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3,5&=(:6.,�0���),*,(/�(���/(&,(--3,5&=(:6.$�'���1RZRF]HVQ\�NRPSOHNV�XVáXJRZ\�
326(-'21�Z�6]F]HFLQLH��
� .RPSOHNV�XVáXJRZ\�326(-'21�WR�QDMZLĊNV]\�UHDOL]RZDQ\�Z�3ROVFH�EXG\QHN�R�QLVNLP�
]XĪ\FLX�HQHUJLL�1=(%��']LĊNL�]DVWRVRZDQLX�QRZRF]HVQ\FK�UR]ZLą]DĔ�RSDUW\FK�R�RGQDZLDOQH�
ĨUyGáD�HQHUJLL�]UHGXNRZDQR�R�����]DNáDGDQą�HPLVMą�&2��GR�DWPRVIHU\��3RG�Sá\Wą�IXQGDPHQ-
WRZą�EXG\QNX�Z\NRQDQR�SDV\ZQ\�XNáDG�SR]\VNLZDQLD�HQHUJLL�FLHSOQHM��:�EXG\QNX�]RVWDQą�
]DPRQWRZDQH�SRPS\�FLHSáD��HOHNWURZQLD�IRWRZROWDLF]QD��V\VWHP�RG]\VNX�ZRG\�]XĪ\WHM�RUD]�
VWDQRZLVND�GR�áDGRZDQLD�DXW�HOHNWU\F]Q\FK��']LĊNL�W\P�UR]ZLą]DQLRP�326(-'21�MHVW�SU]\-
NáDGHP�RELHNWX�SURHNRORJLF]QHJR�

*$5%$/,ē6.$�+���2/(-1,.�0���:Sá\Z�GRPLHV]NL�QDSRZLHWU]DMąFHM�QD�SRGFLąJDQLH�ND-
SLODUQH�Z�HOHPHQWDFK�EHWRQRZ\FK�
� 3U]HDQDOL]RZDQR�ZSá\Z�GRPLHV]NL�QDSRZLHWU]DMąFHM�QD� WHPSR�ZQLNDQLD�ZRG\�Z�JáąE�
HOHPHQWyZ�EHWRQRZ\FK��2SLVDQR�EDGDQLD�SRGFLąJDQLD�NDSLODUQHJR�QD�SUyENDFK�QLHQDSR-
ZLHWU]RQ\FK�RUD]�QDSRZLHWU]RQ\FK�GRPLHV]Ną�GR]RZDQą�Z� LORĞFL����������������PDV\�FH-
PHQWX��:\]QDF]RQR�ZVSyáF]\QQLNL�VRUSFML�NDSLODUQHM��EĊGąFH�PLDUą�RGSRUQRĞFL�QD�SHQHWUD-
FMĊ�ZRG\�SRV]F]HJyOQ\FK�NRPSR]\WyZ�L�LFK�SRWHQFMDOQHM�WUZDáRĞFL�

*$5%$/,ē6.$�+���0$7<6�0���%DGDQLH�ZSá\ZX�GRPLHV]NL� QDSRZLHWU]DMąFHM� QD�SU]H-
ZRGQRĞü�FLHSOQą�EHWRQX�
� %DGDQR�SU]HZRGQRĞü�FLHSOQą�EHWRQyZ�EH]�GRPLHV]NL�L�]�GRPLHV]Ną�QDSRZLHWU]DMąFą�GR-
]RZDQą�Z�LORĞFL�������������������PDV\�FHPHQWX��%HWRQ\�UyĪQLá\�VLĊ�URG]DMHP�]DVWRVRZDQHJR�
NUXV]\ZD��NDPLHQQHJR��NHUDP]\WRZHJR�L�SRSLRáRSRU\WRZHJR��6WZLHUG]RQR��ĪH�Z�FHOX�SRSUD-
Z\�ZáDĞFLZRĞFL�FLHSOQ\FK�EHWRQX��]�NWyUHJR�PD�E\ü�Z\NRQDQD�SU]HJURGD��QDOHĪ\�]DVWRVRZDü�
RGSRZLHGQLR�GREUDQH�NUXV]\ZR�OHNNLH�RUD]�GRGDWNRZR�ZSURZDG]Lü�GRPLHV]NĊ�QDSRZLHWU]D-
MąFą�Z�LORĞFL�]DOHĪQHM�RG�ZáDĞFLZRĞFL�GDQHM�PLHV]DQNL�

62à2:&=8.�$���6NXWHF]QRĞü�NRQVWUXNFML�NUDWRZ\FK�]EXGRZDQ\FK�QDG�GURJą�HNVSUHVR-
Zą�6��QD��WUDVDFK�SU]HORWX�QLHWRSHU]\�
� :DĪQ\P� SUREOHPHP� Z� RFKURQLH� ĞURGRZLVND� Vą� NRPSHQVDFMH� SU]\URGQLF]H� ]ZLą]DQH�
]�]DSHZQLHQLHP�XWU]\PDQLD�WUDV�SU]HORWX�QLHWRSHU]\��7H�PDáH�VVDNL�RGJU\ZDMą�EDUG]R�ZDĪ-
Qą� UROĊ�Z�]ZDOF]DQLX�V]NRGQLNyZ� L�RZDGyZ�� MDN� UyZQLHĪ�Z�]DS\ODQLX�� UR]SURV]HQLX�QDVLRQ��
8Z]JOĊGQLDMąF�SRZ\ĪV]H��Z�ZLHOX� NUDMDFK�VWRVXMH� VLĊ� UyĪQH� UR]ZLą]DQLD� ]UyZQRZDĪRQHJR�
SURMHNWRZDQLD�GUyJ�L�RELHNWyZ��]ZLą]DQ\FK�]�]DSHZQLHQLHP�XWU]\PDQLD�WUDV�SU]HORWX�QLHWRSH-
U]\�QDG�EXGRZDQ\PL�OXE�SU]HEXGRZDQ\PL�FLąJDPL�NRPXQLNDF\MQ\PL��:�DUW\NXOH�SU]HGVWDZLR-
QR�KLSRWH]\�SUDZGRSRGRELHĔVWZD�SU]\F]\Q�PQLHMV]HM�L�ZLĊNV]HM�VNXWHF]QRĞFL�Z\EXGRZDQ\FK�
WU]HFK�NRQVWUXNFML�EUDPRZ\FK�QD�WUDVDFK�SU]HORWX�QLHWRSHU]\�GR�PLHMVF�]LPRZHM�KLEHUQDFML�

.$&35=$.�'���62à2:&=8.�$���8VSRNRMHQLH�UXFKX�X]\VNDQH�G]LĊNL�V\QHUJLL�]DU]ąG]D-
QLD�SUĊGNRĞFLą�L�]DJRVSRGDURZDQLD�RWRF]HQLD�GURJL�
� 3U]HGVWDZLRQR�Z\QLNL� EDGDĔ� UHGXNFML� SUĊGNRĞFL� QD� SU]HMĞFLX� GURJL�ZRMHZyG]NLHM� SU]H]�
SU]\NáDGRZą�ZLHĞ�� %DGDQLD�ZDUXQNyZ� UXFKX�Z\NRQDQR� WU]\NURWQLH�� SU]HG� SU]HEXGRZą�� SR�
SU]HEXGRZLH� L� SR�RVWDWHF]Q\P�]DVWRVRZDQLX�ZV]\VWNLFK�HOHPHQWyZ�XVSRNRMHQLD� UXFKX�]D-
SODQRZDQ\FK�SU]H]�GURJRZFyZ�L�XUEDQLVWyZ�]DMPXMąF\FK�VLĊ�NV]WDáWRZDQLHP�RWRF]HQLD�GURJL��
$QDOL]D�Z\QLNyZ�SU]HSURZDG]RQ\FK�EDGDĔ�Z\ND]DáD��ĪH�VDPH�V]\NDQ\�Z\EXGRZDQH�Z�VWUH-
IDFK�ZMD]GRZ\FK� GR�ZVL� QLH� ]DSHZQLDMą� UHGXNFML� SUĊGNRĞFL� QD� SU]HMĞFLX� GURJL� WUDQ]\WRZHM�
SU]H]�ZLHĞ��'RSLHUR�]DVWRVRZDQLH�ĞURGNyZ�XVSRNRMHQLD�UXFKX�ZUD]�]�HOHPHQWDPL�NV]WDáWRZD-
QLD�RWRF]HQLD�GURJL�VSRZRGRZDá\��ĪH�QDVWąSLáD�RF]HNLZDQD�UHGXNFMD�SUĊGNRĞFL��]DSHZQLDMąFD�
OHSV]H�ZDUXQNL�ĞURGRZLVNRZH�L�SRZRGXMąFD�]ZLĊNV]HQLH�EH]SLHF]HĔVWZD�UXFKX�

&,(ĝ/(:,&=�:���%$5&=<.�$���0LHUQLNL�RFHQ\�EH]SLHF]HĔVWZD�SUDF\�Z�SU]HGVLĊELRU-
VWZDFK�EXGRZODQ\FK�
� 3RGDQR� FKDUDNWHU\VW\NĊ�PLHUQLNyZ�� NWyUH�PRJą� E\ü� VWRVRZDQH� GR� RFHQ\�ZDUXQNyZ�
SUDF\�Z�SU]HGVLĊELRUVWZDFK�EXGRZODQ\FK�� ]H� V]F]HJyOQ\P�XZ]JOĊGQLHQLHP� LFK�SU]\GDW-
QRĞFL� GR� NRQWURORZDQLD� EH]SLHF]HĔVWZD� SUDFRZQLNyZ� QD� VWDQRZLVNDFK� SUDF\�� 2SUyF]�
RSLVX�QDMF]ĊĞFLHM�VWRVRZDQ\FK�ZVNDĨQLNyZ�Z\QLNRZ\FK�L�ZLRGąF\FK��]ZUyFRQR�XZDJĊ�QD�
ZVNDĨQLNL�GR�RFHQ\�VNXWHF]QRĞFL�V\VWHPX�]DU]ąG]DQLD�EKS��]LQWHJURZDQH�ZVNDĨQLNL�EKS�
RUD]�ZVNDĨQLNL�HNRQRPLF]QH�XPRĪOLZLDMąFH�RNUHĞOHQLH�VWUDW�SRQRV]RQ\FK�Z�Z\QLNX�]á\FK�
ZDUXQNyZ�SUDF\�

*2à'<1�0���1RĞQRĞü�QD�SU]HELFLH�Sá\W�]�RWZRUDPL�ZHGáXJ�SURFHGXU\�31-(1�����-�-��
� 2PyZLRQR�]DVDG\�31-(1�����-�-��GRW\F]ąFH�DQDOL]\�SU]HELFLD�Sá\W� ]�RWZRUDPL�Z�Vą-
VLHG]WZLH�SRGSyU�ZHZQĊWU]Q\FK��3RUyZQDQR�WU]\�PHWRG\�RNUHĞODQLD�ZVSyáF]\QQLND�XZ]JOĊG-
QLDMąFHJR�ZSá\Z� QLHUyZQRPLHUQHJR� UR]NáDGX� QDSUĊĪHĔ� VW\F]Q\FK�Z� SU]HNURMX� NRQWUROQ\P��
SRGDMąF� UyĪQLFH� L� ]DOHFHQLD� SUDNW\F]QH��1D� SRGVWDZLH�Z\QLNyZ� DQDOL]\� SRUyZQDZF]HM� GR-
NRQDQR� RFHQ\� PHWRG� XSURV]F]RQ\FK� Z� ĞZLHWOH� PHWRG\� RJyOQHM�� 5R]ZDĪDQLD� ]LOXVWURZDQR�
SU]\NáDGHP�REOLF]HQLRZ\P��Z�NWyU\P�SRUyZQDQR�]DSRWU]HERZDQLH�QD�]EURMHQLH�SRSU]HF]QH�
Z�VąVLHG]WZLH�SRGSRU\�ZHZQĊWU]QHM�Sá\W\�EH]�RWZRUX�RUD]�]�MHGQ\P�RWZRUHP�

.$:(&.,�3���.$:(&.,�:���à$*81$�-���2FHQD�VWDQX�LVWQLHMąFHJR�NRQVWUXNFML�VWDORZHM�
HVWDNDG\�UXURFLąJyZ�SU]HP\VáRZ\FK�
� 3U]HGVWDZLRQR�RFHQĊ�VWDQX�LVWQLHMąFHJR�NRQVWUXNFML�VWDORZHM�HVWDNDG\�UXURFLąJyZ�SU]H-
P\VáRZ\FK�ZHGáXJ� LQIRUPDFML� ]�DNWXDOQ\FK�QRUP�NUDMyZ�HXURSHMVNLFK��1LH]DZRGQRĞü�XĪ\W-
NRZDQHM�RG���� ODW�NRQVWUXNFML�VWDORZHM�]RVWDáD�SRWZLHUG]RQD�QD�GDOV]H���� ODW��QD�SRGVWDZLH�
HXURNRGyZ�L�QRUP\�1(1-������SRG�ZDUXQNLHP�Z\NRQDQLD�UHQRZDFML�

'52%,(&�à���%DGDQLD�VNUĊSRZDQ\FK�PXUyZ�]�RWZRUHP�SRGGDQ\FK�REFLąĪHQLRP�SLR-
QRZ\P�
� 3U]HGVWDZLRQR�Z\QLNL�EDGDĔ�ĞFLDQ�VNUĊSRZDQ\FK�L�QLHVNUĊSRZDQ\FK�]�RWZRUHP�Z�VNDOL�
QDWXUDOQHM��:\NRQDQR�EDGDQLD����ĞFLDQ�]�DXWRNODZL]RZDQHJR�EHWRQX�NRPyUNRZHJR��$%.���
:\QLNL�EDGDĔ�Z\ND]Dá\��ĪH�VNUĊSRZDQLH�PRĪH�PLHü�ZSá\Z�QD�ZDUWRĞü�VLá�QLV]F]ąF\FK�L�U\VX-
MąF\FK�ĞFLDQ\�]�$%.��1DMZLĊNV]\�ZSá\Z�X]\VNDQR�Z�PRGHODFK�]�GRGDWNRZ\P�VNUĊSRZDQLHP�
SU]\�RWZRU]H��1LH�VWZLHUG]RQR�LVWRWQHJR�ZSá\ZX�Z\SHáQLHQLD�VSRLQ�SLRQRZ\FK�QD�X]\VNDQH�
Z\QLNL�VLá�U\VXMąF\FK�L�QLV]F]ąF\FK�

60$5ĩ�-���2�PRĪOLZRĞFL�ZSURZDG]DQLD�RJUDQLF]HĔ�Z�GRVWĊSLH�GR�Z\NRQ\ZDQLD�]DZR-
GX�]DXIDQLD�SXEOLF]QHJR�
� *ZDUDQWRZDQH�NDĪGHPX�SU]HSLVDPL�.RQVW\WXFML�53�SUDZR�GR�ZROQRĞFL�Z\ERUX�L�Z\NRQ\-
ZDQLD�]DZRGX�RUD]�SUDZR�GR�Z\ERUX�PLHMVFD�SUDF\�PRĪH�SRGOHJDü�SHZQ\P�RJUDQLF]HQLRP��
-HGQDN�WDN�MDN�Z�SU]\SDGNX�LQQ\FK�SUDZ�L�ZROQRĞFL�MHGQRVWNL��MHVW�WR�GRSXV]F]DOQH�Z\áąF]QLH�
VWRVRZQLH�GR�]DVDG�RJyOQ\FK�RNUHĞORQ\FK�Z�DUW�����XVW����.RQVW\WXFML�53�

3,5&=(:6.,� 0��� ),*,(/� (��� /(&,(--3,5&=(:6.$� '��� 0RGHUQ� PL[HG� XVH� FRPSOH[�
326(-'21�LQ�6]F]HFLQ�
� ,Q�6]F]HFLQ�LV�FRQVWUXFWHG�PL[HG�XVH�FRPSOH[�326(-'21��,W�ZLOO�EH�WKH�ODUJHVW�1=(%�LQ�
3RODQG��7KDQNV�WR�WKH�XVH�RI�PRGHUQ�SUR-HFRORJLFDO�WHFKQRORJLHV�EDVHG�RQ�UHQHZDEOH�HQHUJ\�
VRXUFHV�326(-'21�ZLOO� UHGXFH�FDUERQ�GLR[LGH� �&2���HPLVVLRQV� WR� WKH�DWPRVSKHUH�E\�DV�
PDQ\�DV������$�SDVVLYH�JHRWKHUPDO�HQHUJ\�V\VWHP�IRU�WKH�QHHGV�RI�KHDWLQJ�DQG�FRROLQJ�ZDV�
UHDOLVHG�XQGHU�WKH�IRXQGDWLRQV�RI�WKH�7KH�EXLOGLQJ�ZLOO�EH�¿WWHG�ZLWK�KHDW�SXPSV��SKRWRYROWDLF�
SRZHU� VWDWLRQ�� UDLQZDWHU�XWLOLVDWLRQ� V\VWHP�DQG�HOHFWULFDO� FDU� FKDUJLQJ� VWDWLRQV��'XH� WR� WKLV�
VROXWLRQV�326(-'21�LV�WKH�H[DPSOH�RI�D�SUR-HFRORJLFDO�REMHFW�

*$5%$/,ē6.$�+���2/(-1,.�0���7KH�HIIHFW�RI�DHUDWLRQ�RQ�WKH�FDSLOODU\�ULVH�LQ�FRQFUHWH�
HOHPHQWV�
� 7KLV�VWXG\�H[DPLQHG�WKH�H[WHQW� WR�ZKLFK� WKH�DHUDWLRQ�DGPL[WXUH�DIIHFWV� WKH�UDWH�RI�ZDWHU�
SHQHWUDWLRQ� LQWR� FRQFUHWH� HOHPHQWV�� &DSLOODU\� ULVH� ZDV� H[DPLQHG� LQ� XQDHUDWHG� VDPSOHV� DQG�
VDPSOHV� DHUDWHG� ZLWK� DQ� DGPL[WXUH� XVLQJ� WKH� IROORZLQJ� SURSRUWLRQV� ����� ����� DQG� ����� RI�
FHPHQW�ZHLJKW��7KH�FRHI¿FLHQWV�RI�FDSLOODU\�VRUSWLRQ�ZHUH�GHWHUPLQHG��ZKLFK�DUH�D�PHDVXUH�RI�
UHVLVWDQFH�WR�ZDWHU�SHQHWUDWLRQ��DQG�WKH�SRWHQWLDO�GXUDELOLW\�RI�HDFK�FRPSRVLWH�PDWHULDO�VWXGLHG�

*$5%$/,ē6.$�+���0$7<6�0���5HVHDUFK�RQ�LQÀXHQFH�RI�DLU-HQWUDLQLQJ�DGPL[WXUH�RQ�WKH�
WKHUPDO�FRQGXFWLYLW\�RI�FRQFUHWH�
� 7KH� UHVHDUFK� FRYHUV� WKHUPDO� FRQGXFWLYLW\� RI� FRQFUHWHV� ZLWKRXW� DQG� ZLWK� DLU-HQWUDLQLQJ�
DGPL[WXUH�XVHG�LQ�SURSRUWLRQV���������������DQG������RI�FHPHQW�ZHLJKW��7KH�FRQFUHWHV�GLIIHUHG�
LQ�WHUPV�RI�WKH�DJJUHJDWH�XVHG��VWRQH��H[SDQGHG�FOD\�DQG�VLQWHUHG�À\�DVK��,W�ZDV�FRQFOXGHG�
WKDW�� LQ�RUGHU�WR� LPSURYH�WKH�WKHUPDO�SURSHUWLHV�RI� WKH�FRQFUHWH�XVHG�IRU�FRQVWUXFWLRQ�RI�WKH�
SDUWLWLRQ��WKH�IROORZLQJ�QHHGV�WR�EH�DSSOLHG��SURSHUO\�VHOHFWHG�OLJKW�DJJUHJDWH�DQG�DGGLWLRQDO�
DHUDWLRQ�DGPL[WXUH�LQWURGXFHG�DFFRUGLQJ�WR�SDUWLFXODU�IHDWXUHV�RI�D�FKRVHQ�PL[WXUH�

62à2:&=8.�$���(I¿FLHQF\�RI�ODWWLFH�VWUXFWXUHV�EXLOW�RYHU�WKH�6��H[SUHVVZD\�XVHG�IRU�
ÀLJKW�RI�EDWV�
� (QYLURQPHQWDO� FRPSHQVDWLRQ� DLPHG� DW� NHHSLQJ� EDW� ÀLJKW� SDWKV� RSHQ� LV� D� PDMRU�
HQYLURQPHQWDO�SURWHFWLRQ�LVVXH��7KH�PDPPDOV�SOD\�D�YHU\�LPSRUWDQW�UROH�LQ�HOLPLQDWLQJ�SHVWV�DQG�
LQVHFWV��SROOLQDWLRQ�DQG�VHHG�GLVSHUVDO��*LYHQ�WKH�DERYH��PDQ\�FRXQWULHV�XVH�GLIIHUHQW�VROXWLRQV�
RI�VXVWDLQDEOH�FLYLO�HQJLQHHULQJ��JHDUHG�WRZDUGV�PDLQWDLQLQJ�IUHH�SDVVDJH�IRU�EDWV�RYHU�FXUUHQWO\�
FRQVWUXFWHG�RU�UHEXLOW�WUDI¿F�URXWHV��7KH�SDSHU�K\SRWKHVLVHV�RQ�WKH�UHDVRQV�IRU�EHWWHU�RU�ZRUVH�
SHUIRUPDQFH�RI�WKH�WKUHH�JDQWULHV�RQ�EDW�PLJUDWLRQ�URXWHV�WR�WKHLU�ZLQWHU�KDELWDWV�

.$&35=$.�'���62à2:&=8.�$���7UDI¿F�FDOPLQJ�DFKLHYHG�GXH�WR�WKH�V\QHUJ\�RI�VSHHG�
PDQDJHPHQW�DQG�URDG�GHYHORSPHQW�
� 7KH� SDSHU� SUHVHQWV� UHVXOWV� RI� VSHHG� UHGXFWLRQ� PHDVXUHPHQWV� RQ� D� UHJLRQDO� URDG� LQ�
:U]RVRZD� YLOODJH�� 0HDVXUHPHQWV� RI� URDG� FRQGLWLRQV� ZHUH� FRQGXFWHG� WKUHH� WLPHV�� EHIRUH�
WKH�UHFRQVWUXFWLRQ��DIWHU�LW�DQG�DIWHU�WKH�LQWURGXFWLRQ�RI�DOO�WKH�HOHPHQWV�RI�WUDI¿F�FDOPLQJ��DV�
GHVLJQHG�E\�URDG�EXLOGHUV�DQG�XUEDQ�SODQQHUV�UHVSRQVLEOH�IRU�WKH�GHYHORSPHQW�RI�WKH�YLFLQLW\�
RI�WKH�URDG��$QDO\VLV�RI�UHVXOWV�VKRZHG�WKDW�WKH�FKLFDQHV�FRQVWUXFWHG�LQ�WKH�HQWU\�]RQHV�WR�WKH�
YLOODJH��LI�XVHG�DORQH��GLG�QRW�SURYLGH�VSHHG�UHGXFWLRQ�DORQJ�WKH�WKURXJKZD\�FXWWLQJ�WKURXJK�
WKH�YLOODJH��,W�ZDV�RQO\�D�FRPELQDWLRQ�RI�WUDI¿F�FDOPLQJ�GHYLFHV�DQG�HOHPHQWV�RI�URDG�YLFLQLW\�
GHYHORSPHQW�WKDW�EURXJKW�DERXW�WKH�H[SHFWHG�VSHHG�UHGXFWLRQ��SURYLGLQJ�EHWWHU�HQYLURQPHQWDO�
FRQGLWLRQV�DQG�LPSURYHG�URDG�VDIHW\�

&,(ĝ/(:,&=�:���%$5&=<.�$���,QGLFDWRUV�RI�WKH�VDIHW\�ZRUN�DVVHVVPHQW�LQ�FRQVWUXFWLRQ�
HQWHUSULVHV�
� 7KH�DUWLFOH�SUHVHQWV�D�VKRUW�FKDUDFWHULVWLFV�RI� WKH� LQGLFDWRUV� WKDW�FDQ�EH�DSSOLHG� WR� WKH�
DVVHVVPHQW� RI� ZRUNLQJ� FRQGLWLRQV� LQ� FRQVWUXFWLRQ� HQWHUSULVHV�� ZLWK� SDUWLFXODU� WDNLQJ� LQWR�
FRQVLGHUDWLRQ�RQ�WKHLU�XVHIXOQHVV�WR�WKH�PRQLWRULQJ�RI�WKH�VDIHW\�RI�ZRUNHUV�LQ�WKH�ZRUNSODFHV��
%H\RQG�GHVFULSWLRQ�RI�WKH�PRVW�FRPPRQO\�XVHG�UHVXOWLQJ�DQG�OHDGLQJ�LQGLFDWRUV��DWWHQWLRQ�ZDV�
SDLG�WR��LQGLFDWRUV�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�WKH�VDIHW\�PDQDJHPHQW�V\VWHP��LQWHJUDWHG�
KHDOWK�DQG�VDIHW\�LQGLFDWRUV��DQG�HFRQRPLF�LQGLFDWRUV�IRU�GHWHUPLQDWLRQ�RI�ORVVHV�LQFXUUHG�DV�
D�UHVXOW�RI�EDG�ZRUNLQJ�FRQGLWLRQV�

*2à'<1�0���3XQFKLQJ�VKHDU�GHVLJQ�RI�ÀDW�VODEV�ZLWK�RSHQLQJV�DFFRUGLQJ�WR�WKH�31-(1�
����-�-��SURFHGXUH�
� ,Q� WKH�SDSHU� WKH�31-(1�����-�-��SURFHGXUH�UHJDUGLQJ� WR� WKH�SXQFKLQJ�VKHDU�DQDO\VLV�RI�
ÀDW�VODEV�ZLWK�RSHQLQJV� LQ� WKH�YLFLQLW\�RI� LQWHUQDO�VXSSRUWV�ZDV�GLVFXVVHG��7KUHH�PHWKRGV�RI�
GHWHUPLQLQJ� WKH� FRHI¿FLHQW� DFFRXQWLQJ� WKH� HIIHFW� RI� XQHYHQ� GLVWULEXWLRQ� RI� VKHDU� VWUHVVHV� LQ�
WKH� FRQWURO� FURVV-VHFWLRQ� ZHUH� FRPSDUHG�� 7KH� GLIIHUHQFHV� ZHUH� LQGLFDWHG� DQG� WKH� SUDFWLFDO�
UHFRPPHQGDWLRQV�ZHUH�JLYHQ��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�FRPSDUDWLYH�DQDO\VLV��WKH�DVVHVVPHQW�
RI�VLPSOL¿HG�PHWKRGV� LQ� WKH� OLJKW�RI� WKH�JHQHUDO�PHWKRG�ZDV�PDGH��7KH�FRQVLGHUDWLRQV�ZHUH�
H[HPSOL¿HG�E\�D�ZRUNLQJ�H[DPSOH�� LQ�ZKLFK� WKH� UHTXLUHG� VKHDU� UHLQIRUFHPHQW�ZLWKLQ� LQWHUQDO�
VXSSRUW�]RQH�RI�ÀDW�VODE�ZLWKRXW�DQG�ZLWK�RQH�RSHQLQJ�ZDV�FRPSDUHG�

.$:(&.,�3���.$:(&.,�:���à$*81$�-���$VVHVVPHQW�RI�H[LVWLQJ�VWHHO�VWUXFWXUHV�RI�WKH�
LQGXVWULDO�SLSH�OLQH�EULGJHV�
� 2Q�WKH�EDVLV�RI�DFWXDOO\�QDWLRQDO�(XURSHDQ�VWDQGDUGV��WKH�SDSHU�SUHVHQWV�WKH�DVVHVVPHQW�
RI� H[LVWLQJ� VWHHO� VWUXFWXUHV� RI� LQGXVWULDO� SLSH� OLQH� EULGJHV�� 5HOLDELOLW\� RI� ��� \HDUV� ROG� VWHHO�
VWUXFWXUHV�ZDV� DFFHSWHG� SURYLGHG� UHQRYDWLRQ�� UHIHUHQFHV� WR�(XURFRGHV� DQG�1(1-����� IRU�
QH[W�SHULRG����\HDUV�

'52%,(&�à���7HVWV�RI�FRQ¿QHG�PDVRQU\�ZDOOV�ZLWK�DQ�RSHQLQJ�VXEMHFWHG�WR�YHUWLFDO�ORDGV�
� 7KH�SDSHU�GHVFULEHV�WHVWV�UHVXOWV�RI�IXOO�VFDOH�FRQ¿QHG�PDVRQU\�ZDOOV��ZLWK�DQ�RSHQLQJ��
��� ZDOOV� RI� DXWRFODYHG� DHUDWHG� FRQFUHWH� �$$&�� ZHUH� SODQQHG� DQG� WHVWHG�� 7KH� FRQGXFWHG�
UHVHDUFK�KDV�VKRZQ�WKDW�FRQ¿QLQJ�FDQ�LQFUHDVH�WKH�YDOXH�RI�GHVWUXFWLYH�DQG�FUDFN�IRUFHV�RI�
$$&�ZDOOV��7KH�JUHDWHVW�LPSDFW�ZDV�REWDLQHG�LQ�PRGHOV�ZLWK�DGGLWLRQDO�FRQ¿QLQJ�HOHPHQWV�DW�
WKH�RSHQLQJ��7KHUH�ZDV�QR�VLJQL¿FDQW�HIIHFW�RI�¿OOLQJ�YHUWLFDO�MRLQWV�RQ�WKH�REWDLQHG�UHVXOWV�RI�
FUDFN�DQG�GHVWUXFWLYH�IRUFHV�

60$5ĩ�-���$ERXW�WKH�SRVVLELOLW\�RI�LQWURGXFLQJ�UHVWULFWLRQV�LQ�DFFHVV�WR�WKH�SHUIRUPDQFH�
RI�WKH�SURIHVVLRQ�RI�SXEOLF�WUXVW�
� 7KH�ULJKW�WR�IUHHGRP�RI�FKRLFH�DQG�H[HUFLVH�RI�D�SURIHVVLRQ�DQG�WKH�ULJKW�WR�FKRRVH�D�SODFH�
RI�ZRUN� JXDUDQWHHG�E\�DQ\RQH�� XQGHU� WKH�SURYLVLRQV�RI� WKH�&RQVWLWXWLRQ�RI� WKH�5HSXEOLF� RI�
3RODQG��PD\�EH�VXEMHFW� WR�FHUWDLQ� UHVWULFWLRQV��+RZHYHU��DV� LQ� WKH�FDVH�RI�RWKHU� ULJKWV�DQG�
IUHHGRPV�RI� WKH� LQGLYLGXDO�� LW� LV� RQO\� DOORZHG�DFFRUGLQJ� WR� WKH� JHQHUDO� SULQFLSOHV� VHW� RXW� LQ�
DUWLFOH����SDUDJUDSK���RI�WKH�&RQVWLWXWLRQ�RI�WKH�5HSXEOLF�RI�3RODQG�


