHVLJQV� , WKLQN ZH QHHG WR GLVFXVV

WKH GRZQVLGHV RI WKH QHZ WHFKQRORJLHV DORQJ ZLWK WKHLU SRVLWLYH
VLGHV�
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>�@ %XUJDU�&�� HW DO� 'HYHORSPHQW RI URERWV IRU UHKDELOLWDWLRQ
WKHUDS\� 7KH 3DOR $OWR 9$_6WDQIRUG H[SHULHQFH -RXUQDO RI
5HKDELOLWDWLRQ 5HVHDUFK DQG 'HYHORSPHQW 9RO� ��� 1R���
1RYHPEHU _ 'HFHPEHU�����
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>�@ 0LWVXQDJD� 1�� 0L\DVKLWD� 7�� <RVKLNDZD� <�� ,VKLJXUR +��
.RJXUH .� DQG +DJLWD� 1� 5RERYL� ,9� $ URERW HQKDQFHV FR�
H[SHULHQFH� KWWS���ZZZ�LUF�DWU�MS�aPLWXQDJD�LVZF���SGI

>�@ 5RERWLFD ���� �9ROXPH ��� 6SHFLDO ,VVXH �� �6XUJLFDO
5RERWLFV� 6\VWHP 'HYHORSPHQW� $SSOLFDWLRQ 6WXG\ DQG
3HUIRUPDQFH $QDO\VLV�� �� 0DUFK ����� SS��������
KWWS���MRXUQDOV�FDPEULGJH�RUJ�DFWLRQ�GLVSOD\-RXUQDO"MLG 52%


