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ABSTRACT 
�
$FURVV�HQJLQHHULQJ�HGXFDWLRQ�LQ�&DQDGD�DQG�WKH�ZRUOG��WKHUH�LV�DQ�LQFUHDVHG�UHFRJQLWLRQ�RI�
WKH� LPSRUWDQFH�RI�VXVWDLQDELOLW\�PLQGVHWV��SDUWLFXODUO\�VLQFH� WKH�DGRSWLRQ�RI� WKH�6XVWDLQDEOH�
'HYHORSPHQW�*RDOV�LQ�������7UDGLWLRQDOO\��VXVWDLQDELOLW\�ZLWKLQ�HQJLQHHULQJ�KDV�IRFXVHG�RQ�WKH�
WHFKQLFDO� LVVXHV�DQG� WDNHQ�D� YHU\�HQG�RI�WKH�OLQH�DSSURDFK�� IRU� H[DPSOH� ORRNLQJ�DW� KRZ� WR�
WHFKQLFDOO\�PDQDJH�DQG�UHGXFH�SROOXWLRQ��7HMHGRU�HW�DO����������7KHUH�LV�D�JURZLQJ�UHFRJQLWLRQ�
RI� WKH� QHHG� WR� WUDQVLWLRQ� WR� D�PRUH� KROLVWLF� V\VWHPV� DSSURDFK� WR�PRUH� HIIHFWLYHO\� DGGUHVV�
VXVWDLQDELOLW\� E\�FRQVLGHULQJ� WKH� ³FRPSOH[��V\VWHPLF� LQWHUFRQQHFWLRQV�DQG�FDXVH�DQG�HIIHFW�
UHODWLRQVKLSV´� �6DQGUL���������7KLV� LV� DOVR� UHIOHFWHG�ZLWKLQ� WKH�&',2�6\OODEXV����� VHFWLRQ���
ZKLFK� KLJKOLJKWV� WKH� LPSRUWDQFH� RI� V\VWHPV� HQJLQHHULQJ�ZLWKLQ� VRFLHWDO� DQG� HQYLURQPHQWDO�
FRQWH[WV�� $W� WKH� 8QLYHUVLW\� RI� &DOJDU\�� ZH� GHYHORSHG� D� SURJUDP� LQ� VXVWDLQDEOH� V\VWHPV�
HQJLQHHULQJ�IURP�WKH�JURXQG�XS��ZKHUH�ZH�LQWHQWLRQDOO\�LPEHGGHG�D�V\VWHPV�DSSURDFK�DQG�D�
UHJHQHUDWLYH�GHVLJQ�PLQGVHW� IURP� WKH� RQVHW�� ,Q� WKLV� SDSHU��ZH� SURYLGH� DQ� RYHUYLHZ� RI� WKH�
IUDPHZRUNV�ZH�KDYH�XVHG�WR�JXLGH�RXU�SURJUDP�GHYHORSPHQW��)RU�H[DPSOH��WKH�HQJLQHHULQJ�
IRU�RQH�SODQHW�IUDPHZRUN��(23��������DLPV�WR�³PLQLPL]H�QHJDWLYH�LPSDFWV��VWULYH�WR�DFKLHYH�
DW� OHDVW� QHW� QHXWUDO� RXWFRPHV�� DQG�� LGHDOO\�� DUH� UHVWRUDWLYH´� �S����� ,I� ZH� DUH� WR� EH� WUXO\�
WUDQVGLVFLSOLQDU\� LQ� RXU�DSSURDFK� WR� VROYLQJ� FRPSOH[� FKDOOHQJHV��ZH�QHHG� WR�PRYH� IURP� D�
KXPDQ�FHQWHUHG�WR�D�OLIH�FHQWHUHG�DSSURDFK��2YHUDOO��ZH�KRSH�WR�IRVWHU�PLQGVHWV�WR�GHYHORS�
HQJLQHHULQJ� VWXGHQWV� ZKR� DUH� DEOH� WR� IXQGDPHQWDOO\� VKLIW� WKH� GLVFRXUVH� RQ� VXVWDLQDELOLW\�
HQJLQHHULQJ�ZLWKLQ�LQGXVWU\��DQG�FULWLFDOO\�UHIOHFW�RQ�WKH�UROH�RI�HQJLQHHULQJ�LWVHOI��$V�HQJLQHHUV�
RXU� UHVSRQVLELOLW\� LV�QRW�RQO\� WR�VRFLHW\�DQG�FXOWXUH��EXW�DOVR� WR�QDWXUH�DQG� WKH�SODQHW��7KLV�
SURJUDP�DLPV� WR�SURYLGH�VWXGHQWV�ZLWK� WKH�QHFHVVDU\�VNLOOVHWV� WR� IRVWHU� UHDO�FKDQJH�DFURVV�
HQJLQHHULQJ�LQGXVWULHV�WR�EHWWHU�VXSSRUW�WKH�LQWHUUHODWHG�HOHPHQWV�RI�RXU�VRFLHW\�DQG�SODQHW��
�
�
�
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�
INTRODUCTION 
�
7KHUH�DUH�PDQ\�FDOOV�WR�FKDQJH�VXVWDLQDELOLW\�HGXFDWLRQ�LQ�HQJLQHHULQJ��DQG�WKHVH�FDOOV�DUH�
FRQWLQXRXVO\� EHFRPLQJ� PRUH� XUJHQW�� $V� H[SUHVVHG� LQ� D� UHFHQW� -RXUQDO� RI� (QJLQHHULQJ�
(GXFDWLRQ�HGLWRULDO��LW�KDV�EHFRPH�PRUH�HYLGHQW�WKDW�ZH�QHHG�D�IXQGDPHQWDO�FKDQJH�WR�WKH�
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ZD\�ZH�WHDFK�HQJLQHHULQJ��6SHFLILFDOO\��HQJLQHHULQJ�HGXFDWLRQ�QHHGV�����WR�DFNQRZOHGJH�WKDW�
HQJLQHHULQJ�GHVLJQ�LV�GLUHFWO\�OLQNHG�WR�WKH�FOLPDWH������WR�EH�PRUH�LQWHUGLVFLSOLQDU\������WR�WDNH�
D�VRFLDO�MXVWLFH�DSSURDFK�WR�HQJLQHHULQJ��DQG�����WR�FR�FUHDWH�ZLWK�GLYHUVH�FRPPXQLWLHV��0DUWLQ�
HW�DO����������
�
6XVWDLQDELOLW\� HGXFDWLRQ� LQ�HQJLQHHULQJ�KDV� UDSLGO\� LQFUHDVHG�RYHU� WKH� ODVW�FRXSOH�GHFDGHV�
�7K�UHU�HW�DO����������DOWKRXJK�PXFK�RI�WKLV�HGXFDWLRQ�IRFXVHV�RQ�HFRQRPLF�DQG�HQYLURQPHQWDO�
VXVWDLQDELOLW\�� ZLWK� OLWWOH� IRFXV� RQ� VRFLDO� VXVWDLQDELOLW\� �5H\QDQWH�� ������� (YHQ� WKH� PRVW�
VXFFHVVIXO� HIIRUWV� LQ� LQWHJUDWLQJ� VXVWDLQDELOLW\� DFURVV� D� FXUULFXOXP� VWLOO� ILQG� EDUULHUV� RQ�
VXVWDLQDELOLW\�EHLQJ�FRQVLGHUHG�D�³VRIW´�VNLOO�WKDW�LV�QRW�YDOXHG�LQ�HQJLQHHULQJ��DQG�QR�RQH�ZLOOLQJ�
WR�WDNH�RZQHUVKLS�RYHU�WKH�VXVWDLQDELOLW\�FRQWHQW��5H\QDQWH��������SURYLGHV�D�FOHDU�RXWOLQH�LQ�
WKHLU� FRPSUHKHQVLYH� OLWHUDWXUH� UHYLHZ� RI� WKH� FRQWLQXLQJ� PLQGVHWV� DQG� LGHRORJLHV� WKDW�
PDUJLQDOL]H� VXVWDLQDELOLW\� HIIRUWV� LQ� HQJLQHHULQJ� HGXFDWLRQ� ZKLFK� LQFOXGH�� SRVLWLYLVP� DQG�
REMHFWLYLW\��UHGXFWLRQLVP��WHFKQLFDO�VRFLDO�GXDOLVP��WHFKQR�VROXWLRQLVP��DQG�FRQVXPHULVP�DQG�
PDWHULDOLVP��
�
7KH�&',2�V\OODEXV�DOVR�UHFRJQL]HV�WKH�LPSRUWDQFH�RI�WKLV�FKDQJH�LQ�PLQGVHW�WRZDUGV�WKH�ZD\�
ZH� WHDFK� HQJLQHHULQJ�� LQFOXGLQJ� WKH� IROORZLQJ� H[DPSOHV� ZLWKLQ� VHFWLRQ� �� �WKH� LQQRYDWLRQ�
SURFHVV��RI�WKH�&',2�6\OODEXV������0DOPTYLVW�HW�DO���������&',2��Q�G����

•� ������1HHGV�YV��ZDQWV�ZLWK�UHVSHFW�WR�MXVWLFH�DQG�VXIILFLHQF\�
•� ������8QGHUVWDQGLQJ�FRQGLWLRQV�IRU�RSHUDWLQJ�ZLWKLQ�SODQHWDU\�ERXQGDULHV�
•� ������'HVLJQ�IRU�&LUFXODU�(FRQRP\�

�
7KHUH�DUH�PDQ\�DSSURDFKHV�WR�FKDQJH�LQ�HQJLQHHULQJ�HGXFDWLRQ��VHH�5H\QDQWH���������$W�WKH�
8QLYHUVLW\�RI�&DOJDU\��ZH�GHYHORSHG�DQG�DUH�QRZ�LPSOHPHQWLQJ�DQ�HQWLUH�QHZ�SURJUDP�FDOOHG�
WKH�6XVWDLQDEOH�6\VWHPV�(QJLQHHULQJ�3URJUDP��3DXO�HW�DO���������3DXO�	�(JJHUPRQW���������
,Q�WKLV�SDSHU��ZH�ZLOO�SURYLGH�D�GLVFXVVLRQ�RI�RXU�UDWLRQDOH�DQG�PLQGVHWV�LQ�WKH�GHYHORSPHQW�RI�
WKH�SURJUDP��DV�ZHOO�DV�DQ�RYHUYLHZ�RI�WKH�SURJUDP�GHVLJQ��
�
�
BACKGROUND LITERATURE 
�
,QWHJUDO� WR� WKH� GHVLJQ� RI� WKH� QHZ� VXVWDLQDELOLW\� SURJUDP� ZDV� LQFRUSRUDWLQJ� OLWHUDWXUH� WKDW�
LQIRUPHG� WKH� PLQGVHWV� DFURVV� WKH� SURJUDP� FXUULFXOXP�� 6SHFLILFDOO\�� KHUH� ZH� GLVFXVV� WKH�
(QJLQHHULQJ�IRU�2QH�3ODQHW�IUDPHZRUN��DQG�WKH�LPSRUWDQFH�RI�LQWHJUDWLQJ�MXVWLFH�DSSURDFKHV��
�
Engineering for One Planet 
�
³3ULQFLSOHV�RI� (QYLURQPHQWDOO\�5HVSRQVLEOH� (QJLQHHULQJ��&UHDWLQJ�D�5RDGPDS� IRU�&KDQJH´�
ZDV�D�URXQGWDEOH�DWWHQGHG�E\�WKH�DXWKRU�LQ������ZKLFK�OHG�WR�EHFRPLQJ�D�FRQWULEXWRU�WR�DQ�
LQLWLDO�(QYLURQPHQWDOO\�5HVSRQVLEOH�(QJLQHHULQJ��(5(��'HILQLWLRQ�DQG�)UDPHZRUN�WR�EHLQJ�D�
PHPEHU�RI�WKH�(QJLQHHULQJ�IRU�2QH�3ODQHW��(23��'HVLJQ�7HDP�IURP������WR�������1RZ�NQRZQ�
DV�WKH�(23�IUDPHZRUN��LW�LV�GHILQHG�DV�IROORZV���
�

7KH�(23� IUDPHZRUN� RXWOLQHV� WKH� FURVV�FXWWLQJ� NQRZOHGJH�� DZDUHQHVV� DQG�
FRPSHWHQFLHV�QHHGHG�WR�GHVLJQ��EXLOG��PDQDJH�DQG�LPSOHPHQW�HQJLQHHULQJ�
VROXWLRQV�WKDW�PLQLPL]H�QHJDWLYH�LPSDFWV��VWULYH�WR�DFKLHYH�DW�OHDVW�QHW�QHXWUDO�
RXWFRPHV��DQG��LGHDOO\��DUH�UHVWRUDWLYH��(23�ZLOO�HQDEOH�HQJLQHHUV�WR�EH�EHWWHU�
HTXLSSHG�WR�FUHDWH�SRVLWLYH�RXWFRPHV�IRU� WKH�SODQHW�DQG�WKH� OLIH� LW�VXVWDLQV��
QRZ�DQG� IRU� IXWXUH�JHQHUDWLRQV��DQG�WR�KHOS�HFRV\VWHPV�UHFRYHU�DQG�WKULYH�
ZKHQ�SRVVLEOH��5DWKHU�WKDQ�D�QHZ�GLVFLSOLQH��(23�FRPSULVHV�WKH�IXQGDPHQWDO�
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OHDUQLQJ� RXWFRPHV� WKDW� HYHU\� JUDGXDWLQJ� HQJLQHHU� ²UHJDUGOHVV� RI�
VXEGLVFLSOLQH��LQVWLWXWLRQ��LGHQWLW\��RU�JHRJUDSK\²�QHHGV�WR�DFTXLUH�WR�H[FHO�DV�
HQJLQHHUV�RSHUDWLQJ�ZLWKLQ�RXU�SODQHW
V�FRQVWUDLQWV��%\�SRVVHVVLQJ�WKH�EDVLF�
NQRZOHGJH��XQGHUVWDQGLQJ��VNLOOV��H[SHULHQFHV�DQG�EHKDYLRUV�RI�(23��IXWXUH�
HQJLQHHUV�ZLOO�EH�SUHSDUHG�ZLWK�WKH�FRPSHWHQFLHV�WR�HQVXUH�WKDW�HQJLQHHULQJ�
GLVFLSOLQHV�GR�QRW� LQDGYHUWHQWO\�KDUP�EXW�VHHN�WR�HQKDQFH�WKH�ZHOO�EHLQJ�RI�
KXPDQV�DQG�WKH�OLYLQJ�SODQHW���(23��������

�
7KH�(23� IUDPHZRUN� �VHH�)LJXUH����KDV�V\VWHPV� WKLQNLQJ�DW� LWV�FRUH� WHDFKLQJ�VWXGHQWV� WKH�
DELOLW\�WR�LGHQWLI\�DQG�XQGHUVWDQG�LQWHUFRQQHFWHGQHVV�DQG�KRZ�DOO�KXPDQ�PDGH�GHVLJQV�UHO\�
XSRQ�DQG�DUH�HPEHGGHG�ZLWKLQ�HFRORJLFDO�V\VWHPV��,Q�DGGLWLRQ��LW�WRXFKHV�RQ�IHHGEDFN�ORRSV��
WLSSLQJ�SRLQWV��DQG�V\VWHP�UHVLOLHQFH��7KH�SURJUDP�DLPV�WR�IRVWHU�VWXGHQWV�ZLWK�WKH�VNLOOVHWV�
QHFHVVDU\� WR� FRQVLGHU� RXWFRPHV� RI� SUHVHQW� HQJLQHHULQJ� GHVLJQ� GHFLVLRQV� RQ� IXWXUH�
JHQHUDWLRQV��,Q�XQGHUVWDQGLQJ�WUDGHRIIV�DQG�LGHQWLI\LQJ�LPSDFWV�EHWZHHQ�GLIIHUHQW�SDUWV�RI�WKH�
V\VWHP�LW�UHPLQGV�RQH�RI�.DWH�5DZRUWK¶V�'RXJKQXW�(FRQRPLFV��5DZRUWK��Q�G����PHHWLQJ�WKH�
QHHGV�RI�DOO��WKH�VRFLDO�IRXQGDWLRQ��ZLWKLQ�WKH�PHDQV�RI�WKH�SODQHW��WKH�HFRORJLFDO�FHLOLQJ���
�
7KH�IUDPHZRUN�LQFOXGHV�VNLOOV�UHFRJQL]DEOH�IRU�DQ\�HQJLQHHULQJ�SURJUDP�VXFK�DV�OHDGHUVKLS��
WHDPZRUN��DQG�FULWLFDO�WKLQNLQJ��DOO�ZKLOH�HPSKDVL]LQJ�WKH�UROH�RI�HQYLURQPHQWDO�UHVSRQVLELOLW\��
'HVLJQ��PDWHULDOV�FKRLFH��DQG�HQYLURQPHQWDO�LPSDFW�PHDVXUHPHQW�DUH�OLVWHG�DV�NH\�WHFKQLFDO�
VNLOOV�EXW�SD\V�DWWHQWLRQ�WR�XQGHUVWDQGLQJ�HQYLURQPHQWDO�DQG�VRFLDO�LPSDFWV�RI�RWKHUV¶�GHVLJQV�
DQG� VHWWLQJ� JRDOV� WR� PLQLPL]H� HQYLURQPHQWDO� LPSDFW�� :KHUH� LW� H[SDQGV� PRVW� RQ� FXUUHQW�
HQJLQHHULQJ� FXUULFXOXP� LV� LQ� WKH� NQRZOHGJH� DQG�XQGHUVWDQGLQJ� FDWHJRU\� RI� WKH� IUDPHZRUN��
(QYLURQPHQWDO� OLWHUDF\�� UHVSRQVLEOH�EXVLQHVV�DQG�HFRQRP\��DQG�VRFLDO� UHVSRQVLELOLW\� LQ� WKLV�
GRPDLQ�DGG�VHYHUDO�LQWHUHVWLQJ�DQG�UHOHYDQW�HGXFDWLRQ�SLHFHV�IRU�IXWXUH�HQJLQHHULQJ�VWXGHQWV��
$GYDQFHG�FRQFHSWV�VXFK�DV�DQ�DZDUHQHVV�RI�NH\�HQYLURQPHQWDO�ODZV��HWKLFV�DQG�SROLFLHV�DW�
WKH� UHJLRQDO�� QDWLRQDO�� DQG� JOREDO� OHYHOV�� DQ� DELOLW\� WR� FRQVLGHU� HWKLFDO� LPSOLFDWLRQV� EH\RQG�
FXUUHQW�FRPSOLDQFH�DQG�SROLWLFDO�ERXQGDULHV��DQG�NQRZOHGJH�RI�HFRV\VWHPV�VHUYLFHV�DUH�D�IHZ�
RI�WKH�NH\�NQRZOHGJH�EDVHG�SLHFHV�WKDW�WKH�IUDPHZRUN�UHFRPPHQGV�LQ�RUGHU�WR�HGXFDWH�D�QHZ�
EUHHG�RI�HQJLQHHUV���
�
1HZ�EXVLQHVV�PRGHOV�� VXFK�DV�PRGHOV� WKDW� OHYHUDJH�SURGXFW� GXUDELOLW\� DUH� FORVHO\� WLHG� WR�
GHVLJQ�DQG�HQFRXUDJHV�WHDFKLQJ�GHVLJQ�IRU�FLUFXODULW\��7KH��5V��ZKLFK�PD\�EH�XS�WR����QRZ��
KHOS� WR� SURPRWH� WKH� LGHD� RI� FLUFXODULW\�� UHIXVH�� UHWKLQN�� UHGXFH�� UHXVH�� UHSDLU�� UHIXUELVK��
UHPDQXIDFWXUH��UHSXUSRVH��UHF\FOH��.KDZ�QJHUQ�HW�DO����������7KLV��DORQJ�ZLWK�DQ�DZDUHQHVV�
RI�HPHUJLQJ�HFRQRPLF�V\VWHPV�LQWHQGHG�WR�SURPRWH�HQYLURQPHQWDO�DQG�VRFLDO�UHVSRQVLELOLW\�LQ�
HFRQRPLF�WKLQNLQJ�WLHV�EDFN�WR�V\VWHPV�WKLQNLQJ�DQG�GRXJKQXW�HFRQRPLFV��
�
2XU�VWXGHQWV�QHHG�WR�EH�DZDUH�DV�JOREDO�FLWL]HQV�RI�VRFLDO�DQG�FXOWXUDO�LPSOLFDWLRQV�UHODWHG�WR�
ORFDO�� UHJLRQDO�� DQG� JOREDO� PDWHULDOV� XVH� DQG� OHDUQ� WR� UHFRJQL]H� WKDW� LPSDFWV� DUH�
GLVSURSRUWLRQDWHO\�ERUQH�E\�ORZ�LQFRPH�DQG�PLQRULW\�JURXSV��
�
&XUUHQW�DQG�SDVW�HQJLQHHULQJ�PLQGVHWV�DQG�LGHRORJLHV�WKDW�PDUJLQDOL]H�VXVWDLQDELOLW\�ZLOO�KDYH�
WR� VWDUW� WDNLQJ�D� EDFNVHDW� LI� ZH�ZDQW� RXU� VSHFLHV� WR� VXUYLYH�� 7KLV� LQFOXGHV� �� DPRQJ� RWKHU�
PLQGVHWV���QRW�SHUSHWXDWLQJ�WKH�FXUUHQW�WHFKQR�VRFLDO�GXDOLVP�DQG�WHFKQR�VROXWLRQLVP��WKDW�WKH�
VRFLDO� LV� LUUHOHYDQW� DQG� WKH�EHOLHI� WKDW� WHFKQRORJ\� FDQ�XQLODWHUDOO\�VROYH� FRPSOH[�VRFLDO�DQG�
HQYLURQPHQWDO�SUREOHPV��5H\QDQWH���������7LPH�WR�OHDYH�WKH�FRPIRUW�RI�WKH�TXDQWLILDEOH�DQG�
GLS�RXU�WRHV�LQ�WKH�PHVV\��XQUHOLDEOH��GDWD�VNHZLQJ�H[WHUQDOLWLHV�RI�WKH�TXDOLWDWLYH���
�
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�
)LJXUH����(QJLQHHULQJ�IRU�2QH�3ODQHW�IUDPHZRUN��(23��������

�
�
�
Environmental Justice in Engineering Education 
�
$URXQG�WKH�ZRUOG�WKHUH�DUH�PDQ\�H[DPSOHV�RI�KRZ�HQJLQHHULQJ�KDV�SOD\HG�D�VLJQLILFDQW�UROH�LQ�
HQYLURQPHQWDO� GHJUDGDWLRQ� WKDW� GLVSURSRUWLRQDWHO\� LPSDFWV� EODFN�� LQGLJHQRXV�� DQG� RWKHU�
PLQRULWL]HG�LGHQWLWLHV��)RU�H[DPSOH��HYHQ�WKRXJK�6KRDO�/DNH�KDV�SURYLGHG�GULQNLQJ�ZDWHU�IRU�
WKH�FLW\�RI�:LQQLSHJ�IRU�RYHU�D�FHQWXU\��LW�ZDVQ¶W�XQWLO������WKDW�WKH�6KRDO�/DNH����)LUVW�1DWLRQ¶V�
FRPPXQLW\�ZDV�SURYLGHG�ZLWK�VDIH�GULQNLQJ�ZDWHU��1RW�RQO\�WKDW��EXW�WKH�HQJLQHHULQJ�GHFLVLRQV�
PDNLQJ�DQ�DTXHGXFW�DW�6KRDO�/DNH�LVRODWHG�WKH�LQGLJHQRXV�FRPPXQLW\�PDNLQJ�LW�LPSRVVLEOH�
IRU�WKHP�WR�WUDYHO��3HUU\���������,Q�WKH�8QLWHG�6WDWHV��WKH�)OLQW�ZDWHU FULVLV�LV�DQRWKHU�H[DPSOH�
ZKHUH� VLQFH� ����� HOHYDWHG� OHYHOV� RI� OHDG� KDYH� EHHQ� IRXQG� LQ� WKH� ZDWHU� V\VWHP� GXH� WR�
HQJLQHHULQJ�GHFLVLRQV�DQG�PLVWDNHV��0DVWHQ��'DYLHV�	�0FHOPXUU\����������
�
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7KHVH�DUH�RQO\�WZR�H[DPSOHV�RI�KRZ�HVVHQWLDO�RI�D�UROH�HQJLQHHUV�SOD\�LQ�HQYLURQPHQWDO�MXVWLFH��
DQG� KRZ� WUDGLWLRQDOO\� WKHVH� VRFLDO� MXVWLFH� FRQVLGHUDWLRQV� KDYH� EHHQ� OHIW� RXW� RI� HQJLQHHULQJ�
GHFLVLRQ� PDNLQJ�� 5DWKHU� D� ³SDWK� RI� OHDVW� UHVLVWDQFH´� DSSURDFK� LV� W\SLFDOO\� WDNHQ� GXULQJ�
HQJLQHHULQJ� SUREOHP� VROYLQJ�� ZKLFK� WHQGV� WR� LPSDFW� PLQRULW\� DQG� SRRU� FRPPXQLWLHV� PRVW�
QHJDWLYHO\��5DPLUH]�$QGUHRWWD���������1RW�RQO\�WKLV��EXW�DQDO\VLV�KDV�VKRZQ�WKDW�HQJLQHHULQJ�
HGXFDWLRQ�KDV�KDG�YHU\�OLPLWHG�DGRSWLRQ�RI�HQYLURQPHQWDO�MXVWLFH�HGXFDWLRQ�FRPSDUHG�WR�RWKHU�
GHSDUWPHQWV�� HYHQ� WKRXJK� HQJLQHHULQJ� KDV� EHHQ� VXFK� D� VLJQLILFDQW� FRQWULEXWRU� WR�
HQYLURQPHQWDO�LQMXVWLFHV��:LOVRQ�/RSH]��7D\ORU�	�6DQWLDJR���������
�
7KURXJK�RXU�SURJUDP�GHVLJQ�ZH�KRSH�WR�OHDUQ�IURP�VFKRODUV�LQ�WKH�DUHD�ZKR�DUH�LQWHJUDWLQJ�
HQYLURQPHQWDO�MXVWLFH�LQWR�HQJLQHHULQJ�HGXFDWLRQ�XVLQJ�LQWHQWLRQDO�SHGDJRJLHV��:LOVRQ�/RSH]�
HW�DO���������%LHOHIHOGW�	�6LOYHUVWHLQ���������0DQ\�KDYH�EHJXQ�WR�XQGHUVWDQG�WKH�LPSRUWDQFH�RI�
V\VWHPV�WKLQNLQJ�LQ�WKH�FRQWH[W�RI�VXVWDLQDELOLW\�LQ�HQJLQHHULQJ�DQG�VRFLDO�MXVWLFH�LQ�HQJLQHHULQJ�
�0DUWLQ�HW�DO���������5HGG\�	�0DQFXV���������$GGLWLRQDOO\��WKHUH�KDV�EHHQ�PXFK�GLVFXVVLRQ�RQ�
WKH� LPSRUWDQFH� RI� SURMHFW�EDVHG� OHDUQLQJ� DQG� FRPPXQLW\�EDVHG� OHDUQLQJ� DV� WUDQVIRUPDWLYH�
OHDUQLQJ� SHGDJRJLHV� WR� VXSSRUW� WKH� GHYHORSPHQW� RI� WKH� QHFHVVDU\� VNLOOV� LQ� VXVWDLQDELOLW\�
HQJLQHHULQJ�DQG�HQYLURQPHQWDO�MXVWLFH��)DOXGL�	�*LOEHUW��������5H\QDQWH���������
�
PROGRAM DESIGN: SUSTAINABLE SYSTEMS ENGINEERING 
�
³,�KRSH�\RX�DUH�GRLQJ�ZHOO�DQG�HQMR\LQJ�WKH�QLFH�ZHDWKHU���,�ZDV�KRSLQJ�WR�JUDE�D�ELW�RI�\RXU�
WLPH�WR�FKDW�DERXW�VXVWDLQDELOLW\�LQLWLDWLYHV�´�7KLV�LQQRFHQW�HPDLO�IURP�6HSWHPEHU������VWDUWHG�
D���\HDU�GHVLJQ�GHHS�GLYH�DQG�UHVXUIDFHG�DV�D�QHZ�XQGHUJUDGXDWH�PDMRU�ZKLFK�ZLOO�ZHOFRPH�
LWV�ILUVW�FRKRUW� LQ�6HSWHPEHU�RI�������$Q�LQWHUGLVFLSOLQDU\�JURXS�UHSUHVHQWLQJ�DOO�HQJLQHHULQJ�
GHSDUWPHQWV�LQFOXGLQJ�XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQW�UHSUHVHQWDWLYHV�ZDV�WDVNHG�ZLWK�
GHVLJQLQJ� D� µOHDQ¶� VXVWDLQDELOLW\� SURJUDP�� :H� DFFRPSOLVKHG� WKLV� E\� LQWHJUDWLQJ� FRUH�
HQJLQHHULQJ�FRXUVHV�IURP�DFURVV�WKH�VFKRRO�DQG�LQWHJUDWLQJ�DPRQJ�RWKHU�WKLQJV�VXVWDLQDELOLW\�
SULQFLSOHV��UHJHQHUDWLYH�GHVLJQ��DQG�ODQG�EDVHG�DQG�H[SHULHQWLDO�OHDUQLQJ���
�

��� 6\VWHPV�WKLQNLQJ��+ROLVWLF�3ULQFLSOH��
��� 5HVSHFW�IRU�HQHUJ\�	�QDWXUDO�UHVRXUFHV��&RQVHUYDWLRQ�3ULQFLSOH��
��� 5HVSHFW�IRU�SHRSOH��+XPDQ�9LWDOLW\�3ULQFLSOH��
��� 5HVSHFW�IRU�SODFH��(FRV\VWHP�3ULQFLSOH��
��� /HDUQLQJ�IURP�QDWXUDO�V\VWHPV��%LRPLPLFU\�3ULQFLSOH��
��� 5HVSHFW�IRU�IXWXUH��³6HYHQ�*HQHUDWLRQV´�3ULQFLSOH��³,Q�RXU�HYHU\�GHOLEHUDWLRQ�ZH�PXVW�

FRQVLGHU�WKH�LPSDFW�RI�RXU�GHFLVLRQV�RQ�WKH�VHYHQWK�JHQHUDWLRQ�´��0F/HQQDQ��������
�
,Q�DGGLWLRQ�ZH�FUHDWHG�D�GHVLJQ�IRU�VXVWDLQDEOH�V\VWHPV�VSLQH�WKDW�UXQV�WKURXJK�DOO�IRXU�\HDUV�
RI� WKH�SURJUDP��7KLV� LV� LQ� OLQH�ZLWK�&',2�6WDQGDUG���ZKLFK�HPSKDVL]HV� WKH� LPSRUWDQFH�RI�
'HVLJQ�,PSOHPHQW�H[SHULHQFHV��6SHFLILFDOO\��&',2�6WDQGDUGV�VXSSRUWHG�XQGHUVWDQGLQJ�RI�WKH�
LPSRUWDQFH�RI�VWUXFWXULQJ�WKH�FRXUVHV�DV�VHTXHQWLDO�OHDUQLQJ�H[SHULHQFHV�WR�UHLQIRUFH�VWXGHQWV¶�
OHDUQLQJ�DW�LQFUHDVLQJ�OHYHOV�RI�FRPSOH[LW\��
�

$�IXOO�FXUULFXOXP�LV�VKRZQ�LQ�)LJXUH����DQG�LQ�WKLV�VHFWLRQ�ZH�ZLOO�SURYLGH�D�EURDG�RYHUYLHZ�RI�
HDFK�\HDU�RI�WKH�SURJUDP��DV�ZHOO�DV�KLJKOLJKW�XQLTXH�FRXUVHV�ZKLFK�ZH�EHOLHYH�VKRZFDVH�
WKH�LQFUHGLEOH�LQWHUGLVFLSOLQDU\�SURJUDP�GHVLJQ�WKDW�DLPV�WR�FKDQJH�WKH�FXOWXUH�DQG�EHOLHIV�
DURXQG�VXVWDLQDELOLW\�LQ�HQJLQHHULQJ���

�
�

�
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�
�

)LJXUH����6XVWDLQDEOH�6\VWHPV�(QJLQHHULQJ�FXUULFXOXP�
�

<HDUV���DQG���RI�WKH�SURJUDP�DUH�D�IRXQGDWLRQ�IRU�HQJLQHHULQJ�DQG�VXVWDLQDEOH�V\VWHPV��7KLV�
EXLOGV�RQ�PDQ\�H[LVWLQJ�FRXUVHV��DV�DW�RXU�LQVWLWXWLRQ��DOO�ILUVW�\HDU�FRXUVHV�DUH�FRPPRQ��DQG�
PDQ\�VHFRQG�\HDU�FRXUVHV�DUH�FRPPRQ�WR�SURYLGH�VWXGHQWV�ZLWK�IRXQGDWLRQDO�HQJLQHHULQJ�
NQRZOHGJH�DQG�VNLOOV���

$OWKRXJK�DW�ILUVW�JODQFH��WKHUH�LV�SHUKDSV�D�IHHOLQJ�RI�WKH�FXUULFXOXP�EHLQJ�D�FUDVK�FRXUVH�LQ�
DOO�HQJLQHHULQJ�VXEMHFWV��ZH�ZDQW�WR�KLJKOLJKW�WZR�LQWHQWLRQDO�FKRLFHV�EHKLQG�WKLV�GHVLJQ��
)LUVWO\��WKH�JRDO�RI�WKH�SURJUDP�LV�WR�FUHDWH�D�EURDG�NQRZOHGJH�IRXQGDWLRQ�IRFXVVHG�RQ�WKH�

�
���
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³V\VWHP�RI�HQJLQHHULQJ´��%\�EURDGO\�FRYHULQJ�WRSLFV�IURP�DOO�GLVFLSOLQHV�ZH�DUH�DEOH�WR�
DFKLHYH�WKLV��$GGLWLRQDOO\��ZH�DUH�DEOH�WR�WLHG�WRJHWKHU�WKH�YDULHG�GLVFLSOLQHV�LQWR�WKH�OLIH�
FHQWHUHG�VXVWDLQDEOH�V\VWHPV�YLHZ�WKURXJK�WKH�GHVLJQ�VSLQH�FRXUVHV��PRVW�QRWDEOH�686(�
����DQG�686(�������DQG�WKH�686(�FRUH�FRXUVHV��686(�������������������DQG�D�QXPEHU�RI�
����OHYHO�WHFKQLFDO�HOHFWLYHV���6HFRQGO\��D�ORQJ�WHUP�JRDO�LV�WR�LQIXVHG�WKH�ZRUOGYLHZ�DFURVV�
DOO�GLVFLSOLQHV�±�VR�DOWKRXJK�VWXGHQWV�LQ�WKH�686(�SURJUDP�ZLOO�VSHFLDOL]H�LQ�VXVWDLQDEOH�
V\VWHPV��ZH�ZDQW�DOO�JUDGXDWHV��HOHFWULFDO��PHFKDQLFDO��FKHPLFDO��HWF���WR�WDNH�FRXUVHV�ZKLFK�
HPSKDVL]H�OLIH�EDVHG�VXVWDLQDEOH�V\VWHPV�DSSURDFKHV��%\�FROODERUDWLQJ�ZLWK�WKH�
GHSDUWPHQWV�DFURVV�WKH�HQJLQHHULQJ�IDFXOW\�LQ�FUHDWLQJ�686(�UHTXLUHG�FRXUVHV��ZH�KRSH�WR�
DFKLHYH�WKLV���

SUSE Specific Courses 
�
,Q�EHWZHHQ�\HDUV���DQG���VWXGHQWV�FDQ�WDNH�D�5HPRWH�1RUWKHUQ�6XVWDLQDEOH�6\VWHPV� ILHOG�
FRXUVH� LQ�ZKLFK� WKH\� OHDUQ�NH\� LGHDV�DQG�VWUDWHJLHV� UHODWHG� WR�HQYLURQPHQWDOO\�VXVWDLQDEOH�
FRPPXQLW\�GHYHORSPHQW�ZLWK�D�IRFXV�RQ�IRRG��ZDWHU��DQG�HQHUJ\��7KURXJK�SDWWHUQ�DQG�GDWD�
PDSSLQJ�� UHVHDUFK� DQG� GDWD� DQDO\VLV�� DQG� VLWH� YLVLWV�� WKH� VWXGHQWV� LQ� WKH� ILHOG� FRXUVH� ZLOO�
H[SORUH� FRPPXQLW\� QHHGV� DQG� WKH� FKDOOHQJHV� RI� HQYLURQPHQWDOO\� FRQVFLRXV� OLYLQJ�� 7KH�
UHQHZDEOH�HQHUJ\�V\VWHPV�DW� WKH�ILHOG�VWDWLRQ�ZLOO�EH� LQYHVWLJDWHG�DORQJ�ZLWK�HQHUJ\�XVDJH��
/HDUQHUV�GHOYH� LQWR�WKH�FRPPRQ�PLVFRQFHSWLRQV�WKDW� OHDG�WR�XQVXVWDLQDEOH�VRFLDO�SUDFWLFHV�
DQG� KRZ� WR� FRXQWHUDFW� WKHVH� IDOODFLHV� WKURXJK� FRPPXQLW\� HGXFDWLRQ� DQG� HQJDJHPHQW�� $�
VHFRQG�RSWLRQ��1RUWKHUQ�6XVWDLQDEOH�6\VWHPV�� WHDFKHV�NH\� LGHDV�DQG�VWUDWHJLHV� UHODWHG� WR�
HQYLURQPHQWDOO\�VXVWDLQDEOH�FRPPXQLW\�GHYHORSPHQW�ZLWK�D�IRFXV�RQ�QHW�]HUR�FRPPXQLWLHV�
DQG� JHR�SRZHUHG� FRPPXQLWLHV�� H[SORULQJ� UHQHZDEOH� HQHUJ\� V\VWHPV� DW� YDULRXV� VLWHV� DQG�
LQWHJUDWLRQ�LQWR�ORFDO�DQG�FRPPXQLW\�HQHUJ\�QHWZRUNV��7KHVH�LQWHJUDWHG�OHDUQLQJ�H[SHULHQFHV�
�&',2�6WDQGDUG����ZLOO�DOORZ�VWXGHQWV� WR�DSSO\�WKHLU�SURIHVVLRQDO�DQG�WHFKQLFDO�HQJLQHHULQJ�
NQRZOHGJH��ZKLOH�VLPXOWDQHRXVO\�EXLOGLQJ�SHUVRQDO��LQWHUSHUVRQDO��DQG�V\VWHPV�WKLQNLQJ�VNLOOV��
�
<HDU� �� LV� LQ� SUHSDUDWLRQ� RI� 686(� WKHPHV� ZKLFK� UHTXLUH� NQRZOHGJH�� DZDUHQHVV� DQG�
FRPSHWHQFLHV�QHHGHG� WR�GHVLJQ�� EXLOG��PDQDJH��DQG� LPSOHPHQW� HQJLQHHULQJ� VROXWLRQV� WKDW�
PLQLPL]H�QHJDWLYH�LPSDFWV��VWULYH�WR�DFKLHYH�DW�OHDVW�QHW�QHXWUDO�RXWFRPHV��DQG��LGHDOO\��DUH�
UHVWRUDWLYH��6WXGHQWV�FRQWLQXH�WR�WDNH�FRXUVHV�WKDW�DUH�LQWHUGLVFLSOLQDU\��VR�DV�ZH�PRYH�LQWR�
LPSOHPHQWDWLRQ� RI� WKHVH� FRXUVHV�� LW� ZLOO� EH� HVVHQWLDO� WR� HQVXUH� WKH� FXUULFXOXP� UHPDLQV�
LQWHJUDWHG�DQG�VWXGHQWV�DUH�DEOH�WR�XQGHUVWDQG�WKH�GLVFLSOLQDU\� OLQNDJHV��&',2�6WDQGDUG����
,QWHJUDWHG�&XUULFXOXP���
�
,Q�\HDU����VWXGHQWV�FDQ�WDLORU�WKHLU�SURJUDP�DQG�IRFXV�RQ�RQH�RI�IRXU�WKHPHV��

•� 6XVWDLQDEOH�V\VWHPV�IRU�(QYLURQPHQW�
•� 6XVWDLQDEOH�V\VWHPV�IRU�&RPPXQLWLHV�DQG�&LWLHV�
•� 6XVWDLQDEOH�V\VWHPV�IRU�(QHUJ\�DQG�5HVRXUFHV�
•� 6XVWDLQDEOH�V\VWHPV�IRU�)RRG��$JULFXOWXUH��DQG�%LRPDVV�

�
7KHUH�DUH� WKUHH� FRXUVHV�ZKLFK� KLJKOLJKW� WKH� XQLTXH� DVSHFWV�RI� WKH�686(� SURJUDP� DQG� LWV�
GHVLJQ��)LUVWO\��WKH�6XVWDLQDEOH�6\VWHPV�(FRORJ\�FRXUVH�LV�WDNHQ�DW�WKH�EHJLQQLQJ�RI�\HDU���
ZKLFK�LQWURGXFHV�VWXGHQWV�WR�XSSHU�\HDU�SRVVLELOLWLHV�DQG�LV�D�SUHYLHZ�RI�WKH�IRXU�WKHPH�DUHDV��
7KLV�VKRUW���GD\�FRXUVH�LV�DQ�LQWURGXFWLRQ�WR�PDFURHFRORJ\�IRU�VXVWDLQDEOH�V\VWHPV��LQFOXGLQJ�
WKHRU\��WRROV��DQG�WHFKQLTXHV��,W�LQWURGXFHV�VWXGHQWV�WR�V\VWHPV�WKLQNLQJ�DQG�SURJUDP�WKHPH�
DUHDV�WKURXJK�GHVLJQ�SURMHFWV�DQG�µFDPSXV�DV�D�OHDUQLQJ�ODE¶�ZRUNVKRSV��
�
$QRWKHU� FRXUVH� KLJKOLJKW� LV� WKH� ,QWURGXFWLRQ� WR� VXVWDLQDEOH� V\VWHPV� GHVLJQ� FRXUVH� ZKLFK�
VWXGHQWV�WDNH�LQ�WKHLU�VHFRQG�VHPHVWHU�RI�\HDU����7KLV�FRXUVH�LQWURGXFHV�VWXGHQWV�WR�V\VWHPV�
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WKLQNLQJ��GHVLJQ�IRU�D�FLUFXODU�HFRQRP\��WRROV�IRU�VXVWDLQDELOLW\�DQG�UHJHQHUDWLYH�HQJLQHHULQJ��
DQG�FRQFHSWV�RI�GHVLJQ� IRU� MXVWLFH��7KH�FRXUVH�XVHV�FROODERUDWLYH�DQG�FUHDWLYH�SUDFWLFHV� WR�
DGGUHVV� WKH�GHHSHVW�FKDOOHQJHV�RXU�FRPPXQLWLHV�DQG�HQYLURQPHQWV� IDFH��FHQWHULQJ�RQ� WKH�
YRLFHV�DQG�KDELWDWV�RI�WKRVH�ZKR�DUH�GLUHFWO\�LPSDFWHG�E\�WKH�RXWFRPHV�RI�WKH�GHVLJQ�SURFHVV��
,Q�DGGLWLRQ��V\VWHPDWLF�GHVLJQ�PHWKRGV�DUH�LQWURGXFHG�DV�SDUW�RI�FRPPXQLW\�HQJDJHG�SURMHFWV��
�
)LQDOO\��D�SDUWLFXODUO\�XQLTXH�FRXUVH�LV�D�QRQ�VWDQGDUG�FRXUVH��PHDQLQJ�D�FRQFHQWUDWHG�RQH�
PRQWK�VFKHGXOH��FDOOHG�5HJHQHUDWLYH�'HVLJQ�3ULQFLSOHV�DQG�,QGLJHQRXV�.QRZOHGJH�6\VWHPV��
,Q� WKLV�FRXUVH��VWXGHQWV�ZLOO�H[SORUH�SULQFLSOHV�RI� UHJHQHUDWLYH�GHVLJQ�DQG�V\VWHPV� WKLQNLQJ�
WKURXJK� DQ� ,QGLJHQRXV� .QRZOHGJH� 6\VWHPV� OHQV�� DQG� ZKROH� V\VWHPV� WKLQNLQJ� WR� FUHDWH�
UHVLOLHQW�DQG�HTXLWDEOH�V\VWHPV�WKDW�LQWHJUDWH�WKH�QHHGV�RI�VRFLHW\�ZLWK�WKH�LQWHJULW\�RI�QDWXUH��
7RSLFV�WKDW�ZLOO�EH�H[SORUHG�DUH�JURXQGHG�LQ�,QGLJHQRXV�PHWKRGRORJLHV�DQG�HSLVWHPRORJLHV�
DQG� H[SORUH� ,QGLJHQRXV� .QRZOHGJH� DQG� WKH� LQWHUVHFWLRQ� RI� VXVWDLQDELOLW\� VFLHQFH� LQ� D�
FXOPLQDWLQJ�ODQG�EDVHG�OHDUQLQJ�H[SHULHQFH��
�
�
CONCLUSION 
�
2YHUDOO�� ZH� KRSH� WR� IRVWHU� PLQGVHWV� WR� GHYHORS� HQJLQHHULQJ� VWXGHQWV� ZKR� DUH� DEOH� WR�
IXQGDPHQWDOO\�VKLIW� WKH�GLVFRXUVH�RQ�VXVWDLQDELOLW\�HQJLQHHULQJ�ZLWKLQ� LQGXVWU\��DQG�FULWLFDOO\�
UHIOHFW�RQ�WKH�UROH�RI�HQJLQHHULQJ�LWVHOI��$V�HQJLQHHUV�RXU�UHVSRQVLELOLW\�LV�QRW�RQO\�WR�VRFLHW\�
DQG�FXOWXUH��EXW�DOVR�WR�QDWXUH�DQG�WKH�SODQHW��7KLV�SURJUDP�DLPV�WR�SURYLGH�VWXGHQWV�ZLWK�WKH�
QHFHVVDU\�VNLOOVHWV�WR�IRVWHU�UHDO�FKDQJH�DFURVV�HQJLQHHULQJ� LQGXVWULHV�WR�EHWWHU�VXSSRUW� WKH�
LQWHUUHODWHG�HOHPHQWV�RI�RXU�VRFLHW\�DQG�SODQHW��:H�DLP�WR�DFFRPSOLVK�WKLV�ERWK�WKURXJK�XVLQJ�
WKHRUHWLFDO� IRXQGDWLRQV� LQ� WKH� GHYHORSPHQW� RI� WKH� SURJUDP�� LQFOXGLQJ�(QJLQHHULQJ� IRU� 2QH�
3ODQHW�IUDPHZRUN�DQG�HQYLURQPHQW�MXVWLFH��DQG�DSSO\LQJ�XQLTXH�SHGDJRJLHV�WR�WKH�FRXUVHV��
/RQJ�WHUP��ZH�KRSH�E\�FR�FUHDWLQJ�WKHVH�FRXUVHV�ZLWK�GLVFLSOLQHV�IURP�DFURVV�WKH�HQJLQHHULQJ�
IDFXOW\��WKDW�WKH�OLIH�FHQWHUHG�HQJLQHHULQJ�ZRUOGYLHZ�FRUH�WR�WKH�686(�SURJUDP�ZLOO�EHJLQ�WR�EH�
LQWHJUDWHG�DQG�IXQGDPHQWDO�WR�RWKHU�HQJLQHHULQJ�SURJUDPV�DV�ZHOO��7KH�ILUVW�VHW�RI�VWXGHQWV�
ZLOO�EH�HQWHULQJ�WKH�SURJUDP�LQ�)DOO�������DQG�ZH�ORRN�IRUZDUG�WR�FR�FUHDWLQJ�WUDQVIRUPDWLYH�
OHDUQLQJ�H[SHULHQFHV�ZLWK�WKHP��
�
 
ACKNOWLEDGEMENTS 
�
7KH�DXWKRU�V��UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
�
�
REFERENCES 
�
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WKH�FLUFXODU�HFRQRP\������3V\FKRORJ\�DQG�(GXFDWLRQ��������������������
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0DOPTYLVW��-���/XQGTYLVW��8���5RVpQ��$���(GVWU|P��.���*XSWD��5���/HRQJ��+���&KHDFK��6��0���
%HQQHGVHQ��-���+XJR��5���.DPS��$���/HLIOHU��2���*XQQDUVVRQ��6���5RVO|I��-���	�6SRRQHU��'����������7KH�
&',2�6\OODEXV�������$Q�8SGDWHG�6WDWHPHQW�RI�*RDOV��LQ�WKH���WK�,QWHUQDWLRQDO�&',2�&RQIHUHQFH���
3URFHHGLQJV��SS����������5H\NMDYtN�8QLYHUVLW\��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&',2�&RQIHUHQFH��
KWWSV���HQ�UX�LV�PHGLD�FGLR�����&',2B����B3URFHHGLQJV�SGI��
0DVWHQ��6��-���'DYLHV��6��+���	�0FHOPXUU\��6��3����������)OLQW�ZDWHU�FULVLV��ZKDW�KDSSHQHG�DQG�
ZK\"��-RXUQDO-$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ������������������
0DUWLQ��0��-���'LHP��6��-���.DUZDW��'��0��$���.ULHJHU��(��0���5LWWVFKRI��&��&���%D\RQ��%���$JKD]DGHK��0���
$VHQVLR��2���=HLONRYD��7��-���*DUFLD�&D]DULQ��0���$OYHOR�0DXURVD��-��*���	�0DKPRXG��+����������7KH�
FOLPDWH�LV�FKDQJLQJ��(QJLQHHULQJ�HGXFDWLRQ�QHHGV�WR�FKDQJH�DV�ZHOO��-RXUQDO�RI�(QJLQHHULQJ�
(GXFDWLRQ�������������±�����KWWSV���GRL�RUJ���������MHH��������
0F/HQQDQ��-��)����������7KH�3KLORVRSK\�RI�6XVWDLQDEOH�'HVLJQ��(FRWRQH�3XEOLVKLQJ�&RPSDQ\�//&��
3DXO��5���$\HUV��*���%HUJHUVRQ��-���%ODFN��.���%UXFNHU��7���'DZRXG��&���(JJHUPRQW��0���.QLJKW��$���
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