
9ROXPH����1RPRU���(GLVL�-XOL��������� � ������,661�����������;��
�

��

�

$1$/,6,6�(.63(5,0(1�/$-8�$/,5$1�92/80(�$,5���
7(5+$'$3�7(03(5$785�$,5�3$1$6�3$'$�+($7�5(&29(5<���

6,67(0�$&�-(1,6�:$7(5�&+,//(5�
�

,�0DGH�5DVWD�
3URJUDP�6WXGL�7HNQLN�3HQGLQJLQ�GDQ�7DWD�8GDUD�-XUXVDQ�7HNQLN�0HVLQ�3ROLWHNQLN�1HJHUL�%DOL�

%XNLW�-LPEDUDQ��3�R�%R[������7XEDQ�%DGXQJ�±%DOL�(�PDLO���UDVWDBLPDGH�#\DKRR�FR�LG�

�
$EVWUDFW�

� 5HIULJHUDQW�LQ�UHIULJHUDWLRQ�PDFKLQHV�ZLOO�DEVRUE�KHDW�IURP�D�URRP�VSDFH�DQG�UHOHDVHG�WKH�
KHDW�WR�WKH�HQYLURQPHQW��7KH�KHDW�EDODQFLQJ�LQ�WKH�V\VWHP�LV�KHDW�UHOHDVHG�IURP�FRQGHQVHU�HTXDO�
ZLWK�KHDW�DEVRUEHG�IURP�URRP�VSDFH�DGGHG�E\�WKH�KHDW�HTXLYDOHQW�IURP�FRPSUHVVRU�ZRUN��%DVHG�
RQ�WKLV�KHDW�F\FOH��WKH�ZULWHU�WU\�WR�FRQGXFW�UHVHDUFK�RQ�XVLQJ�WKLV�KHDW�UHMHFWLRQ�IURP�FRQGHQVHU�WR�
KHDWLQJ� WDS�ZDWHU�� IRFXVLQJ�RQ�ZDWHU� IORZ� UDWH� LQFUHDVHG� IURP����� OLWHU�PLQ� WR� ���� OLWHU�PLQ�� )URP�
H[SHULPHQW�DQG�DQDO\VLV� UHVXOW�REWDLQHG� WKDW� WKH�PD[LPXP�KHDW�ZDWHU� WHPSHUDWXUH�ZKLFK� FDQ�EH�
UHDFKHG�LV������&�LQ�����OLWHU�PLQ��ZLWK�WKH�HTXLSPHQW�VSHFLILFDWLRQV�DUH���+3��VSOLW�DLU�FRQGLWLRQLQJ�
DQG�WKH� WDQN�YROXPH�LV���� OLWHUV��7KH�DGGLWLRQDO�UHVXOW� LV�KHDWLQJ�ZDWHU�WHPSHUDWXUH� LV�IDOOHQ�ZKHQ�
WKH�ZDWHU�IORZ�UDWH�LV�LQFUHDVHG�����

�
.H\ZRUGV��5HIULJHUDQW��ZDWHU�IORZ�UDWH��KHDW�ZDWHU�WHPSHUDWXUH��
�
3HQGDKXOXDQ�

5HIULJHUDQ� PHPHJDQJ� SHUDQDQ� \DQJ�
VDQJDW�SHQWLQJ�GDODP�VXDWX�VLVWHP�SHQGLQJLQ�
VHEDJDL� IOXLGD� \DQJ� GDSDW� PHQ\HUDS� SDQDV�
GDQ� PHQGLQJLQNDQ� PHGLD� \DQJ� DGD�
GLVHNLWDUQ\D� �$URUD�� ���������� $6+5$(��
������'LQFHU�����������,QGDUWRQR���������'DUL�
KDVLO� SHQ\HUDSDQ� SDQDV� UXDQJDQ� ROHK�
UHIULJHUDQ� GDQ� SHQ\HUDSDQ� NDORU� \DQJ� VHWDUD�
GHQJDQ� NHUMD� NRPSUHVRU�� PDND� WHPSHUDWXU�
GDQ� WHNDQDQ� � UHIULJHUDQ� DNDQ� QDLN�� 8QWXN�
PHQXUXQNDQ� WHPSHUDWXU� LQL� PDND� GLSHUOXNDQ�
VXDWX� DODW� \DQJ� EHUIXQJVL� XQWXN� PHPEXDQJ�
SDQDV� UHIULJHUDQ� NH� OXDU� UXDQJDQ�� $ODW� LQL�
GLVHEXW�GHQJDQ�NRQGHQVRU��3DQDV�LQL�GLEXDQJ�
EHJLWX� VDMD� NH� OLQJNXQJDQ� � WDQSD�
GLPDQIDDWNDQ�� 0DND� GDUL� LWX� SHUOX� DGDQ\D�
SHPDQIDDWDQ� SDQDV� \DQJ� WHUEXDQJ� LWX�
VHEDJDL� SHPDQDV� DLU� VHKLQJJD� QDQWLQ\D�
HQHUJL�LWX�WLGDN�WHUEXDQJ�VLD�VLD��7KHUPD�VWRU��
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7XMXDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�XQWXN�
PHQJHWDKXL� SHQJDUXK� SHUXEDKDQ� ODMX� DOLUDQ�
YROXPH� DLU� WHUKDGDS� WHPSHUDWXU� DLU� SDQDV�
PDNVLPXP� \DQJ� ELVD� GLFDSDL� GDUL�
SHPDQIDDWDQ� NDORU� \DQJ� WHUEXDQJ� WHUVHEXW��
1DQWLQ\D�GLKDUDSNDQ�KDVLO� GDUL� SHQHOLWDLDQ� LQL�
GDSDW� GLWHUDSNDQ� SDGD� PHVLQ� SHQJNRQGLVLDQ�
XGDUD� \DQJ� ODLQ� GLODSDQJDQ� NDUHQD� SDGD�
SULQVLSQ\D� FDUD� NHUMD� PHVLQ� SHQJNRQGLVLDQ�
XGDUD�DGDODK�VDPD��
�
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3DGD� VDDW� $&� MHQLV� ZDWHU� FKLOOHU�
GLKLGXSNDQ��PDND�UHIULJHUDQ�DNDQ�EHUVLUNXODVL��
�
GL� GDODP� VLVWHP�� 5HIULJHUDQ� \DQJ� NHOXDU� GDUL�
NRPSUHVRU� DNDQ� GLDOLUNDQ� NH� WDQJNL� KHDWHU�

\DQJ�GLGDODPQ\D�EHULVL�DLU�VHEHOXP�PDVXN�NH�
NRQGHQVRU�� VHKLQJJD� WHUMDGL� SHQ\HUDSDQ�
SDQDV�ROHK�DLU�GDUL��UHIULJHUDQ�SDQDV�VHKLQJJD�
WHPSHUDWXU�DLU�DNDQ�PHQLQJNDW�VHVXDL�GHQJDQ�
WHPSHUDWXU� UHIULJHUDQ�� 'HPLNLDQ� VHWHUXVQ\D�
ZDWHU� KHDWHU� EHNHUMD� VHODPD�$&�PDVLK� WHWDS�
KLGXS��
�
3URVHGXU�3HQJXMLDQ�
�
3HUVLDSDQ�3HQJXMLDQ�

$GDSXQ�SHUVLDSDQ�\DQJ�SHUOX�GLODNXNDQ�
VHEHOXP� SHQJXMLDQ� EHUODQJVXQJ� DGDODK�
VHEDJDL�EHUXNXW���
D��6LDSNDQ�VHPXD�SHUDODWDQ�GDQ�DODW�DODW�XNXU�
\DQJ�GLSHUJXQDNDQ��

E��7HPSDWNDQ� SHUDODWDDQ� VHVXDL� GHQJDQ�
SRVLVLQ\D��

F��+LGXSNDQ�0&%�SDGD�SDQHO�OLVWULN��
�
/DQJNDK�3HQJXMLDQ�

3HQJXMLDQ� \DQJ� GLODNXNDQ� SDGD�
VLPXODWRU� $&� MHQLV� ZDWHU� FKLOOHU� \DQJ�
GLOHQJNDSL� GHQJDQ� VLVWHP� ZDWHU� KHDWHU�
GLODNXNDQ� OLPD�NDOL��\DLWX�GHQJDQ�GHELW�DLU�����
OLWHU�PHQLW�� �� OLWHU�PHQLW�� ���� OLWHU�PHQLW�� ��
OLWHU�PHQLW�� GDQ� ���� OLWHU�PHQLW�� .HPXGLDQ�
PHQFDWDW�GDWD�WHPSHUDWXU�DLU�\DQJ�PDVXN�GDQ�
NHOXDU� KHDW� HFKDQJHU�� � $ODW� HNVSDQVL� \DQJ�
GLJXQDNDQ�DGDODK�GHQJDQ�NDWXS�HNVSDQVL��
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JUDILN� KXEXQJDQ� DQWDUD� NDORU� � SHPDQDVDQ�
GHQJDQ� ZDNWX�� ODMX� DOLUDQ� DLU� GHQJDQ� ZDNWX�
SHQFDSDLDQ� WHPSHUDWXU� PDNVLPXP�� GDQ� ODMX�
DOLUDQ� DLU� GHQJDQ� NDORU� SHPDQDVDQ� WRWDO��
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�
�
�
�
�
�
�
�
�
�
�
�

*DPEDU���
+XEXQJDQ�.DORU�3HPDQDVDQ�GHQJDQ�:DNWX�

8QWXN�/DMX�$LU�����OLWHU�PHQLW��
�
�
�
�
�
�
�
�
�
�
�

*DPEDU���
+XEXQJDQ�.DORU�3HPDQDVDQ�GHQJDQ�:DNWX��

8QWXN�/DMX�$LU���OLWHU�PHQLW��
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.DORU�3HPDQDVDQ�:DNWX

�

�����

�����

�����

�����

�����

�����

�����

�����

�����

� �� �� �� �� �� �� �� �� �� ���

:DNWX��PHQLW�

.
D
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U�
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P
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Q
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V
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��
-
�P
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Q
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�

/DMX�����OLWHU�PHQLW

/DMX�$OLUDQ�$LU�:DNWX�3HQFDSDLDQ�7HPSHUDWXU�

0DNVLPXP

�

��

��

��

��

���

���

���

���

� ��� � ��� � ��� �

/DMX�$OLUDQ�$LU��OLWHU�PHQLW�

:
D
N
WX
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H
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F
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D
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�
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/DMX�$OLUDQ�$LU�.DORU�3HPDQDVDQ�7RWDO

�

�����

�����

�����

�����

�����

�����

�����

�����

�����

������

� ��� � ��� � ��� �

/DMX�$OLUDQ�$LU��OLWHU�PHQLW�

.
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*DPEDU���
+XEXQJDQ�.DORU�3HPDQDVDQ�GHQJDQ�:DNWX�

8QWXN�/DMX�$LU�����OLWHU�PHQLW��
�
�
�
� � 'DUL� JDPEDU�JDPEDU� GL� DWDV� GDSDW�
GLWHQWXNDQ� QLODL� NRHILVLHQ� NROHUDVLQ\D� GHQJDQ�
EDQWXDQ� SURJUDP� 0LFURVRIW� ([FHO� ������
$GDSXQ�UXPXVDQQ\D�DGDODK�VHEDJDL�EHULNXW���

U� �FRUUHO��.�9[��[Q��.�9\��\Q���
GLPDQD���
� .���  �.RORP�SHUWDPD��
� 9[��[Q��  � 9DULDEHO� ;� SHUWDPD� VDPSDL�

YDULDEHO�;�NH�Q��
.���  �.RORP�NHGXD��
9\��\Q��  � 9DULDEHO� <� SHUWDPD� VDPSDL�

YDULDEHO�<�NH�Q��
�
��8QWXN�ODMX�DOLUDQ�DLU�����OWU�PQW��� U� ��������
��8QWXN�ODMX�DOLUDQ�DLU���OWU�PQW��� U� ��������
��8QWXN�ODMX�DOLUDQ�DLU�����OWU�PQW��� U� ��������
��8QWXN�ODMX�DOLUDQ�DLU���OWU�PQW���� U� ��������
��8QWXN�ODMX�DOLUDQ�DLU�����OWU�PQW��� U� ��������
� �

'DUL� GDWD� GL� DWDV� GDSDW� GLOLKDW� EDKZD�
QLODL� NRHILVLHQ� NROHUDVLQ\D� EHUNLVDU� DQWDUD� � �
����� VDPSDL� GHQJDQ� ������� .DUHQD� NRHILVLHQ�
NRUHODVLQ\D� QHJDWLI�� PDND� DQWDUD� NDORU�
SHPDQDVDQ�GHQJDQ�ZDNWX�PHPLOLNL�KXEXQJDQ�
\DQJ� EHUODZDQDQ�� PDNVXGQ\D� NHEXWXKDQ�
NDORU� SHPDQDVDQ� WLGDN� VHEDQGLQJ� GHQJDQ�
SHUWDPEDKDQ� ZDNWX�� 0DNLQ� ODPD� ZDNWXQ\D��
PDND� NDORU� SHPDQDVDQ� \DQJ� GLEXWXKNDQ�
FHQGHUXQJ� VHPDNLQ� UHQGDK�� .DUHQD� QLODLQ\D�
GLEDZDK� ±��� PDND� KXEXQJDQQ\D� EHUVLIDW�
OHPDK���
� 'DUL� JDPEDU�JDPEDU� GL� DWDV� MXJD�
GDSDW�GLVLPSXONDQ�EDKZD�SDGD�VDDW����PHQLW�
SHUWDPD�NHEXWXKDQ�NDORU�XQWXN�PHPDQDVNDQ�
DLU� VDQJDW� WLQJJL� NHPXGLDQ� XQWXN� ��� PHQLW�
EHULNXWQ\D� FHQGHUXQJ� PHQXUXQ�� ,WX�
GLVHEDENDQ� NDUHQD� SDGD� VDDW� DZDO�
SHPDQDVDQ� NDORU� WHUOHELK� GDKXOX�
GLPDQIDDWNDQ� XQWXN� PHPDQDVNDQ� GLQGLQJ�
GLQGLQJ� NRLO� SHPDQDV� VHKLQJJD� NDORU� \DQJ�
GLSHUOXNDQ� PHQMDGL� OHELK� EHVDU�� 6HWHODK�
GLQGLQJ�NRLO�SHPDQDV� �SDQDV��EDUX�NHPXGLDQ�

NDORU� WHUVHEXW� GLJXQDNDQ�XQWXN�PHPDQDVNDQ�
DLU�GL�GDODP�WDQJNL�KHDWHU���
�
�
/DMX� DOLUDQ� DLU� GDQ� ZDNWX� SHQFDSDLDQ�
WHPSHUDWXU�PDNVLPXP��
�
�
�
�
�
�
�
�
�
�
�

*DPEDU����
+XEXQJDQ�/DMX�$OLUDQ�$LU�GHQJDQ�:DNWX�
3HQFDSDLDQ�7HPSHUDWXU�0DNVLPXP��

�
7DEHO����

'DWD�/DMX�$OLUDQ�$LU�GDQ�.DORU�3HPDQDVDQ�
7RWDO�

�

1R�
/DMX�$OLUDQ�

$LU�
�/WU�0HQLW��

.DORU�3HPDQDVDQ�
7RWDO��-�PHQLW��

�� �� ��

�� ���� �������

�� �� �������

�� ���� �������

�� �� �������

�� ���� �������

�
�
�
�
�
�
�
�
�
�
�

*DPEDU����
+XEXQJDQ�/DMX�$OLUDQ�$LU�GHQJDQ�.DORU�

3HPDQDVDQ�7RWDO��
�

'DUL� JDPEDU�GL� DWDV�� EDKZD� VHPDNLQ�
EHVDU� ODMX� DOLUDQ� DOLUDQ� DLU� PDND� NDORU�
SHPDQDVDQ� WRWDO� \DQJ� GLSHUOXNDQ� FHQGHUXQJ�
DNDQ� PHQLQJNDW�� .HFXDOL� SDGD� ODMX� DOLUDQ� DLU�
���� OLWHU�PHQLW� NDORU� WRWDO� SHPDQDVDQ�
PHQXUXQ�� ,WX� GLVHEDENDQ� NDUHQD� SDGD� ODMX�
WHUVHEXW� NDORU� GDUL� UHIULJHUDQ� VXGDK� WLGDN�
PDPSX� ODJL� PHQJLPEDQJL� NHEXWXKDQ� NDORU�
XQWXN� PHPDQDVNDQ� DLU�� VHKLQJJD� NDORU�
SHPDQDVDQ�PHQMDGL�PHQXUXQ�
�
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/DMX�$OLUDQ�$LU�.DORU�<DQJ�'DSDW�'LPDQIDDWNDQ�

�

�

��

��

��

��

� ��� � ��� � ��� �

/DMX�$OLUDQ�$LU��OLWHU�PHQLW�

.
D
OR
U�
<
D
Q
J
�'
D
S
D
W�

'
LP
D
Q
ID
D
WN
D
Q
��
�
�

.DORU�7HUEXDQJ�\DQJ�GDSDW�'LPDQIDDWNDQ�
�
D�� .DORU�WRWDO�\DQJ�GLEXDQJ�GL�NRQGHQVRU��
�
'LNHWDKXL����
&RROLQJ�FDSDFLW\�DODW�XML�4H� ������%78��K��

 ���������-�PHQLW�
'DWD�UHILULJHUDQ�SDGD�VDDW�SHQJDPELODQ�GDWD���

��.RQGHQVRU����� ��(YDSRUDWRU����
3�LQ��  ����%DU�� 3�LQ��  ������%DU��
7�LQ��  ��������&�� 7�LQ��  �������&�
3�RXW��  ����%DU�� 3�RXW��  ������%DU�
7�RXW��  �����&�� 7�RXW��  �������&�

'DUL�GLDJUDP�S�K�5������GLGDSDW���
K�� �����N-�NJ��  ���������-�NJ��
K�� �����N-�NJ��  ���������-�NJ��
K�� �K�� �����N-�NJ� ���������-�NJ��

� �
� 0DND�� GDSDW� GLWHQWXNDQ� ODMX� DOLUDQ�
PDVVD� UHIULJHUDQ� VHEDJDL� EHULNXW� �$URUD��
���������6WRHFNHU��������������

4H� �
x

P UHI�����K��±�K��� ����

��������-�PHQLW� �
x

P UHI�������������-�NJ����

��������-�NJ���

��������-�PHQLW� �
x

P UHI������������-�NJ�
x

P UHI���� �
NJ-

PHQLW-

��������

��������
��

 ������NJ�PHQLW��
� �
� 'HQJDQ�PHQJHWDKXL�ODMX�DOLUDQ�PDVVD�
UHIULJHUDQ��PDND�GDSDW�GLWHQWXNDQ�NDORU� � WRWDO�
\DQJ�WHUEXDQJ�GL�NRQGHQVRU�VHEDJDL�EHULNXW���

4F� �
x

P UHI����K��±�K��� ����

4F� �����NJ�PQW����������-�NJ���������-�NJ��
 ������NJ�PHQLW������������-�NJ��

 ���������-�PHQLW��
�
-DGL�NDORU�\DQJ�WHUEXDQJ�GL�NRQGHQVRU�

DGDODK�VHEHVDU���������-�PHQLW��
�
E���3URVHQWDVH�NDORU�\DQJ�GDSDW�

GLPDQIDDWNDQ��
�
� 'HQJDQ� PHQJHWDKXL� NDORU� \DQJ�
WHUEXDQJ� GL� NRQGHQVRU� GDQ� NDORU� WRWDO� \DQJ�
GLSHUOXNDQ�GLJXQDNDQ�XQWXN�PHPDQDVNDQ�DLU��
PDND� GDSDW� GLWHQWXNDQ� SURVHQWDVH� NDORU�
WHUEXDQJ� \DQJ� GDSDW� GLPDQIDDWNDQ� VHEDJDL�
EHULNXW���
�
�� &RQWRK�8QWXN�ODMX�DOLUDQ�DLU�����OWU�PQW��
�
'LNHWDKXL����
.DORU�\DQJ�GLJXQDNDQ��4���� ��������-�PQW��
.DORU�WRWDO�\DQJ�WHUEXDQJ�4F� �������-�PQW��
PDND����

3URVHQWDVH�NDORU�\QJ�GDSDW�GLPDQIDDWNDQ� ��

F4

4 ���
[������ 

PHQLW-

PHQLW-

��������

�������
�[�������

�  ���������
�

'HQJDQ�FDUD�\DQJ�VDPD��PDND�XQWXN�
PDVLQJ�PDVLQJ� ODMX� DOLUDQ� DLU� KDVLOQ\D� GDSDW�
GLWDEHONDQ�VHSHUWL�EHULNXW���
�
�
�
�
�
�
�
�
�
�
�

*DPEDU���
+XEXQJDQ�/DMX�$OLUDQ�$LU�GHQJDQ�.DORU�\DQJ�

GDSDW�'LPDQIDDWNDQ��
�
� 'DUL� JDPEDU� GLDWDV�� EDKZD� VHPDNLQ�
EHVDU� ODMX� DOLUDQ� DLU� PDND� SURVHQWDVH� NDORU�
\DQJ� ELVD� GLPDQIDDWNDQ� FHQGHUXQJ� DNDQ�
VHPDNLQ�EHVDU�NDUHQD�NHEXWXKDQ�NDORU�XQWXN�
SHPDQDVDQ�MXJD�EHVDU�GDQ�VHPDNLQ�NHFLO�ODMX�
DOLUDQ� DLU� PDND� SURVHQWDVH� NDORU� \DQJ� ELVD�
GLPDQIDDWNDQ� FHQGHUXQJ� DNDQ� PHQXUXQ�
NDUHQD� NHEXWXKDQ� NDORU� XQWXN� SHPDQDVDQ�
MXJD� NHFLO�� .HFXDOL� SDGD� ODMX� DOLUDQ� DLU� ����
OLWHU�PHQLW� SURVHQWDVH� NDORUQ\D� PHQXUXQ�� LWX�
GLVHEDENDQ�NDUHQD�NDORU�GDUL�UHIULJHUDQ�VXGDK�
WLGDN� ELVD� PHQJLPEDQJL� NHEXWXKDQ� NDORU�
XQWXN�SHPDQDVDQ�SDGD�ODMX�WHUVHEXW�
�
.HVLPSXODQ�
�

'DUL� SHPEDKDVDQ� GL� DWDV��PDND� GDSDW�
GLWDULN�NHVLPSXODQ�VHEDJDL�EHULNXW���
D��7HPSHUDWXU� DLU� PDNVLPXP� \DQJ� GDSDW�

GLFDSDL� ����� �&� SDGD� ODMX� DOLUDQ� DLU� ����
OLWHU�PHQLW�� � ���&� SDGD� ODMX� DOLUDQ� DLU� ��
OLWHU�PHQLW�����&�SDGD�ODMX�DOLUDQ�DLU�����GDQ�
�� OLWHU�PHQLW��GDQ�����&�SDGD�ODMX�DOLUDQ�DLU�
����OLWHU�PHQLW���

E��.DORU� \DQJ� GLSHUOXNDQ� XQWXN� PHQFDSDL�
WHPSHUDWXU� WHUVHEXW� DGDODK� �� XQWXN� ODMX�
DOLUDQ� DLU� ���� OWU�PHQLW�  � ������� -�PQW�� ��
OWU�PQW� ��������-�PQW������OWU�PQW� ��������
-�PQW����OWU�PQW� ��������-�PQW�������OWH�PQW�
�  ��������-�PQW��

F�� .DORU� \DQJ� WHUEXDQJ� GL� NRQGHQVRU� DGDODK�
VHEHVDU� �������� -�PHQLW� GDQ� NDORU� \DQJ�
GDSDW�GLPDQIDDWNDQ�XQWXN�ODMX�DOLUDQ�DLU�����
OLWHU�PHQLW�DGDODK��������-�PHQLW�������������
���� ODMX� DOLUDQ� DLU� �� OLWHU�PHQLW� DGDODK�
�������-�PHQLW������������ODMX�DOLUDQ�DLU�����
OLWHU�PHQLW�DGDODK��������-�PHQLW������������
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ODMX� DOLUDQ� DLU� �� OLWHU�PHQLW� DGDODK� �������
-�PHQLW� ������� ���� GDQ� ODMX� DOLUDQ� DLU� ����
OLWHU�PHQLW�DGDODK��������-�PHQLW�����������

G��3HQFDSDLDQ� WHPSHUDWXU� PDNVLPXP� DLU�
GLSHQJDUXKL� ROHK� EHVDU� NHFLOQ\D� ODMX� DOLUDQ��
DLU�� VHPDNLQ� EHVDU� ODMX� DOLUDQ� DLU� PDND�
WHPSHUDWXU� PDNVLPXP� \DQJ� ELVD� GLFDSDL�
MXJD� VHPDNLQ� UHQGDK� GDQ� VHEDOLNQ\D�
VHPDNLQ� NHFLO� ODMX� DOLUDQ� DLU� PDND�
WHPSHUDWXU� PDNVLPXP� DLU� \DQJ� GLFDSDL�
MXJD�VHPDNLQ�WLQJJL��

H��'DUL� SURVHQWDVH� NDORU� \DQJ� GDSDW�
GLPDQIDDWNDQ� EDKZD� VHPDNLQ� EHVDU� ODMX�
DOLUDQ� DLU� � PDND� SURVHQWDVH� NDORU� \DQJ�
GDSDW� GLPDQIDDWNDQ� VHPDNLQ� EHVDU�� ,WX� GL�
VHEDENDQ� NDUHQD� NHEXWXKDQ� NDORU�
SHPDQDVDQ� MXJD� VHPDNLQ� EHVDU� GDQ�
VHPDNLQ� NHFLO� ODMX� DOLUDQ� DLU� PDND�
SURVHQWDVH�NDORU�\DQJ�GDSDW�GLPDQIDDWNDQ�
MXJD�VHPDNLQ�NHFLO�NDUHQD�NHEXWXKDQ�NDORU�
XQWXN� SPDQDVDQ� MXJD� NHFLO�� .HFXDOL� SDGD�
ODMX�DOLUDQ�DLU����� OLWHU�PHQLW�SURVHQWDVHQ\D�
PHQXUXQ�� ,WX�GLVHEDENDQ�NDUHQD�NDORU�GDUL�
UHIULJHUDQ� VXGDK� WLGDN� PDPSX� ODJL�
PHQJLPEDQJL� NHEXWXKDQ� NDORU� XQWXN�
PHPDQDVNDQ� DLU� VHKLQJJD� NDORU� \DQJ�
GLSHUOXNDQ� WHUOLKDW� PHQXUXQ�� DNLEDWQ\D�
SURVHQWDVH�NDORU�\DQJ�GDSDW�GLPDQIDDWNDQ�
MXJD�DNDQ�PHQXUXQ�

�
�
'DIWDU�3XVWDND�
�
'LQFHU�� ,��� ������ 5HIULJHUDWLRQ� 6\VWHP� DQG�

$SSOLFDWLRQV�� 'HSDUWHPHQW� RI� 0HFKDQLFDO�
(QJLQHHULQJ��.)830��6DXGL�$UDELD��

$URUD�� &�� 3��� ������ 5HIULJHUDWLRQ� DQG� $LU�
&RQGLWLRQLQJ��6HFRQG�HGLWLRQ��0F*UDZ�+LOO�
,WHUQDWLRQDO�(GLWLRQV��6LQJDSRUH��

$6+5$(�� ������ +DQGERRN� RI� 5HIULJHUDWLRQ��
$PHULFDQ� 6RFLHW\� RI� +HDWLQJ��
5HIULJHUDWLQJ� DQG� $LU�&RQGLWLRQLQJ�
(QJLQHHUV��$WODQWD��*$��

-DPLJDQ�� 5�(��� +HDW� 5HFRYHU\� IURP� $LU�
&RQGLWLRQLQJ� 8QLWV�� )ORULGD� &RRSHUDWLYH�
([WHQVLRQ� 6HUYLFH� ,QVWLWXWH� RI� )RRG� DQG�
$JULFXOWXUDO� 6FLHQFHV�� 8QLYHUVLW\� RI�
)ORULGD��

.XUPL�� 5�6��� GDQ� *XSWD�� -�.��� ������ $�
7H[WERRN� RI� 5HIULJHUDWLRQ� DQG� $LU�
&RQGLWLRQLQJ�� )LVW� 0XOWLFRORXU� 5HYLVHG� 	�
8SGDWHG� (GLWLRQ�� (XUDVLD� 3XEOLVKLQJ�
+RXVH� �3�� /WG��5DP�1DJDU��1HZ�'HOKL� ±�
��������

3LWD�� (��*��� ������$LU� &RQGLWLRQLQJ� 3ULQFLSOHV�
DQG� 6\VWHP�� DQ� (QHUJ\� $SSURDFK�� -RKQ�
:LOH\�DQG�6RQV��,QF���1HZ�<RUN��

6WRHFNHU�� :�)��� GDQ� -RQHV�� -�:��� ������
5HIULJHUDVL� GDQ� 3HQJNRQGLVLDQ� 8GDUD��
(GLVL�.HGXD��3HQHUELW�(UODQJJD��-DNDUWD��

6WRHFNHU��:�)��� ������ ,QGXVWULDO�5HIULJHUDWLRQ�
+DQERRN�� 0F*UDZ�+LOO� &RPSDQLHV�� ,QF��
8QLWHG�6WDWHV�RI�$PHULFD��

7KHUPD�VWRU�//&��������+HDW�5HFRYHU\�:DWHU�
+HDWHU��ZZZ�WKHUPDVWRU�FRP�

,QGDUWRQR��<�6���������3HUNHPEDQJDQ�7HUNLQL�
7HNQRORJL� 5HIULJHUDVL� ���� 3HQJNRQGLVLDQ�
8GDUD��$&����ZZZ�EHULWDLSWHN�FRP�
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