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��8QLYHUVLW\�RI�.UDJXMHYDF��,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJLHV�
-RYDQD�&YLMLüD�EE��������.UDJXMHYDF��5HSXEOLF�RI�6HUELD

$EVWUDFW�� 7KLV� SDSHU� LQYHVWLJDWHV� WKH� SDVVLYH� XVH� RI� VRODU� HQHUJ\� LQ� D� WUDGLWLRQDO�
6HUELDQ FRXQWU\� FRWWDJH ������ P��� LQ� WKH� YLFLQLW\� RI� WKH� FLW\� RI� .UDJXMHYDF� ± WKH�
LPSOHPHQWDWLRQ�RI�WKH�SDVVLYH�7URPEH�ZDOO��7KURXJK�D�VHYHQ�PRQWK��IURP�2FWREHU���WR�
$SULO���� FRPSDULVRQ�ZLWK�D�FODVVLF�FRWWDJH �ZLWKRXW�WKH SDVVLYH�7URPEH�ZDOO���WKH�EHQHILWV
RI�PHQWLRQHG VRODU�V\VWHPV�DUH�GHWHUPLQHG��%RWK�FRXQWU\�FRWWDJHV��FUHDWHG�LQ�WKH�*RRJOH�
6NHWFK8S�SURJUDP��� DQG� LQ� WKH�(QHUJ\3OXV�SURJUDP��DUH�HTXLSSHG�ZLWK�FHQWUDO KHDWLQJ�
V\VWHPV� ZLWK� FRDO� ERLOHUV� �KHDW� HQHUJ\� JHQHUDWRUV�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH�
FRQVXPSWLRQ�RI�XVHIXO� �WKHUPDO��HQHUJ\�FDQ�EH�UHGXFHG�IURP���������N:K�WR��������
N:K��ILQDO�HQHUJ\�IURP�������� N:K�WR�������� N:K��DQG�SULPDU\�HQHUJ\�IURP���������
N:K�WR�������� N:K��(QYLURQPHQWDO�DQG�HFRQRPLF�LQGLFDWRUV�DUH�DOVR�RQ�WKH�VLGH�RI�D�
FRXQWU\� KRXVH�ZLWK� WKH SDVVLYH�7URPEH�ZDOO�� &2� HPLVVLRQ� LV� UHGXFHG� E\ ���� W�� DQG�
ILQDQFLDO�LQYHVWPHQWV�IRU�KHDWLQJ�GXULQJ�WKH�DQDO\]HG�SHULRG�DUH�UHGXFHG�IURP��������¼�WR�
�������¼�

.H\ZRUGV��&RXQWU\�FRWWDJH��HQHUJ\�HFR�HIILFLHQF\��SDVVLYH�7URPEH�ZDOO�
VLPXODWLRQ��WUDGLWLRQDO�6HUELDQ�DUFKLWHFWXUH�

,1752'8&7,21

7KH�ODWHVW�VWXGLHV�VKRZ�WKDW�RYHU�D�WKRXVDQG�YLOODJH��UXUDO��VHWWOHPHQWV�LQ�6HUELD�DUH�
RQ�WKH�YHUJH�RI�VXUYLYDO��HYHQ�WKRXJK�WKH\�KDYH�D�ODUJH�HQHUJ\�DQG�HFRORJLFDO�SRWHQWLDO��LQ�
DGGLWLRQ�WR�DJULFXOWXUDO��WRXULVW��DQG�HFRQRPLF�RQHV��

&RUUHVSRQGLQJ�$XWKRU��(�PDLO�DGGUHVV��DFD�QHVRYLF#JPDLO�FRP
25&,'� �������������������
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7KH� H[LVWHQFH�RI� D� KRPHVWHDG�� WKH�PDLQ� FKDUDFWHULVWLF� RI�D� WUDGLWLRQDO� UXUDO�KRXVHKROG��
JUHDWO\� UHGXFHV� WKH� GHQVLW\� RI� FRQVWUXFWLRQ�� WKXV� SURYLGLQJ� D� ZKROH� VSHFWUXP� RI�
SRVVLELOLWLHV�IRU�XVLQJ�UHQHZDEOH�HQHUJ\�VRXUFHV��VXFK�DV�VRODU�HQHUJ\��

8QOLNH� FLWLHV��ZKHUH� VRODU� HQHUJ\�� GXH� WR� WKH� KLJK� GHQVLW\� RI� EXLOGLQJV�� LV�PDLQO\�
IRFXVHG�RQ�WKH�DFWLYH�VRODU�V\VWHPV��VRODU�WKHUPDO�FROOHFWRUV >�@��SKRWRYROWDLF�SDQHOV >�@��
DQG� SKRWRYROWDLF�WKHUPDO� FROOHFWRUV >�@��� YLOODJHV DUH� PXFK� PRUH� VXLWDEOH� IRU�
LPSOHPHQWLQJ�SDVVLYH�VRODU�V\VWHPV��DV�WKH�7URPEH�ZDOOV�>�@��HWF�

7KH�7URPEH�ZDOO� LV�DQ� LQWHUHVWLQJ�JUHHQ�DUFKLWHFWXUDO�FRQFHSW� WKDW�� LQ�FRPELQDWLRQ�
ZLWK� RWKHU� +9$&� DQG� VRODU� �DFWLYH�� V\VWHPV�� FDQ� LQ� VRPH� FDVHV� UHGXFH� WKH� DQQXDO�
FRQVXPSWLRQ�RI�ILQDO�HQHUJ\�LQ�EXLOGLQJV�E\�RYHU�����>�@�

,Q�WKH�OLWHUDWXUH��WKHUH�LV�D�ODUJH�QXPEHU�RI�SDSHUV��DQDO\WLFDO��VRIWZDUH��H[SHULPHQWDO��
DQG� FRPELQHG�� ZLWK� HPSKDVLV� RQ� GLIIHUHQW� HOHPHQWV� RI� WKH� 7URPEH� ZDOOV�� JHRPHWULF�
FKDUDFWHULVWLFV��UHODWLRQ�EHWZHHQ�JOD]LQJ�DQG�QRQ�JOD]LQJ�>�@��WKH�WKLFNQHVV�RI�WKH�PDVVLYH�
ZDOO�>�@��WKH�WKLFNQHVV�RI�WKH�DLU�OD\HU�>�@��WKH�WKLFNQHVV�RI�WKH�JOD]LQJ�>�@��HWF����XVH�RI�WKH�
GLIIHUHQW� FRORUV� FRDWLQJV� >��@�� XVH� RI� WKH� LQVXODWLQJ� PDWHULDOV >��@�� XVH� RI� WKH� JOD]HG�
PDWHULDOV�>��@��LPSOHPHQWDWLRQ�RI�WKH�QDWXUDO�DQG�IRUFHG�YHQWLODWLRQ�>��@��VL]LQJ�RI�WKH�IDQ�
XQLWV�>��@��HWF�

6HUELDQ�VFLHQWLILF�OLWHUDWXUH�DOVR�UHFRUGV�D�ODUJH�QXPEHU��PRVWO\�QXPHULFDO��LQ�WKH�XVH�
RI�YDULRXV�VRIWZDUH�SDFNDJHV��(QHUJ\3OXV�DQG�M(SOXV�>������@��506XQ�DQG�,Q6XQ7U�>��@��
0$7/$%�>������@��RQO\�(QHUJ\3OXV�>�����@��7516<6�>��@���SDSHUV� LQ�ZKLFK�YDULRXV�
DVSHFWV� RI� WKH� 7URPEH�ZDOO� DUH� H[SUHVVHG�� %RMLF� DQG� FROOHDJXHV� IURP�/\RQ� >��@� XVHG�
(QHUJ\3OXV� VRIWZDUH� WR� DSSO\� WKH�7URPEH�ZDOO� WR� WZR�0R]DUW� KRXVH�PRGHO� W\SHV�� WKH�
RULJLQDO�0R]DUW�KRXVH�PRGHO�DQG�WKH�PRGLILHG�0R]DUW�KRXVH�PRGHO�

,Q�WKH�PHQWLRQHG�SDSHUV��WKH�EXLOGLQJ�PRGHOV�ZHUH��HGXFDWLRQDO�EXLOGLQJ�ORFDWHG�LQ�
1Lã�>��@��UHFWDQJXODU�VLQJOH�VWRUH�EXLOGLQJ�ORFDWHG�LQ�%HOJUDGH�>��@��UHVLGHQWLDO�EXLOGLQJ�
ORFDWHG LQ�1Lã�>��@��RQH�]RQH�UHVLGHQWLDO�EXLOGLQJ�ORFDWHG LQ�1Lã�>��@��PRGHUQ�UHVLGHQWLDO�
EXLOGLQJ�ORFDWHG LQ�%HOJUDGH >��@��DQG�PRGHUQ�UHVLGHQWLDO�EXLOGLQJ�ORFDWHG�LQ�.UDJXMHYDF�
>��@�

,Q�WKLV�SDSHU�DVSHFWV�RI�WKH�7URPEH�ZDOO�DUH�QXPHULFDOO\�LQYHVWLJDWHG�RQ�WKH�PRGHO�RI�
WKH�WUDGLWLRQDO�6HUELDQ�FRXQWU\�FRWWDJH�LQ�WKH�YLFLQLW\�RI�WKH�FLW\�RI�.UDJXMHYDF��.UDJXMHYDF�
LV�ORFDWHG�LQ�D�EHOW�RI�PRGHUDWH�FRQWLQHQWDO�FOLPDWH�ZLWK�GLVWLQFW�VHDVRQV��VR�WKH�IRFXV�LV�
RQ�D�VHYHQ�PRQWK�SHULRG�WKDW�LQFOXGHV�WKH�KHDWLQJ�VHDVRQ��IURP�2FWREHU����WR�$SULO�����
DQG�WZR�WUDQVLWLRQ�SHULRGV��2FWREHU���WR�2FWREHU����± WKH�ILUVW�WUDQVLWLRQ�SHULRG��$SULO����
WR�$SULO����± WKH�VHFRQG�WUDQVLWLRQDO�SHULRG���7KH�UHVHDUFK�PRVWO\�IRFXVHV�RQ�WKH�HQHUJ\�
SHUIRUPDQFH�RI�WKH�7URPEH�ZDOO��WKHQ�RQ�WKH�HFRORJLFDO�DQG�HFRQRPLF�RQHV��7KURXJK�WKLV�
ZRUN��WKH�DXWKRUV�ZDQW�WR�SURPRWH�UXUDO�VHWWOHPHQWV�LQ�DQRWKHU�ZD\��UHPLQGLQJ�WKHP�RI�
WKHLU�DQFLHQW�QDWLRQDO�LPSRUWDQFH�

0$7(5,$/6�$1'�0(7+2'6

5(6($5&+�68%-(&7

7KH��'�PRGHO�RI�D�WUDGLWLRQDO�6HUELDQ�FRXQWU\�FRWWDJH��76&&��LQ�WKH�YLFLQLW\�RI�WKH�
FLW\�RI�.UDJXMHYDF�LV�VKRZQ�LQ�)LJ���D��$�IDPLO\�RI�IRXU�KDV���URRPV�DW�WKHLU�GLVSRVDO��L�H��
WKHUPDO�]RQHV��7=���&KLOGUHQ�XVH�URRP�7=���ZKLOH�SDUHQWV VWD\�LQ�PXOWLIXQFWLRQDO�URRP�
7=���)LJ���E��
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�
)LJXUH ����'�PRGHO RI�WKH�76&& �D��DQG�URRP�OD\RXW��E���7=��± +DOO����7=��± +DOO����

7=��± 0XOWLIXQFWLRQDO�URRP��/LYLQJ�URRP��.LWFKHQ��'LQLQJ�URRP��%HGURRP���
7=��± &KLOGUHQ¶V URRP��7=��± %DWKURRP��7=��± $WWLF�

7KH� 76&&� KDV� EHHQ� GHVLJQHG� IROORZLQJ� WKH� UHJXODWLRQ� RQ� HQHUJ\� HIILFLHQF\� RI�
EXLOGLQJV�>��@��7KH�PD[LPXP�SHUPLWWHG�KHDW�WUDQVIHU�FRHIILFLHQWV�8PD[ >:��P�.�@�RI WKH�
H[WHUQDO FRQVWUXFWLRQ�HOHPHQWV IRU�WKH�QHZ�EXLOGLQJV�DUH�SUHVHQWHG�LQ�7DE����

7DEOH����7KH�PD[LPXP�SHUPLWWHG�8PD[ YDOXHV�RI�WKH�H[WHUQDO�FRQVWUXFWLRQ HOHPHQWV
IRU�WKH�QHZ�EXLOGLQJV�� >��@�

&RQVWUXFWLRQ�EXLOGLQJ�HOHPHQW 0DUN 8PD[ YDOXH�>:��P�.�@
*URXQG�IORRU *) ���
([WHUQDO�ZDOO (: ���
,QWHUPHGLDWH�FRQVWUXFWLRQ DERYH�WKH�RSHQ�SDVVDJH ,& ���
6ORSH�URRI 65 ����
([WHUQDO�ZLQGRZ (: ���
([WHUQDO�GRRU (' ���

7KH�QHW�DUHD�RI�WKH�76&&�LV������ P� �7=��LV������P���7=� LV������P���7=� LV����P���
7=��LV������P���7=��LV������P���DQG�7=� LV������P����7KH�FHQWUDO�KHDWLQJ�V\VWHP��ZLWK�
FRDO�ERLOHU�DV�KHDW�HQHUJ\�JHQHUDWRU��LV�XVHG�WR�KHDW 7=���7=�� DQG�7=� �������P���L�H��
�������RI�WKH�76&&���

7+(�3$66,9(�7520%(�:$//

7KH� 7URPEH� ZDOO� FOHYHUO\� FRPELQHV� WZR� ILHOGV�� DUFKLWHFWXUH� DQG� PHFKDQLFDO�
HQJLQHHULQJ��,Q�WKH�ILUVW�SODFH��WKH�7URPEH�ZDOO�UHSUHVHQWV�DQ�H[WHUQDO�EXLOGLQJ�HOHPHQW�
�H[WHUQDO�ZDOO�� (:�� WKDW� VHSDUDWHV� WKH� LQWHULRU� VSDFH� RI� WKH� EXLOGLQJ� IURP� WKH� H[WHUQDO�
HQYLURQPHQW��'XH�WR�LWV�VSHFLILF�GHVLJQ��)LJ���D��7DE������ZKLFK�LPSOLHV�WKH�LQVWDOODWLRQ�RI�
JOD]LQJ� ���� LQ� IURQW� RI� WKH� PDVVLYH� VRXWKHUQ IDFDGH� ZDOO� ����� ZKLFK� LV� FRDWHG� ZLWK� D�
VHOHFWLYH�FRDWLQJ�����RQ�WKH�VLGH�RI�WKH�JOD]LQJ��WKH�7URPEH�ZDOO�KDV�DQRWKHU��LQGLUHFW��UROH�
± UHGXFLQJ� WKH� ILQDO� HQHUJ\� FRQVXPSWLRQ� IRU� KHDWLQJ�� WKURXJK� WKH� IROORZLQJ� VWDJHV��
DEVRUSWLRQ�RI�VRODU�HQHUJ\��FRQYHUVLRQ�RI�VRODU�HQHUJ\�LQWR�WKHUPDO�HQHUJ\��DFFXPXODWLRQ�
�VWRUDJH��RI�WKHUPDO�HQHUJ\��GHOLYHU\�RI�WKHUPDO�HQHUJ\�WR�WKH�WKHUPDO�]RQH�E\�WKH�EDVLF�
SULQFLSOHV�RI�KHDW HQHUJ\�WUDQVIHU �FRQGXFWLRQ�WKURXJK�WKH�ZDOO��FRQYHFWLRQ�DQG�UDGLDWLRQ
IURP�WKH�ZDOO��
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)LJXUH����7\SHV RI�WKH�7URPEH�ZDOOV��WKH�SDVVLYH��D���WKH�DFWLYH�ZLWK�LQWHUQDO�RSHQLQJV �E���
DQG WKH�DFWLYH�ZLWK�LQWHUQDO�DQG�H[WHUQDO�RSHQLQJV��F��

7KH�PHQWLRQHG�YDULDQW��)LJ���D��UHSUHVHQWV�WKH�EDVLF�YDULDQW�RI�WKH�7URPEH�ZDOO��$V��
RYHU� WLPH�� WKHVH� FRQVWUXFWLRQV� ZHUH� LPSURYHG� ZLWK� YDULRXV� DGGLWLRQDO� HOHPHQWV�
�RYHUKDQJV��FXUWDLQV��RSHQLQJV��IDQV��HWF����LW�LV�FOHDU�WKDW�RYHU�WLPH�WKH�FODVVLILFDWLRQ�RI�WKH�
7URPEH�ZDOOV�ZDV�HVWDEOLVKHG�LQ�WKH�OLWHUDWXUH��QDPHO\�LQWR�WKH�IROORZLQJ�WZR�FDWHJRULHV��
WKH�SDVVLYH�7URPEH�ZDOOV��)LJ���D��DQG�WKH�DFWLYH�7URPEH�ZDOOV��)LJ���E��)LJ���F��

7KH� IROORZLQJ� ILJXUHV� VKRZ� WKH� VRXWKHUQ� IDFDGH�RI� WKH� 76&& EHIRUH� �)LJ���D��DQG�
DIWHU��)LJ���E��WKH�LQVWDOODWLRQ�RI�WKH�SDVVLYH�7URPEH�ZDOO�

�

)LJXUH����7KH�VRXWKHUQ IDFDGH�RI�WKH�76&&�EHIRUH��D��
DQG�DIWHU��E��WKH�LQVWDOODWLRQ�RI�WKH�SDVVLYH�7URPEH�ZDOO�

7DEOH����7KH�JHRPHWULF�WKHUPDO�SHUIRUPDQFH�RI�WKH�SDVVLYH�7URPEH�ZDOO >��@�

'HVFULSWLRQ 8QLW
/D\HU

*OD]LQJ $LU�OD\HU 6HOHFWLYH�FRDWLQJ 0DVVLYH�ZDOO
7KLFNQHVV >P@ ����� ��� ������ ���
7KHUPDO�FRQGXFWLYLW\ >:��P.�@ ��� � ��� ����
'HQVLW\ >NJ�P�@ � � ���� ����
6SHFLILF�KHDW >-��NJ.�@ � � ��� ���
6RODU�WUDQVPLWWDQFH >�@ ����� � � �
6RODU�UHIOHFWDQFH >�@ ����� � � �
$EVRUSWDQFH >�@ � � ���� ����
(PLVVLYLW\ >�@ � ���� ���
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7RWDO� XVHIXO� KHDW� HQHUJ\� FRQVXPSWLRQ�(86( >N:K@� LQ� WKH� 76&& LV� WKH� VXP� RI� WKH�
WKHUPDO�]RQHV��IRU�7=��(7=� >N:K@��7=� (7=� >N:K@��DQG�7=� (7=� >N:K@��XVHIXO�KHDW�
HQHUJ\�FRQVXPSWLRQ (T������

���

�

�
7=7=7=

7=
7=86( ((((( ��  ¦

 
�������������������

7RWDO�ILQDO�HQHUJ\�FRQVXPSWLRQ�(),1 >N:K@�LQ�WKH�76&& LQ�WKDW�FDVH�LV�(T�����

&%5631

86(
),1

(
(

KKK ��
 ���������������������

ZKHUH >��@��Ș31 >�@�LV�WKH�SLSH�QHWZRUN�HIILFLHQF\��Ș31 ������ Ș56 >�@�LV�WKH�UHJXODWLRQ�
V\VWHP��Ș56 ������DQG Ș&% >�@�LV�WKH�FRDO�ERLOHU�HIILFLHQF\��Ș&% ������

7RWDO� SULPDU\� HQHUJ\� FRQVXPSWLRQ�(35< >N:K@� LQ� WKH� 76&&�GHSHQGV�RQ� WKH�SULPDU\�
HQHUJ\ WUDQVIRUPDWLRQ�FRHIILFLHQW�IRU�FRDO�535< ����>��@�(T������

),135<35< (5( � ����������������������

,Q�WKH�HQG��&2� HPLVVLRQ�FDQ�EH�GHWHUPLQHG�DV�(T������

35<&2&2 (P0 � �� �����������������������

ZKHUH�P&2� >NJ�N:K@�LV�WKH�VSHFLILF�&2� HPLVVLRQ��P&2� �����NJ�N:K�>��@��

5(68/76 $1'�',6&866,21

7KH�QH[W�ILJXUH��)LJ�����VKRZV�WKH�PRQWKO\�WRWDO�XVHIXO�KHDW�HQHUJ\�FRQVXPSWLRQ�LQ�
WKH�76&&�EHIRUH� DQG� DIWHU� WKH� SDVVLYH�7URPEH�ZDOO�� ,Q� WKH� VDPH� ILJXUH�� IRU� WKH� VDPH�
DQDO\]HG�FDVHV�LQ�76&&��WKH�PRQWKO\�WRWDO�HQHUJ\�VDYLQJV�H86( >�@�LV�DOVR�VKRZQ�

7KH�PRQWKO\�WRWDO�XVHIXO�KHDW�HQHUJ\�FRQVXPSWLRQ� LQ�WKH�76&&�EHIRUH�WKH�SDVVLYH�
7URPEH�ZDOO� ZHUH �)LJ�������������N:K��2FWREHU����������N:K��1RYHPEHU�����������
N:K��'HFHPEHU�����������N:K��-DQXDU\����������N:K��)HEUXDU\����������N:K��0DUFK���
DQG��������N:K��$SULO��

&RQYHUVHO\��WKH�PRQWKO\�WRWDO�XVHIXO�KHDW�HQHUJ\�FRQVXPSWLRQ� LQ�WKH�76&&�DIWHU�WKH�
SDVVLYH�7URPEH�ZDOO� ZHUH �)LJ�� ��� �������N:K� �2FWREHU����������N:K��1RYHPEHU���
�������N:K��'HFHPEHU�����������N:K��-DQXDU\����������N:K��)HEUXDU\����������N:K�
�0DUFK���DQG��������N:K��$SULO��
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%DVHG�RQ�DOO�RI�WKH�DERYH��WKH�PRQWKO\�WRWDO�HQHUJ\�VDYLQJV�ZHUH��)LJ�������������
�2FWREHU�����������1RYHPEHU����������'HFHPEHU����������-DQXDU\�����������)HEUXDU\���
��������0DUFK���DQG���������$SULO��

)LJXUH����0RQWKO\�WRWDO�XVHIXO�KHDW�HQHUJ\�FRQVXPSWLRQ�DQG�HQHUJ\�VDYLQJV�
LQ�WKH�76&&�EHIRUH�DQG�DIWHU�WKH�SDVVLYH�7URPEH�ZDOO��

7KH� KLJKHVW� SHUFHQWDJH� VDYLQJV� ZHUH� DFKLHYHG� DW� WKH� EHJLQQLQJ� DQG� HQG� RI� WKH�
DQDO\]HG�SHULRG� �2FWREHU��0DUFK��DQG�$SULO��ZKHQ� WKH�ZHDWKHU�ZDV�RQ� WKH� VLGH�RI� WKH�
SDVVLYH�7URPEH�ZDOO��7KH�H[WHUQDO�DPELHQW�WHPSHUDWXUH�LV�KLJKHU��7KH�VDPH�JRHV�IRU�WKH�
VRODU�UDGLDWLRQ��GLUHFW��GLIIXVH��DQG�UHIOHFWHG���,Q�WKDW�FDVH��WKH�SDVVLYH�VRODU�GHVLJQ�UHDFKHV�
LWV�IXOO�H[SUHVVLRQ��EHFDXVH�WKH�DFFXPXODWHG�KHDW�HQHUJ\�LV�KLJKHU��RQ�WKH�RQH�KDQG���DQG�
WKH�KHDW�ORVVHV�WKURXJK�WKH�JOD]LQJ�DUH�ORZHU��RQ�WKH�RWKHU�KDQG���,Q�WKH�ZLQWHU�PRQWKV��
DOWKRXJK�WKH�6XQ�HOHYDWLRQ�DQJOH�LV�PRUH�IDYRUDEOH�GXH�WR�WKH�SDVVLYH�7URPEH�ZDOO��VRODU�
LQFLGHQFH�DQJOH�>��@���WKH�LQWHQVLW\�RI�WKH�VRODU�UDGLDWLRQ�LV�PXFK�ZHDNHU�DQG�WKH�H[WHUQDO�
DPELHQW� WHPSHUDWXUHV� DUH� RIWHQ� EHORZ� ]HUR�� 'XH� WR� WKH�PHQWLRQHG� HIIHFWV� WKH� HQHUJ\�
VDYLQJV�DUH�OHVV�WKDQ������������LQ�'HFHPEHU�DQG�������LQ�-DQXDU\��

,I�LW�LV�DFFHSWHG�WKDW�WKH�WKHUPDO�SRZHU�RI�FRDO�LV������0-�NJ�������N:K�NJ��>��@��DQG�
WKH�SULFH�RI�FRDO�LV��������¼�W��WKH�DQQXDO�ILQDQFLDO�FRVWV�FDQ�EH�UHGXFHG�E\�DOPRVW�����
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(QHUJ\�FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU��ERWK�JOREDOO\�DQG�QDWLRQDOO\�� LV�YHU\�
KLJK��$Q�LQFUHDVLQJ�QXPEHU�RI�SHRSOH�OLYH�LQ�FLWLHV��DQG�IHZHU�OLYH�LQ�WKH�FRXQWU\VLGH��,Q�
WKH�(8��DURXQG�����RI�WKH�KXPDQ�SRSXODWLRQ�OLYHV�LQ�XUEDQ�DUHDV��7KLV�VKDUH�LV�DVVXPHG�
WR�UHDFK�DURXQG�����LQ�������
7KH�ZD\� RXW� FDQ� EH� VHHQ� LQ� LQFUHDVLQJ� WKH� HQHUJ\� HIILFLHQF\� LQ� FLWLHV�� EXW� ZH� VKRXOG�
FHUWDLQO\�ZRUN�RQ�WKHLU�GHXUEDQL]DWLRQ��7KH�DXWKRUV�EHOLHYH�WKDW�SURPRWLQJ�FRXQWULHV��DQG�
UDLVLQJ�HQHUJ\�HIILFLHQF\�LQ�WKHP��LV�D�ORQJ�WHUP�VROXWLRQ�WKDW�QHHGV�WR�EH�ZRUNHG�RQ�

)ROORZLQJ� WKDW�� LQ� WKLV� SDSHU�� WKH� HQHUJ\�� HFRORJLFDO�� DQG� HFRQRPLF� DVSHFWV� RI� WKH�
FRXQWU\�KRXVHV�LQ�6HUELD��VPDOO�QHW�DUHDV�EXLOW�LQ�DFFRUGDQFH�ZLWK�WUDGLWLRQDO�SULQFLSOHV��
ZHUH�LQYHVWLJDWHG��7KH�FRQVXPSWLRQ�RI�XVHIXO��ILQDO��DQG�SULPDU\�HQHUJ\�ZDV�DQDO\]HG�RQ�
WKH�FDVH�VWXG\�PRGHO�RI�WKH WUDGLWLRQDO�6HUELDQ�FRXQWU\�FRWWDJH�HTXLSSHG�ZLWK�D�PRGHUQ�
SDVVLYH�VRODU�V\VWHP�± WKH�SDVVLYH�7URPEH�ZDOO�

7KH�UHVXOWV�RI�WKH�QXPHULFDO�UHVHDUFK��*RRJOH�6NHWFK8S�VRIWZDUH�SDFNDJH�LV�XVHG�IRU�
EXLOGLQJ� GHVLJQ�� (QHUJ\3OXV� VRIWZDUH� SDFNDJH� LV� XVHG� IRU� VLPXODWLRQ� WKHUPR�WHFKQLFDO�
V\VWHPV��VKRZHG�WKDW� LQ�DQ�HFRQRPLF�VHQVH��FRVWV IRU�KHDWLQJ LQ�WKH�WUDGLWLRQDO�6HUELDQ�
FRXQWU\�FRWWDJH�HTXLSSHG�ZLWK�WKH�SDVVLYH�7URPEH�ZDOO�FDQ�EH�UHGXFHG�XS�WR�����

6HUELD�LV�D�FRXQWU\�ULFK�LQ�QDWXUDO�UHVRXUFHV�DQG�ODQGVFDSHV��DQG�WKLV�VKRXOG�EH�XVHG�
LQ�WKH�EHVW�ZD\��UHVSRQVLEOH�SROLWLFV�� LQIUDVWUXFWXUH�SURMHFWV��FOHDU�JRDOV��HQJDJHPHQW�RI�
VFLHQWLILF�DQG�SURIHVVLRQDO�SHRSOH��PXOWLGLVFLSOLQDU\�DSSURDFK���HYHQ�JUHDWHU�SDUWLFLSDWLRQ�
RI�VWDWH�ERGLHV�DQG�DOO�FLWL]HQV�

5()(5(1&(6

>�@ 6LGGKDUWK� 6���HW�DO��������3HUIRUPDQFH�HQKDQFHPHQW�RI�VRODU�FROOHFWRUV�± $�UHYLHZ��5HQHZDEOH�
DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV����������SS���������

>�@ 6DwFKD� *�� HW�DO��������/LIH�F\FOH�DQDO\VLV��/&$��RI�SKRWRYROWDLF�SDQHOV��$�UHYLHZ��5HQHZDEOH�
DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV��������� SS���������

>�@ 7LQ� 7� &��������$�UHYLHZ�RQ�SKRWRYROWDLF�WKHUPDO�K\EULG�VRODU�WHFKQRORJ\��$SSOLHG�(QHUJ\��
������� SS���������

>�@ 2PLGUH]D� 6�� HW�DO��������7URPEH�ZDOOV��$�UHYLHZ�RI�RSSRUWXQLWLHV�DQG�FKDOOHQJHV�LQ�UHVHDUFK�
DQG�GHYHORSPHQW��5HQHZDEOH�DQG�VXVWDLQDEOH�HQHUJ\�UHYLHZV��������������������

>�@ 0LFKDHO� )� +��������1HZ�WHFKQRORJLHV�IRU�HQHUJ\�HIILFLHQF\���VW HGLWLRQ��%DUKDP�&RXUW��8.��
5LYHU�3XEOLVKHUV�

>�@ 6DPDU�� -���$MLE��6��������2SWLPXP�GHVLJQ�RI�7URPEH�ZDOO� V\VWHP� LQ�PHGLWHUUDQHDQ� UHJLRQ��
6RODU�(QHUJ\����������SS�����������

>�@ 6i��%���HW�DO��������$Q�DQDO\WLFDO�DSSURDFK�WR�DVVHVV�WKH�LQIOXHQFH�RI�WKH�PDVVLYH�ZDOO�PDWHULDO��
WKLFNQHVV�DQG�YHQWLODWLRQ�V\VWHP�RQ�WKH�7URPEH�ZDOO�WKHUPDO�SHUIRUPDQFH��-RXUQDO�RI�%XLOGLQJ�
3K\VLFV����������SS���������

>�@ 6DMGD� 6� )���HW�DO��������6LPXODWLRQ�DQG�QXPHULFDO�LQYHVWLJDWLRQ�RI�HIIHFW�DLU�JDS�WKLFNQHVV�RQ�
7URPEH�ZDOO� V\VWHP�� ,QWHUQDWLRQDO� -RXUQDO� RI� $SSOLFDWLRQ�RU� ,QQRYDWLRQ� LQ�(QJLQHHULQJ�	�
0DQDJHPHQW��,-$,(0�������������������

>�@ $UDVK��3���$VRRGHK��+��������7KH�LPSDFWV�RI�DGYDQFHG�JOD]LQJ�XQLWV�RQ�DQQXDO�SHUIRUPDQFH�RI�
WKH�7URPEH�ZDOO�V\VWHPV�LQ�FROG�FOLPDWHV��6XVWDLQDEOH�(QHUJ\�7HFKQRORJLHV�DQG�$VVHVVPHQWV��
��������S��������

>��@ $WXO�� 6��� HW� DO�� ������ 5HYLHZ� RQ� WKHUPDO� HQHUJ\� VWRUDJH� ZLWK� SKDVH� FKDQJH� PDWHULDOV� DQG�
DSSOLFDWLRQV��5HQHZDEOH�DQG�6XVWDLQDEOH�HQHUJ\�UHYLHZV��9RO��� �����SS���������
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>��@ )UDQFHVFD��6���HW�DO��������7KH�EHKDYLRXU�RI�VRODU�ZDOOV�LQ�UHVLGHQWLDO�EXLOGLQJV�ZLWK�GLIIHUHQW�
LQVXODWLRQ�OHYHOV��DQ�H[SHULPHQWDO�DQG�QXPHULFDO�VWXG\��(QHUJ\�DQG�%XLOGLQJV������������������

>��@ 5LFKPDQ��5��&��� 3UHVVQDLO��.��'�� ������$�PRUH� VXVWDLQDEOH� FXUWDLQ�ZDOO� V\VWHP�� DQDO\WLFDO�
PRGHOLQJ�RI�WKH�VRODU�G\QDPLF�EXIIHU�]RQH��6'%=��FXUWDLQ�ZDOO��%XLOGLQJ�DQG�(QYLURQPHQW�����
�����SS������

>��@ $EUDKDP��<�������$�NQRZOHGJH�EDVHG�&$$'�V\VWHP�IRU�SDVVLYH�VRODU�DUFKLWHFWXUH��5HQHZDEOH�
(QHUJ\����������SS���������

>��@ 6HEDOG��$��9���HW�DO��������3HUIRUPDQFH�HIIHFWV�RI�7URPEH�ZDOO�FRQWURO�VWUDWHJLHV��6RODU�(QHUJ\
������� SS���������

>��@ 5DQGMHORYLF��'���HW�DO��������,QYHVWLJDWLRQ�RI�D�SDVVLYH�GHVLJQ�DSSURDFK�IRU�D�EXLOGLQJ�IDFLOLW\��
$�FDVH�VWXG\��(QHUJ\�6RXU���3DUW�$��5HFRYHU\��8WLOL]DWLRQ��DQG�(QYLURQPHQWDO�(IIHFWV��SS������

>��@ %RJGDQRYLü�� 9�� %��� HW� DO�� ������ ,PSURYLQJ� WKHUPDO� VWDELOLW\� DQG� UHGXFWLRQ� RI� HQHUJ\�
FRQVXPSWLRQ�E\�LPSOHPHQWLQJ�7URPEH�ZDOO�FRQVWUXFWLRQ�LQ�WKH�SURFHVV�RI�EXLOGLQJ�GHVLJQ��7KH�
6HUELD�UHJLRQ��7KHUPDO�VFLHQFH�������$���SS�����������

>��@ 'MRUGMHYLü��$��9���HW�DO��������(VWLPDWLRQ�RI�LQGRRU�WHPSHUDWXUH�IRU�D�SDVVLYH�VRODU�EXLOGLQJ�
ZLWK�D�FRPELQHG�SDVVLYH�VRODU�V\VWHP��-RXUQDO�RI�(QHUJ\�(QJLQHHULQJ��������������������

>��@ âHWUDMþLü��-���HW�DO��������6LPXODWLRQ�RI�WKH�LQVXODWLRQ�SURSHUWLHV�E\�PRGLILFDWLRQ�RI�WKH�7URPEH�
ZDOO��,QQRYDWLYH�0HFKDQLFDO�(QJLQHHULQJ���������SS�������

>��@ 9XþHQRYLü�� 6��0��� HW� DO�� ������ $FWLYH� LQVXODWLRQ�YDULDWLRQ� RI� 7URPEH� ZDOO��&RQWHPSRUDU\�
0DWHULDOV���������SS�������

>��@ 9XNDGLQRYLü��$���HW�DO��������,PSDFW�RI�JUHHQ�URRILQJ�RQ�WKH�HQHUJ\�SHUIRUPDQFH�RI�D�GHWDFKHG�
SDVVLYH� UHVLGHQWLDO� EXLOGLQJ� ZLWK� D� 7URPEH� ZDOO�� $QQDOV� RI� WKH� )DFXOW\� RI� (QJLQHHULQJ�
+XQHGRDUD��������� SS� �������

>��@ 0DOHVHYLF��-���HWD�DO��������7KH�LQIOXHQFH�RI�WKH�7URPEH�ZDOO�RQ�HQHUJ\�FRQVXPSWLRQ�IRU�KHDWLQJ�
DQG�FRROLQJ�RI�QHW�]HUR�HQHUJ\�KRXVH� �WK ,QWHUQDWLRQDO�4XDOLW\�&RQIHUHQFH�± &HQWHU�IRU�4XDOLW\��
SS�����������.UDJXMHYDF��6HUELD�

>��@ 9DVLOMHYLF��=���1LNROLF��'��������(QHUJ\�FRQVXPSWLRQ�DQO\VLV�LQ�VHUELDQ�EXLOGLQJ�EDVHG�RQ�WKH�
VRPH�SULQFLSOHV�RI�SDVVLYH�VRODU�GHVLJQ����WK ,QWHUQDWLRQDO�&RQJUHVV�DQG�([KLELWLRQ�RQ�+HDWLQJ��
5HIULJHUDWLRQ�DQG�$LU�&RQGLWLRQLQJ��SS�����������%HOJUDGH��6HUELD�

>��@ 'UDJLüHYLü��6��0���/DPELü��0��5�� ������1XPHULFDO� VWXG\�RI� D�PRGLILHG�7URPEH�ZDOO� VRODU�
FROOHFWRU�V\VWHP��7KHUPDO�6FLHQFH����������SS���������

>��@ %RMLü��0���HW�DO��������2SWLPL]LQJ�HQHUJ\�DQG�HQYLURQPHQWDO�SHUIRUPDQFH�RI�SDVVLYH�7URPEH�
ZDOO��(QHUJ\�DQG�%XLOGLQJV����������SS���������

>��@ 0LQLVWU\�RI�&RQVWUXFWLRQ�7UDQVSRUW�DQG�,QIUDVWUXFWXUH� 5XOHERRN�RI�HQHUJ\�HIILFLHQF\� 2IILFLDO�
*D]HWWH� RI� WKH� 5HSXEOLF� RI� 6HUELD� ��������� ������ $YDLODEOH� RQOLQH��
KWWSV���ZZZ�SDUDJUDI�UV�SURSLVL�SUDYLOQLNBRBHQHUJHWVNRMBHILNDVQRVWLB]JUDGD�KWPO �DFFHVHG�RQ�
���0D\�������

>��@ (QHUJ\3OXV� 6RIWZDUH�� (QJLQHHULQJ� 5HIHUHQFH�� $YDLODEOH RQOLQH�� KWWSV���HQHUJ\SOXV�QHW
�DFFHVVHG�RQ����-XQH ������

>��@ 1HãRYLü��$��������7KHRUHWLFDO�PRGHO�RI�VRODU�LQFLGHQW�DQJOH�IRU�DQ�RSWLRQDOO\�RULHQWHG�IL[HG�
IODW�VXUIDFH��7HKQLND����������SS���������

>��@ 6ODYD�7UDQV��0UNL� XJDOM�%DQRYLüL��$YDLODEOH�RQOLQH��KWWSV���VODYDWUDQV�FRP�XJDOM�PUNL�XJDOM�
EDQRYLFL�NRFND�RUDK� �DFFHVVHG�RQ����-XQH�������
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$OHNVDQGDU�0��1HãRYLü� ��'UDJDQ�=��&YHWNRYLü�

� 8QLYHU]LWHW�X�.UDJXMHYFX��,QVWLWXW�]D�LQIRUPDFLRQH�WHKQRORJLMH��
-RYDQD�&YLMLüD�EE��������.UDJXMHYDF��5HSXEOLND�6UELMD

5H]LPH��8�RYRP� UDGX� LVWUDåXMH� VH� SDVLYQR�NRULãüHQMH� VRODUQH� HQHUJLMH�X WUDGLFLRQDOQRM�
VUSVNRM� VHRVNRM� NXüL� ������ P��� X� RNROLQL� .UDJXMHYFD� ± LPSOHPHQWLUDQMHP� SDVLYQRJ�
7URPEH�]LGD��
.UR]�VHGPRPHVHþQR� �RG����RNWREUD�GR�����DSULOD��SRUHÿHQMH� VD�NODVLþQRP�NXüRP��EH]�
SDVLYQRJ�7URPEH�]LGD��RGUHÿXMX VH�SUHGQRVWL NRULãüHQMD�RYDNYLK�VRODUQLK�VLVWHPD��
2EH� VHRVNH� NXüH� �NUHLUDQH� X� SURJUDPX� *RRJOH� 6NHWFK8S��� X� SURJUDPX� (QHUJ\3OXV�
RSUHPOMHQH�VX�VLVWHPLPD�FHQWUDOQRJ�JUHMDQMD�VD�NRWORYLPD�QD�XJDOM �JHQHUDWRUL� WRSORWQH�
HQHUJLMH���
5H]XOWDWL�VX�SRND]DOL�GD�VH�SRWURãQMD�NRULVQH��WRSORWQH��HQHUJLMH�PRåH�VPDQMLWL�VD���������
N:K�QD� ������� N:K� ILQDOQH� HQHUJLMH� VD� �������� N:K�QD� �������� N:K�� D� SULPDUQH�
HQHUJLMH�VD����������N:K�QD�������� N:K��
(NRORãNL L�HNRQRPVNL�SRND]DWHOML� WDNRÿH�VX�QD�VWUDQL�VHRVNH�NXüH�VD�SDVLYQLP�7URPEH
]LGRP��HPLVLMD�XJOMHQ�GLRNVLGD�UHGXNRYDQD�MH�]D����� W��D�WURãNRYL�JUHMDQMD�]D�DQDOL]LUDQL�
SHULRG�XPDQMHQL�VX�VD��������¼�QD�YUHGQRVW��������¼�

.OMXþQH�UHþL� (QHUJR�HNR�HILNDVQRVW��SDVLYQL�7URPEH�]LG��VHRVND�NXüD��VLPXODFLMD�
WUDGLFLRQDOQD�VUSVND�DUKLWHNWXUD�

3ULMDYOMHQ�
6XEPLWWHG� �����������
,VSUDYOMHQ�
5HYLVHG� �����������
3ULKYDüHQ�
$FFHSWHG��������������


