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6FKRRO�RI�WKH�%XLOW�(QYLURQPHQW��8QLYHUVLW\�RI�1RWWLQJKDP��8QLYHUVLW\�3DUN��1RWWLQJKDP�1*���5'��8.
$%675$&7
7KH� 6FKRRO� RI� WKH� %XLOW� (QYLURQPHQW� KDV� D� ZRUOGZLGH� UHSXWDWLRQ� IRU� LWV� LQQRYDWLYH� UHVHDUFK� LQWR� VXVWDLQDEOH�WHFKQRORJLHV� LQFOXGLQJ� DEVRUSWLRQ�DGVRUSWLRQ� KHDW� SXPSV�� HMHFWRU� UHIULJHUDWLRQ� V\VWHPV�� GHVLFFDQW� WHFKQRORJ\��K\EULG�VRODU� GULYHQ� &+3� V\VWHPV�� VRODU�WKHUPDO� V\VWHPV� DQG� JURXQG�VRXUFH� KHDW� SXPSV�� 7KH� 6FKRRO� KDV� REWDLQHG�JUDQWV�IURP�WKH�(QJLQHHULQJ��3K\VLFDO�6FLHQFHV�5HVHDUFK�&RXQFLO��(365&���WKH�(XURSHDQ�&RPPLVVLRQ�DQG�LQGXVWU\�WR�GHYHORS�VHYHUDO�QHZ�WHFKQRORJLHV��ZKLFK�KDYH�EHHQ�OLFHQVHG�WR�LQGXVWU\��7KH�6FKRRO�KDV�DOVR�HVWDEOLVKHG�QHZ�UHVHDUFK�IDFLOLWLHV� LQFOXGLQJ� WKH�0DUPRQW�&HQWUH� IRU�5HQHZDEOH�(QHUJ\�DQG�WKH�'DYLG�:LOVRQ�(FR�+RXVH��7KLV�SDSHU�UHYLHZV�VRPH�RI�WKH�6FKRRO¶V�UHFHQWO\�IXQGHG�UHVHDUFK�SURMHFWV�DQG�IDFLOLWLHV�
.(<:25'6
6XVWDLQDEOH (QHUJ\��+HDW�3XPSV��+HDW�5HFRYHU\��5HIULJHUDWLRQ��'HVLFFDQW�7HFKQRORJ\�
����,1752'8&7,21*OREDO� ZDUPLQJ� DQG� JUHHQ� LVVXHV� VXFK� DV� ZRUOGZLGH�HQHUJ\� ZDVWDJH� DUH� LVVXHV� RI� VHULRXV� HQYLURQPHQWDO�FRQFHUQ�� 'HYHORSPHQW� RI� VXVWDLQDEOH� HQHUJ\� V\VWHPV�RIIHUV� D� ZD\ WR� SURYLGH� HQHUJ\� WR� WKH� GRPHVWLF� DQG�LQGXVWULDO� VHFWRUV�ZLWKRXW� WKH� SHQDOW\� RI� ODUJH�SROOXWLRQ�HPLVVLRQV�� 7KH� 8.� *RYHUQPHQW� LV� FRPPLWWHG� WR�UHGXFLQJ�FDUERQ�GLR[LGH��&2���HPLVVLRQV�E\�����E\�WKH�\HDU� ������ ,W� LV� HVWLPDWHG� WKDW�XS� WR�����RI�DOO� HQHUJ\�FRQVXPSWLRQ� LV� DVVRFLDWHG� ZLWK� EXLOGLQJV� DQG� LW� LV�WKHUHIRUH� LPSRUWDQW� WR� GHYHORS� VXVWDLQDEOH� HQHUJ\�V\VWHPV� DQG� EXLOGLQJ� FRPSRQHQWV� WR� PHHW� WKH� &2�HPLVVLRQ�WDUJHW��
7KH� ,%7� KDV� GHYHORSHG� D� QXPEHU� RI� QRYHO�UHQHZDEOH�VXVWDLQDEOH� WHFKQRORJLHV� IRU� KHDWLQJ�� FRROLQJ��QDWXUDO� YHQWLODWLRQ�� SRZHU� JHQHUDWLRQ�� UHIULJHUDWLRQ��OLJKWLQJ�� LQGRRU� DLU� TXDOLW\�� WUDIILF� SROOXWLRQ� DQG� KHDW�UHFRYHU\�� DV� ZHOO� DV� LQVXODWLRQ� PDWHULDOV� IRU� XVH� LQ�EXLOGLQJV� 7KHVH�ZRXOG�KHOS�WR�UHGXFH�&2� HPLVVLRQV�E\�UHGXFLQJ� UHOLDQFH� RQ� IRVVLO�IXHO GHULYHG� HQHUJ\�� �0XFK�RI�WKLV�UHVHDUFK�KDV�EHHQ�FDUULHG�RXW�ZLWK�WKH�DVVLVWDQFH�RI� PDMRU� JUDQWV�� 6WURQJ� OLQNV� KDYH� EHHQ� IRUPHG� ZLWK�OHDGLQJ� LQWHUQDWLRQDO� UHVHDUFK� JURXSV�� LQGXVWULDO�FRPSDQLHV� DQG� 60(V� LQ� WKH� VHFWRU� RI� UHQHZDEOH� DQG�VXVWDLQDEOH� HQHUJ\� WHFKQRORJLHV� DQG� PDQ\� QRYHO�V\VWHPV� KDYH� EHHQ� SDWHQWHG� �H�J��� 3DWHQWV� 1RV���*%����������� *%����������� 3&7�*%���������

(3������������ (3������� *%��������� 3&7�:2�����������
,Q�WKH�DUHD�RI�VXVWDLQDEOH�EXLOGLQJ�VHUYLFHV��WKH�,QVWLWXWH�RI�%XLOGLQJ�7HFKQRORJ\�KDV� REWDLQHG� D� VHULHV� RI�PDMRU�JUDQWV� IURP� SXEOLF� DQG�SULYDWH� VRXUFHV� LQ� WKH�8.��(8��86$�DQG�)DU�(DVW��2QH�SURMHFW�KDV�EHHQ� IXQGHG�XQGHU�WKH� (8� 7+(50,(� 3URJUDPPH� IRU� GHPRQVWUDWLRQ� RI�VXVWDLQDEOH� HQHUJ\� WHFKQRORJLHV� RQ� WKH� 8QLYHUVLW\� RI�1RWWLQJKDP¶V� 1HZ� -XELOHH� &DPSXV�� $� PDMRU� 8.�FRQVWUXFWLRQ� FRPSDQ\� KDV� IXQGHG� DQ� (FR�(QHUJ\�+RXVH�� SXUSRVH� EXLOW� IRU� LQYHVWLJDWLQJ� LQWHJUDWLRQ� RI�VXVWDLQDEOH� HQHUJ\� WHFKQRORJLHV� LQ� EXLOGLQJV�� 7KH� ,%7�KDV�FRQGXFWHG�UHVHDUFK�LQWR�VXVWDLQDEOH�WHFKQRORJLHV�IRU�KHDWLQJ� DQG� FRROLQJ� LQFOXGLQJ� FKLOOHG� FHLOLQJV� SRZHUHG�E\� FRROLQJ� WRZHUV�� � GHVLFFDQW FRROLQJ� V\VWHPV�� D�FFRQWLQXRXV� DEVRUSWLRQ�UHFRPSUHVVLRQ� V\VWHP�� URWDU\�KHDW� SXPSV�� FKHPLFDO� VWRUDJH� KHDW� SXPSV�� D� QLJKW�WLPH�FRROLQJ� V\VWHP� XWLOLVLQJ� SKDVH� FKDQJH� PDWHULDOV� �3&0��DQG� KHDW� SLSH�� DQG� HMHFWRU� SRZHUHG� DEVRUSWLRQ�UHFRPSUHVVLRQ� FRROLQJ� V\VWHPV�� 6XVWDLQDEOH� WHFKQRORJ\�GHYHORSHG� DW� WKH� ,%7� LQFOXGHV� D� QRYHO� YHQWLODWLRQ�KHDW�UHFRYHU\� V\VWHP� EDVHG� RQ� D� ILEUH� LPSHOOHU� IDQ� V\VWHP��WUDFHU�JDV� WHFKQLTXHV� IRU� DFFXUDWH� DLUIORZ�PHDVXUHPHQW�LQ� YHQWLODWLRQ� V\VWHPV�� DQG� QHZ� PHWKRGV� IRU�GHWHUPLQDWLRQ�RI�N�IDFWRUV�IRU�HQHUJ\�HIILFLHQW�RSHUDWLRQ�RI� +9$&� V\VWHPV�� 7KH� ,%7� KDV� DOVR� LQYHVWLJDWHG�UHIULJHUDWLRQ� DQG� DLU� FRQGLWLRQLQJ� V\VWHPV� XVLQJ� ZDVWH�KHDW��(365&�DQG�3HNWURQ�/WG��
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����7+(�-8%,/((�&$03867KH�8QLYHUVLW\�RI�1RWWLQJKDP�KDV�LQYHVWHG�����PLOOLRQ�LQ�LWV�QHZ�-XELOHH�&DPSXV��7KH�QHZ�FDPSXV�LV�EXLOW�RQ�D����DFUH�IRUPHU�LQGXVWULDO�VLWH�RQH�PLOH�DZD\�IURP�WKH�PDLQ� FDPSXV�� 7KLV� LV� WKH� PRVW� ³HQYLURQPHQWDOO\�IULHQGO\´� KLJKHU� HGXFDWLRQ� GHYHORSPHQW� LQ� WKH� 8.��3URIHVVRU� 5LIIDW� IURP� WKH� ,QVWLWXWH� RI� %XLOGLQJ�7HFKQRORJ\� DQG� 3URIHVVRU� 0DUPRQW� IURP� %HDFRQ�(QHUJ\� /WG� ZHUH� WKH� GULYLQJ� IRUFH� EHKLQG� WKH� XVH� RI�UHQHZDEOH� HQHUJ\� LQ� WKH� -XELOHH� &DPSXV�� 7KH� HQWLUH�FDPSXV� KDV� EHHQ� GHVLJQHG� DQG� FRQVWUXFWHG� WR� EH�VHQVLWLYH� WR� WKH� HQYLURQPHQW�� &RQVWUXFWLRQ� PDWHULDOV�ZHUH� FDUHIXOO\� VHOHFWHG� LQ� RUGHU� WR� DYRLG� WKH� XVH� RI�PDWHULDOV� NQRZQ� WR� EH� RI� KLJK� HPERGLHG� HQHUJ\� RU�KDUPIXO� WR� WKH� HQYLURQPHQW�� %XLOGLQJV� DW� WKH� -XELOHH�&DPSXV� KDYH� EHHQ� GHVLJQHG� WR� EH� H[WUHPHO\� HQHUJ\�HIILFLHQW�� $� JUDQW IURP� WKH� (XURSHDQ� &RPPXQLW\¶V�7KHUPLH� IXQG�KDV� DOORZHG� WKH� LQVWDOODWLRQ�RI� DGGLWLRQDO�HTXLSPHQW� WR� KHOS� DFKLHYH� WKLV� HIILFLHQF\��6RPH�RI� WKH�IHDWXUHV� LQFRUSRUDWHG� LQWR� WKH� EXLOGLQJV� WR� DFKLHYH� ORZ�HQHUJ\�FRQVXPSWLRQ�LQFOXGH��
�� 0L[HG�PRGH�XOWUD�ORZ�SUHVVXUH�YHQWLODWLRQ�
�� 8VH� RI� WKH� EXLOGLQJ� VWUXFWXUH� WR� SURYLGH� DLU� IORZ�GXFWV� �IORRU�YRLGV��FRUULGRUV�DQG�VWDLUFDVHV��DQG�DLU�WHPSHULQJ��PDVV�FRQFUHWH�VWUXFWXUH��
�� 7KHUPDO�ZKHHOV� WR�SURYLGH�WKH�PRVW�HIILFLHQW�KHDW�H[FKDQJH�DQG�WKXV�UHWDLQ�KHDW�ZLWKLQ�WKH�EXLOGLQJV�
�� 3KRWRYROWDLF�FHOOV�ZLWKLQ�WKH�DWULXP�JOD]LQJ�
�� 5RWDWLQJ� ZLQG� FDWFKHUV�� ZKLFK� SRVLWLRQ� WKH� DLU�H[KDXVW�VXFK�WKDW�LW�LV�DOZD\V�XQGHU�QDWXUDO�VXFWLRQ�
39�SDQHOV�DW�WKH�-XELOHH�&DPSXV�FDQ�EH�VHHQ�LQ�)LJXUH���LQVWDOOHG� RQ� WKH� FHLOLQJ� RI� WKH� $WULXP� HQWUDQFH� KDOO���6LQFH�FRPSOHWLRQ�DQG�KDELWDWLRQ�RI�WKH�-XELOHH�&DPSXV��WKH� ,%7� KDV� ODXQFKHG� D� PDMRU� VFLHQWLILF� LQYHVWLJDWLRQ�PRQLWRULQJ� WKH�SHUIRUPDQFH�RI�HQHUJ\�HIILFLHQW�V\VWHPV�ZLWKLQ�WKH�FDPSXV�

)LJXUH� ��� (QWUDQFH� +DOO� DW� WKH� -XELOHH� &DPSXV�6KRZLQJ�&HLOLQJ�39 3DQHOV

���� 7+(� 0$50217� &(175(� )25�5(1(:$%/(�(1(5*<3URIHVVRU�0DUPRQW�KDV�SURYLGHG� IXQGLQJ� WR� WKH�6FKRRO�RI� WKH� %XLOW� (QYLURQPHQW� IRU� WKH� HVWDEOLVKPHQW� RI� D�&HQWUH� IRU�5HQHZDEOH�(QHUJ\�� ³7KH�0DUPRQW�&HQWUH´��7KLV� IDFLOLW\� LV� WKH� WHVW� EHG� IRU� H[LVWLQJ� DQG� QHZ�WHFKQRORJLHV�GHYHORSHG�E\�WKH�6FKRRO��7KH�IDFLOLW\�DOVR�SURYLGHV�DQ�H[FHOOHQW� OHDUQLQJ�HQYLURQPHQW�IRU�VWXGHQWV�DQG�VSHDUKHDGV�WKH�GULYH�IRU�³HQYLURQPHQWDOO\�IULHQGO\´�FRQVWUXFWLRQV�LQ�LQGXVWU\��7KH�0DUPRQW�&HQWUH�FRQWDLQV�D� ODUJH� ODERUDWRU\�� D� OHFWXUH WKHDWUH�� DQ� ,7� VXLWH� DQG� D�FRIIHH�EDU�H[KLELWLRQ�DUHD��
7KH�REMHFWLYHV�RI�WKH�&HQWUH�DUH���� 7R� FDUU\� RXW� KLJK� TXDOLW\� UHVHDUFK� LQWR� WKH�LQWHJUDWLRQ� DQG� SHUIRUPDQFH� RI� UHQHZDEOH� HQHUJ\�WHFKQRORJLHV�
�� 7R� HQFRXUDJH� LQWHU�GLVFLSOLQDU\� UHVHDUFK� EHWZHHQ�VWDII� LQ WKH� 6FKRRO� DQG� RWKHU� UHVHDUFK� JURXSV�ZLWK�WKH� DLP� RI� PD[LPLVLQJ� WKH� SRWHQWLDO� RI� UHQHZDEOH�HQHUJ\�V\VWHPV�LQ�EXLOGLQJV�
�� 7R� HQFRXUDJH� WHFKQRORJ\� WUDQVIHU� EHWZHHQ� WKH�8QLYHUVLW\�DQG�LQGXVWU\��DQG
�� 7R�FDUU\�RXW�WUDLQLQJ�RI�VWXGHQWV�DQG�UHVHDUFK�VWDII�
7KH�IROORZLQJ�UHQHZDEOH�HQHUJ\�WHFKQRORJLHV�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�WKH�0DUPRQW�&HQWUH��
�� 3KRWRYROWDLF� �39��VRODU�SDQHOV�JHQHUDWLQJ����N:K�SHU�DQQXP�RI�HOHFWULFLW\�
�� 6RODU�FROOHFWRU�IRU�KHDWLQJ�DQG�KRW�ZDWHU�VXSSO\�
�� /LJKW� SLSHV� LQFRUSRUDWLQJ� D� KLJKO\� UHIOHFWLYH�VLOYHUHG�VXUIDFH�IRU�GLUHFWLQJ�VXQOLJKW�LQWR�RFFXSLHG�VSDFHV�
�� 5DLQZDWHU� FROOHFWLRQ� V\VWHP� ZKLFK� VWRUHV� DQG�ILOWHUV�ZDWHU�IRU�XWLOLW\�XVH�DQG�ZDVKLQJ�
�� $� OLJKWZHLJKW�� YHUWLFDO�D[LV� ZLQG� WXUELQH� IRU� H[WUD�SRZHU�JHQHUDWLRQ�
�� $� JURXQG� VRXUFH� KHDW� SXPS� XVLQJ� JURXQG�FRXSOHG�ORRSV�IRU�H[WUDFWLQJ�HQHUJ\�IURP�WKH�JURXQG��7KLV�LV�XVHG� WR� SURYLGH� DGGLWLRQDO� KHDWLQJ� IRU� WKH� EXLOGLQJ�LQ�ZLQWHU�DQG�IRU�FRROLQJ�LQ�WKH�VXPPHU�
)LJXUH���VKRZV�WKH�0DUPRQW�5HQHZDEOH�(QHUJ\�&HQWUH�ZLWK�39�SDQHOV�LQVWDOOHG�LQWR�WKH�ZDOO�IDEULF��/DERUDWRU\�IDFLOLWLHV� ZLWKLQ� WKH� 0DUPRQW� &HQWUH� DOVR� LQFOXGH� D�VWDWH�RI�WKH�DUW� HQYLURQPHQWDO� WHVW� FKDPEHU� IRU�VLPXODWLQJ�GLIIHUHQW�FOLPDWLF�FRQGLWLRQV�
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)LJXUH� ��� 0DUPRQW� &HQWUH� IRU� 5HQHZDEOH� (QHUJ\�6KRZLQJ�:DOO�39�3DQHOV
���� 7+(� '$9,'� :,/621� 0,//(1,80� (&2�+286(7KH� QHZ�(FR�(QHUJ\�+RXVH� DW� WKH� 6FKRRO� RI� WKH�%XLOW�(QYLURQPHQW� KDV� EHHQ� FRQVWUXFWHG� E\� 'DYLG� :LOVRQ�+RPHV�SOF��D�PDMRU�KRXVH�EXLOGHU�LQ�WKH�8.��,W�LV�D�IRXU�EHGURRP� GHWDFKHG� KRXVH� RI� EULFN� DQG� EORFN�FRQVWUXFWLRQ�� 7KH� KRXVH� LQFRUSRUDWHV� D� VWHHO� IUDPH�ZKLFK� DOORZV� EROWLQJ� DQG� WHVWLQJ� RI� QHZ� WHFKQRORJLHV�GHYHORSHG� E\� WKH� 6FKRRO�� RU� RWKHU� RUJDQLVDWLRQV�� 7KH�(FR�+RXVH� LV� RFFXSLHG� DQG� PRQLWRUHG� E\� UHVHDUFKHUV�IURP� WKH� 6FKRRO�� 7KH� UHVHDUFKHUV� DUH� RIIHUHG� IUHH�DFFRPPRGDWLRQ�EXW�DFW�DV�KXPDQ�JXLQHD�SLJV�IRU�WHVWLQJ�DQG� HQHUJ\� VDYLQJ� GHYLFHV�� 7KH� (FR�+RXVH�PDNHV� XVH�RI�WKH�IROORZLQJ�HQHUJ\�WHFKQRORJLHV��
�� 3KRWRYROWDLF� �39�� V\VWHP�� &UHDWLQJ� DERXW�����N:K� SHU� DQQXP�� WKH� WLOH� VKDSHG� 39� SDQHOV�JHQHUDWH� HOHFWULFLW\� IRU� OLJKWLQJ�� FRRNLQJ��UHIULJHUDWLRQ��ZDVKLQJ�DQG�SRZHULQJ�RWKHU�GRPHVWLF�HOHFWULFDO� DSSOLDQFHV�� 7KH� VXUSOXV� HOHFWULFLW\�JHQHUDWHG� LV� IHG� GLUHFWO\� LQWR� WKH�8QLYHUVLW\¶V� JULG�V\VWHP�
�� /LJKW� SLSHV�� 7KHVH� DUH� XVHG� WR� SURYLGH� QDWXUDO�GD\OLJKW� LQWR� WKH� WRLOHW� DQG� ODQGLQJ� DUHDV� RI� WKH�KRXVH�� 7KH� OLJKW� SLSH� V\VWHP� XVHG� LQ� WKH� ODQGLQJ�DUHD�DOVR�DFWV�DV�D�QDWXUDO�YHQWLODWLRQ�V\VWHP�
�� 5DLQZDWHU� UHFRYHU\� V\VWHP�� 5DLQZDWHU� IURP� WKH�URRI� LV� FROOHFWHG� DQG� SDVVHG� WKURXJK� SLSHV� RQ� WKH�VLGHV� RI� WKH� KRXVH� WR� DQ� XQGHUJURXQG� WDQN�� 7KH�ZDWHU� LV� SXPSHG�EDFN�XS� WR�D� ILOWHU XQLW� LQVLGH� WKH�KRXVH� ZKHQ� QHHGHG�� 7KH� ILOWHU� XQLW� KDV� WZR� OHYHOV�RI� ILOWHULQJ� DQG� FDQ� SURYLGH� ZDWHU� IRU� GULQNLQJ� DV�ZHOO�DV�IRU�GRPHVWLF�XWLOLWLHV�DQG�ZDVKLQJ�
�� 6RODU� KHDW� FROOHFWRUV�� 7KHVH� DUH� LQVWDOOHG� RQ� WKH�VRXWK�IDFLQJ� VLGH�RI� WKH�KRXVH�� DQG�ZLOO�EH�XVHG� WR�SURYLGH� KRW�ZDWHU� IRU� WKH� NLWFKHQ� DQG� IRU�ZDVKLQJ�XWLOLWLHV�

�� 6RODU� FKLPQH\��*ODVV� EORFNV� DUH� LQWHJUDWHG� LQWR�DOO�VLGHV� RI� WKH� FKLPQH\� WR� DOORZ� DV�PXFK� VXQOLJKW� DV�SRVVLEOH� WR� HQWHU�� 7KLV� DOORZV� WKH� FKLPQH\� WR�SURYLGH� YHQWLODWLRQ� LQ� WKH� VXPPHU� DQG� SDVVLYH�KHDWLQJ�LQ�WKH�ZLQWHU�
)LJXUH���VKRZV�WKH�39�SDQHOV�LQVWDOOHG�DV�URRI�WLOHV�EXLOW�LQWR� WKH�(FR�+RXVH��7KH�6FKRRO�KDV�EHHQ� VXFFHVVIXO� LQ�DWWUDFWLQJ� ��������� IURP� WKH� (365&� DQG� '7,� IRU�UHVHDUFK� DQG�PRQLWRULQJ� HTXLSPHQW� LQVWDOOHG�ZLWKLQ� WKH�(FR�+RXVH� 7KLV�PDMRU�LQYHVWLJDWLRQ�ZLOO�EH�FDUULHG�RXW�E\�UHVHDUFKHUV�XQGHU� UHDOLVWLF�FRQGLWLRQV��7KH�UHVXOWV�RI�WKH� PRQLWRULQJ� SKDVH� VKRXOG� SURYLGH� YDOXDEOH�LQIRUPDWLRQ�ZKLFK�ZLOO� KHOS� WR� LPSURYH� WKH� GHVLJQ� DQG�LPSOHPHQWDWLRQ�RI�HQHUJ\�HIILFLHQW�KRXVHV���5LIIDW����

)LJXUH� ��� 'DYLG� :LOVRQ� 0LOOHQLXP� (FR�+RXVH�6KRZLQJ�39�3DQHOV�DV�5RRI�7LOHV
���� (19,5210(17$/� ,03$&7� 2)� +($7�38036)RU� HYHU\� EXLOGLQJ�� D� KHDW� SXPS� V\VWHP� RIIHUV� DQ�H[FHOOHQW� ZD\� WR�PHHW� FRPIRUW� QHHGV� DQG� VDYH� HQHUJ\��,Q� KRPHV�� KHDW� SXPSV� KDYH� D� UHSXWDWLRQ� IRU� UHOLDEOH�RSHUDWLRQ� DQG� KLJK� SHUIRUPDQFH�� QHDUO\� ���� RI� QHZ�KRPHV� EXLOW� LQ� WKH� 86$� DQG� ���� RI� WKRVH� LQ� 6ZHGHQ�KDYH� D� KHDW� SXPS� V\VWHP�� 7KH� RFFXSDQWV� EHQHILW� IURP�ORZ�HQHUJ\�ELOOV�IRU�KHDWLQJ��DQG�ZKHQ�DSSURSULDWH��WKH\�FDQ� XVH� WKH� VDPH� V\VWHP� IRU� FRROLQJ�� 7KH�KHDW� SXPS¶V�KLJK� HIILFLHQF\� PHDQV� WKDW� LW� FRQVXPHV�PXFK� OHVV� IXHO�WKDQ� FRQYHQWLRQDO� V\VWHPV� IRU� KHDWLQJ� V\VWHPV�� 7KH�DGYDQWDJHV�RI�KHDW�SXPS�WHFKQRORJ\�DUH�EHLQJ�H[SORLWHG�WKURXJK� YDULRXV� DUHDV� RI� EXLOGLQJ� WHFKQRORJ\� VXFK� DV�KHDW�UHFRYHU\�DQG�FRROLQJ�
7KH�6FKRRO�RI� WKH�%XLOW�(QYLURQPHQW�KDV�GHYHORSHG�DQ�H[WHQVLYH�SRUWIROLR�RI�KHDW�SXPS�KHDW�SLSH�KHDW�UHFRYHU\�V\VWHPV� ZRUNHG� ZLWK� VHYHUDO� GLIIHUHQW� IXQGHUV� IURP�UHVHDUFK�DQG�LQGXVWU\���5LIIDW���	�����
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���� $� 129(/� +($7� 3803�+($7� 5(&29(5<�6<67(07KLV� ZRUN� LV� FRQFHUQHG� ZLWK� WKH� UHVHDUFK� LQWR� D� QRYHO�YHQWLODWLRQ�KHDW�UHFRYHU\�KHDW�SXPS��6HYHUDO�SURWRW\SHV�KDYH� EHHQ� EXLOW� WR� SURYLGH� KHDW� UHFRYHU\� DQG� KHDW�SXPSLQJ��7KH�V\VWHPV�DUH�EDVHG�RQ�UHYROYLQJ�KHDW�SLSHV�ZKLFK� VLPXOWDQHRXVO\� WUDQVIHU� KHDW� DQG� LPSHO� DLU�� 7KH�GHYLFHV� WKHUHIRUH� DFW� DV� IDQV� DV� ZHOO� DV� D� KHDW�H[FKDQJHUV�� +HDW� SXPSLQJ� LV� DFKLHYHG� E\� XWLOLVLQJ� D�UHFLSURFDWLQJ� FRPSUHVVRU� RU� D� IL[HG� QR]]OH� HMHFWRU�FRPSUHVVRU�� 7KH� V\VWHPV� DUH� FRPSDFW�� HQHUJ\� HIILFLHQW�DQG�XVH�DQ�HQYLURQPHQWDOO\�IULHQGO\� UHIULJHUDQW�ZLWK�QR�R]RQH� GHSOHWLRQ� SRWHQWLDO� DQG� YHU\� VPDOO� JOREDO�ZDUPLQJ� SRWHQWLDO�� )LJXUH� �� VKRZV� DQ� H[DPSOH� RI� WKH�KHDW� SXPS�KHDW� UHFRYHU\� V\VWHP�� 7KH� ZRUN� LQYROYHV�FRPSXWHU� PRGHOOLQJ�� FRPSRQHQWV� LQYHVWLJDWLRQ� DQG�SURWRW\SH�FRQVWUXFWLRQ�DQG�WHVWLQJ��

)LJXUH����+HDW�3XPS�+HDW�5HFRYHU\�6\VWHP
6HYHUDO� SURWRW\SH� ULJV� KDYH� EHHQ� GHVLJQHG�� EXLOW� DQG�WHVWHG�� $Q� DQQXODU� DUUD\� RI� UHYROYLQJ� KHDW� SLSHV�VSDQQLQJ� WZR� DGMDFHQW� FHQWULIXJDO� IDQ� FDVLQJV� DUH� XVHG�WR� ERWK� H[SHO� DLU� DQG� WUDQVIHU� KHDW�� $� K\EULG� V\VWHP�LQFRUSRUDWHV�D�FRPSUHVVRU�WR�SURYLGH�KHDW�SXPSLQJ��7KH�SURWRW\SH� V\VWHPV� XVH� HQYLURQPHQWDOO\� IULHQGO\�UHIULJHUDQWV�� 7KH� SURWRW\SH� V\VWHP� KDV� D� FRHIILFLHQW� RI�SHUIRUPDQFH��&23��RI�XS�WR�����DQG�DQ�DYHUDJH�&23�RI����� RYHU� D� UDQJH� RI� FRQGLWLRQV�� 7KH� V\VWHP� W\SLFDOO\�SURYLGHV����N:�RI�KHDWLQJ�IRU�DLU�VXSSOLHG�DW����P��KU��7KH� KHDW� SXPS¶V� KLJK� SHUIRUPDQFH�PHDQV� LW� FRQVXPHV�PXFK�OHVV�IXHO� WKDQ�FRQYHQWLRQDO�KHDWLQJ�ERLOHUV�DQG�VR�HPLWV� D� PXFK� OHVV� TXDQWLW\� RI� &2�� �� WKH� SULQFLSOH�FRQWULEXWRU� WR� WKH� JUHHQKRXVH� HIIHFW�� 7KH� V\VWHP� FDQ�DOVR�EH�XVHG�IRU�FRROLQJ�E\�VZLWFKLQJ�WKH�DLU�IORZV�RYHU�WKH� HYDSRUDWRU� DQG� FRQGHQVHU�� 7KH� SURWRW\SH� V\VWHP�UHTXLUHV� YHU\� OLWWOH� PDLQWHQDQFH� DQG� LV� FRPSDFW� DQG�HQHUJ\�HIILFLHQW���5LIIDW����
����'(6,&&$17�&22/,1*�6<67(0,Q� WKLV� UHVHDUFK� ZRUN� D� IOH[LEOH� ILEUH� µPRS¶� IDQ� ZDV�FRQVWUXFWHG� DV� DQ� µDLU� PRYLQJ¶� GHYLFH�� 7KLV� IDQ��RULJLQDOO\� D� FKLPQH\� VZHHS� EUXVK�� ZDV� PRXQWHG� RQ� D�VKDIW�ZLWKLQ� D� FHQWULIXJDO� IDQ� FDVLQJ��7KH�PRS� IDQ� LV� D�QRYHO�DLU�FOHDQLQJ�GHYLFH�WKDW�IXOILOV� WKH�IXQFWLRQV�RI��L��

GH�GXVWLQJ� RI� JDV� VWUHDPV�� LL�� UHPRYDO� RI� JDVHRXV�FRQWDPLQDQWV� IURP�JDV�VWUHDPV��DQG� LLL��JDV�FLUFXODWLRQ��7KH�GHVLFFDQW�FRROLQJ�V\VWHP�FDQ�EH�VHHQ�LQ�)LJXUH���

)LJXUH����'HVLFFDQW�&RROLQJ�6\VWHP
7KH� PRS� IDQ� LV� YHU\� VLPLODU� WR� D� FRQYHQWLRQDO��FHQWULIXJDO�YHQWLODWLRQ�IDQ�H[FHSW� WKDW� LW�XWLOLVHV�D�EUXVK�GLVN�LQVWHDG�RI�WKH�EODGH�GLVN�RI�WKH�ODWWHU��7KH�EUXVK�LV�WKLQO\� FRDWHG�ZLWK�ZDWHU� WR� WUDS� FROOLGLQJ� SDUWLFOHV� DQG�DEVRUE� JDVHV�� ,W� LV�PDGH� IURP�D� FRPPHUFLDO� FRUURVLRQ�UHVLVWDQW� IOH[LEOH� ILEUH� DQG� LV� FOHDQHG� E\� D VORZ�FRQWLQXRXV�VXSSO\�RI�ZDWHU�WR�LWV�VXUIDFHV��$V�WKH�ILEUHV�DUH� LQ� D� VWDWH� RI� FRQVWDQW� RVFLOODWLRQ�� VFDOH� GHSRVLWV� DUH�XQDEOH� WR� DGKHUH� DQG� WKH� GHYLFH� LV� YHU\� UHVLVWDQW� WR�IRXOLQJ�DQG�EORFNDJH��7KH�WUDSSHG�GXVW�IORZV�RXW�RI�WKH�IDQ� FDVH� DV� GLOXWH� VOXUU\�� $� GXVW� UHPRYDO� HIILFLHQF\� RI����� KDV� EHHQ� DFKLHYHG� DQG� WKLV� HIILFLHQF\� GHFUHDVHV�RQO\� VOLJKWO\� ZLWK� GHFUHDVLQJ� SDUWLFOH� VL]H�� 7KH� UHVXOWV�LQGLFDWH� WKDW� D� UHPRYDO� UDWLR� DSSURDFKLQJ� �����ZRXOG�EH� SRVVLEOH� ZLWK� RSWLPLVHG� IDQ� VSHHG�� ZDWHU� IORZ� UDWH�DQG�QXPEHU�RI�ILEUHV�
([SHULPHQWDO� LQYHVWLJDWLRQV� ZHUH� FDUULHG� RXW� XVLQJ� WKH�PRS� IDQ� WR� KXPLGLI\� DQG� FRRO� DLU�� 7KH� UHVXOWV� VKRZHG�WKDW� WKH� FRROLQJ� DFKLHYHG� DFURVV� WKH�PRS� LPSHOOHU�ZDV�DQ� DGLDEDWLF� SURFHVV�� 7KH� HIILFLHQF\� RI� WKH� PRS� LQ�VDWXUDWLQJ� D� SDVVLQJ� DLU� VWUHDP� ZDV� DV� JRRG� DV�FRPPHUFLDO�DLU�ZDVKHUV��DQG�D�FRPSDULVRQ�ZLWK�WKH�PRS�IDQ�KDV�EHHQ�VXPPDULVHG�
)XUWKHU� WHVWV� RQ� WKH� PRS� WR� GHKXPLGLI\� DLU� ZHUH�XQGHUWDNHQ�� 7KH� PRS� IDQ� VKRZHG� SRWHQWLDO� E\� XVLQJ�OLTXLG�DEVRUEHQW�VSUD\V�WR�DEVRUE�PRLVWXUH�IURP�SDVVLQJ�DLU VWUHDPV��7KH�DEVRUEHQWV�XVHG�ZHUH�OLWKLXP�EURPLGH��DQG� D� OHVV� FRUURVLYH� SRWDVVLXP� IRUPDWH�� $� V\VWHP�FRPELQLQJ�WKH�FRROLQJ�DQG�DEVRUELQJ�HIIHFW�RI�WKH�PRSV�ZDV� GHVLJQHG�� 7KH� V\VWHP�� NQRZQ� DV� D� GHVLFFDQW�V\VWHP�� DQG� QDPHG� 'HVLF$LU�� ZDV� FRQVWUXFWHG� DQG�WHVWHG�
7KH� PRS� IDQ� LV� FRVW�HIIHFWLYH�� UREXVW�� HIILFLHQW� DQG�IRXOLQJ�UHVLVWDQW� DQG� VHHPV� VXLWDEOH� IRU� DSSOLFDWLRQ� LQ�LQGXVWULDO��DJULFXOWXUDO��DQG�FRPPHUFLDO�EXLOGLQJV��HLWKHU�DV�D�XQLW��RU�SDUW�RI�D�V\VWHP���6KHKDWD����
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����$�7+(50$/�',2'(�:$//�6<67(07KLV� SURMHFW� LQYROYHV� WKH� LQYHVWLJDWLRQ� LQWR� D� ORZ� FRVW�VKHHW�PDWHULDO�ZKLFK�DFWV�DV�D�WKHUPDO�GLRGH��SHUPLWWLQJ�KHDW� WUDQVIHU� LQ� RQH� GLUHFWLRQ� ZKLOH� DFWLQJ� DV� DQ�LQVXODWLQJ�PDWHULDO� LQ� WKH�RSSRVLWH�GLUHFWLRQ��7KH�VKHHWV�DUH� GHVLJQHG� VR� WKDW� WKH\� PD\� EH� XVHG� DV� FODGGLQJ� RQ�QHZ�RU�H[LVWLQJ�EXLOGLQJV��7KH�REMHFWLYHV�RI�WKLV�SURMHFW�DUH�WR��
�� 7R� LQYHVWLJDWH� D� WKHUPDO� GLRGH� VXLWDEOH� IRU�IDEULFDWLRQ�LQ�VKHHW�IRUP�
�� 7R�LQYHVWLJDWH�PDQXIDFWXULQJ�PHWKRGV�IRU�WKH�GLRGH�ZKLFK� ZRXOG� EH� DPHQDEOH� WR� ORZ� FRVW� PDVV�SURGXFWLRQ�
�� 7R GHYLVH� DSSURSULDWH� PRGHOOLQJ� WHFKQLTXHV� WR�SHUPLW� SUHGLFWLRQ� RI� WKH� SHUIRUPDQFH� RI� YDULRXV�VWUXFWXUHV�LQFRUSRUDWLQJ�WKH�WKHUPDO�GLRGH�
�� 7R� GHWHUPLQH� WKH� HQHUJ\� VDYLQJ� SRWHQWLDO� RI� WKH�WKHUPDO�GLRGH�XQGHU�GLIIHUHQW�FOLPDWLF�FRQGLWLRQV�
)LJXUH� �� VKRZV� WKH� WKHUPDO� GLRGH� ZDOO� V\VWHP�� 7KH�FODGGLQJ� PDWHULDO� ZRXOG� KDYH� D� SRWHQWLDO� ZRUOGZLGH�PDUNHW� DQG� LWV� ZLGHVSUHDG� XVH� ZRXOG� UHVXOW� LQ� D�VXEVWDQWLDO� UHGXFWLRQ� LQ� WKH� HQHUJ\� FRQVXPHG� WR�PDLQWDLQ�FRPIRUWDEOH�FRQGLWLRQV�ZLWKLQ�EXLOGLQJV��2WKHU�SDUWQHUV� LQ� WKLV� SURMHFW� DUH� +HULRW� :DWW� 8QLYHUVLW\��6XO]HU� /WG� IURP� 6ZLW]HUODQG��8QLYHUVLW\� RI� 3RUWR� IURP�3RUWXJDO� DQG� ,VRWHUL[� /WG�� )XUWKHU� GHYHORSPHQW� RI� WKH�UHVHDUFK� ZLOO� LQFOXGH� WKH� LQYHVWLJDWLRQ� RI� VXSHU�LQVXODWLRQ�FODGGLQJ�LQ�FROODERUDWLRQ�ZLWK�6XO]HU�/WG�

)LJXUH����7KHUPDO�'LRGH�:DOO�6\VWHP
7KH�VRODU�VLPXODWRU�SURYLGHV�WKH�FRQWUROOHG�UDGLDWLRQ�RI�XS� WR� ���:�P� RQWR� WKH� WHVW� VDPSOH�� 0HWDO� KDOLGH�VRXUFHV� JLYH� D� VSHFWUDO� GLVWULEXWLRQ� DSSUR[LPDWLQJ�VXQOLJKW� ILW� IRU� WHVW� SXUSRVHV�� $Q� LQVXODWHG� HQFORVXUH�FORVHV� RII� RQH� VLGH� RI� WKH� GLRGH� ZDOO� WHVW� SLHFH�� 7KLV�WHPSHUDWXUH�FRQWUROOHG�E\�D�KHDWHU�FLUFXLW��DQG�VLPXODWHV�WKH� URRP�VLGH� FRQGLWLRQV� RI� D� EXLOGLQJ�� 7KH�HQYLURQPHQWDO� FKDPEHU� LQVWDOOHG� LQ� WKH� 0DUPRQW�(QHUJ\� &HQWUH� SURYLGHV� WKH� IDFLOLW\� WR� FRQWURO� NH\�HQYLURQPHQWDO� SDUDPHWHUV�� WHPSHUDWXUH� DQG� KXPLGLW\��

7KH� 6RXWK�(DVW� IDoDGH� KDV� UHPRYDEOH� JOD]LQJ��&RPSRQHQWV�PD\�KDYH�RQH�VLGH�LQVLGH�WKH�FKDPEHU��DQG�WKH� RWKHU� VXEMHFW� WR� H[WHULRU� DPELHQW� FRQGLWLRQV�� 7KH�HQYLURQPHQWDO� FKDPEHU� ZDV� VHW� WR� VLPXODWH� H[WHUQDO�FOLPDWLF�FRQGLWLRQV��$�YDULHW\�RI�WHPSHUDWXUH��KHDW�IORZ��DQG�JOREDO�UDGLDWLRQ�VHQVRUV�ZHUH�XVHG�WR�UHFRUG�WKH�NH\�SDUDPHWHUV�GXULQJ�WKH�WHVW�
$� VLPXODWLRQ� RI� RQH� FRPSOHWH� \HDU� XVLQJ� FOLPDWLF� GDWD�IRU� WKH� 1RWWLQJKDP� DUHD� ZDV� GRQH� DQG� WKH� SURPLVH� RI�WKH� GLRGH� ZDOO� V\VWHP� ZDV� DSSDUHQW� ZKHQ� FRPSDUHG�ZLWK� D� QRUPDO� LQVXODWHG� ZDOO� DQG� D� QRQ�LQVXODWHG� EDUH�ZDOO�� 7KH� WKHUPDO� GLRGH� ZDOO� KDG� D� SRVLWLYH� LQIOX[� RI�KHDW�LQWR�WKH�EXLOGLQJ�
����*5281'�6285&(�+($7�3803�6<67(07KH�WHUP�³JURXQG�VRXUFH´�LV�DSSOLHG�WR�D�YDULHW\�RI�KHDW�SXPS� V\VWHPV WKDW� XVH� JURXQG� VRLO�� JURXQG� ZDWHU� RU�JURXQG� VXUIDFH� ZDWHU� DV� D� KHDW� VRXUFH� RU� KHDW� VLQN��$6+5$(� ���� 7KLV� V\VWHP� LV� D� JURXQG� VRXUFH� KHDW�SXPS� V\VWHP� �*6+3�� IRU� VSDFH� KHDWLQJ� DQG� FRROLQJ� LQ�EXLOGLQJV��7KH�*6+3�V\VWHP�XWLOLVHV�WKH�IUHH��ORZ�JUDGH�KHDW� HQHUJ\� VWRUHG� LQ� WKH� HDUWK� E\� XSJUDGLQJ� LW� WR� D�XVHIXO�HQHUJ\�DW�D�KLJKHU�WHPSHUDWXUH���7KH�PDLQ�EHQHILW�RI�XVLQJ�WKH�*6+3�V\VWHP�LV�WKDW�WKH�WHPSHUDWXUH�RI�WKH�VXEVXUIDFH� LV� QRW� VXEMHFW� WR� WKH� ODUJH� YDULDWLRQV�H[SHULHQFHG� E\� DLU�� FXUUHQWO\� WKH�PRVW� FRPPRQ� HQHUJ\�VRXUFH�IRU�KHDW�SXPSV��DQG�WKHUHIRUH�PRUH�HIILFLHQW�DQG�UHOLDEOH� V\VWHPV� DUH� SRVVLEOH�� $� FORVHG� ORRS� *6+3�V\VWHP� KDV� EHHQ� LQVWDOOHG� DW� WKH� 0DUPRQW� 5HQHZDEOH�(QHUJ\� 5HVHDUFK� &HQWUH� RI� WKH� 6FKRRO� RI� WKH� %XLOW�(QYLURQPHQW�� �5LIIDW� ���� 7KH� V\VWHP� FRQVLVWV� RI� D�UHYHUVH� F\FOH� ZDWHU�WR�DLU� KHDW� SXPS� FRXSOHG� WR� WKUHH�YHUWLFDO� JURXQG� ORRSV� �RQH�8�WXEH� DQG� WZR� FRQFHQWULF�WXEHV���,QYHVWLJDWLRQV�RI�WKH�WKHUPDO�SHUIRUPDQFH�RI�WKLV�V\VWHP� KDYH� EHHQ� FDUULHG� RXW� IRU� GLIIHUHQW� JURXQG� KHDW�H[FKDQJHU� GHVLJQV LQ� RUGHU� WR� H[DPLQH� WKHLU� HIIHFW� RQ�WKH� RYHUDOO� WKHUPDO� SHUIRUPDQFH� RI� WKH� V\VWHP�� 7KLV�ZRXOG� KHOS� GHYHORS� PRUH� HQHUJ\� HIILFLHQW� DQG� FRVW�FRPSHWLWLYH�JURXQG�VRXUFH�KHDW�SXPS�V\VWHPV�
7KH�*6+3�V\VWHP�LQVWDOOHG�DW� WKH�0DUPRQW�5HQHZDEOH�(QHUJ\� 5HVHDUFK� &HQWUH� LQFRUSRUDWHV� D� ZDWHU�WR�DLU��YDSRXU�FRPSUHVVLRQ�� UHYHUVH�F\FOH�KHDW�SXPS�XQLW��7KH�KHDW�SXPS�XVHV�5����&�DV�WKH�ZRUNLQJ�IOXLG��,W�DOVR�KDV�ORZ� JOREDO� ZDUPLQJ� SRWHQWLDO�� 7KH� KHDW� SXPS� XQLW� LV�FRXSOHG� WR� WKH� JURXQG� YLD� WKUHH� YHUWLFDO� FORVHG� ORRSV��7KHVH� ORRSV�� ZKLFK� DUH� QRUPDOO\� FDOOHG� JURXQG�FRXSOLQJV� RU� JURXQG� KHDW� H[FKDQJHUV�� DUH� PDGH� IURP�YLUWXDOO\� LQGHVWUXFWLEOH� IXVLRQ� ZHOGHG�� KLJK�GHQVLW\�SRO\HWK\OHQH� SLSHV�� 7KH� ORRSV� KDYH� D� WRWDO� JURXQG�FRXSOLQJ� OHQJWK� RI� ��� PHWUHV�� 7KH\� DUH� ILOOHG� ZLWK� D�PL[WXUH� RI� ZDWHU� DQG� DQWLIUHH]H� �PRQR� SURS\OHQH�JO\FRO��DQG�FRQQHFWHG�LQ�SDUDOOHO�WR�WKH�KHDW�SXPS�XQLW��7KH�KHDW�SXPS�KDV�EHHQ�WHVWHG�XQGHU�YDULRXV�RSHUDWLQJ�FRQGLWLRQV��7KH�FRHIILFLHQW�RI�SHUIRUPDQFH��&23��ZDV�D�PD[LPXP�RI�����IRU�KHDWLQJ�DQG�����IRU�FRROLQJ��
����&22/�*(1&RRO�*HQ� LV� DQ� LQWHJUDWHG� K\EULG� VRODU�JDV� V\VWHP� IRU�SRZHU�JHQHUDWLRQ��KHDWLQJ�DQG�FRROLQJ�RI�EXLOGLQJV��7KH�SXUSRVH� RI� WKH� &RROJHQ� SURMHFW�� ZDV� WR� GHYHORS� D�
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FRPELQHG� FRROLQJ�� HOHFWULFLW\� JHQHUDWLRQ� DQG� KHDWLQJ�V\VWHP� UXQ� E\� VRODU� HQHUJ\�� ZLWK� JDV� EDFNXS�� RU� E\�ZDVWH� KHDW�� 7KH� SURMHFW� LQYROYHG� D� QXPEHU� RI� SDUWQHUV�LQFOXGLQJ� WKH� 6FKRRO� RI� WKH� %XLOW� (QYLURQPHQW�� WKH�8QLYHUVLW\� RI�3RUWR��7KHUPRPD[�/WG� �PDQXIDFWXUHUV�RI�HYDFXDWHG�WXEH�VRODU�FROOHFWRUV���$OO�9HQWXUL�(TXLSPHQW��PDQXIDFWXUHUV� RI� HMHFWRUV�� DQG� %HDFRQ� (QHUJ\� �D�UHQHZDEOH� HQHUJ\� FRQVXOWDQF\��� 7KH� 6FKRRO� KDG�SUHYLRXVO\� EHHQ� LQYROYHG� LQ� SURMHFWV� WR� GHYHORS� D�5DQNLQH� F\FOH� WXUELQH� DQG� D� QXPEHU� RI� HMHFWRU� FRROLQJ�V\VWHPV�GULYHQ�E\�VRODU�HQHUJ\��7KLV�H[SHULHQFH�HYROYHG�LQWR�WKH�&RROJHQ�SURMHFW�ZKLFK�FRPELQHV�ERWK�F\FOHV�
7KH�&RROJHQ� V\VWHP� LV� VKRZQ� LQ� WKH� ILJXUH�DERYH��7KH�UHIULJHUDQW� LQ� WKH� ERLOHU� LV� VXSSOLHG� ZLWK� KHDW� IURP� D�ZDVWH� KHDW� V\VWHP� RU� E\� VRODU� HQHUJ\�� 7KH� YDSRXU�JHQHUDWHG�LQ�WKH�ERLOHU�LV�WKHQ�FKDQQHOOHG�WKURXJK�HLWKHU�WKH� WXUELQH� RU� WKH� HMHFWRU�� 7KH� YDSRXU� H[SDQGLQJ�WKURXJK� WKH� WXUELQH�JHQHUDWHV�HOHFWULFLW\�DQG�WKH�YDSRXU�JRLQJ� WKURXJK� WKH�JHQHUDWRU�FDXVHV�WKH�HYDSRUDWLRQ�DQG�HQWUDLQLQJ�RI�YDSRXU�IURP�WKH�HYDSRUDWRU�WKDW�FDXVHV�WKH�HYDSRUDWRU�WR�FRRO��7KH�FRROLQJ�IURP�WKH�HYDSRUDWRU�FDQ�WKHQ� EH�PL[HG� ZLWK� YHQWLODWLRQ� DLU� WR� SURGXFH� FRROLQJ��7KH� YDSRXU� DIWHU� WKH� WXUELQH� DQG� WKH� HMHFWRU� LV� WKHQ�FRQGHQVHG�LQ�WKH�FRQGHQVHU��7KH�KHDW�H[WUDFWHG�IURP�WKH�FRQGHQVHU� FDQ� EH� XVHG� IRU� VSDFH� KHDWLQJ� RU� SUHKHDWLQJ�RI� ZDWHU�� 8VLQJ� ERLOHU� WHPSHUDWXUHV� RI� ���R&�� WXUELQH�HIILFLHQFLHV� RI� ��� DQG� FRROLQJ� FRHIILFLHQWV� RI�SHUIRUPDQFH��&23��RI�����WR������ZHUH�DFKLHYHG��
7KH�PDLQ�EHQHILWV�RI�WKH�V\VWHP�DUH���� /RZ� HPLVVLRQV� IURP� WKH� V\VWHP� �=HUR� LI� VRODU�HQHUJ\� RU� ZDVWH� KHDW� DORQH� LV� XVHG�� KRZHYHU� LW� LV�XVXDOO\�QHFHVVDU\�WR�XVH�D�JDV�VXSSOHPHQW��
�� 3URYLVLRQ� RI� DOO� EXLOGLQJ� QHHGV� �+HDWLQJ�� FRROLQJ�DQG�HOHFWULFLW\��IURP�RQH�FRPSDFW�V\VWHP�$OWKRXJK� WKH� V\VWHP� KDV� EHHQ� GHPRQVWUDWHG� DQG�LQVWDOOHG� DW� WKH� RIILFHV� RI� %HDFRQ� (QHUJ\�� IXUWKHU�GHYHORSPHQW� ZRUN� QHHGV� WR� EH� FDUULHG RXW� WR� DFKLHYH�EHWWHU� WXUELQH� HIILFLHQF\� DQG� FRROLQJ�&23¶V��$�QXPEHU�RI� LGHDV� DUH� EHLQJ� H[SORUHG� LQFOXGLQJ� UXQQLQJ� WKH�V\VWHP�XVLQJ�FRQFHQWUDWLQJ�FROOHFWRUV� WR�DFKLHYH�KLJKHU�WHPSHUDWXUHV�DQG�WKH�XVH�RI�HOHFWURJDVG\QDPLFV���5LIIDW����
�����&/2685(7KLV� SDSHU� KDV� SUHVHQWHG� D� VXPPDU\� RI� WKH� PDLQ�UHVHDUFK�WKHPHV�RI�WKH�6FKRRO�RI�WKH�%XLOW�(QYLURQPHQW��6RSKLVWLFDWHG� IDFLOLWLHV� KDYH� DOORZHG� FRPSUHKHQVLYH�LQYHVWLJDWLRQ� RI� QHZ� KHDW� V\VWHPV� LQ� UHDO� VLWXDWLRQV��1RYHO�WHFKQRORJLHV�LQ�DLU�FRQGLWLRQLQJ�DQG�UHIULJHUDWLRQ�KDYH� EHHQ� GHYHORSHG� VXFFHVVIXOO\� DW� WKH� 6FKRRO� DQG�WKHVH�KDYH�EHHQ�VXFFHVVIXOO\�LQWHJUDWHG�ZLWK�VXVWDLQDEOH�
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