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&KHPLFDO DQG 7UDQVSRUW 6\VWHPV�'LYLVLRQ��1DWLRQDO�6FLHQFH�)RXQGDWLRQ��

$UOLQJWRQ��9$��86$��
�
7KH� LQWHUVHFWLRQ� RI� QDQRWHFKQRORJ\� ZLWK� WHFKQRORJLHV� HPSOR\LQJ� VXSHUFULWLFDO� IOXLGV�
SURYLGHV� DQ� H[FLWLQJ� SODWIRUP� WR� ODXQFK�QRYHO�PDWHULDOV� DQG�SURFHVVHV� IRU� WKH� VSHFLDOW\�
FKHPLFDOV��PDWHULDOV� DQG� SKDUPDFHXWLFDO� LQGXVWULHV�� �1DQRWHFKQRORJ\� LV� IRFXVHG� RQ� WKH�
DELOLW\� WR�PDQLSXODWH�PDWWHU�DW�WKH�DWRPLF��PROHFXODU�DQG�VXSUDPROHFXODU�OHYHOV�LQ�RUGHU�
WR�FUHDWH�QRYHO�PDWHULDOV��GHYLFHV�DQG�V\VWHPV���6XSHUFULWLFDO�IOXLGV�RIIHU�WXQDEOH�VROYHQW�
SURSHUWLHV� DQG� GHVLUDEOH� WUDQVSRUW� SURSHUWLHV� OHDGLQJ� WR� VLJQLILFDQW� LPSURYHPHQWV� LQ�
YDULRXV� UHDFWLRQV�� VHSDUDWLRQV� DQG� SURFHVVLQJ� VWUDWHJLHV�� � 7KH� SRWHQWLDO� IRU� QHZ�
GLVFRYHULHV� DQG� SURGXFWV� EDVHG� RQ� XWLOL]LQJ� WKH� V\QHUJ\� EHWZHHQ� QDQRWHFKQRORJ\� DQG�
VXSHUFULWLFDO�IOXLG�WHFKQRORJLHV�LV�H[WUHPHO\�SURPLVLQJ�����
�
'HILQLWLRQ�RI�1DQRWHFKQRORJ\�
7KH�HPHUJLQJ�ILHOGV�RI�QDQRVFDOH�VFLHQFH�DQG�HQJLQHHULQJ��16(��IRFXV�RQ�EXLOGLQJ�QHZ�
PDWHULDOV�DWRP�E\�DWRP��PROHFXOH�E\�PROHFXOH�E\�FRQWUROOLQJ�WKHLU�FKHPLVWU\��RUGHU�DQG�
VWUXFWXUH���7KH�DELOLW\�WR�FRQWURO�WKH�V\QWKHVLV�DQG�SURFHVVLQJ�RI�PDQ�PDGH�PDWHULDOV�DQG�
WR� XQGHUVWDQG� WKH� FRPSOH[� VWUXFWXUH� DQG� IXQFWLRQV� RI� QDWXUDO�PDWHULDOV� KDYH� SDYHG� WKH�
ZD\� WR� GLVFRYHU\� RI� QHZ�PDWHULDOV� DQG� IXQFWLRQV�ZLWK�PDQ\� H[FLWLQJ� DSSOLFDWLRQV� LQ� D�
ZLGH� UDQJH�RI� LQGXVWULHV�� �7KH�UHFRJQLWLRQ�RI� WKH�SRWHQWLDO�RI�QDQRVFDOH�SKHQRPHQD�KDV�
JHQHUDWHG�VLJQLILFDQW�JOREDO�LQYHVWPHQWV�LQ�QDQRVFDOH�VFLHQFH�DQG�HQJLQHHULQJ���
�
,QWHUQDWLRQDO�,QYHVWPHQWV�LQ�1DQRWHFKQRORJ\�
7KH� ZRUOGZLGH� QDQRWHFKQRORJ\� UHVHDUFK� DQG� GHYHORSPHQW� LQYHVWPHQWV� UHSRUWHG� E\�
JRYHUQPHQW� RUJDQL]DWLRQV� KDYH� LQFUHDVHG� DSSUR[LPDWHO\� VHYHQ�IROG� LQ� WKH� ODVW� VHYHQ�
\HDUV� �)LJXUH� ���� IURP������PLOOLRQ� LQ� ����� WR� DERXW����ELOOLRQ� LQ������� � ��� FRXQWULHV�
KDYH� LQLWLDWHG� QDWLRQDO� SURJUDPV� FRYHULQJ� D� YHU\� EURDG� QHW� RI� WRSLFV� LQ� SK\VLFDO��
FKHPLFDO��ELRORJLFDO�DQG�HQJLQHHULQJ�VFLHQFHV��7DEOH������
�
7DEOH���1DQRWHFKQRORJ\�5	'� H[SHQGLWXUHV� ���������� LQ� ��PLOOLRQV�\HDU�� �:��(XURSH� LQFOXGHV�(8� DQG�
6ZLW]HUODQG�� �2WKHUV� LQFOXGH�$XVWUDOLD��&DQDGD��&KLQD��(DVWHUQ�(XURSH�� ,VUDHO��.RUHD��6LQJDSRUH��7DLZDQ�
DQG�DOO�RWKHU�FRXQWULHV�WKDW�UHSRUW�5	'�LQ�QDQRWHFKQRORJ\����
�
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,Q� WKH� ����� ILVFDO� \HDU�� WKH� 8QLWHG� 6WDWHV� LQLWLDWHG� D� PXOWLGLVFLSOLQDU\� VWUDWHJ\� IRU�
GHYHORSPHQW� RI� VFLHQFH� DQG� HQJLQHHULQJ� IXQGDPHQWDOV� WKURXJK� WKH� 1DWLRQDO�
1DQRWHFKQRORJ\� ,QLWLDWLYH� �11,��� � 7KLV� VWUDWHJ\� RI� VHWWLQJ� D� FROODERUDWLYH�PRGHO� DW� WKH�
QDWLRQDO� OHYHO� KDV� UHFHLYHG� LQWHUQDWLRQDO� DFFHSWDQFH�� � -DSDQ� DQG�:HVWHUQ� (XURSH� KDYH�
EURDGO\�EDVHG�SURJUDPV�FRPELQLQJ�DFDGHPLF�DQG�LQGXVWULDO�5	'���2WKHU�FRXQWULHV�KDYH�
IRFXVHG� RQ� FHUWDLQ� DUHDV� RI� VWUHQJWK� DQG� SRWHQWLDO� PDUNHWV�� � )RU� H[DPSOH�� .RUHD� KDV�
DOORFDWHG� IXQGV� IRU� QDQRHOHFWURQLFV� DQG� PHPRU\� FKLSV�� � $XVWUDOLDQ� JRYHUQPHQW�
LQYHVWPHQWV� WDUJHW� SKRWRQLFV�� � 5XVVLD� DQG� 8NUDLQH� FRQFHQWUDWH� RQ� DGYDQFHG� PDWHULDOV�
V\QWKHVLV�DQG�SURFHVVLQJ��
�
86�1DWLRQDO�1DQRWHFKQRORJ\�,QLWLDWLYH��11,��
7KH�86�*RYHUQPHQW¶V�1DWLRQDO�1DQRWHFKQRORJ\�,QLWLDWLYH��11,��KDV�JURZQ�VLJQLILFDQWO\�
LQ�ODVW�ILYH�\HDUV���7KH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��16)��LV�WKH�OHDG�DJHQF\�LQ�FKDUWLQJ�
WKH�11,�GLUHFWLRQV�DQG�LQYHVWPHQWV���,Q�������WKH�LQDXJXUDO�\HDU��WKH�11,�ZDV�IXQGHG�LQ�
VL[� IHGHUDO� GHSDUWPHQWV� DQG� LQGHSHQGHQW� DJHQFLHV� LQ� 86�� � ,Q� ������ WHQ� IHGHUDO�
GHSDUWPHQWV�DQG�DJHQFLHV�KDYH�UHTXHVWHG�11,�IXQGV�DV�VXPPDUL]HG�LQ�7DEOH�����������
�
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1DQRVFDOH�6FLHQFH�DQG�(QJLQHHULQJ��16(��3ULRULW\�$UHD�DW�16)�
,Q�OLQH�ZLWK�WKH�PLVVLRQ�RI�16)��WKH�16(�SULRULW\�DUHD�HPSKDVL]HV�ORQJ�WHUP�IXQGDPHQWDO�
UHVHDUFK� DGGUHVVLQJ� D� VHW� RI� JUDQG� FKDOOHQJHV�� VXSSRUWV� LQWHUGLVFLSOLQDU\� FHQWHUV� DQG�
QHWZRUNV� LQFOXGLQJ� VKDUHG� LQVWUXPHQWDWLRQ� IDFLOLWLHV�� DQG� HGXFDWLRQ� DQG� UHVHDUFK�
SURJUDPV�RQ�VRFLHWDO�LPSOLFDWLRQV�RI�QDQRWHFKQRORJ\���7KH�SULQFLSDO�DUHDV�RI�FXUUHQW�16)�
IXQGLQJ�WDUJHWV����

%LRV\VWHPV�DW�WKH�QDQRVFDOH��
1DQRVWUXFWXUHG�PDWHULDOV� ZLWK� XQLTXH� SK\VLFDO�� FKHPLFDO�� ELRORJLFDO�� HOHFWURQLF��
RSWLFDO�DQG�PDJQHWLF�SURSHUWLHV��
'HYLFH�DQG�V\VWHP�DUFKLWHFWXUH�DQG�LQWHJUDWLRQ�
(QYLURQPHQWDO�SURFHVVHV��
0XOWLVFDOH�DQG�PXOWLSKHQRPHQD�PRGHOLQJ�
0DQXIDFWXULQJ�DW�WKH�QDQRVFDOH�
(GXFDWLRQ�DQG�VRFLHWDO�LPSOLFDWLRQV�



'HYHORSPHQW�RI�6XSHUFULWLFDO�)OXLGV�7HFKQRORJLHV�
7KH�IDVFLQDWLRQ�LQ�WKH�XQLYHUVDOLW\�RI�WKH�FULWLFDO�SRLQW�RI�SXUH�OLTXLGV�DQG�PRGHO�V\VWHPV�
ZDV�DW� LWV�SHDN�LQ�WKH�GHFDGHV�RI�������������6FLHQWLVWV�LQ�OLTXLG�VWDWH�SK\VLFV��SK\VLFDO�
FKHPLVWU\� DQG� VWDWLVWLFDO� PHFKDQLFV� ZHUH� LQWHUHVWHG� LQ� FULWLFDO� SKHQRPHQD� RI� SXUH� DQG�
ELQDU\�V\VWHPV���7KH�GLVFRYHU\�RI�VHFRQG�RUGHU�SKDVH�WUDQVLWLRQV�DQG�WKH�GHYHORSPHQW�RI�
VFDOLQJ� ODZV�JRYHUQLQJ� WKHUPRG\QDPLF�DQG� WUDQVSRUW�SURSHUWLHV� IRUPHG� WKH�EDVLV�RI� WKH�
UHQRUPDOL]DWLRQ�JURXS�WKHRU\�� �:KLOH�WKH�VFLHQWLVWV¶� LQWHUHVWV�LQ�SXUH�V\VWHPV�FRQWLQXHG��
LQ� WKH� ODWHU� GHFDGHV�� ����������� HQJLQHHUV� VWDUWHG� JHWWLQJ� LQYROYHG�ZLWK� WKHLU� LQWHUHVWV�
IRFXVHG�RQ�PXOWL�FRPSRQHQW� UHDO�V\VWHPV�� �(QJLQHHULQJ�UHVHDUFK�RQ� WKHUPRG\QDPLFV�RI�
QRQ�LGHDO�PL[WXUHV��FDWHJRUL]DWLRQ�RI� WKH�FRPSOLFDWHG�SKDVH�EHKDYLRU�RI�ELQDU\�V\VWHPV��
DQG� QHZ� PHWKRGV� IRU� PHDVXULQJ� WUDQVSRUW� SURSHUWLHV� DW� QRQ�DPELHQW� FRQGLWLRQV� ZHUH�
GHYHORSHG�� � $V� WKH� IXQGDPHQWDO� NQRZOHGJH� RI� WKH� WKHUPRG\QDPLFV� DQG� WUDQVSRUW�
SURSHUWLHV� RI� IOXLGV� LQ� WKH� YLFLQLW\� RI� WKH� FULWLFDO� SRLQW� JUHZ�� VFLHQWLVWV� DQG� HQJLQHHUV�
VWDUWHG�HQYLVLRQLQJ�PDQ\�H[FLWLQJ�DSSOLFDWLRQV�RI�VXSHUFULWLFDO�IOXLGV��
�
,Q� WKH� ODVW� GHFDGH� RI� WKH� ��WK� FHQWXU\�� EXUJHRQLQJ� DSSOLFDWLRQV� RI� VXSHUFULWLFDO� IOXLGV��
SDUWLFXODUO\�VXSHUFULWLFDO�FDUERQ�GLR[LGH��ZHUH�SURSRVHG�EDVHG�RQ�GHVLUDEOH�SURSHUWLHV�RI�
VXSHUFULWLFDO� IOXLGV�� � 7KHVH� SURSHUWLHV� LQFOXGH� WXQDEOH� GHQVLW\� RU� VROYHQW� SRZHU�� KLJK�
GLIIXVLYLW\� DQG� ORZ� YLVFRVLW\� ZKLOH� VXSHUFULWLFDO� FDUERQ� GLR[LGH� LV� DOVR� DQ�
HQYLURQPHQWDOO\� EHQLJQ� DQG� UHF\FODEOH� VROYHQW�� �0RVW� RI� WKH� DSSOLFDWLRQV� FDSLWDOL]H� RQ�
VXSHUFULWLFDO�VROYHQWV�DV�UHSODFHPHQW�RI�RUJDQLF�VROYHQWV�LQ�VHSDUDWLRQV�DQG�UHDFWLRQV���,Q�
VRPH�FDVHV��UHSODFLQJ�ZDWHU�ZLWK�D�VXSHUFULWLFDO�IOXLG�PLJKW�EH�DGYDQWDJHRXV�LI�GU\�VWHSV�
IROORZ�ZHW� VWHSV� LQ� D�SURFHVV�� � ,Q� WKH� ODVW� WHQ�\HDUV��PDWHULDOV� V\QWKHVLV�DQG�SURFHVVLQJ�
ZLWK� VXSHUFULWLFDO� IOXLGV� KDYH� SURGXFHG� PDQ\� H[FLWLQJ� SURGXFWV� DQG� KDYH� OHG� WR� WKH�
IRUPDWLRQ�QHZ�FRPSDQLHV��������
�
7KH�,QWHUVHFWLRQ�RI�1DQRWHFKQRORJ\�DQG�6XSHUFULWLFDO�)OXLG�7HFKQRORJLHV�
7KH� JURZWK� RI� VXSHUFULWLFDO� IOXLG� WHFKQRORJLHV� ZLWK� IRFXV� RQ� PDWHULDOV� V\QWKHVLV� DQG�
SURFHVVLQJ�FRLQFLGHV�ZLWK�YHU\�H[FLWLQJ�GLVFRYHULHV�RI�QHZ�PDWHULDOV�DQG�SURSHUWLHV�DW�WKH�
QDQRVFDOH�� � 7KH� LQWHUVHFWLRQ� RI� WKHVH� WZR� EORVVRPLQJ� ILHOGV� LV� D� IHUWLOH� JURXQG� IRU�
LQQRYDWLRQ�� � 7KH� IXWXUH� FKDOOHQJHV� ZLOO� EH� WKH� V\QWKHVLV� DQG� SURFHVVLQJ� RI� WKH� QHZ�
PDWHULDOV�ZLWK�XQLTXH�SURSHUWLHV�LQWR�XVHIXO�SURGXFWV�ZLWK�XQSUHFHGHQWHG�DWWULEXWHV���7KH�
VXSHUFULWLFDO�IOXLG�WHFKQRORJLHV�FDQ�SOD\�D�VLJQLILFDQW�UROH�LQ�VHYHUDO�LQGXVWULDO�VHFWRUV�WKDW�
DUH�SRVLWLRQHG�WR�EHQHILW�IURP�DGYDQFHV�LQ�QDQRWHFKQRORJ\���
&KHPLFDO� ,QGXVWU\�� &DWDO\VLV� LV� DW� WKH� KHDUW� RI� FKHPLFDO� LQGXVWU\� DQG� LV� EDVHG� RQ�
XQGHUVWDQGLQJ�QDQRVFDOH�SKHQRPHQD���,W�LV�SRVVLEOH�WR�HQYLVLRQ�WKDW�WKH�GLVFRYHU\�RI�QHZ�
FDWDO\VWV� FRPELQHG� ZLWK� UHDFWRU� GHVLJQ� WKDW� XWLOL]HV� WKH� IDVW� WUDQVSRUW� SURFHVVHV� LQ�
VXSHUFULWLFDO�IOXLGV�ZLOO�OHDG�WR�EUHDNWKURXJKV��
3KDUPDFHXWLFDO� ,QGXVWU\�� 'UXJ� V\QWKHVLV� LV� SUHGRPLQDQWO\� QDQRVFDOH� VFLHQFH���
6XSHUFULWLFDO� IOXLGV� DUH� VXFFHVVIXOO\� XVHG� LQ� SURFHVVLQJ� RI� GUXJV� LQWR� GHVLJQHG�SDUWLFOHV�
DQG�SRZGHUV������
(OHFWURQLFV�,QGXVWU\��1DQRVFDOH�OLWKRJUDSK\�XVHG�LQ�WKH�PDQXIDFWXUH�RI�HOHFWURQLF�GHYLFHV�
LQYROYHV� ZHW� DQG� GU\� SURFHVVHV�� � 6XSHUFULWLFDO� IOXLG� WHFKQRORJLHV� KDYH� WUHPHQGRXV�
SRWHQWLDO� IRU� LPSURYHPHQWV� LQ� WKH� WUDQVIHU� IURP�ZHW� WR�GU\�RU�YDFXXP�SURFHVVLQJ�LQ�WKH�
HOHFWURQLFV�IDEULFDWLRQ��


