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3URPHQH�IXQNFLMH�UD]OLaLWLK�RUJDQD�L�RUJDQVNLK�VLVWHPD�NRG�EROHVQLND�VD�SRUHPH`D�
MLPD�IXQNFLMH�^WLWDVWH�¶OH]GH�VX�RGDYQR�]DSD¶HQH�L�GHWDTQR�LVSLWDQH��2�WRPH�^WD�VH�GH^D�
YD�VD�VLVWHPRP�UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ�NRG�RYLK�EROHVQLND�SRVWRMH�VDVYLP�RVNXGQL�
OLWHUDWXUQL�SRGDFL��1HNL�RG�ZLK�VX�HNVSHULPHQWDOQL������SD�VH�QH�PRJX�VD�VLJXUQR^`X�SUH�
QHWL�L�QD�NOLQLaND�LVWUD¶LYDZD���

=DWR� MH� FLT� QD^HJ� LVWUD¶LYDZD�� aLMH� UH]XOWDWH� RYGH� SULND]XMHPR�� ELR� GD� SURFHQLPR�
IXQNFLMX�VLVWHPD�UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ��5$$6��NRG�EROHVQLND�VD�KLSHUWLUHRLGL�
]PRP�L�KLSRWLUHRLGL]PRP��X�PLURYDZX�L�SRVOH�VWLPXODFLMH�GYRaDVRYQLP�VWDMDZHP��

,VSLWDQLFL�L�PHWRGH�

3OD]PD�UHQLQVND�DNWLYQRVW��35$��L�NRQFHQWUDFLMH�DOGRVWHURQD�X�SOD]PL��3s$��L�XULQX�
�8s$��RGUH_LYDQH�VX��X�OH¶H`HP�SROR¶DMX�L�SRVOH�VWLPXODFLMH�GYRaDVRYQLP�VWDMDZHP��SRPR`X�
&,6²UDGLRLPXQRHVHMD�X�VOHGH`LP�JUXSDPD�LVSLWDQLND��

���� ������¶HQD���PX^NDUFD��EROHVQLND�VD�KLSHUWLUHRLGL]PRP��SURVHaQH��6'��VWDURVWL�
�������JRGLQD���

���� ��� ���¶HQD���PX^NDUFD��EROHVQLND�VD�KLSRWLUHRLGL]PRP��SURVHaQH��6'��VWDURVWL�
������JRGLQD�L��

���� ���]GUDYLK�RVRED�NRQWUROQH�JUXSH����¶���P���SURVHaQH��6'��VWDURVWL�������JRGLQD��

2GJRYRU�SOD]PD�UHQLQVNH�DNWLYQRVWL��35$��L�DOGRVWHURQD�X�SOD]PL��3s$���QD�GYRaDVRY�
QR�VWDMDZH��RGUH_LYDQ�MH�NDR�NROLaQLN�RGJRYDUDMX`H�YUHGQRVWL�X����aDVX�L�YUHGQRVWL�X�PLUR�
YDZX���

=D�VWDWLVWLaNX�REUDGX�MH�NRUL^`HQ�6WDWLVWLFD�����SURJUDP��6WDW6RIW��7XOVD��2.��86$���3RGD�
FL�VX�GDWL�L�REUD_HQL�NDR�VUHGZD�YUHGQRVW����VWDQGDUGQD�GHYLMDFLMD��.RUL^`HQL�VX�RGJRYDUD�
MX`L�SDUDPHWULMVNL�WHVWRYL�]D�LVSLWLYDZH�]QDaDMQRVWL�UD]OLNH�L�NRUHODFLMH�PH_X�JUXSDPD��

5H]XOWDWL�

.RG�EROHVQLND�VD�KLSHUWLUHRLGL]PRP�VX��X�PLURYDZX��]DEHOH¶HQH�YHOLNH�LQGLYLGXDOQH�
YDULMDFLMH�YUHGQRVWL�SOD]PD�UHQLQVNH�DNWLYQRVWL��35$��L�NRQFHQWUDFLMD�DOGRVWHURQD�X�SOD�
]PL��3s$���6UHGZD�YUHGQRVW�35$�RYLK�EROHVQLND��VH�QLMH�]QDaDMQR�UD]OLNRYDOD�RG�LVWH�YUHG�
QRVWL�� RGUH_HQH� NRG� ]GUDYLK� RVRED� NRQWUROQH� JUXSH� �������� �� ������� YV�� ������� �� �������
SPRO�/�VHF��S� ���������6UHGZD�YUHGQRVW�3s$�MH��PH_XWLP��ELOD�]QDaDMQR�YH`D�NRG�EROHVQLND�VD�
KLSHUWLUHRLGL]PRP��X�SRUH_HZX�VD�]GUDYLP�RVREDPD������������������YV������������������QPRO�/��
S� ����������



.RG�EROHVQLND�VD�KLSRWLUHRLGL]PRP�VX��X�SRUH_HZX�VD�]GUDYLP�RVREDPD�NRQWUROQH�JUX�
SH�� ]DEHOH¶HQH� ]QDaDMQR� VQL¶HQH� YUHGQRVWL� 35$� ������� �� ������� SPRO�/�VHF�� S� � ������� L� 3s$�
����������������QPRO�/��S� ���������*UDILNRQ�����
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*UDILNRQ����9UHGQRVWL�SOD]PD�UHQLQVNH�DNWLYQRVWL��35$��L�NRQFHQWUDFLMH�DOGRVWHURQD�X�
SOD]PL��3s$��X�PLURYDZX�NRG�EROHVQLND�VD�SRUHPH`DMLPD�IXQNFLMH�^WLWDVWH�¶OH]GH�X�SR�
UH_HZX�VD�]GUDYLP�RVREDPD��+,3(5� �EROHVQLFL�VD�KLSHUWLUHRLGL]PRP��+,32� �EROHVQLFL�VD�

KLSRWLUHRLGL]PRP��

.RG�EROHVQLND�VD�KLSRWLUHRLGL]PRP�MH��X�PLURYDZX��]DSD¶HQR�L�SRVWRMDZH�VWDWLVWLaNL�
]QDaDMQH�SR]LWLYQH�OLQHDUQH�NRUHODFLMH�L]PH_X�YUHGQRVWL�35$�L�3s$��U� ���������S� ���������
�*UDILNRQ�����
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*UDILNRQ����.RUHODFLMD�YUHGQRVWL�35$�L�3s$�X�PLURYDZX�NRG�EROHVQLND�VD�KLSRWLUH�
RLGL]PRP

�
.RQFHQWUDFLMH� DOGRVWHURQD� X� XULQX� �8s$�� VX�� X� PLURYDZX�� ELOH� EH]QDaDMQR� SRYH`DQH�

NRG�EROHVQLND�VD�KLSHUWLUHRLGL]PRP���������������YV���������������QPRO�G8��S� �������D�VWDWLV�
WLaNL�]QDaDMQR�VQL¶HQH�NRG�EROHVQLND�VD�KLSRWLUHRLGL]PRP���������������QPRO�G8��S������������
X�SRUH_HZX�VD�]GUDYLP�RVREDPD��*UDILNRQ�����
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*UDILNRQ����.RQFHQWUDFLMH�DOGRVWHURQD�X�XULQX��8s$��X�PLURYDZX�NRG�EROHVQLND�VD�SRUH�
PH`DMLPD�IXQNFLMH�^WLWDVWH�¶OH]GH�X�SRUH_HZX�VD�]GUDYLP�RVREDPD��

2GJRYRU�35$�QD�GYRaDVRYQR�RSWHUH`HZH�VWDMDZHP�ELR�MH�RaXYDQ�NRG�EROHVQLND�VD�K�
LSHUWLUHRLGL]PRP���������������YV����������������S� ���������D�UHGXNRYDQ�NRG�EROHVQLND�VD�KLSR�
WLUHRLGL]PRP����������������DOL�EH]�VWDWLVWLaNH�]QDaDMQRVWL��S� ���������*UDILNRQ�����
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*UDILNRQ����2GJRYRU�35$�QD�GYRaDVRYQR�VWDMDZH�NRG�EROHVQLND�VD�SRUHPH`DMLPD�IXQNFLMH��
^WLWDVWH�¶OH]GH�X�SRUH_HZX�VD�]GUDYLP�RVREDPD��+,3(5� �EROHVQLFL�VD�KLSHUWLUHRLGL]PR�

P��+,32� �EROHVQLFL�VD�KLSRWLUHRLGL]PRP��

2GJRYRU�3s$�QD�GYRaDVRYQR�VWDMDZH��X�RYLP�JUXSDPD�EROHVQLND��SUDWL�RGJRYRU�35$� ��
*UDILNRQ������
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*UDILNRQ����2GJRYRU�3s$�QD�GYRaDVRYQR�VWDMDZH�NRG�EROHVQLND�VD�SRUHPH`DMLPD�IXQNFLMH�
^WLWDVWH�¶OH]GH�X�SRUH_HZX�VD�]GUDYLP�RVREDPD��+,3(5� �EROHVQLFL�VD�KLSHUWLUHRLGL]P�

RP��+,32� �EROHVQLFL�VD�KLSRWLUHRLGL]PRP

'LVNXVLMD�

5H]XOWDWL�L�HNVSHULPHQWDOQLK�VWXGLMD�QD�¶LYRWLZVNLP�PRGHOLPD�����L�NOLQLaNLK�LVWU�
D¶LYDZD�������SRND]DOL�VX�]QDaDMQR�QL¶H�YUHGQRVWL�SOD]PD�UHQLQVNH�DNWLYQRVWL��35$��L�NRQ�
FHQWUDFLMH�DOGRVWHURQD�X�SOD]PL��3s$���X�PLURYDZX��NRG�EROHVQLND�VD�KLSRWLUHRLGL]PRP��X�
SRUH_HZX�VD�]GUDYLP�RVREDPD�L�EROHVQLFLPD�VD�KLSHUWLUHRLGL]PRP��.RG�QD^LK�EROHVQLND��
]DSD¶DZD�VX�ELOD�LGHQWLaQD�QDYHGHQLP��0H_XWLP��]D�UD]OLNX�RG�6DUXWD�7��L�VDUDGQLND������NRML�
QLVX�XVSHOL�GD�GRND¶X�SRVWRMDZH�NRUHODFLMH�L]PH_X�35$�L�3s$�NRG�RYLK�EROHVQLND��PL�VPR��
]DSD]LOL�VWDWLVWLaL�]QDaDMQX�SR]LWLYQX�OLQHDUQX�NRUHODFLMX�L]PH_X�RYLK�SDUDPHWDUD��2YR�
QD^H�]DSD¶DZH�EL�JRYRULOR�X�SULORJ�SUHWSRVWDYNH�GD�MH�VXSUHVLMD�ED]DOQH�DNWLYQRVWL�VLVW�
HPD� UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ�� NRG� EROHVQLND� VD� KLSRWLUHRLGL]PRP�� QDMYHURYDWQLMH��
SRVOHGLFD�UHWHQFLMH�WHaQRVWL�L�SRVOHGLaQRJ�SRYH`DZD�YROXPHQD�HNVWUDFHOXODUQH�WHaQRVWL��
D�QH�PH_XVREQR�QH]DYLVQH�GLVIXQNFLMH�MXNVWDJORPHUXOVNLK�`HOLMD�EXEUHJD�L�`HOLMD�]RQH�JOR�
PHUXOR]H�QDGEXEUH¶QLK�¶OH]GD��

,]JOHGD�GD�VX�NRG�EROHVQLND�VD�KLSHUWLUHRLGL]PRP�PH_XVREQL�XWLFDML�L]PH_X�YL^ND�W�
LUHRLGQLK�KRUPRQD�L�VLVWHPD�UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ��MR^�VOR¶HQLML�L�MR^�VODELMH�
UD]MD^ZHQL��1DLPH��NRG�SDFRYD��NRG�NRMLK� MH�HNVSHULPHQWDOQR�L]D]YDQ�KLSHUWLUHRLGL]DP�� �
]DSD¶HQH�VX�]D�RNR�����YH`H�YUHGQRVWL�35$��GRN�VX��PH_XWLP��NRQFHQWUDFLMH�3s$�ELOH�]D�RNR��
����QL¶H�X�RGQRVX�QD�HXWLUHRLGQH�¶LYRWLZH������8�WRNX�NOLQLaNLK�LVWUD¶LYDZD��QHNL�DXWRUL�
VX�SRND]DOL�GD�MH�ED]DOQD�DNWLYQRVW�VLVWHPD�UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ�VWLPXOLVDQD�X�
KLSHUWLUHRLGL]PX� ����� 'UXJL� VX�� SDN�� NRG� EROHVQLND� VD� KLSHUWLUHRLGL]PRP� ]DSD]LOL� VWD�
WLVWLaNL�]QDaDMQR�YH`H�YUHGQRVWL�35$��GRN�VH�NRQFHQWUDFLMH�3s$�QLVX�]QDaDMQR�UD]OLNRYDOH�
X�SRUH_HZX�VD�]GUDYLP�RVREDPD������8�QD^RM�JUXSL�KLSHUWLUHRLGQLK�EROHVQLND�XSDGTLYH�VX�
YHOLNH� LQGLYLGXDOQH� YDULMDFLMH� YUHGQRVWL� 35$� L� NRQFHQWUDFLMD� 3s$�� :LKRYH� VUHGZH� �
YUHGQRVWL�VX�YH`H�X�RGQRVX�QD�]GUDYH�RVREH��DOL�MH�RYD�UD]OLND�GRVWLJOD�VWDWLVWLaNX�]QDaDMQ�
RVW�VDPR�]D�3s$��3RPR`�X�REMD^ZHZX�RYRJ�]DSD¶DZD�SUX¶LOR�QDP�MH�YHRPD�LQWHUHVDQWQR�LVWU�
D¶LYDZH�MDSDQVNLK�DXWRUD������2QL�VX�GRND]DOL�GD�MH�VHUXPVND�DNWLYQRVW�DQJLRWHQ]LQ²NRQY�
HUWXMX`HJ�HQ]LPD��$&(��]QDaDMQR�YH`D�NRG�EROHVQLND�VD�KLSHUWLUHRLGL]PRP�������������8�PO��
Q �����X�SRUH_HZX�VD�]GUDYLP�RVREDPD�������������8�PO��Q� �����S����������L�EROHVQLFLPD�VD�KLS�
RWLUHRLGL]PRP�������������8�PO��Q� ����S�����������'RND]DQR�MH�L�SRVWRMDZH�]QDaDMQH�SR]LWLYQH��
NRUHODFLMH�L]PH_X�DNWLYQRVWL�RYRJ�HQ]LPD�L�35$��U� ��������S���������L�3s$��U� ��������S����������
DOL� QH� L� L]PH_X�ZHJRYH� DNWLYQRVWL� L� YUHGQRVWL� 7�� �U�  � ������� L� 7�� �U�  � �������� =DWR� LSDN�
L]JOHGD�GD�MH�DNWLYQRVW�$&(��X�KLSHUWLUHRLGL]PX��SRG�NRQWURORP�VLVWHPD�UHQLQ²DQJLRWHQ�
]LQ²DOGRVWHURQ��D�QH�SRG�NRQWURORP�KRUPRQD�^WLWDVWH�¶OH]GH��

�/LWHUDWXUQL�SRGDFL�SRND]XMX�GD�MH�RGJRYRU�VLVWHPD�UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ��
QD� VWDMDZH� ELR� RaXYDQ� NRG� KLSHUWLUHRLGQLK�� DOL� QH� L� NRG� KLSRWLUHRLGQLK� EROHVQLND� �����
6DUXWD�7��L�VDUDGQLFL� ����VX��WDNR_H�NRG�EROHVQLND�VD�KLSRWLUHRLGL]PRP��SRND]DOL�]QDaDMQR�
VODELML�RGJRYRU�35$�L�3s$�QD�SULPHQX����PJ�IXURVHPLGD��6OLaQR�$VPDKX�L�VDUDGQLFLPD������L�
PL� VPR� NRG� EROHVQLND�� NDNR� VD� KLSHUWLUHRLGL]PRP�� WDNR� L� VD� KLSRWLUHRLGL]PRP�� QD� XR�
ELaDMHQH�VWLPXOXVH��GYRaDVRYQR�VWDMDZH��IXURVHPLG��GRELOL�RGJRYRU�35$�L�3s$��NRML�VH�QLMH��
]QDaDMQR�UD]OLNRYDR�RG�RGJRYRUD�]DEHOH¶HQRJ�NRG�]GUDYLK�RVRED��2YGH�MH��LSDN��QHRSKRGQR�GD�
LVWDNQHPR�GYH�aLZHQLFH��3UYR��L�X�RYRP�QD^HP�L�X�LVWUD¶LYDZX�$VPDKD�L�VDUDGQLND�UDGL�VH��
R� UHODWLYQR�PDOLP� JUXSDPD� EROHVQLND� VD� KLSRWLUHRLGL]PRP� �Q� � ��� RGQRVQR� �����,� GUXJR��
RGJRYRU� 35$� L� 3s$� QD� VWDMDZH� MH� NRG� QD^LK� EROHVQLND� VD� KLSRWLUHRLGL]PRP�� LSDN�� ELR�
VODELML�X�RGQRVX�QD�RGJRYRU�]GUDYLK�RVRED��D�UD]OLND�MH�ELOD�QD�VDPRP�QLYRX�VWDWLVWLaNH�]Q�
DaDMQRVWL��S� �������]D�35$��S� �������]D�3s$����

� 6DGD�� NDGD� SRUHG� LQKLELWRUD� $&(�� UDVSROD¶HPR� L� OHNRYLPD�� NRML� EORNLUDMX� U�
HFHSWRUH�]D�DQJLRWHQ]LQ�,,��UH]XOWDWL�HNVSHULPHQWDOQH�VWXGLMH�0DUFKDQWD�&��L�VDUDGQLND�����
L]�������JRGLQH�EXGH�QRYD�LQWHUHVRYDZD��2QL�VX��QD�SDFRYLPD��SRND]DOL�GD�VH�X�VWDZLPD�GLV�



IXQNFLMH�^WLWDVWH� ¶OH]GH� JXVWLQD� SRGWLSD� �� UHFHSWRUD� ]D� DQJLRWHQ]LQ� ,,� �$7��� ]QDaDMQR� QH�
PHZD�� GRN� MH� JXVWLQD� SRGWLSD� �� RYLK� UHFHSWRUD� �$7��� ELOD� �� GR� �� SXWD� YH`D� X� KLSHUWL�
UHRLGL]PX��D�SULEOL¶QR�]D������YH`D�X�KLSRWLUHRLGL]PX�� -R^�XYHN�QLMH�SR]QDWR��PH_XWLP��
NDNYH�EL�UH]XOWDWH�GDOD�SULPHQD�OHNRYD��NRML�EORNLUDMX�RYH�UHFHSWRUH��NRG�EROHVQLND�VD�SR�
UHPH`DMLPD�IXQNFLMH�^WLWDVWH�¶OH]GH��

=$.48A$.�

%D]DOQD� DNWLYQRVW� VLVWHPD� UHQLQ²DQJLRWHQ]LQ²DOGRVWHURQ� MH� VXSULPLUDQD� NRG� E�
ROHVQLND� VD� KLSRWLUHRLGL]PRP�� QDMYHURYDWQLMH�� ]ERJ� UHWHQFLMH� WHaQRVWL� L� SRVOHGLaQRJ� S�
RYH`DZD�YROXPHQD�HNVWUDFHOXODUQH�WHaQRVWL��.RG�EROHVQLND�VD�KLSHUWLUHRLGL]PRP�ED]DOQH�
YUHGQRVWL�SOD]PD�UHQLQVNH�DNWLYQRVWL�VX�QHSURPHZHQH��DOL�VX�NRQFHQWUDFLMH�DOGRVWHURQD�X�
SOD]PL�]QDaDMQR�YL^H�QHJR�NRG�]GUDYLK�RVRED��YHURYDWQR�]ERJ�QHNLK�SRUHPH`DMD�X�NLQHWLFL�
L�LOL�PHWDEROL]PX�RYRJ�KRUPRQD��

/,7(5$785$�

���0DUFKDQW� &��� %URZQ� /��� 6HUQLD� &�� -��� 5HQLQ�DQJLRWHQVLQ� V\VWHP� LQ� WK\URLG� G\VIXQFWLRQ� LQ� UDWV�� �

&DUGLRYDVF��3KDUPDFRO���������������s�����

���6DUXWD�7���.LWDMLPD�:���+D\DVKL�0���.DWR�(���0DWVXNL�6���5HQLQ�DQG�DOGRVWHURQH�LQ�K\SRWK\URLGLVP���
UHODWLRQ�WR�H[FUHWLRQ�RI�VRGLXP�DQG�SRWDVVLXP��&OLQ��(QGRFULQRO���2[I���������������s�����

���0DWYHHQNR�(��*���*RUREHWV�9��)���'XVWRY�$��'���6WDWH�RI�WKH�UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP�LQ�
WK\URLG�SDWKRORJ\�EDVHG�RQ�WKH�UHVXOWV�RI�UDGLRLPPXQRDVVD\��7HU��$UNK��������������s����

���$VPDK�%�� -���:DQ�1D]DLPRRQ�:��0���1RUD]PL�.���7DQ�7��7���.KDOLG�%�$���3ODVPD� UHQLQ�DQG�DOG�
RVWHURQH�LQ�WK\URLG�GLVHDVHV��+RUP��0HWDE��5HV���������������s�����

���*RWRK� 0��� 0L]XQR� .��� 0DWVXL� -��� .XQLL� 1��� )XNXFKL� 6��� 6HUXP� DQJLRWHQVLQ� ,� FRQYHUWLQJ� HQ]\PH�
DFWLYLW\� LQ� SDWLHQWV� ZLWK� K\SHUWK\UHRLGLVP� DQG� K\SRWK\UHRLGLVP�� UHODWLRQ� WR� UHQLQ� DQG� DOGRVWHURQH��
1LSSRQ�1DLEXQSL�*DNNDL�=DVVKL��������������s�����
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