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6WUDWHJLF�3ROLF\�5HVHDUFK�
�
�

��� 0\�QDPH�LV�-RVHSK�+��:HEHU��,�DP�D�SULQFLSDO�FRQVXOWDQW�DQG�SDUWQHU�LQ�6WUDWHJLF�3ROLF\�
5HVHDUFK� �635��� D� FRQVXOWLQJ� ILUP� WKDW� VSHFLDOL]HV� LQ� LVVXHV� RI� WHOHFRPPXQLFDWLRQV�
SROLF\��HFRQRPLFV�� ODZ�DQG� WHFKQRORJ\�� ,�DP�D� WHOHFRPPXQLFDWLRQV�HQJLQHHU�ZLWK�RYHU�
��� \HDUV� RI� H[SHULHQFH� DW� %HOO� /DEV� DQG� $7	7�� 0RVW� RI� P\� FDUHHU� ZDV� IRFXVHG� RQ�
QHWZRUN� SODQQLQJ� DQG� HQJLQHHULQJ�� D� VSHFLDOW\� WKDW� UHTXLUHV� DQ� XQGHUVWDQGLQJ� RI� WKH�
FRVWV�DQG�FDSDELOLWLHV�RI�WHOHFRPPXQLFDWLRQV�WHFKQRORJLHV�RI�DOO�NLQGV��,�KDYH�VSHQW�WKH�
ODVW� WHQ� \HDUV� FRQVXOWLQJ� RQ� WHOHFRPPXQLFDWLRQV� SROLF\� PDWWHUV� IRU� FOLHQWV� LQ� WKH� 86��
(XURSH��WKH�&DULEEHDQ��/DWLQ�$PHULFD�DQG�$XVWUDOLD��

��� ,�DP�KHUH�WRGD\�WR�GLVFXVV�WKH�OLNHO\�UROH�RI�ZLUHOHVV�WHFKQRORJLHV�DV�DQ�DOWHUQDWLYH�WR�WKH�
ZLUHOLQH�QHWZRUN�IRU�WKH�GHOLYHU\�RI�D�ZLGH�YDULHW\�RI�WHOHFRPPXQLFDWLRQV�VHUYLFHV��

��� :LUHOHVV� WHFKQRORJLHV�KDYH�EHHQ�GHYHORSLQJ� UDSLGO\� IRU� WKH�SDVW� WZR�GHFDGHV��0RELOH�
WHOHSKRQ\� KDV� H[KLELWHG� H[SORVLYH� JURZWK�� DQG� LV� LQFUHDVLQJO\� EHLQJ� VXEVWLWXWHG� IRU�
ZLUHOLQH� VHUYLFHV�� $� YDULHW\� RI� IL[HG� ZLUHOHVV� VHUYLFHV� KDYH� EHHQ� SURSRVHG� DQG�
GHYHORSHG��EXW�KDYH�KDG�RQO\�PRGHVW�VXFFHVV�LQ�PRVW�SODFHV�WR�GDWH��,�EHOLHYH�WKHUH�DUH�
IRXU�SULQFLSDO�UHDVRQV�ZK\�IL[HG�ZLUHOHVV�VHUYLFHV�KDYH�IDLOHG�WR�OLYH�XS�WR�WKHLU�SURPLVH�
LQ�WKH�SDVW����

�D�� )L[HG�ZLUHOHVV�V\VWHPV�DUH�PRVW�YLDEOH�ZKHQ� WKH\�FDQ�JDWKHU� UHYHQXHV�IURP�
VHYHUDO� VHUYLFHV�� 7KH\� VWDUWHG� D� QXPEHU� RI� \HDUV� DJR� E\� IRFXVLQJ� RQ� YRLFH�
VHUYLFHV� DQG� PRUH� UHFHQWO\� KDYH� HPSKDVL]HG� EURDGEDQG� GDWD� VHUYLFHV���
1HLWKHU� KDV� EHHQ� VXIILFLHQW� WR� VXSSRUW� WKH� LQIUDVWUXFWXUH� LQYHVWPHQW� DQG�
PDUNHWLQJ�H[SHQGLWXUHV�UHTXLUHG�H[FHSW�LQ�FHUWDLQ�QLFKH�PDUNHWV��

�E�� 6SHFWUXP�DYDLODELOLW\� DQG� FRVW� LV� RIWHQ�DQ� LVVXH�� SDUWLFXODUO\� LQ� WKH�86�ZKHUH�
WKHUH� DUH� YHU\� PDQ\� FRPSHWLQJ� XVHV� IRU� VSHFWUXP�� LQFOXGLQJ� VRPH� IURP�
*RYHUQPHQW� DQG�PLOLWDU\� DSSOLFDWLRQV�� 6FDUFLW\� LQ� WXUQ� KDV� OHG� WR� KLJK� SULFHV�
ZKHQ� VSHFWUXP� LV� RIIHUHG�� DQG� UHJXODWRU\� UHVWULFWLRQV� RQ� WKH� DPRXQW� RI�
VSHFWUXP�DYDLODEOH�WR�DQ�RSHUDWRU�DQG�WKH�XVHV�WR�ZKLFK�LW�PD\�EH�SXW��

�F�� ,Q� VRPH� FRXQWULHV�� DQG� SDUWLFXODUO\� LQ� WKH�86�� WKH�PDUNHW� IRU� ERWK� YRLFH� DQG�
GDWD�IL[HG�ZLUHOHVV�EDVHG�VHUYLFHV�KDV�EHHQ�ODUJHO\�SUHHPSWHG�E\���

�G�� ����ZLGHVSUHDG�DYDLODELOLW\�RI�FDEOH�79�IDFLOLWLHV�WKDW�DUH�UDSLGO\�EHLQJ�XSJUDGHG�
WR�VXSSRUW�EURDGEDQG�DQG�HYHQ�YRLFH�VHUYLFHV��DQG�����DQ�DJJUHVVLYH�QHWZRUN�
XQEXQGOLQJ� UHJLPH� WKDW� DOORZV� FRPSHWLWRUV� WR� XWLOL]H� WHOHSKRQH� FRPSDQ\�
IDFLOLWLHV�DW�ORZ�FRVWV�DQG�WR�SURYLGH�VHUYLFH�ZLWK�YHU\�OLWWOH�LQYHVWPHQW���

�H�� (TXLSPHQW�FRVWV�KDYH�EHHQ�WRR�KLJK�WR�HQDEOH�HQWUDQWV�WR�FRPSHWH�HIIHFWLYHO\��
SDUWLFXODUO\�ZKHQ�WKH\�DUH�HQWHULQJ�PDUNHWV�DOUHDG\�VHUYHG�E\�ZLUHOLQH�FDUULHUV����

��� $V� DQ� $PHULFDQ� EHLQJ� DVNHG� WR� SURYLGH� H[SHUW� WHVWLPRQ\� RQ� 1HZ� =HDODQG�� ,� DP�
LQWULJXHG� E\�ZKDW� DSSHDUV� WR� EH� DQ� LGHDO� HQYLURQPHQW� IRU� WKH� VXFFHVVIXO� XWLOL]DWLRQ� RI�
ZLUHOHVV�WHFKQRORJ\�WR�SURYLGH�D�ZLGH�YDULHW\�RI�VHUYLFHV���(DFK�RI�WKH�DERYH�SUREOHPV�LV�
EHLQJ�DPHOLRUDWHG�KHUH�� HLWKHU� E\� WKH� VSHFLILF� FKDUDFWHULVWLFV�RI� WKH� FRXQWU\�� RU� E\� WKH�
HYROXWLRQ�RI�WHFKQRORJ\��

�D�� 7KH� PDWXULQJ� RI� 9RLFH� RYHU� ,3� �9R,3�� WHFKQRORJ\� RSHQV� XS� FUHGLEOH�
RSSRUWXQLWLHV� IRU� ZLUHOHVV� WR� GHOLYHU� ERWK� YRLFH� DQG� GDWD� �� WKDW� LV�� WR� FDSWXUH�
VHYHUDO� UHYHQXH� VWUHDPV� DQG� EH� D� FRPSOHWH� VXEVWLWXWH� IRU� WKH� FRSSHU� ZLUH��
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9R,3�KDV�HYROYHG�GXULQJ� WKH�SDVW� ILYH�\HDUV�DJR� IURP�D�VSHFLDOW\�SURGXFW� IRU�
FRPSXWHU� DILFLRQDGRV� WR� D� VHUYLFH� VXLWDEOH� IRU� ZLGH� DSSOLFDWLRQ�� 7KLV�
WUDQVIRUPDWLRQ� KDV� RFFXUUHG� IRU� VHYHUDO� UHDVRQV�� )LUVW� RI� DOO�� RI� FRXUVH�� WKH�
WHFKQRORJ\�KDV�SURJUHVVHG�DQG�FRVWV�KDYH�GURSSHG��,W�LV�QR�ORQJHU�QHFHVVDU\�
WR� XVH� D� FRPSXWHU� WR� XWLOL]H� 9R,3� ±� LW� FDQ� EH� GRQH� ZLWK� VSHFLDOO\� GHVLJQHG�
VWDQGDORQH� XQLWV�� 6HFRQGO\�� WKH� ZLGH� DYDLODELOLW\� RI� EURDGEDQG� DFFHVV� XVLQJ�
'6/�DQG�RWKHU� WHFKQRORJLHV�KDV�ODUJHO\�HOLPLQDWHG�WKH�SHUIRUPDQFH�SUREOHPV�
DVVRFLDWHG�ZLWK� ORZ�VSHHG�DFFHVV� OLQHV�� DQG� WKH�XVH�RI� VRSKLVWLFDWHG� URXWLQJ�
DQG� SULRULWL]DWLRQ� DOJRULWKPV� ZLWKLQ� WKH� ,3� QHWZRUN� KDV� KHOSHG� WR� PLQLPL]H�
SHUIRUPDQFH�SUREOHPV� WKHUH��9RQQDJH�� LQ� WKH�86��RIIHUV�D� IXOO� UDQJH�RI�YRLFH�
VHUYLFHV�IRU�WKRVH�WKDW�KDYH�KLJK�VSHHG�,QWHUQHW�DFFHVV�OLQHV�DW�SULFHV�WKDW�DUH�
YHU\�FRPSHWLWLYH�ZLWK�FRQYHQWLRQDO� WHOHSKRQH�VHUYLFHV�� ,�KDYH�VLPLODU�SHUVRQDO�
H[SHULHQFH��&DEOHYLVLRQ��WKH�FDEOH�79�FRPSDQ\�WKDW�SURYLGHV�P\�FDEOH�79�DQG�
,QWHUQHW� DFFHVV� VHUYLFHV� LQ� 1HZ� -HUVH\�� KDV� UHFHQWO\� RIIHUHG� YRLFH� VHUYLFHV�
XVLQJ�9R,3�DW�D�SULFH�RI�����SHU�PRQWK�ZLWK�XQOLPLWHG�ORFDO�DQG�GRPHVWLF�ORQJ�
GLVWDQFH� FDOOLQJ� ±� IDU� OHVV� WKDQ� WKH� FRVW� RI� FRQYHQWLRQDO� WHOHSKRQ\� IRU� PRVW�
SHRSOH��

�E�� $V� D� VPDOOHU� FRXQWU\� ZLWK� ORZ� SRSXODWLRQ� DQG� SRSXODWLRQ� GHQVLWLHV�� DQG� RI�
FRXUVH�ZLWK� WKH�VDPH�DPRXQW�RI� VSHFWUXP�DV� ODUJHU�FRXQWULHV�� LW� LV� OLNHO\� WKDW�
WKHUH�LV�OHVV�GHPDQG�IRU�VSHFWUXP��VR�FDUULHUV�FDQ�PRUH�UHDGLO\�REWDLQ�HQRXJK�
VSHFWUXP�WR�SURYLGH�UREXVW�VHUYLFHV�DW�UHDVRQDEOH�FRVW���

�F�� &DEOH� 79� GHSOR\PHQW� LV� OLPLWHG� DQG� WKHUH� DUH� FXUUHQWO\� QR� XQEXQGOLQJ�
UHTXLUHPHQWV��DOORZLQJ�DPSOH�RSSRUWXQLW\�IRU�ZLUHOHVV�WR�HQWHU�WKH�PDUNHW���

�G�� (TXLSPHQW� FRVWV�� RI� FRXUVH�� DUH� GHFOLQLQJ� EHFDXVH� RI� 0RRUH¶V� /DZ�� 7KLV� LV�
OLNHO\� QRW� RQO\� WR� UHGXFH� WKH� FRVWV� RI� ZLUHOHVV� VHUYLFH�� EXW� DOVR� UHGXFH� RU�
HOLPLQDWH�� RU� HYHQ� UHYHUVH� DQ\� GLIIHUHQFH� EHWZHHQ� WKH� FRVWV� RI� ZLUHOHVV� DQG�
ZLUHOLQH�VHUYLFHV��7KLV�HIIHFW�LV�GXH�WR�WKH�IDFW�WKDW�D�ODUJHU�IUDFWLRQ�RI�WKH�FRVW�
RI�ZLUHOHVV�WHFKQRORJ\�LV�LQ�HOHFWURQLF�HTXLSPHQW��VXEMHFW�WR�0RRUH¶V�/DZ��WKDQ�
LV�WKH�FDVH�IRU�ZLUHOLQH��7KH�FRVW�RI�WKH�FDEOHV��VXSSRUWLQJ�VWUXFWXUHV�DQG�ULJKW�
RI�ZD\�DW�WKH�FHQWHU�RI�ZLUHOLQH�VHUYLFHV�DUH�QRW�GHFOLQLQJ��DQG�WKH\�FRPSULVH�D�
ODUJHU�IUDFWLRQ�RI�WKH�FRVW�RI�WKHVH�VHUYLFHV�WKDQ�WKH�QRQ�HOHFWURQLF�SRUWLRQV�RI�
ZLUHOHVV�VHUYLFHV��SULQFLSDOO\�DQWHQQDV�DQG�VXSSRUWLQJ�VWUXFWXUHV���

��� $QRWKHU�HOHPHQW�LQ�WKH�PL[�LV�3URMHFW�352%(��ZKLFK�VHHPV�WR�PH�WR�EH�D�YHU\�H[FLWLQJ�
DQG� LQQRYDWLYH� PRYH� E\� WKH� 1HZ� =HDODQG� *RYHUQPHQW�� � ,� XQGHUVWDQG� WKDW� WHQV� RI�
PLOOLRQV�RI�GROODUV�KDYH�EHHQ�DOORFDWHG�WR�WKLV�SURMHFW��DQG�QHWZRUNV�DUH�WR�FRYHU�PXFK�RI�
WKH�FRXQWU\��7KLV�LQ�WXUQ�KDV�DOORZHG�ORFDO�DV�ZHOO�DV�QDWLRQDO�SOD\HUV�WR�SDUWLFLSDWH���7KLV�
SURFHVV�KDV�DSSDUHQWO\�OHG�WR�ZLGHVSUHDG�FUHGLEOH�SODQV�IRU�UROOLQJ�RXW�ZLUHOHVV�QHWZRUNV�
LQ�1HZ�=HDODQG��

��� )LQDOO\�� UHFHQW� GHSOR\PHQWV� E\� WKH� OLNHV� RI� %&/� DQG� :RRVK� :LUHOHVV� FRQILUP� WKH�
RSLQLRQV�H[SUHVVHG�DERYH�±� WKDW� WKH� WLPH� LV� ULSH� IRU� IL[HG�ZLUHOHVV�GHSOR\PHQW� LQ�1HZ�
=HDODQG��,W�LV�FOHDU�WKDW�WKHVH�SOD\HUV�KDYH�WKH�DELOLW\�WR�RIIHU�D�FRPSOHWH�UDQJH�RI�YRLFH�
DQG�GDWD�VHUYLFHV�LQ�FRPSHWLWLRQ�ZLWK�WKH�FRSSHU�QHWZRUN��DQG�WKDW�VXFK�RIIHULQJV�DUH�DW�
WKH�FHQWHU�RI�WKHLU�WHFKQRORJ\�DQG�EXVLQHVV�SODQV��

��� ,�ZLOO�QRZ�EULHIO\�GLVFXVV�WKH�SULQFLSDO�FKDUDFWHULVWLFV�RI�HDFK�RI�WKH�PDMRU�FDWHJRULHV�RI�
ZLUHOHVV�VHUYLFH��DV�ZHOO�DV�WKHLU�FXUUHQW�VWDWXV�DQG�OLNHO\�HYROXWLRQ��

:LUHOHVV�0RELOH�
��� :LUHOHVV�PRELOH�LV��RI�FRXUVH��WKH�GRPLQDQW�ZLUHOHVV�WHFKQRORJ\�LQ�XVH�WRGD\��DQG�WKHUH�

ZLOO�EH�VLJQLILFDQW�LPSURYHPHQWV�RYHU�WKH�QH[W�IHZ�\HDUV��
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��� 0RELOH� WHOHSKRQH�V\VWHPV�FXUUHQWO\� FRPSHWH�ZLWK�ZLUHOLQH� YRLFH� V\VWHPV�� LQFUHDVLQJO\�
EHFRPLQJ�D�VXEVWLWXWH�IRU�ZLUHOLQH��7KH�PDJQLWXGH�RI�WKLV�VXEVWLWXWLRQ�LQ�WKH�86�FDQ�EH�
HVWLPDWHG�XVLQJ�GDWD�SXEOLVKHG�E\�WKH�)&&���,Q�'HFHPEHU�������WKHUH�ZHUH�MXVW�VKRUW�RI�
���� PLOOLRQ� ZLUHOLQH� DFFHVV� OLQHV� LQ� WKH� 86�� LQFOXGLQJ� ERWK� LQFXPEHQW� �³,/(&´�� DQG�
FRPSHWLWLYH� �³&/(&´�� FDUULHUV�� DQG� LW� JUHZ� VORZO\� WR� RQO\� ������PLOOLRQ� LQ� ������ � ,/(&�
OLQHV� FRXQWV� DFWXDOO\� GHFOLQHG� GXULQJ� WKLV� SHULRG�� � /RRNLQJ� EDFN�� EHWZHHQ� ����� DQG�
������,/(&�OLQHV�DORQH�JUHZ�DW�D�UDWH�RI������SHU�\HDU���,I�&/(&�OLQHV�DUH�DVVXPHG�WR�
KDYH�JURZQ�IURP�]HUR�LQ������WR�WKH���PLOOLRQ�DFKLHYHG�LQ�������WKH�JURZWK�UDWH�RI�WKH�
HQWLUH� ZLUHOLQH� PDUNHW� ZDV� LQ� H[FHVV� RI� ���� � ,I� ZH� DVVXPH� WKDW� WKLV� WRWDO� GHPDQG�
FRQWLQXHG�WR�JURZ�DW�D�UDWH�RI��VD\�������IURP������WR�������WKH�WRWDO�QXPEHU�RI�OLQHV�LQ�
�����ZRXOG�KDYH�EHHQ�DOPRVW� ����PLOOLRQ�� ���PLOOLRQ�PRUH� WKDQ� WKH�DFWXDO�QXPEHU�RI�
������PLOOLRQ�� � 7KH� GLIIHUHQFH� LV� SUREDEO\� GXH� WR� WZR� FDXVHV²GLVSODFHPHQW� RI� YRLFH�
JUDGH� LQWHUQHW� DFFHVV� OLQHV� E\� EURDGEDQG� VHUYLFHV�� DQG� VXEVWLWXWLRQ� RI� ZLUHOHVV��
%URDGEDQG�DFFHVV�OLQHV�JUHZ�IURP�����PLOOLRQ�LQ������WR�DOPRVW����PLOOLRQ�LQ��������,I�ZH�
DVVXPH�WKDW�KDOI�RI� WKLV�JURZWK�ZDV�SXUH�JURZWK��DQG�KDOI�ZDV�GLVSODFHPHQW�RI�GLDO�XS�
OLQHV�� WKDW� OHDGV� WR� D� GLDO�XS� GLVSODFHPHQW� RI� ���� PLOOLRQ� OLQHV�� 6XEWUDFWLQJ� WKHVH� WZR�
QXPEHUV�OHDGV�WR�DQ�HVWLPDWH�WKDW�WKHUH�ZDV�D�OLNHO\�VXEVWLWXWLRQ�RI�ZLUHOHVV�IRU�RYHU����
PLOOLRQ� WHUUHVWULDO� DFFHVV� OLQHV� EHWZHHQ� ����� DQG� ������ RU� DERXW� �� SHUFHQW� RI� WKH�
SURMHFWHG� ZLUHOLQH� PDUNHW�� ,I� DOO� KLJK� VSHHG� DFFHVV� OLQHV� UHVXOWHG� IURP� GLDO�XS�
FRQYHUVLRQV��WKDW�ZRXOG�VWLOO�LPSO\�D�PLJUDWLRQ�RI�RYHU����PLOOLRQ�OLQHV��RU�DERXW����RI�WKH�
SURMHFWHG�ZLUHOLQH�PDUNHW�� � 7KLV� WUHQG� LV� OLNHO\� WR� DFFHOHUDWH� DV�ZLUHOHVV�PRELOH� SULFHV�
GURS�� VHUYLFH� TXDOLW\� LPSURYHV�� DQG� ORFDO� QXPEHU� SRUWDELOLW\� LV� H[WHQGHG� WR� ZLUHOHVV�
VHUYLFHV��

���� 7KLUG� JHQHUDWLRQ� ��*�� SURWRFROV� XVLQJ� WKLV� VSHFWUXP�� FXUUHQWO\� EHLQJ� LPSOHPHQWHG��
VXSSRUW�KLJK�VSHHG�GDWD�VHUYLFHV��HLWKHU�FLUFXLW�VZLWFKHG�RU�SDFNHW��ZLWK�GDWD�UDWHV�XS�WR�
�0ESV��ZKLFK�ZLOO�RIIHU�FRPSHWLWLRQ�IRU�'6/��)RXUWK�JHQHUDWLRQ���*��V\VWHPV��FXUUHQWO\�
EHLQJ� WULDOHG� LQ�(XURSH��ZLOO�EH�DYDLODEOH� LQ�DERXW� WKUHH�\HDUV��DQG�ZLOO� VXSSRUW�SDFNHW�
VZLWFKHG� GDWD� UDWHV� RI� XS� WR� ���� 0ESV�� VXLWDEOH� IRU� PXOWLFKDQQHO� 79� GLVWULEXWLRQ�� LI�
DGHTXDWH�VSHFWUXP�FDQ�EH�PDGH�DYDLODEOH��

���� 7KH� VHUYLFH� TXDOLW\� SUREOHPV� WKDW� KDYH� RIWHQ� EHHQ� DVVRFLDWHG� ZLWK� PRELOH� WHOHSKRQ\�
VKRXOG�OHVVHQ�DV�WKH�FDUULHUV�IOHVK�RXW�WKHLU�QHWZRUNV��DQG��LQ�WKH�86��FRQVROLGDWH�DV�WKH�
)&&�UHPRYHV�LWV�UHVWULFWLRQV�RQ�VSHFWUXP�RZQHUVKLS��7KHVH�SUREOHPV�DUH�OHVV�VHYHUH�LQ�
DQ\�HYHQW�LI�WKH�FXVWRPHU�LV�DW�D�IL[HG�ORFDWLRQ��

)L[HG�:LUHOHVV�7HFKQRORJLHV�
���� ,�KDYH�LGHQWLILHG�IL[HG�ZLUHOHVV�DV�D�VHSDUDWH�FDWHJRU\�IURP�PRELOH�WR�FRQIRUP�WR�FXUUHQW�

FRPPRQO\�XQGHUVWRRG�GLVWLQFWLRQV��,W�VKRXOG�EH�UHFRJQL]HG��KRZHYHU��WKDW�VSHFWUXP�DQG�
SURWRFROV� XVHG� IRU� PRELOH� ZLUHOHVV� FDQ� KH� EH� XVHG� IRU� IL[HG� DSSOLFDWLRQV� DV� ZHOO�� DV�
GHPRQVWUDWHG�E\�:RRVK�:LUHOHVV��

���� 2QH� IL[HG�ZLUHOHVV� VHUYLFH� WKDW� KDV� KDG� VSHFWUXP� VSHFLILFDOO\� DOORFDWHG� IRU� LW� LV� FDOOHG�
/RFDO� 0XOWLSRLQW� 'LVWULEXWLRQ� 6\VWHP� �³/0'6´��� 7KLV� VHUYLFH� RSHUDWHV� DW� YHU\� KLJK�
IUHTXHQFLHV� ���� *+]�� ZKLFK� DOORZV� LW� WR� SURYLGH� ODUJH� DPRXQWV� RI� EDQGZLGWK��
8QIRUWXQDWHO\�� WKH� WUDQVPLVVLRQ� SDWKV� DUH� OLPLWHG� WR� OLQH�RI�VLJKW�� DQG� VXEMHFW� WR�
DWPRVSKHULF� LQWHUIHUHQFH�� :LUHOHVV� VHUYLFHV� XVLQJ� WKHVH� IUHTXHQF\� EDQGV� DUH� PRVW�
VXLWDEOH� IRU�XVH� LQ�KLJK�GHQVLW\�VLWXDWLRQV��VXFK�DV�FHQWUDO�EXVLQHVV�GLVWULFWV�DQG�RIILFH�
SDUNV��ZKHUH�EXLOGLQJV�DUH�FORVH�WRJHWKHU�DQG�GHPDQGV�IRU�EDQGZLGWK�DUH�KLJK���

���� $QRWKHU� VHW� RI� IL[HG� ZLUHOHVV� VHUYLFHV� WKDW� KDV� VSHFWUXP� DOORFDWHG� WR� LW� LV� FDOOHG�
0XOWLFKDQQHO� 0XOWLSRLQW� 'LVWULEXWLRQ� 6\VWHP� �³00'6´��� 7KHVH� VHUYLFHV� RSHUDWH� DW�
IUHTXHQFLHV� EHORZ���*+]�� DQG� GR� QRW� H[SHULHQFH� WKH� VDPH� SURSDJDWLRQ� SUREOHPV� DV�
/0'6��EXW�RIIHU�OHVV�EDQGZLGWK��$V�PHQWLRQHG�DERYH��IUHTXHQFLHV�LQ�WKLV�VSHFWUXP�DUHD�
FDQ�EH�XVHG�LQWHUFKDQJHDEO\�IRU�IL[HG�DQG�PRELOH�VHUYLFH��7\SLFDOO\�WKH�RQO\�GLIIHUHQFH�LV�
WKDW� WKH� IL[HG� VHUYLFHV� GR� QRW� DFFRPPRGDWH�PRYHPHQW� EHWZHHQ� EDVH� VWDWLRQV� LQ� WKH�
PLGGOH�RI�D�FDOO���,3�:LUHOHVV�KDV�GHYHORSHG�D�VHW�RI�SURGXFWV�WR�VXSSRUW�EURDGEDQG�GDWD�
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VHUYLFHV�LQ�WKH�������*ESV�EDQG�XVLQJ�PRELOH�WHOHSKRQ\���*33�8076��SDFNHW�SURWRFROV�
WKDW�DOORZ�IRU�WKH�SURYLVLRQ�RI�EURDGEDQG�VHUYLFHV��:RRVK�LQ�1HZ�=HDODQG�DQG�&OHDUZLUH�
LQ� WKH�86�DUH�RIIHULQJ�EURDGEDQG�VHUYLFHV�XVLQJ� WKLV� WHFKQRORJ\��$LUVSDQ�KDV�D�VHW�RI�
SURGXFWV�LQ�VLPLODU�IUHTXHQF\�EDQGV�EHLQJ�XVHG�E\�%&/�DV�SDUW�RI�LWV�(;7(1'�SURGXFW��
2WKHU� FRPSDQLHV� VXFK� DV� <',�:LUHOHVV� DQG� 7UDQJR� %URDGEDQG� DUH� DOVR� GHYHORSLQJ�
SURGXFWV�IRU�WKLV�PDUNHW��,W�FDQ�EH�H[SHFWHG�WKDW�ZLGHU�DYDLODELOLW\�DQG�ORZHU�FRVW�RI�9R,3�
WHFKQRORJ\�ZLOO� VXEVWDQWLDOO\� LPSURYH� WKH� YLDELOLW\� RI� VXFK� WHFKQRORJLHV�EHFDXVH� RI� WKH�
DELOLW\�WR�VXSSRUW�PRUH�VHUYLFHV�XVLQJ�WKH�VDPH�LQIUDVWUXFWXUH��

���� )L[HG�ZLUHOHVV� WHFKQRORJ\�KDV�QRW� EHHQ�ZLGHO\�GHSOR\HG� LQ� WKH�86� WR�GDWH��3URYLGHUV�
OLNH�:LQVWDU� DWWHPSWHG� WR� RIIHU� RQO\� YRLFH� VHUYLFH� GXULQJ� WKH� EXEEOH� WKDW� IROORZHG� WKH�
SDVVDJH�RI�WKH�7HOHFRPPXQLFDWLRQV�$FW�RI�������DQG�VXIIHUHG�ILQDQFLDO�SUREOHPV��0RUH�
UHFHQWO\�� &OHDUZLUH�� $LUZLUH� ������ HQG� XVHUV� LQ� FHQWUDO� )ORULGD�� DQG� RWKHU� VPDOO�
FRPSDQLHV� VXFK� DV� :,�/$1�� 86� :LUHOHVV� 2QOLQH� DQG� 7RZHU6WUHDP� DUH� RIIHULQJ�
EURDGEDQG� VHUYLFHV�� SDUWLFXODUO\� LQ� DUHDV� ZKHUH� EURDGEDQG� DFFHVV� LV� QRW� RWKHUZLVH�
DYDLODEOH��%HOO6RXWK�SXUFKDVHG�D�QXPEHU�RI�00'6�OLFHQVHV�LQ�WKH�VRXWKHDVWHUQ�86��EXW�
LW�LV�QRW�FOHDU�ZKDW�LW�KDV�GRQH�ZLWK�WKHP��$V�QRWHG�DERYH��LW�LV�OLNHO\�WKDW�PDUNHW�IRU�WKH�
GHSOR\PHQW�RI�WKHVH�WHFKQRORJLHV�KDV�EHHQ�IRUHFORVHG�LQ�PDQ\�DUHDV�E\�WKH�ZLGHVSUHDG�
DYDLODELOLW\� RI� XQEXQGOHG� QHWZRUN� HOHPHQWV� �81(V�� DW� ORZ� SULFHV�� DQG� WKH� H[WHQVLYH�
GHSOR\PHQW� RI� FDEOH� 79� QHWZRUNV�� ZKLFK� DUH� UDSLGO\� EHLQJ� XSJUDGHG� WR� SURYLGH�
EURDGEDQG�VHUYLFHV���

8QOLFHQVHG��:L�)L��6HUYLFHV�
���� 8QOLFHQVHG���������:L�)L��VHUYLFHV�DUH�JURZLQJ�UDSLGO\��EXW�DUH�JHQHUDOO\�OLPLWHG�WR�ORFDO�

DUHDV� DQG� GLVWDQFHV� RI� D� IHZ� KXQGUHG� IHHW�� 9LYDWR�� KRZHYHU�� RIIHUV� D� SKDVHG� DUUD\�
DQWHQQD� V\VWHP� WKDW� KDV� D� UDQJH� RI� XS� WR� �� NP�� 6XFK� D� V\VWHP�� LQ� FRQMXQFWLRQ� ZLWK�
SRLQW�WR�SRLQW�ZLUHOHVV�RU�RWKHU� WUDQVPLVVLRQ�V\VWHPV�DQG�9R,3��FRXOG�SURYLGH�D�YLDEOH�
DOWHUQDWLYH�WR�ZLUHOLQH�YRLFH�DQG�'6/�VHUYLFH��

���� 1HZHU�VWDQGDUGV��������D��DSSURYHG�LQ�-DQXDU\�������DQG���������XQGHU�GHYHORSPHQW��
RIIHU� WKH� SURPLVH� RI� XQOLFHQVHG� VSHFWUXP� WKDW� FDQ� RSHUDWH� RYHU� ORQJHU� GLVWDQFHV��
�3UHOLPLQDU\�HVWLPDWHV�DUH�RI�XS�WR���NP��EXW�PD\�EH�ORQJHU�RQFH�WKH�GHYHORSHUV�JHW�WR�
ZRUN���,Q�FRQMXQFWLRQ�ZLWK�9R,3�WKH\�FRXOG�IRUP�WKH�EDVLV�IRU�DQRWKHU�DFFHVV�DOWHUQDWLYH�
WR�ZLUHOLQH�IRU�ERWK�YRLFH�DQG�GDWD�VHUYLFH��ZLWK�WKH�DGYDQWDJH�RI�PRELOLW\�LI�GHVLUHG��

���� 7KHUH� DSSHDU� WR� EH� VXEVWDQWLDO� LQYHVWPHQWV� LQ� WKHVH� V\VWHPV�� &RPSDQLHV� VXFK� DV�
1RNLD�� 3UR[LP� DQG� (QVHPEOH� DUH� GHYHORSLQJ� SURGXFWV� WR� XWLOL]H� ������� SURWRFROV��
'HSOR\PHQW�RI� ³KRWVSRWV´� LV�YHU\� UDSLG��DQG�PDQ\�FRPSDQLHV�� LQFOXGLQJ� ,QWHO�DQG� ,%0��
DUH�SURYLGLQJ�WHFKQRORJ\�DQG�GHSOR\LQJ�VHUYLFHV��

6DWHOOLWH�6\VWHPV�
���� %URDGEDQG� VHUYLFHV� XVLQJ� JHRV\QFKURQRXV� VDWHOOLWHV� DUH� DYDLODEOH� IURP� WKH� '%6�

SURYLGHUV�(FKRVWDU�DQG�'LUHF79�LQ�WKH�86��7KH�VHUYLFHV�JHQHUDOO\�RSHUDWH�XVLQJ�D�KLJK�
VSHHG�GRZQOLQN��DQG�D� WHUUHVWULDO� WHOHSKRQH�XSVWUHDP�FRQQHFWLRQ��7KH\�DUH�QRW�SULFHG�
FRPSHWLWLYHO\�ZLWK�'6/�RU�FDEOH�VHUYLFH��DQG�DUH�IRFXVHG�RQ�FXVWRPHUV�IRU�ZKRP�RWKHU�
DOWHUQDWLYHV� DUH� QRW� DYDLODEOH�� 96$7� VROXWLRQV� DUH� DOVR� DYDLODEOH�� EXW� WKHVH� DUH� RQO\�
VXLWDEOH� IRU� KLJKHU� YDOXH� VHUYLFHV�� 7KHUH� DUH� FDSDFLW\� OLPLWDWLRQV� LI� WKH� VHUYLFHV� DUH�
ZLGHO\�XWLOL]HG��6.<�LQ�1HZ�=HDODQG�DSSDUHQWO\�GRHV�QRW�RIIHU�EURDGEDQG�GDWD�VHUYLFHV�
DW�WKLV�WLPH��7KLV�WHFKQRORJ\�LV�QRW�VXLWDEOH�IRU�YRLFH�EHFDXVH�RI�GHOD\V��

���� 6DWHOOLWH�V\VWHPV�XVLQJ�KLJKHU�IUHTXHQFLHV��.D�EDQG��DQG�VSRW�EHDPV�RIIHU�SURPLVH�RI�
EHFRPLQJ� D� YLDEOH� DOWHUQDWLYH� IRU� EURDGEDQG� DFFHVV� LQ� FHUWDLQ� ORFDWLRQV��$JDLQ�� WKHVH�
V\VWHPV�DUH�QRW�VXLWDEOH�IRU�YRLFH�VHUYLFHV��

���� /RZ� (DUWK� 2UELW� �/(2�� V\VWHPV� KDYH� EHHQ� SODQQHG� DQG� HYHQ� LQWURGXFHG�� ,ULGLXP��
XQIRUWXQDWHO\�� IDLOHG�� DQG� SODQV� IRU� RWKHU� VHUYLFHV� KDYH� EHHQ� VFDOHG� EDFN�� 7KHVH�
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V\VWHPV� GR� QRW� VXIIHU� IURP� WKH� GHOD\V� DVVRFLDWHG�ZLWK� JHRV\QFKURQRXV� V\VWHPV�� DQG�
FDQ� SURYLGH� D� KLJK� TXDOLW\� RI� VHUYLFH�� EXW� WKH\� DUH� FRPSOH[� DQG� H[SHQVLYH�� UHTXLULQJ�
PDQ\� VDWHOOLWHV� DQG� VRSKLVWLFDWHG� DQWHQQD� DUUDQJHPHQWV�� 7KHUH� LV� OLWWOH� SURPLVH� RI�
H[WHQVLYH�GHSOR\PHQW�LQ�WKH�QH[W�IHZ�\HDUV��

&RPPHQWV�RQ�WKH�6FKHPD�UHSRUW�
���� 7HOVWUD&OHDU�KDV�VXEPLWWHG�D�UHSRUW�E\�6FKHPD�WKDW�GUHZ�D�EOHDN�SLFWXUH�RI�WKH�YLDELOLW\�

RI� IL[HG� ZLUHOHVV� DV� DQ� DFFHVV� WHFKQRORJ\�� 7KH� 6FKHPD� VXEPLVVLRQ� LV� D� GHWDLOHG�
GLVFXVVLRQ�RI�WKH�UDGLR�SURSDJDWLRQ�LVVXHV�DVVRFLDWHG�ZLWK�FHUWDLQ�ZLUHOHVV�V\VWHPV�WKDW�
LW�UHIHUV�WR�DV�)L[HG�:LUHOHVV�$FFHVV��):$���,W�GRHV�QRW�GLVFXVV�WKH�SRVVLELOLW\�RI�XVLQJ�
FXUUHQW�RU�IXWXUH�ZLUHOHVV�PRELOH�SURWRFROV�DQG�VSHFWUXP�RU�VDWHOOLWH� WHFKQRORJ\� IRU� WKH�
SURYLVLRQ� RI� IL[HG� VHUYLFHV�� ,W� DOVR� IRFXVHV� YHU\� FORVHO\� RQ� H[LVWLQJ� WHFKQRORJLHV�� DQG�
GRHV�QRW�DWWHPSW�WR�IRUHFDVW�WKH�IXWXUH�HYROXWLRQ�RI�WKHVH�UDSLGO\�FKDQJLQJ�WHFKQRORJLHV��
,Q� LWV�FRPSDULVRQV�ZLWK�'6/�±EDVHG�VHUYLFHV�� LW� WDNHV�D�KLJKO\�RSWLPLVWLF� YLHZ�RI�ZKDW�
FDQ�EH�DFFRPSOLVKHG�ZLWK�'6/��DQG�DSSHDUV�QRW�WR�FRQVLGHU�WKH�H[WHQVLYH�LQYHVWPHQWV�
UHTXLUHG� WR� VXSSRUW� WUXH� EURDGEDQG� VHUYLFHV� XVLQJ� WKDW� PHGLXP�� ,W� IDLOV�� ILQDOO\�� WR�
FRQVLGHU� WKH� XQLTXH� VLWXDWLRQ� LQ� 1HZ� =HDODQG�� ZKHUH� VSHFWUXP�PD\� EH�PRUH� UHDGLO\�
DYDLODEOH�DQG�KHQFH�OHVV�H[SHQVLYH�WKDQ�LQ�PRUH�KHDYLO\�SRSXODWHG�DUHDV���

���� $�IHZ�RI�WKH�NH\�DVVXPSWLRQV�DQG�VWDWHPHQWV�LQ�WKH�UHSRUW�WKDW�DUH�XQWUXH�RU�PLVOHDGLQJ�
DUH�OLVWHG�EHORZ��
�D�� ,W�LV�DVVXPHG�WKDW�ZLUHG�QHWZRUN�RSHUDWRUV¶�FRVWV�DUH�OLNHO\�WR�GURS�PRUH�UDSLGO\�

WKDQ�ZLUHOHVV�LQ�WKH�IXWXUH��$V�QRWHG�DERYH�WKLV�LV�DOPRVW�FHUWDLQO\�XQWUXH��

�E�� 7KH� UHSRUW� VWDWHV� WKDW� ³7KHUH� LV� OLWWOH�RU�QR�DSSHWLWH�DPRQJVW� LQYHVWRUV�«��� WR�
LQYHVW� LQ� ):$��´�� D� VWDWHPHQW� WKDW� LV� FOHDUO\� FRQWUDGLFWHG� E\� WKH� DFWLYLWLHV� RI�
:RRVK�:LUHOHVV��%&/�DQG�RWKHU�ZLUHOHVV�VHUYLFH�SURYLGHUV�LQ�1HZ�=HDODQG��

�F�� 7KH�UHSRUW�VWDWHV�WKDW�����*+]�V\VWHPV�KDYH�EHHQ�GHSOR\HG�XVLQJ�LQWHUIHUHQFH�
UHGXFLQJ�WHFKQLTXHV�VXFK�DV�VSUHDG�VSHFWUXP�WKDW�DUH�QRW�IUHTXHQF\�HIILFLHQW��
7KLV� LV� WKHRUHWLFDOO\� WUXH� EXW� QRW� SDUWLFXODUO\� UHOHYDQW�� &'0$� LV� D� VSUHDG�
VSHFWUXP� WHFKQRORJ\�ZLGHO\�XVHG� LQ�ERWK�1HZ�=HDODQG�DQG� WKH�86��6SHFWUDO�
HIILFLHQF\�GRHV�QRW�DSSHDU�WR�EH�D�SUREOHP�LQ�HLWKHU�SODFH���

�G�� 7KH� UHSRUW� H[SUHVVHV� WKH� RSLQLRQ� WKDW� SURSULHWDU\� VWDQGDUGV� ZLOO� OLPLW� WKH�
GHSOR\PHQW� RI� VRPH� ZLUHOHVV� WHFKQRORJLHV�� EXW� GRHV� QRW� HQWHUWDLQ� WKH�
OLNHOLKRRG�WKDW�RSHQ�VWDQGDUGV�ZLOO�HYROYH�RYHU�WKH�QH[W�ILYH�\HDUV��ZKLFK�DOPRVW�
FHUWDLQO\� ZLOO� KDSSHQ�� 6WDQGDUGV� VXFK� DV� ,(((� �������� ,(((� ������� DQG�
�*337����ZKLFK�DUH�RSHQ�VWDQGDUGV��DUH�LQ�SODFH�RU�XQGHU�GHYHORSPHQW���

�H�� 7KH� UHSRUW� VWDWHV� WKDW� ODFN� RI� VSHFWUXP� DQG� VHFXULW\� SUREOHPV� ZLOO� OLPLW� WKH�
HIIHFWLYHQHVV�RI� ³:L�)L´� V\VWHPV��$JDLQ�� LW� GRHV�QRW� DOORZ� IRU� WKH�HYROXWLRQ�RI�
VWDQGDUGV� �H�J�� ,(((� ������L�� DQG� SRVVLEO\� WKH� DXJPHQWDWLRQ� RI� DYDLODEOH�
VSHFWUXP��H�J���*+]���

�I�� ,Q� LWV� FRPSDULVRQV�ZLWK�'6/�FDSDELOLW\�� WKH� UHSRUW�RYHUVWDWHV� WKH�FDSDELOLW\�RI�
'6/�ZLWKRXW�VXEVWDQWLDO�LQYHVWPHQW��'6/�RIWHQ�UHTXLUHV�VXEVWDQWLDO�LQYHVWPHQW�
LQ�ILEHU�WUDQVPLVVLRQ�IDFLOLWLHV�LI�KLJK�WUDQVPLVVLRQ�VSHHGV�DUH�WR�EH�UHDOL]HG�DV�
7HOHFRP�KDV�RXWOLQHG�LQ�LWV�SODQV�IRU�LWV�PDVV�PDUNHW�PXOWL�VHUYLFH�1*1�UROORXW��

�J�� (QYLURQPHQWDO��KHDOWK�DQG�VDIHW\��LVVXHV�DUH�UDLVHG�DV�DQ�LPSHGLPHQW�WR�IL[HG�
ZLUHOHVV�� 7KHVH� SUREOHPV� KDYH� EHHQ� ODUJHO\� UHVROYHG� LQ� WKH� 86�� ZKHUH� WKH�
)&&� IRUELGV� ORFDO� MXULVGLFWLRQV� IURP� FRQVLGHULQJ� VXFK� LVVXHV�ZKHQ� SUHVHQWHG�
ZLWK�DQ�DSSOLFDWLRQ��VR�ORQJ�DV�REMHFWLYH�VWDQGDUGV�DUH�PHW��5DGLDWLRQ�6WDQGDUG�
1=6������LV�EHLQJ�DSSOLHG�LQ�WKH�VDPH�PDQQHU�LQ�1HZ�=HDODQG���



�

 

�

�K�� 7KH�DQDO\VLV�HVWLPDWHV�WKDW�'6/�FRVWV�DERXW�DV�PXFK�DV�ZLUHOHVV��EXW�GRHV�QRW�
VSHFLI\�ZKDW�'6/�FRVWV�DUH� LQFOXGHG���,W�DOVR�GRHVQ¶W� LGHQWLI\�WKH�EDVLV�IRU� WKH�
ZLUHOHVV�FRVWV���7KLV�W\SH�RI�FRPSDULVRQ�UHTXLUHV�FDUHIXO�GHILQLWLRQ�RI�WKH�EDVLV�
IRU�WKH�FRPSDULVRQ�WR�EH�XVHIXO��D�GHILQLWLRQ�WKDW�LV�QRW�LQFOXGHG�LQ�WKH�UHSRUW���

�L�� 7KH� UHSRUW� DOVR� VWDWHV� WKDW� FRVW� HTXDOLW\� LV� QRW� JRRG� HQRXJK� ±� HQWUDQWV� ZLOO�
QHHG�JUHDWHU�PDUJLQV��:RRVK�:LUHOHVV�DQG�%&/�DSSDUHQWO\�GLVDJUHH���

�M�� 7KH�FDVH�VWXGLHV�DUH�DOO�DERXW�IDLOHG�YHQWXUHV�LQ�(XURSH�EDVHG�RQ�LQYHVWPHQWV�
PDGH� VHYHUDO� \HDUV� DJR�� ,W� PDNHV� QR�PHQWLRQ� RI� WKH� IDFW� WKDW� WHFKQRORJ\� LV�
FKDQJLQJ��RU�WKDW�VSHFWUXP��RQH�RI�WKH�ERWWOHQHFNV�LQ�(XURSH��PD\�EH�HDVLHU�WR�
REWDLQ� LQ� 1HZ� =HDODQG�� ,W� DOVR� GRHV� QRW� LQGLFDWH� ZKDW� PDUNHWV� ZHUH� EHLQJ�
SXUVXHG�E\� WKHVH�RSHUDWRUV�RU�ZKDW� WKH�FRPSHWLWLYH� ODQGVFDSH� ORRNHG� OLNH��$�
IRUZDUG�ORRNLQJ�YLHZ�ZLWK�FRQVWUDLQWV�FOHDUO\�LGHQWLILHG�PLJKW�RIIHU�DQ�DOWHUQDWLYH�
SHUVSHFWLYH��

6XPPDU\�
���� 7KH�DERYH�GLVFXVVLRQ�KDV� IRFXVHG�RQ� WKH� WUHQGV� LQ�ZLUHOHVV� WHFKQRORJ\�DQG�VHUYLFHV��

DQG�WKH�RSSRUWXQLWLHV�DYDLODEOH�IRU�XVH�RI�VXFK�WHFKQRORJLHV�DV�FRPSHWLWLYH�DOWHUQDWLYHV�
LQ� 1HZ� =HDODQG� LQ� WKH� QHDU� IXWXUH�� ,W� DOVR� KDV� LGHQWLILHG� WKH� UHDVRQV� ZK\� VXFK�
WHFKQRORJLHV� KDYH� QRW� EHHQ� VXFFHVVIXO� LQ� WKH� SDVW�� DQG� VKRZV� ZK\� WKH� FXUUHQW�
HQYLURQPHQW� LQ� 1HZ� =HDODQG�� DEVHQW� UHJXODWRU\� DFWLRQ� RI� WKH� W\SH� HQYLVLRQHG� E\� WKH�
&RPPLVVLRQ��VKRXOG�SURYH�IHUWLOH�JURXQG�IRU�GHSOR\PHQW�RI�DGYDQFHG�ZLUHOHVV�V\VWHPV��
,W� DOVR� SRLQWV� RXW� VRPH� RI� WKH� VKRUWFRPLQJV� RI� WKH� UHSRUW� SUHSDUHG� E\� 6FKHPD� DQG�
VXEPLWWHG� E\� 7HOVWUD&OHDU�� ZKLFK� DWWHPSWV� WR� VKRZ� WKDW� IL[HG� ZLUHOHVV� LV� QRW� D� YLDEOH�
DFFHVV�WHFKQRORJ\��


