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$EVWUDFW� $SSOLHG�5HVHDUFK�ZLWK�REMHFWV�RI�WKH�60(�([KLELWLRQ�6WDJH�LQ�WKH�IRUP�RI�SRUWDEOH�VWDJH�EXLOGLQJV�ZLWK�LQIODWDEOH�VWUXFWXUH�
URRIV�XVLQJ�39&�7DUSDXOLQ�IDEULF�PDWHULDO��7KHVH�IDFLOLWLHV�FDQ�EH�EXLOW��GLVPDQWOHG�DQG�PRYHG�WR�RWKHU�ORFDWLRQV�HDVLO\��VDIHO\��TXLFNO\�
DQG�OLJKWO\�ZLWK�LQGHSHQGHQW�HQHUJ\�VRXUFHV��SKRWRYROWDLF�VRODU�HQHUJ\�V\VWHPV���7KH�UHVHDUFK�REMHFWLYH�LV�WR�GHYHORS�VWDJH�IDFLOLWLHV�DV�D�
PHDQV� RI� H[KLELWLQJ� 60(� SURGXFWV� WKDW� IXOILOO� DHVWKHWLF� DVSHFWV�� VWUHQJWK�� VSHHG�� HIIHFWLYHQHVV�� FRPIRUW� DQG� HQHUJ\� VDYLQJ� VR� DV� WR�
HQFRXUDJH� WKH� GHYHORSPHQW� RI� FUHDWLYH� HFRQRP\� 60(V�� 7KH� UHVHDUFK�PHWKRG� XVHG� WKH� ([SHULPHQWDO�0HWKRG� DQG� $FWLRQ� 5HVHDUFK��
EHJLQQLQJ�ZLWK�WKH�GHYHORSPHQW�RI�GHVLJQ��PDQXIDFWXUH�DQG�WHVWLQJ�RI�SRUWDEOH�VWDJH�PRGHOV�ZLWK�SQHXPDWLF�DLU�LQIODWHG�VWDJH�URRIV�RI�
,QGHSHQGHQW� (QHUJ\�� LQFOXGLQJ�� ���� VSHHG� WHVW� RI� WKH� PDQXIDFWXUH�� WUDQVSRUW�� DVVHPEO\�� LQVWDOODWLRQ�� GLVPDQWOLQJ� RI� SQHXPDWLF DLU�
LQIODWHG�VWUXFWXUHV�DQG�VRODU�HQHUJ\�PRGXOHV������VWUHQJWK�WHVWLQJ�RI�$LU�,QIODWHG�PDWHULDOV�����WKHUPDO�FRPIRUW�WHVWV�XQGHU�WKH�URRI�RI�WKH�
VWDJH�RI�$LU�,QIODWHG�SQHXPDWLF�VWUXFWXUHV������WHVWLQJ�WKH�HIIHFWLYHQHVV�RI�XVLQJ�SKRWRYROWDLF�VRODU�HQHUJ\�WR�GULYH�LQIODWDEOH�VWDJH�URRI�
EORZHUV��7KH�WHVWV�ZHUH�FDUULHG�RXW�DW�WKH�8QLYHUVLW\�RI�0HUGHND�0DODQJ�/DE�DQG�)LHOG�7HVWV�LQ�0DODQJ�&LW\�DQG�5HJHQF\��SURYHG�WR�
SURYLGH� UHOLDEOH� DQG� VDWLVI\LQJ� UHVXOWV�� LQFOXGLQJ�� D�� VSHHG� RI� LQVWDOODWLRQ� DQG� GHPROLWLRQ� LQVWDOODWLRQV� ����PLQXWHV� SRUWDEOH� VWDJH�� ��
PLQXWHV�LQIODWDEOH�URRI��VRODU�SDQHO�LQVWDOODWLRQ����PLQXWHV����E��WKH�UHTXLUHG�DLU�SUHVVXUH�LV�RQO\�����SVL�WR�VHW�XS�DQ�LQIODWDEOH�URRI��F��
WKH�WHQVLOH�VWUHQJWK�RI�39&�WDUSDXOLQ�PDWHULDO�UHDFKHV�����NJ���FP���G����VRODU�SDQHOV�HDFK�ZLWK�D�FDSDFLW\�RI�����ZS�ZLWK�HQHUJ\�VWRUDJH�
LQ�WKH�IRUP�RI�D�����$+�EDWWHU\����9�DQG������:�FRQYHUWHU�LQ�EULJKW�FRQGLWLRQV�SURGXFH�D�PLQLPXP�RI������$PS�������9�FDQ�SURYLGH�
HQHUJ\� QHHGV� WR� GULYH� LQIODWDEOH� VWDJH� URRI� EORZHUV� DQG� SRUWDEOH� VRXQG� V\VWHPV�� DQG� I�� FRPIRUW� XQGHU� WKH� LQIODWDEOH� URRI�PD[LPXP�
WHPSHUDWXUH�RI����&��7KH�SRUWDEOH�VWDJH�DQG�WKH�SUDFWLFDO�DQG�IDVW�EXLOG�LQIODWDEOH�VWDJH�URRI�DUH�H[SHFWHG�WR�EHFRPH�D�SURWRW\SH�RI�VWDJH�
IDFLOLWLHV�IRU�60(�([KLELWLRQ�RQ�D�QDWLRQDO�VFDOH�

.H\ZRUGV� SRUWDEOH��VWDJH��DLU�LQIODWHG��VRODU�HQHUJ\

�� ,QWURGXFWLRQ

6PDOO� DQG� 0HGLXP� (QWHUSULVHV� �60(V�� KDYH� D� YHU\�
LPSRUWDQW� UROH� LQ� ,QGRQHVLD� HFRQRPLF�GHYHORSPHQW��7KLV� LV�
EHFDXVH� LQ� DGGLWLRQ� WR� FRQWULEXWLQJ� WR� WKH� JURZWK� DQG�
DEVRUSWLRQ�RI�ODERU��LW�DOVR�SOD\V�D�UROH�LQ�WKH�GLVWULEXWLRQ�RI�
GHYHORSPHQW� UHVXOWV�� 6PDOO� FRPSDQLHV� FDQ� DEVRUE� ���� RI�
WKH� QDWLRQDO� ODERUV� �0DQXUXQJ�� ������� ,Q� ,QGRQHVLD�� WKH�
TXDQWLW\�RI�60(V� LV�DOVR� VXSHULRU�� WKLV� LV�EDVHG�RQ� WKH� IDFW�
WKDW�PRVW�EXVLQHVVHV�LQ�,QGRQHVLD�DUH�PRUH�WKDQ�����LQ�WKH�
IRUP� RI� VPDOO� DQG� PHGLXP� VFDOH� EXVLQHVVHV�� (YHQ� 60(V�
PDGH� D� YHU\� VLJQLILFDQW� FRQWULEXWLRQ� HVSHFLDOO\� ZKHQ� WKH�
FULVLV�ZDV�H[SHULHQFHG� LQ� WKH�SHULRG������������ ,Q�D�FULVLV��
ZKHUH� ODUJH�VFDOH� EXVLQHVVHV� DSSHDU� WR� KDYH� VWDJQDWHG� DQG�
HYHQ� VWRSSHG� WKHLU� DFWLYLWLHV�� WKH� 60(� VHFWRU� VKRZV� WKH�
SRWHQWLDO� WR� FRQWLQXH� WR� VXUYLYH� DQG� GHYHORS� VR� WKDW� D�
FUHDWLYH�LQGXVWU\�60(�GHYHORSPHQW�SURJUDP�LQ�,QGRQHVLD�LV�
DOZD\V� QHHGHG�� ,Q� WHUPV� RI� PDUNHWLQJ�� WKH� 60(� SURGXFW�
H[KLELWLRQ� LV� DQ� HIIHFWLYH� PDUNHWLQJ� PHWKRG� IRU� FUHDWLYH�
HFRQRPLF� 60(V� WKDW� QHHG� WR� EH� VXSSRUWHG� E\� WKH� UROH� RI�
XQLYHUVLWLHV��%XGL\DQWR��+HU\	5RILHT��0RFKDPPDG���������
2QH� RI� WKH� PRVW� LPSRUWDQW� SDUWV� RI� WKH� 60(� SURGXFW�
H[KLELWLRQ� LV� WKH� HQWHUWDLQPHQW� VWDJH�ZKLFK� LV� DQ� DWWUDFWLRQ�
IRU� YLVLWRUV� WR� FRPH� DQG� EH� LQ� WKH� H[KLELWLRQ� DUHD�� 7KLV�
UHVHDUFK�IRFXVHV�RQ� WKH�GHVLJQ�DQG�PDQXIDFWXUH�RI SRUWDEOH�
VWDJH� DQG� VWDJH� URRI� VWUXFWXUH� RI� LQGHSHQGHQW� HQHUJ\� DLU�

LQIODWHG� DV� D� PHDQV� RI� H[KLELWLQJ� 60(� SURGXFWV�� XVLQJ�
WDUSDXOLQ�39&�FRDWHG�IDEULF�VR�WKDW�LW�LV�OLJKWHU�DQG�FRPSDFW�
DQG�TXLFN�WR�LQVWDOO�DQG�GLVPDQWOH��

3UHYLRXV� UHVHDUFK� RQ� 3QHXPDWLF� $LU� ,QIODWHG� 6WUXFWXUH� IRU�
GLVDVWHU� WHQWV� SURYHV� WKDW� WKLV� VWUXFWXUH� FDQ� EH� XVHG� LQ�
UHVWULFWHG� DUHDV�� OLJKWZHLJKW� VWUXFWXUDO� PDWHULDOV�� HDVLO\�
PRYHG��IROGHG�RU�WUDQVSRUWHG�WR�RWKHU�ORFDWLRQV�RQO\�E\�WUXFN�
��SLFNXS�� �%XGL\DQWR��+HU\��DW�DO���������������7KH�QRYHOW\�
RI� WKLV� UHVHDUFK� LV� WKH� XVH� RI� HOHFWULFDO� HQHUJ\� WR� GULYH� D�
EORZHU� WKDW� ZLOO� LQIODWH� WKH� SQHXPDWLF� VWUXFWXUH� RI� LQIODWHG�
ZDWHU� DV� DQ� HQYLURQPHQWDOO\� IULHQGO\� HQHUJ\� VRXUFH� DV� LWV�
SRZHU�LV�SKRWRYROWDLF�VRODU�HQHUJ\

7KHUH� DUH� � PDLQ� DVSHFWV� WKDW� DUH� D� SUREOHP� LQ� WKLV� VWXG\��
QDPHO\�
D� 7KH� GHVLJQ� DQG� PDQXIDFWXUH� RI� SRUWDEOH� VWDJHV� DQG� WKH�

DLU� LQIODWHG�VWUXFWXUH�URRI�VWDJH�ZLWK�LQGHSHQGHQW�HQHUJ\�
IRU�60(�H[KLELWLRQV��

E� 6SHHG� DQG� HIIHFWLYHQHVV� LQ� WKH� SURFHVV� RI� WUDQVSRUWLQJ��
DVVHPEOLQJ�� LQVWDOOLQJ� DQG� GLVPDQWOLQJ� SRUWDEOH� VWDJHV�
DQG�WKH�DLU�LQIODWHG�VWUXFWXUH�URRI�VWDJH�ZLWK�LQGHSHQGHQW�
HQHUJ\�

F� 7KH�OHYHO�RI�WKHUPDO�FRPIRUW�LQ�D�SRUWDEOH�VWDJHV�DQG�WKH�
DLU�LQIODWHG�VWUXFWXUH�URRI�VWDJH�ZLWK�LQGHSHQGHQW�HQHUJ\

G� 7KH�HIILFLHQF\�RI�SKRWRYROWDLF�VRODU�HQHUJ\�LQ�SURYLGLQJ�
HQHUJ\�IRU�WKH�URRI�RI�DQ�DLU�LQIODWHG�VWUXFWXUH
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�� /LWHUDWXUH�5HYLHZ

����3QHXPDWLF�$LU�,QIODWHG�6WUXFWXUH�6\VWHP

3QHXPDWLF� PHPEUDQH� VWUXFWXUH� LV� RQH� RI� WKH� VRIW� VKHOO�
VWUXFWXUH� V\VWHPV�� ZKHUH� WKH� VWUXFWXUH� FDQ� VWDQG� GXH� WR�
GLIIHUHQFHV� LQ� DLU� SUHVVXUH� LQ� SQHXPDWLF� VWUXFWXUHV� ZLWK� DLU�
SUHVVXUH� RXWVLGH� WKH� VWUXFWXUH� �6XNDZL�� ������� 3QHXPDWLF�
VWUXFWXUHV� DUH� GLYLGHG� LQWR� �� PDMRU� JURXSV� QDPHO\� DLU�
VXSSRUWHG� VWUXFWXUH� DQG� DLU� LQIODWHG� VWUXFWXUH� �6FKRGHN��
������ �D��$LU� VXSSRUWHG� VWUXFWXUHV� DUH� UHIHUUHG� WR� DV� VLQJOH�
PHPEUDQH�VWUXFWXUHV�EHFDXVH�WKH\�RQO\�UHTXLUH�RQH�OD\HU�RI�
PHPEUDQH�DQG�UHTXLUH� ORZ�DLU�SUHVVXUH� �DERXW������SRXQGV�
SHU� IRRW�DERYH�DWPRVSKHULF�SUHVVXUH���%�� WKH� LQIODWHG�ZDWHU�
VWUXFWXUH� LV� DOVR� FDOOHG� WKH� GRXEOH� PHPEUDQH� VWUXFWXUH�
�ILJXUH����

)LJXUH��� $LU�,QIODWHG�3QHXPDWLF�6WUXFWXUH
�6RXUFH��6FKRGHN�������

0HPEUDQH�PDWHULDO��PDGH�IURP�IDEULF�ZKLFK�DUH�LQIODWHG�E\�
DLU� DUH� LQFOXGHG� LQ� WKH� FDWHJRU\� RI� VWUXFWXUHV� WKDW� DUH�
VWUHWFKHG�DQG�KDYH�XQLTXH�DGYDQWDJHV�LQ�WKHLU�XVH�FRPSDUHG�
WR� WUDGLWLRQDO� VWUXFWXUHV�� 7KHVH� DGYDQWDJHV� LQFOXGH�
OLJKWZHLJKW�GHVLJQ��IDVW�DQG�HDV\�WR�LQVWDOO��IDVW�WUDQVSRUW�DQG�
VPDOO� SDFNLQJ� YROXPH�� 3XUZDQWR� ������� VWDWHG� WKH�
SRVVLELOLW\�RI�DSSO\LQJ�DQG�GHYHORSLQJ�SQHXPDWLF�VWUXFWXUHV�
LQ� ,QGRQHVLD�� LQFOXGLQJ� FOLPDWLF� FRQGLWLRQV� LQ� ,QGRQHVLD��
HVSHFLDOO\� ZLQG� SUREOHPV�� LV� QRW� D� VLJQLILFDQW� SUREOHP� DQG�
FDQ� EH� FDOFXODWHG� ZLWK� WKH� FDOFXODWLRQ� RI� SUHVVXUH� LQ�
SQHXPDWLF�VWUXFWXUHV��7KH�WKLQJV�WKDW�QHHG�WR�EH�FRQVLGHUHG�
LQ� WKH� XVH� RI� SQHXPDWLF� VWUXFWXUHV� LQ� ,QGRQHVLD�� DPRQJ�
RWKHUV��EHKDYLRU��VRFLDO�FRQGLWLRQV�RI� WKH�,QGRQHVLDQ�SHRSOH�
QHHG� WR� EH� LPSURYHG�� HVSHFLDOO\� LQ� EXLOGLQJ� PDLQWHQDQFH��
$ODLQ� &KDVVDJQRX[� HW�DO�� ������� H[SODLQHG� WKDW� WR� VWXG\�
FRQWHPSRUDU\� DUFKLWHFWXUDO� IRUPV� WKDW� XVH� XQFRQYHQWLRQDO�
VWUXFWXUHV�� 7KH� OHFWXUHUV� FDQ� LQYLWH� VWXGHQWV� WR� FRQGXFW�
PRGHO� H[SHULPHQWV� VR� WKDW� WKH\� JHW� WKH� H[SHULHQFH� RI�
³IRUPLQJ´ EXLOGLQJV� XVLQJ� HOHPHQWV� �� FRPSRQHQWV�GHVLJQHG�
E\�VWXGHQWV�WKHPVHOYHV�

%DVLF�UHVHDUFK�DQG�WHVWLQJ�RI�WKH�SQHXPDWLF�VWUXFWXUH�V\VWHP�
KDV�EHHQ�FDUULHG�RXW�E\� WKH�UHVHDUFK� WHDP��DPRQJ�RWKHUV� LQ�
WKH�WHVWLQJ�RI�SQHXPDWLF�VWUXFWXUH�PRGHOV��%XGL\DQWR��+HU\��
������� 6WUXFWXUDO� PRGHO� H[SHULPHQWV� DUH� QHHGHG� WR�
GHWHUPLQH�WKH�EHKDYLRU�RI�WKH�DFWXDO�VWUXFWXUH��SURWRW\SH��E\�
XVLQJ� D� UHSOLFD� �PRGHO�� RI� D� VPDOOHU� VFDOH� VWUXFWXUH��
3QHXPDWLF� VWUXFWXUHV� KDYH� VHYHUDO� DGYDQWDJHV� FRPSDUHG� WR�
FRQYHQWLRQDO� EXLOGLQJ� VWUXFWXUHV�� QDPHO\� LQLWLDO� LQYHVWPHQW�
LV� FKHDSHU�� VSHHG� DQG� HDVH� RI� GHYHORSPHQW�� HDV\�
PDLQWHQDQFH��VWUXFWXUDO�HOHPHQWV�FDQ�EH�IROGHG��FRQFLVH��VR�
WKDW� LW� LV� HDVLO\� VWRUHG� �%XGL\DQWR�� +HU\	6XNDQGDU�� �������
7HQW� SURWRW\SLQJ� H[SHULPHQWV� SQHXPDWLF� VWUXFWXUHV�
VXSSRUWHG� E\� DLU� �� ZDWHU� VXSSRUWHG� �%XGL\DQWR��
+HU\	6XSUDSWR��$JXV���������7KH�PHPEUDQH�PDWHULDO�RI�WKH
$LU� ,QIODWHG� 6WUXFWXUH� LV� SURYHQ� WR� EH� UHOLDEOH� EDVHG� RQ�
WHQVLOH� WHVWLQJ!� ���� NJ� �� FP��� PDWHULDO� GXUDELOLW\!� ���&��

LQVWDOODWLRQ� �� PLQXWHV�� LQVWDOODWLRQ� RI� �� PLQXWHV� DQG�
GLVPDQWOLQJ� �� PLQXWHV� DQG� LQGRRU� WHPSHUDWXUH� ����&�
�6HWLDZDQ�� 0�� ,NKVDQ	%XGL\DQWR�� +HU\�� ������ 7KH� $LU�
,QIODWHG�6WUXFWXUH� FDQ� EH� XVHG� LQ� OLPLWHG� DUHDV�� OLJKWZHLJKW�
VWUXFWXUDO�PDWHULDOV� �39&�7DUSDXOLQ��� HDVLO\�PRYHG�� IROGHG�
RU� WUDQVSRUWHG� WR� RWKHU� ORFDWLRQV� RQO\� E\� WUXFN� �� SLFNXS�
�%XGL\DQWR��+HU\�������

����3KRWRYROWDLF�6RODU�(QHUJ\�6\VWHP

7KH� PDLQ� FRPSRQHQWV� RI� D� 3KRWRYROWDLF� 6RODU� (QHUJ\�
6\VWHP� DUH� SKRWRYROWDLF� FHOOV� WKDW� FRQYHUW� VRODU� UDGLDWLRQ�
LQWR� GLUHFW� FRQYHUVLRQ� FDSWXUHG� E\� 6RODU� $UUD\�� ZKLFK�
UHTXLUHV� %DODQFH� RI� 6\VWHP� �%26�� WR� LQFOXGH� FKDUJH�
FRQWUROOHUV� DQG� LQYHUWHUV�� EDWWHU\� VWRUDJH� XQLWV� DQG� RWKHU�
VXSSRUWLQJ� HTXLSPHQW� �:LGD\DQD�� ������� 7KLV� HQHUJ\�
V\VWHP�ZLOO�VXSSRUW�WKH�HOHFWULFLW\�QHHGV�RI�WKH�EORZHU�DV�DQ�
DLU�VRXUFH�RQ�WKH�SQHXPDWLF�VWUXFWXUH�RI�WKH�DLU�LQIODWHG�URRI�
VWDJH� 2SWLPL]DWLRQ� LV� QHHGHG� LQ� WKH�XVH�RI� VRODU� HQHUJ\� WR�
SURORQJ�OLIH�DQG�VDYH�EDWWHU\�SRZHU��6HWLDZDQ���������,Q�WKLV�
UHVHDUFK��RSWLPL]DWLRQ�RI� WKH� VSHHG�RI�DLU� VRXUFH�EORZHU�RQ�
WKH�SQHXPDWLF� VWDJH� URRI�RI�DLU� LQIODWHG�ZLOO�EH�GRQH� WR� WKH�
DPRXQW�RI�SRZHU�QHHGHG�WR�REWDLQ�WKH�HIILFLHQF\�RI�WKH�XVH�
RI�HOHFWULF�SRZHU�LQ�WKH�3KRWRYROWDLF�6RODU�(QHUJ\�6\VWHP�

)LJXUH��� 6FKHPDWLF�'HVLJQ�RI�3RUWDEOH�6WDJH�0RGHOV�DQG�
,QIODWDEOH�6WDJH�5RRI

�� 5HVHDUFK�0HWKRGV

7KLV�VWXG\�XVHV�H[SHULPHQWDO�DQG�DFWLRQ�UHVHDUFK�PHWKRGV�LQ�
WKH�IRUP�RI�PRGHOLQJ��FRQGXFWLQJ�ODERUDWRU\�WULDOV�DQG ILHOG�
WULDOV� RI� YDULRXV� YDULDEOHV� �&RZDQ�� ������� ,Q� WKLV� VWXG\�
YDULRXV� WHVWV� ZHUH� FDUULHG� RXW�� QDPHO\�� D�� WHVW� IOH[LELOLW\��
VSHHG� DQG� HIIHFWLYHQHVV� LQ� WKH� GHYHORSPHQW� SURFHVV�� E��
WHVWLQJ�WKH�VWUHQJWK�RI�LQIODWHG�PHPEUDQH�ZDWHU�PDWHULDO��F��
SUHVVXUH�WHVWLQJ�LQ�D�PHPEUDQH�LQIODWHG�PHPEUDQH�ZDWHU��G��
WKHUPDO� FRPIRUW� WHVW� XQGHU� WKH� URRI� RI� WKH� LQIODWHG� ZDWHU�
PHPEUDQH��H���PDWHULDO� WHVWLQJ�DQG� I��HIIHFWLYHQHVV�RI� VRODU�
SRZHU�SKRWRYROWDLF�SRZHU�V\VWHPV�

�� 5HVHDUFK�5HVXOW

)LJXUH��� 3RUWDEOH�6WDJH�DQG�,QIODWDEOH�6WDJH�5RRI

7KH�VWDJH� LV�PDGH�IURP�D�PXOWLSOH[�RI����PP��GHVLJQHG� WR�
EH� SRUWDEOH� DQG� SRUWDEOH�� &RQVLVWV� RI� ��� PRGXOHV�� HDFK�
PHDVXULQJ����[���[���FP��)RU�WKH�VWDJH�URRI��WKH�LQIODWDEOH�
WXEH� IUDPH� LV� PDGH� RI� SYF� FRDWHG� WDUSDXOLQ� IDEULF� ZLWK� D�
WKLFNQHVV�RI�����PP��ZKLOH�WKH�VWDJH�FRYHU�LV�PDGH�RI�ZDWHU�
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UHVLVWDQW�FRDWHG�SDUDVLWLF� IDEULF��6RODU�SDQHOV�DV�D� VRXUFH�RI�
HOHFWULFDO�HQHUJ\�DUH���SDQHOV��HYHU\���SDQHOV�DUH�VXSSRUWHG�

E\�D�SRUWDEOH�EUDFNHW�

)LJXUH��� 3RUWDEOH�6WDJH�0DNLQJ����ZHHNV�

)LJXUH��� 0DNLQJ�DQ�,QIODWDEOH�6WDJH�5RRI����ZHHNV�

)LJXUH��� 3RUWDEOH�6WDJH�$VVHPEO\�����PLQXWHV�

)LJXUH��� ,QIODWDEOH�6WDJH�5RRI�,QVWDOODWLRQ����PLQXWHV�

)LJXUH��� ,QVWDOODWLRQ�RI�3RUWDEOH�%UDFNHW�	�3KRWRYROWDLF�(QHUJ\�6RODU 3DQHO�����PLQXWHV�

D��3URFHVV�VSHHG
7KH�SURFHVV�RI�PDNLQJ�D�SRUWDEOH�VWDJH�WDNHV���ZHHNV��ILJXUH�
���� DW� WKH� VDPH� WLPH�PDNLQJ� DQ� LQIODWDEOH� VWDJH� URRI�ZKLFK�
DOVR� WDNHV���ZHHNV� �ILJXUH�����7KH�SRUWDEOH� VWDJH� DVVHPEO\�
SURFHVV� WDNHV� ��� PLQXWHV� �ILJXUH� ���� ZKLOH� WKH� LQIODWDEOH�
VWDJH�URRI� LQIODWLQJ�SURFHVV�WDNHV�RQO\���PLQXWHV��ILJXUH�����
7KH� VHULHV� RI� HOHFWULFDO� HQHUJ\� VRXUFHV� LQ� WKH� IRUP� RI� ��
SKRWRYROWDLF�SDQHOV�DUH�SODFHG�RQ���SRUWDEOH�EUDFNHW�ZKLFK�
WDNHV����PLQXWHV��ILJXUH����

E��6\VWHP�(IILFLHQF\�DQG�6WUXFWXUH�&RPSRQHQWV
7KH� VWDJH� URRI� FRQVLVWV� RI� �� FRPSRQHQWV�� QDPHO\�� ���
LQIODWDEOH� WXEH� PDWHULDO� LQ� WKH� IRUP� RI� SYF� WDUSDXOLQ� FORWK�
ZLWK� D� WKLFNQHVV�RI� ����PP�� FRQQHFWLQJ� WKLV�PDWHULDO� XVLQJ�
UXEEHU�JOXH�VSHFLILFDOO\�PDGH�IRU�WKH�PDWHULDO�����URRI�FRYHU�
PDWHULDO� LQ� WKH� IRUP� RI� FRDWHG� SDUDVLWLF� IDEULF� ZLWK� D�
WKLFNQHVV�RI�����PP��FRQQHFWLQJ�XVLQJ�D�VHZLQJ�V\VWHP�

F��$LU�SUHVVXUH�LQVLGH�WKH�LQIODWDEOH�PHPEUDQH�WXEH

)LJXUH��� 3UHVVXUH�&KDUWV�LQ�7XEHV�RI�,QIODWDEOH�6WDJH�5RRI�
0HPEUDQH

7KH� PLQLPXP� DLU� SUHVVXUH� QHHGHG� IRU� WKH� HUHFWLRQ� RI� WKH�
LQIODWDEOH�PHPEUDQH�WXEH�LV�����SVL��WKLV�SUHVVXUH�LV�DFKLHYHG�
ZLWKLQ� �� PLQXWHV� IURP� WKH� VWDUW� RI� WKH� EXEEOH�� 7KH� DLU�
SUHVVXUH� LQ� WKH� LQIODWDEOH� WXEH� FDQ� EH� UHGXFHG� DQG� LQFUHDVH�
ZLWK�WKH�RXWVLGH�WHPSHUDWXUH�

G��7KHUPDO�FRQGLWLRQV� LQVLGH�DQG�RXWVLGH�WKH�URRI�RI� WKH�
LQIODWDEOH�VWDJH

)LJXUH��� &KDUW�RI�7KHUPDO�&RQGLWLRQV�LQ�DQG�2XW�RI�
,QIODWDEOH�6WDJH�5RRIV

2Q� WKH� PRUQLQJ� RI� ������ $0� XQWLO� ������ $0� WKH� DLU�
WHPSHUDWXUH� LQVLGH� WKH� VWDJH� ZDV� ORZHU� WKDQ� RXWVLGH� WKH�
VWDJH�� 7KHUH� DUH GLIIHUHQFHV� LQ� DLU� WHPSHUDWXUH� LQVLGH� DQG�
RXWVLGH�WKH�VWDJH�EHWZHHQ�����R&�WR�����R&�
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,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWLILF�(QJLQHHULQJ�DQG�5HVHDUFK��,-6(5�
,661��2QOLQH������������

,QGH[�&RSHUQLFXV�9DOXH�������� ������_�,PSDFW�)DFWRU��������������

9ROXPH���,VVXH����6HSWHPEHU�����
ZZZ�LMVHU�LQ

/LFHQVHG�8QGHU�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�&&�%<

H�� 7KH� VWUHQJWK� RI� WKH� LQIODWDEOH� URRI� VWDJH� PHPEUDQH�
WXEH

)LJXUH���� /RDG�7HVW�*UDSK�IRU�39&�7DUSDXOLQ�)DEULF�
0DWHULDO

7KH�PD[LPXP�VWUHQJWK�RI�D�WDUSDXOLQ�SYF�FRDWHG�PHPEUDQH�
ZLWK�D�WKLFNQHVV�RI�����PP�ZDV�DFKLHYHG�DW�D�ORDG�RI�����NJ�
IRU�D�VXUIDFH�DUHD�RI���FP�

I��7HVWLQJ�VRODU�SKRWRYROWDLF�HQHUJ\
7KH�WHVW�UHVXOWV�RI���VRODU�SDQHOV�HDFK�����ZS�DUH�DV�IROORZV�

7DEOH����7HVWLQJ�WKH�&XUUHQW�DQG�9ROWDJH�RI�3KRWRYROWDLF�
6RODU�3DQHOV ,QWHQVLW\

,Q� ILQH�ZHDWKHU�� �� VRODU� SDQHOV� FDQ� SURGXFH� D�PLQLPXP�RI�
�����$PSHUH����9ROWV��ZKLOH�ZKHQ�WKH�ZHDWKHU�LV�FORXG\�WKH�
FXUUHQW� GHFUHDVHV� WR� ���� $PSHUH� ��� 9ROWV�� 7KH� HOHFWULFDO�
HQHUJ\�VWRUHG�LQ�WKH�EDWWHUH\�FDQ�DOUHDG\�EH�XVHG� WR�GULYH�D�
EORZHU�ZLWK�D�����:DWW�����YROW�YROWDJH��WKLV�EORZHU�ZRUNV�
WR�EORZ�WKH�LQIODWDEOH�VWDJH�URRI�IRU���PLQXWHV�DQG�HPSW\�WKH�
ZLQG�IRU����PLQXWHV�

�� &RQFOXVLRQ

7KH� SRUWDEOH� VWDJH� PRGHO� DQG� WKH� LQGHSHQGHQW� HQHUJ\�
LQIODWDEOH� VWDJH� URRI� DUH� YHU\� VXLWDEOH� IRU� WKH� QHHGV� RI� WKH�
60(�SURGXFW�PDUNHWLQJ�H[KLELWLRQ��WKLV�LV�GXH�WR�WKH�VSHHG��
HDVH� DQG� FRPIRUW� RI� WKH� EXLOGLQJ� VWUXFWXUH�� 3URYHQ� LQ�
/DERUDWRU\� 7HVWV� DQG� )LHOG� 7HVWV�� UHOLDEOH� UHVXOWV� LQFOXGH�
WHQVLOH�VWUHQJWK��URRI�PDWHULDO��WDUSDXOLQ��SYF�FRDWLQJ��DEOH�WR�
ZLWKVWDQG�XS�WR�����NJ���FP���SRUWDEOH�VWDJH�LQVWDOODWLRQ����
PLQXWHV�� LQVWDOO� LQIODWDEOH� URRIV� IRU� �� PLQXWHV� DQG�
GLVPDQWOLQJ� ��� PLQXWHV� DQG� UHGXFH� DYHUDJH� WHPSHUDWXUH�
XQGHU� D� URRI� RI� ���R&��(OHFWULFDO� HQHUJ\� QHHGV� IRU� EORZHUV�
DQG� SRUWDEOH� VRXQG� V\VWHPV� FDQ� EH� PHW� E\� �� SDQHOV� RI�
SKRWRYROWDLF� VRODU� FHOOV�� LQ� VXQQ\� ZHDWKHU� LW� SURGXFHV� DQ�
HOHFWULF�FXUUHQW�RI������DPSHUHV��D�YROWDJH�RI������YROWV��VR�LW�
GRHV�QRW�UHTXLUH�D�JHQHUDWRU�RU�HOHFWULFLW\��7KH�SRUWDEOH�VWDJH�
EXLOGLQJ� DQG� WKH� LQGHSHQGHQW� HQHUJ\� LQIODWDEOH� VWDJH� URRI�
FDQ�EHFRPH�D�EURDG�PRGHO�DV�D�EXLOGLQJ�WKDW�TXLFNO\�EXLOGV�
LQGHSHQGHQW�HQHUJ\��7KH�XVH�RI�WDUSDXOLQ�DQG�39&�PDWHULDOV�
LV�YHU\� IOH[LEOH�DQG�VWURQJ�VR�DV� WR� IDFLOLWDWH� WKH�SURFHVV�RI�
WUDQVSRUWDWLRQ�� LQVWDOODWLRQ� DQG� GHPROLWLRQ�� LQ� D� VLPSOH� DQG�
HDV\�WR�XVH�SDFNDJLQJ�
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$UFKLWHFWXUH��8QLYHUVLW\�RI�0HUGHND�0DODQJ��0DODQJ�± ,QGRQHVLD
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'U�� (UQD� :LQDQVLK�� 67�� 07�� /HFWXUHU�� 'HSDUWPHQW� RI�
$UFKLWHFWXUH��8QLYHUVLW\�RI�0HUGHND�0DODQJ��0DODQJ�± ,QGRQHVLD
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(QJLQHHULQJ��8QLYHUVLW\�RI�0HUGHND�0DODQJ��0DODQJ�± ,QGRQHVLD
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