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Het project is uitgevoerd met subsidie van het Programma E.E.T. (Economie, Ecologie en Technologie) een 

gezamenlijk initiatief van de Ministeries van Economische Zaken, Onderwijs, Cultuur en Wetenschappen en 

Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer. Het programma wordt uitgevoerd door het 

Programmabureau E.E.T., een onderdeel van SenterNovem. 
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�
� 6DPHQYDWWLQJ�
��� 3URMHFWGRHOVWHOOLQJ�
+HW�GRHO�YDQ�KHW�SURMHFW�¶:HHU�LQ�&RQWURO�,,·�LV�KHW�YHUEHWHUHQ�YDQ�GH�HFRQRPLVFKH�HQ�
HFRORJLVFKH�HIILFLsQWLH�YDQ�GH�EHVWXULQJ�YDQ�HHQ�EUHHG�VFDOD�YDQ�SURGXFWLHSURFHVVHQ�GLH�ZRUGHQ�
EHwQYORHG�GRRU�KHW�ZHHU��+HW�EHRRJGH�GRHO�NDQ�ZRUGHQ�EHUHLNW�GRRU�LQ�GH�SURFHVEHVWXULQJ�WH�
DQWLFLSHUHQ�RS�ZHHUVYHUZDFKWLQJHQ��'DDUYRRU�ZRUGHQ�LQ�GLW�SURMHFW�WZHH�VWDSSHQ�JH]HW��

• 2QWZLNNHOHQ�YDQ�HHQ�JHQHULHNH�FRQFHSW�DUFKLWHFWXXU�YRRU�KHW�DQWLFLSHUHQ�RS�
ZHHUVYHUZDFKWLQJHQ�LQ�GH�EHVWXULQJ�YDQ�SURFHVVHQ�GLH�GRRU�KHW�ZHHU�ZRUGHQ�EHwQYORHG��

• +HW�WRHWVHQ�YDQ�KHW�FRQFHSW�HQ�GH�DUFKLWHFWXXU�GRRU�LPSOHPHQWDWLH�YDQ�HHQ�SURWRW\SH�LQ�
HHQ�WZHHWDO�NDUDNWHULVWLHNH�PDDU�ZHO�VWHUN�YHUVFKLOOHQGH�SUDNWLMNVLWXDWLHV��WH�ZHWHQ��GH�
EHVWXULQJ�YDQ�HHQ�JHZDVSURGXFWLHSURFHV�LQ�HHQ�NDV��GH�EHVWXULQJ�YDQ�HHQ�NRHOLQVWDOODWLH�
YRRU�GH�EHZDULQJ�YDQ�DJUDULVFKH�SURGXFWHQ��

��� *HYROJGH�ZHUNZLM]H�
,Q�GH�XLWYRHULQJ�YDQ�KHW�SURMHFW�]LMQ�YRRU�EHLGH�WRHSDVVLQJHQ�PLQ�RI�PHHU�SDUDOOHO�DDQ�HONDDU�
DFKWHUHHQYROJHQV�GH�YROJHQGH�VWDSSHQ�GRRUORSHQ��

�� 2SVWHOOHQ�3URJUDPPD�YDQ�(LVHQ�
�� )RUPXOHUHQ�HQ�SURJUDPPHUHQ�YDQ��5HFHGLQJ�+RUL]RQ��2SWLPDO�&RQWURO�
�� 6LPXODWLHVWXGLHV�
�� $QDO\VH�YDQ�RQ]HNHUKHLGVDVSHFWHQ�YDQ�GH�ZHHUVYHUZDFKWLQJ�
�� ,PSOHPHQWDWLH�LQ�VRIWZDUHRPJHYLQJ�YDQ�LQGXVWULsOH�SDUWQHUV�
�� 0HHUZDDUGHDQDO\VH�
�� �([SHULPHQWHOH��WRHWVLQJ�GRRU�LQGXVWULsOH�SDUWQHUV�

'RRU�WZHHPDDQGHOLMNV�SOHQDLU�RYHUOHJ�ZDUHQ�DOOH�SDUWQHUV�YRRUWGXUHQG�RYHU�HQ�ZHHU�
JHwQIRUPHHUG��HQ�GRRU�GH�JRHGH�IHHGEDFN�HQ�GLVFXVVLHV�RRN�LQ�VWDDW�RP�YDQ�HONDDU�WH�OHUHQ��
)RUPXOHUHQ�HQ�SURJUDPPHUHQ�YDQ�KHW�5HFHGLQJ�+RUL]RQ�2SWLPDO�&RQWURO��5+2&��SUREOHHP�
�VWDS����LV�HHQ�]HHU�LQWHQVLHI�SURFHV��3HU�WRHSDVVLQJ�EHVODDW�GLW�KRQGHUGHQ�WRW�GXL]HQGHQ�UHJHOV�
SURJUDPPDFRGH��'H�VLPXODWLHVWXGLH��VWDS����LV�SULPDLU�EHGRHOG�RP�WH�YHULILsUHQ�RI�GH�
JHSURJUDPPHHUGH�5+2&�FRGH�ORJLVFKH�HQ�JHZHQVWH�RSORVVLQJHQ�JHQHUHHUW��=R�QLHW�GDQ�PRHW�HU�
ZRUGHQ�LQJHJUHSHQ��'H]H�VWDS�LV�YDQ�EHODQJ�YRRU�HQHU]LMGV�VRIWZDUH�GHEXJJLQJ�HQ�DQGHU]LMGV�
HYDOXDWLH�YDQ�GH�RQWZRUSHQ�PHWKRGLHN��,Q�GH�ZHHUVDQDO\VH��VWDS����LV�JHNHNHQ�LQ�KRHYHUUH�
ZHHUVYHUZDFKWLQJHQ�PHW�ORFDOH�PHWLQJHQ�]LMQ�WH�YHUEHWHUHQ��HQ�ZDW�GH�WH�YHUZDFKWHQ�
RQ]HNHUKHLGVUDQJH�LV��%LM�LPSOHPHQWDWLH�LQ�GH�VRIWZDUHRPJHYLQJ�YDQ�GH�LQGXVWULsOH�SDUWQHU��VWDS�
���LV�YRRUDO�DSSOLFDWLH�LQWHUIDFLQJ�HHQ�EHODQJULMN�LWHP��,Q�GH�PHHUZDDUGHDQDO\VH��VWDS����LV�G�P�Y��
VLPXODWLHV�GH�PHHUZDDUGH�LQ�VSHFLILHNH�VFHQDULR·V�JHsYDOXHHUG��7HQVORWWH�LV�GRRU�H[SHULPHQWHOH�
WRHWVLQJ��VWDS����EHSDDOG�KRH�KHW�V\VWHHP�DOV�JHKHHO�IXQFWLRQHHUW��'LH�H[SHULPHQWHOH�WRHWVLQJ�GRRU�
GH�LQGXVWULsOH�SDUWQHUV�JDDW�GRRU�QD�DIORRS�YDQ�KHW�SURMHFW��'H�WRHWVLQJ�KHHIW�HQHU]LMGV�HFKW�
¶WRHWVLQJ·�DOV�GRHO�PDDU�DQGHU]LMGV�VSHHOW�RRN�DO�PHH�GH�YHU]DPHOLQJ�YDQ�GHPRQVWUDWLHPDWHULDDO�
RP�HYW��SRWHQWLsOH�NODQWHQ�WH�RYHUWXLJHQ��



2SHQEDDU�HLQGUDSSRUW�((7.�������:HHU�LQ�&RQWURO�,,������0HL������

�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS��/LG�YDQ�:DJHQLQJHQ�85� ��

� *HGXUHQGH�DOOH�VWDSSHQ�LV�VWHHGV�]R�YHHO�PRJHOLMN�JHQHULHN�JHZHUNW��+HW�UHVXOWDDW�LV�GDW�HU�HHQ�
YHU]DPHOLQJ�NHQQLV�HQ�VRIWZDUH�LV�RSJHERXZG�GLH�JHPDNNHOLMN�NDQ�ZRUGHQ�LQJH]HW�YRRU�QLHXZH�
WRHSDVVLQJHQ��
��� &RQFOXVLH�
'H�SURMHFWGRHOVWHOOLQJHQ�]LMQ�JHKDDOG��(U�LV�HHQ�JHQHULHNH�FRQFHSW�DUFKLWHFWXXU�RQWZLNNHOG�YRRU�
KHW�DQWLFLSHUHQ�RS�ZHHUVYHUZDFKWLQJHQ�LQ�GH�EHVWXULQJ�YDQ�SURFHVVHQ�GLH�GRRU�KHW�ZHHU�ZRUGHQ�
EHwQYORHG��'DW�FRQFHSW�LV�YHUYROJHQV�JHWRHWVW�GRRU�LPSOHPHQWDWLH�YDQ�HHQ�SURWRW\SH�LQ�GH�
EHVWXULQJ�YDQ�WZHH�ZHUNHOLMNH�EHZDDUSODDWVHQ�YRRU�DDUGDSSHOHQ�XLHQ��9RRU�WRHSDVVLQJ�LQ�GH�
JODVWXLQERXZ�LV�JHWRHWVW�GRRU�LPSOHPHQWDWLH�LQ�HHQ�]HHU�UHDOLVWLVFKH�VLPXODWLHRPJHYLQJ��8LW�DOOH�
WRHWVLQJHQ�NRPHQ�JRHGH�UHVXOWDWHQ��+HW�SURWRW\SH�ZHUNW�VWDELHO�HQ�JHQHUHHUW�ORJLVFKH�
VWXXUVLJQDOHQ�HQ�GH�SUDNWLVFKH�EUXLNEDDUKHLG�YDQ�KHW�FRQFHSW�LV�GDDUPHH�EHZH]HQ���
'H�VLPXODWLHV�ODWHQ�EHVSDULQJ�]LHQ�GLH�RSORSHQ�WRW������%LM�HHQ�VHFWRUEUHGH�LPSOHPHQWDWLH�LV�
GDDUGRRU�HHQ�EHVSDULQJ�LQ�DDUGJDVJHEUXLN�WRW�����PLOMRHQ�P��PRJHOLMN�WHU�ZDDUGH�YDQ�����
PLOMRHQ�HXUR��
,Q�GH�EHZDULQJ�YDQ�DDUGDSSHOHQ�XLHQ�OLMNW�GH�ZHJ�YULM�YRRU�JHIDVHHUGH�PDUNWLQWURGXFWLH��
EHJLQQHQG�YDQDI�EHZDDUVHL]RHQ�������������
� 'H�GHHOQHPHQGH�NHQQLVLQVWHOOLQJHQ�]XOOHQ�QD�DIORRS�YDQ�KHW�SURMHFW�RS�]RHN�JDDQ�QDDU�QLHXZH�
WRHSDVVLQJHQ�RP�GH�HFRQRPLVFKH�HQ�HFRORJLVFKH�HIILFLsQWLH�WH�YHUEHWHUHQ�YDQ�GH�EHVWXULQJ�YDQ�
HHQ�QRJ�EUHGHU�VFDOD�YDQ�SURGXFWLHSURFHVVHQ�GLH�ZRUGHQ�EHwQYORHG�GRRU�KHW�ZHHU��'DDUELM�JDDQ�
GH�JHGDFKWHQ�LQ�GH�HHUVWH�SODDWV�XLW�QDDU�ELQQHQNOLPDDWEHKHHUVLQJ�LQ�KHW�DOJHPHHQ��QDDU�
YHUVORJLVWLHN��HQ�QDDU�ZDWHUEHKHHU��
��� 6DPHQZHUNHQGH�SDUWLMHQ�
3DUWQHUV�LQ�KHW�ZLF��VDPHQZHUNLQJVYHUEDQG��

 3RVWDGUHV� 7HOHIRRQ�HQ�)D[�
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� 6XPPDU\�
��� 2EMHFWLYH�
7KH�DLP�RI�WKH�SURMHFW�´:HDWKHU�LQ�&RQWURO�,,µ�LV�WR�LPSURYH�WKH�HFRQRPLF�DQG�HFRORJLFDO�
HIILFLHQF\�RI�PDQDJLQJ�D�ZLGH�UDQJH�RI�SURGXFWLRQ�SURFHVVHV�ZKLFK�DUH�LQIOXHQFHG�E\�WKH�
ZHDWKHU��7KLV�WDUJHW�FRXOG�EH�DFKLHYHG�E\�DQWLFLSDWLQJ�WKH�ZHDWKHU�IRUHFDVWV�LQ�WKH�SURFHVV�
FRQWURO��$FFRUGLQJO\��WKH�SURMHFW�KDV�EHHQ�VHW�RXW�LQ�WZR�VWHSV��

• 7R�GHYHORS�D�JHQHULF�FRQFHSW�DUFKLWHFWXUH�IRU�DQWLFLSDWLQJ�WKH�ZHDWKHU�IRUHFDVWV�LQ�WKH�
FRQWURO�RI�SURFHVVHV�ZKLFK�FDQ�EH�LQIOXHQFHG�E\�WKH�ZHDWKHU��

• 7R�WHVW�WKH�FRQFHSW�DQG�WKH�DUFKLWHFWXUH�E\�LPSOHPHQWLQJ�D�SURWRW\SH�LQ�WZR�
FKDUDFWHULVWLF�EXW�JUHDWO\�GLIIHULQJ�UHDO�VLWXDWLRQV��WKH�FRQWURO�RI�D�FURS�SURGXFWLRQ�SURFHVV�
LQ�D�JUHHQKRXVH��DQG�WKH�FRQWURO�RI�D�FRROLQJ�LQVWDOODWLRQ�IRU�WKH�VWRUDJH�RI�DJULFXOWXUH�
SURGXFH��

��� 2XWOLQH�RI�ZRUNSODQ�
,Q�WKH�FRXUVH�RI�WKH�SURMHFW��WKH�IROORZLQJ�VWHSV�KDYH�PRUH�RU�OHVV�EHHQ�FDUULHG�RXW�VXFFHVVLYHO\�
IRU�HDFK�RI�WKH�WZR�DSSOLFDWLRQV��

�� 6HWWLQJ�XS�D�3URJUDPPH�RI�5HTXLUHPHQWV�
�� )RUPXODWLQJ�DQG�SURJUDPPLQJ��5HFHGLQJ�+RUL]RQ��2SWLPDO�&RQWURO�
�� 6LPXODWLRQ�VWXGLHV�
�� $QDO\VLV�RI�XQFHUWDLQWLHV�LQ�ZHDWKHU�IRUHFDVWV�
�� ,PSOHPHQWDWLRQ�LQ�WKH�VRIWZDUH�HQYLURQPHQWV�RI�LQGXVWULDO�SDUWQHUV�
�� $QDO\VLV�RI�DGGHG�YDOXH�
�� �([SHULPHQWDO��WHVWLQJ�E\�LQGXVWULDO�SDUWQHUV�

$OO�SDUWQHUV�ZHUH�FRQVWDQWO\�LQIRUPHG�RI�WKH�SURMHFW�SURJUHVV�GXULQJ�EL�PRQWKO\�VHVVLRQV��DQG�
VXFK�IHHGEDFN�DQG�GLVFXVVLRQ�DOVR�HQDEOHG�WKHP�WR�OHDUQ�IURP�RQH�DQRWKHU��)RUPXODWLQJ�DQG�
SURJUDPPLQJ�RI�WKH�5HFHGLQJ�+RUL]RQ�2SWLPDO�&RQWURO��5+2&��SUREOHP��VWHS����LV�D�YHU\�
LQWHQVLYH�SURFHVV��)RU�HDFK�DSSOLFDWLRQ�WKLV�UHTXLUHV�WKRXVDQGV�RI�OLQHV�RI�SURJUDPPLQJ�FRGHV��
7KH�VLPXODWLRQ�VWXG\��VWHS����LV�SULPDULO\�PHDQW�WR�YHULI\�ZKHWKHU�WKH�SURJUDPPHG�5+2&�FRGH�
JHQHUDWHV�ORJLF�DQG�GHVLUHG�VROXWLRQV��,I�WKLV�ZDV�QRW�WKH�FDVH��VRPHWKLQJ�ZRXOG�KDYH�WR�EH�GRQH��
7KLV�VWHS�LV�LPSRUWDQW�IRU�VRIWZDUH�GHEXJJLQJ�RQ�WKH�RQH�KDQG��DQG�IRU�HYDOXDWLRQ�RI�WKH�
GHYHORSHG�PHWKRG��RQ�WKH�RWKHU�KDQG��7KH�ZHDWKHU�DQDO\VLV��VWHS����VWXGLHV�WR�ZKDW�GHJUHH�
ZHDWKHU�IRUHFDVWV�FDQ�EH�LPSURYHG�ZLWK�ORFDO�PHDVXUHPHQWV��DQG�ZKLFK�UDQJH�RI�XQFHUWDLQWLHV�
VKRXOG�EH�H[SHFWHG���'XULQJ�LPSOHPHQWDWLRQ�LQ�WKH�VRIWZDUH�HQYLURQPHQW�RI�WKH�LQGXVWULDO�
SDUWQHUV��VWHS�����DSSOLFDWLRQ�LQWHUIDFLQJ�KDV�EHHQ�RI�SDUWLFXODU�LPSRUWDQFH��,Q�WKH�DGGHG�YDOXH�
DQDO\VLV��VWHS�����VLPXODWLRQV�KDYH�EHHQ�XVHG�WR�HYDOXDWH�WKH�DGGHG�YDOXH�LQ�VSHFLILF�VFHQDULRV��
)LQDOO\��WKH�IXQFWLRQLQJ�RI�WKH�V\VWHP�DV�D�ZKROH�KDV�EHHQ�GHWHUPLQHG�E\�PHDQV�RI�H[SHULPHQWDO�
WHVWLQJ��VWHS�����7KLV�H[SHULPHQWDO�WHVWLQJ�E\�WKH�LQGXVWULDO�SDUWQHUV�ZLOO�FRQWLQXH�DIWHU�WKH�SURMHFW�
HQGV��7KH�WHVWLQJ�DLPV�WR�EH�D�UHDO�¶WHVW·�RQ�WKH�RQH�KDQG��EXW�DOVR�KDV�D�UROH�LQ�WKH�JDWKHULQJ�RI�
GHPRQVWUDWLRQ�PDWHULDOV�IRU�FRQYLQFLQJ�SRWHQWLDO�FXVWRPHUV��
�
7KH�JHQHULF�DVSHFW�ZDV�NHSW�LQ�PLQG�GXULQJ�DOO�WKHVH�VWHSV��7KH�UHVXOW��LV��D�EXLOW�XS�RI�NQRZOHGJH�
DQG�VRIWZDUH�ZKLFK�FDQ�HDVLO\�EH�HPSOR\HG�LQ�QHZ�DSSOLFDWLRQV��
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��� &RQFOXVLRQ�
7KH�DLPV�RI�WKH�SURMHFW�KDYH�EHHQ�DFKLHYHG��$�JHQHULF�FRQFHSW�DUFKLWHFWXUH�KDV�EHHQ�GHYHORSHG�
WR�DQWLFLSDWH�WKH�ZHDWKHU�IRUHFDVWV�LQ�WKH�FRQWURO�RI�SURFHVVHV�ZKLFK�DUH�LQIOXHQFHG�E\�WKH�
ZHDWKHU��7KHUHDIWHU��WKLV�FRQFHSW�KDV�EHHQ�WHVWHG�E\�LPSOHPHQWDWLRQ�RI�D�SURWRW\SH�LQ�WKH�FRQWURO�
RI�WZR�UHDO�VWRUDJH�IDFLOLWLHV�IRU�SRWDWRHV�RQLRQV��)RU�DSSOLFDWLRQ�LQ�JUHHQKRXVH�KRUWLFXOWXUH��WKH�
WHVW�KDV�EHHQ�GRQH�E\�LPSOHPHQWDWLRQ�LQ�D�YHU\�UHDOLVWLF�VLPXODWLRQ�HQYLURQPHQW��$OO�WKHVH�WHVWV�
KDYH�SURGXFHG�JRRG�UHVXOWV��,Q�SDUWLFXODU��LQ�WKH�VWRUDJH�RI�SRWDWRHV�RQLRQV��WKH�ZD\�KDV�EHHQ�
SDYHG�IRU�SKDVHG�PDUNHW�LQWURGXFWLRQ��EHJLQQLQJ�IURP�VWRUDJH�VHDVRQ�������������
7KH�SDUWLFLSDWLQJ�NQRZOHGJH�FHQWUH�ZLOO�VHDUFK�IRU�QHZ�DSSOLFDWLRQV�ZKHQ�WKH�SURMHFW�KDV�HQGHG�
VR�DV�WR�LPSURYH�WKH�HFRQRPLF�DQG�HFRORJLFDO�HIILFLHQF\�RI�WKH�FRQWURO�RI�DQ�HYHQ�ZLGHU�UDQJH�RI�
SURGXFWLRQ�SURFHVVHV�ZKLFK�DUH�LQIOXHQFHG�E\�WKH�ZHDWKHU��3ODQV�DOUHDG\�H[LVW�FRQFHUQLQJ�LQGRRU�
FOLPDWH�FRQWURO�LQ�JHQHUDO��IUHVK�ORJLVWLFV�DQG�ZDWHU�PDQDJHPHQW��
��� 'HVFULSWLRQ�RI�FRQVRUWLXP�
3DUWQHUV�LQ�WKH�ZLF��FRQVRUWLXP��

 3RVWDO�DGUHVV� 3KRQH�DQG�)D[�

 

$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�
*URXS��
3RVWEXV����������$$�:DJHQLQJHQ��

��������������������
���������������������

 

3ODQW�5HVHDUFK�,QWHUQDWLRQDO�
3RVWEXV����������$$�:DJHQLQJHQ�

���������������������
���������������������

 

35,9$��%�9��
3RVWEXV����������=*�'H�/LHU��

��������������������
���������������������

 

7ROVPD�7HFKQLHN�(PPHORRUG�%�9���
3RVWEXV������������%$�(PPHORRUG��

��������������������
���������������������

 

:DJHQLQJHQ�8QLYHUVLWHLW��
3RVWEXV����������$$�:DJHQLQJHQ��

��������������������
���������������������

 

:HDWKHUQHZV��
:HWHULQJSDG���������(1�6RHVW��

��������������������
���������������������
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� 7UHIZRRUGHQ�.H\ZRUGV�
WUHIZRRUGHQ��RSWLPDO�FRQWURO��NDVNOLPDDW��DDUGDSSHOEHZDULQJ��NOLPDDWUHJHOLQJ��PRGHOJHEDVHHUGH�
UHJHOLQJ��UHJHOWHFKQLHN��RQ]HNHUKHLG��ZHHUVYHUZDFKWLQJ��
�
NH\ZRUGV��RSWLPDO�FRQWURO��JUHHQKRXVH�FOLPDWH��SRWDWR�VWRUDJH��FOLPDWH�FRQWURO��PRGHO�EDVHG�
FRQWURO��FRQWURO�WHFKQRORJ\��XQFHUWDLQW\��ZHDWKHU�IRUHFDVW��



2SHQEDDU�HLQGUDSSRUW�((7.�������:HHU�LQ�&RQWURO�,,������0HL������

�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS��/LG�YDQ�:DJHQLQJHQ�85� ��

�
� %HVFKULMYLQJ�YDQ�KHW�¶:HHU�LQ�&RQWURO·�FRQFHSW�
��� 'H�WHFKQLHN�
,Q�)LJXXU���LV�JOREDDO�GH�WHFKQLHN�ZHHUJHJHYHQ��GLH�LQ�GLW�SURMHFW�RQWZLNNHOG�LV��(HQ�V\VWHHP��
]RDOV�HHQ�NDV�RI�HHQ�EHZDDUSODDWV��ZRUGW�EHwQYORHG�GRRU�KHW�ZHHU��+HW�V\VWHHP�ZRUGW�JHUHJHOG�
YLD�HHQ�WHUXJNRSSHOLQJ�YDQ�JHPHWHQ�JURRWKHGHQ��]RDOV�ELMYRRUEHHOG�WHPSHUDWXXU�HQ�
OXFKWYRFKWLJKHLG���'H�RQWZLNNHOLQJ�YDQ�GH�5HFHGLQJ�+RUL]RQ�2SWLPDO�&RQWURO�UHJHODDU��5+2&�
LQ�)LJXXU����VWDDW�FHQWUDDO�LQ�KHW�SURMHFW��'H�5+2&�NHQW�LQ�IHLWH���RQGHUGHOHQ��PRGHO��RSWLPL]HU��
UHJHOGRHO�HQ��HQ�ZHHUVYHUZDFKWLQJ��9DQ�KHW�V\VWHHP�ZRUGW�HHQ�PRGHO�JHPDDNW��'H�
RSWLPDOLVDWLHURXWLQH�EHUHNHQW�GH�VWXULQJHQ�GLH�KHW�UHJHOGRHO��ELMYRRUEHHOG�]R�ZHLQLJ�PRJHOLMN�
HQHUJLH�HQ�WRFK�HHQ�JRHGH�SURGXFWLH��]R�JRHG�PRJHOLMN�ZDDU�PDNHQ��GDDUELM�JHEUXLN�PDNHQG�YDQ�
GH�ZHHUVYHUZDFKWLQJHQ��'LW�RSWLPDOLVHUHQ�ZRUGW�RS�LHGHU�VWXXUWLMGVWLS�KHUKDDOG���

�
� )LJXXU����VFKHPDWLVFKH�ZHHUJDYH�YDQ�HHQ�V\VWHHP��JHUHJHOG�GRRU�PLGGHO�YDQ�5+2&��
��� 'H�SURFHVVHQ�
����� *ODVWXLQERXZ�
,Q�GH�JODVWXLQERXZ�ZRUGHQ�JHZDVVHQ��]RDOV�YUXFKWJURHQWHQ�HQ�EORHPHQ�LQ�HHQ�YDQ�KHW�
EXLWHQNOLPDDW�DIJHVFKHUPGH�RPJHYLQJ�JHWHHOG��RP�HHQ�KRJHUH�SURGXFWLH�WH�EHUHLNHQ�HQ�RRN�RP�
HHQ�ODQJHU�WHHOWVHL]RHQ�WH�FUHsUHQ��
,Q�HHQ�QDWXXUOLMN�JHYHQWLOHHUGH�NDV�VSHOHQ�HHQ�YLHUWDO�NOLPDDWJURRWKHGHQ�GH�KRRIGURO��'LW�]LMQ�GH�
WHPSHUDWXXU�LQ�GH�NDV��GH�UHODWLHYH�OXFKWYRFKWLJKHLG��VWUDOLQJ�HQ�GH�&2 � �FRQFHQWUDWLH��'H]H�
NOLPDDWJURRWKHGHQ�ZRUGHQ�HQHU]LMGV�EHwQYORHG�GRRU�GH�WHOHU��GLH�YHUZDUPLQJ��&2 � �GRVHULQJ��
HQHUJLH��HQ�VFKHUPGRHNHQ�HQ�YHQWLODWLH�NDQ�VWXUHQ��$QGHU]LMGV�ZRUGW�KHW�NOLPDDW�LQ�GH�NDV�
EHwQYORHG�GRRU�GH�EXLWHQRPVWDQGLJKHGHQ��]RDOV�]RQQHVWUDOLQJ��EXLWHQWHPSHUDWXXU��&2 � �
FRQFHQWUDWLH�EXLWHQ��59�EXLWHQ�HQ�GH�ZLQGVQHOKHLG�HQ�ZLQGULFKWLQJ��,Q�RQGHUVWDDQGH�)LJXXU���LV�
HHQ�LPSUHVVLH�YDQ�KHW�SURFHV�ZHHUJHJHYHQ��

 

 systeem 

sensor/ 
schatter 

Regeldoel(en) 

geschatte toestand 

toestand 

uitgang: 
temperatuur  
RV  
kwaliteit 
… 

weer 

weersverwachting 

RHOC 

model 

optimizer 
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����� $DUGDSSHO�XLHQEHZDULQJ�
+HW�GRHO�YDQ�DDUGDSSHO�XLHQEHZDULQJ�LV�RP�GH�SHULRGH�WXVVHQ�RRJVW�HQHU]LMGV�HQ�FRQVXPSWLH�
HQ�RI�YHUZHUNLQJ�DQGHU]LMGV�WH�RYHUEUXJJHQ�ELM�]R�ZHLQLJ�PRJHOLMN�EHZDDUYHUOLH]HQ�HQ�WHJHQ�]R�
ODDJ�PRJHOLMN�NRVWHQ���
,Q�EHZDDUSODDWVHQ�ZRUGHQ�DDUGDSSHOHQ�XLHQ�RQGHU�JHFRQGLWLRQHHUGH�RPVWDQGLJKHGHQ�EHZDDUG�
YDQ�VHSWHPEHU��RNWREHU�WRW�VRPV�ZHO�MXQL�MXOL�LQ�KHW�YROJHQGH�MDDU��,Q�GH�HHUVWH�PDDQG�ULFKW�GH�
EHZDULQJ�]LFK�YRRUDO�RS�KHW�GURJHQ�YDQ�KHW�JHURRLGH�SURGXFW��JHYROJG�GRRU�HHQ�SHULRGH�YDQ�
ZRQGKHOLQJ��KHW�ELRORJLVFKH�KHUVWHO�YDQ�URRLEHVFKDGLJLQJHQ���'LW�JHEHXUW�YHHODO�ELM�WHPSHUDWXUHQ�
ERYHQ����°&��'DDUQD�ZRUGW�LQ�HQNHOH�ZHNHQ�WLMG�GH�WHPSHUDWXXU�WHUXJJHEUDFKW�QDDU�HHQ�
EHZDDUWHPSHUDWXXU�GLH�WXVVHQ���HQ���°&�OLJW��'DDUELM�ZRUGW�EHZDDNW�GDW�HHQ�LQJHVWHOGH�PD[LPDOH�
DINRHOLQJ�SHU�GDJ�QLHW�ZRUGW�RYHUVFKUHGHQ��1DDVW�WHPSHUDWXXU�LV�GH�OXFKWYRFKWLJKHLG�YDQ�EHODQJ��
GLH�EHwQYORHGW�GH�XLWGURJLQJ��JHZLFKWVYHUOLHV��HQ�HYW��YHUVSUHLGLQJ�YDQ�]LHNWHQ�HQ�VFKLPPHOV��
9RRU�FRQVXPSWLHDDUGDSSHOHQ�LV�KHW�YHUGHU�YDQ�EHODQJ�GDW�&2 � �LQ�GH�EHZDDUSODDWV�QLHW�ERYHQ���j�
���NRPW��,Q�)LJXXU���LV�HHQ�LPSUHVVLH�JHJHYHQ�YDQ�GH�DDUGDSSHOHQ��HQ�XLHQEHZDULQJ���
�

� �
(HQ�NDV�YDQ�KHW�9HQOR�W\SH�JHEUXLNW�LQ�GH�JODVWXLQERXZ� %LQQHQ�LQ�HHQ�NDV�
�

�
9HUZDUPLQJ�GRRU�YHUZDUPLQJVEXL]HQ� 1DWXXUOLMNH�YHQWLODWLH�YLD�GDNUDPHQ�
)LJXXU����,PSUHVVLH�YDQ�JODVWXLQERXZ�HQ�IDFWRUHQ�YDQ�LQYORHG�RS�NOLPDDWJURRWKHGHQ��
�
�
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� �
(HQ�EHZDDUSODDWV�LQ�GH�1RRUG�2RVW�SROGHU� %XONEHZDULQJ�XLHQ�

� �
.LVWHQEHZDULQJ�PHW�PHFKDQLVFKH�NRHOLQJ� $DUGDSSHOHQ�LQ�EHZDULQJ�

)LJXXU����LPSUHVVLH�YDQ�DDUGDSSHO��HQ�XLHQEHZDULQJ��
��� 0RGHOOHQ�
9RRU�KHW�JHEUXLN�YDQ�HHQ�RSWLPDOLVHUHQGH�UHJHODDU�LV�HHQ�PRGHO�QRGLJ�GDW�KHW�G\QDPLVFK�JHGUDJ�
YDQ�KHW�EHVWXXUGH�V\VWHHP�EHVFKULMIW��=R·Q�PRGHO�]LHW�HU�LQ�DOJHPHQH�ZLVNXQGLJH�WHUPHQ�DOV�YROJW�
XLW��
�

����� WYX[IGW
G[ = � � �
�
,Q�GH]H�YHUJHOLMNLQJ�VWDDW� [ �YRRU�GH�WRHVWDQGVJURRWKHGHQ�YDQ�KHW�SURFHV��ELMY��GH�
ELQQHQWHPSHUDWXXU���X VWDDW�YRRU�GH�LQJDQJVJURRWKHGHQ�ZDDUPHH�GH�NOLPDDWUHJHOFRPSXWHU�GH�
WRHVWDQGVJURRWKHGHQ��ELMY��GH�WHPSHUDWXXU��NDQ�EHwQYORHGHQ��GHQN�ELMY��DDQ�YHQWLODWLH�PHW�
EXLWHQOXFKW���'H]H�YDULDEHOHQ�ZRUGHQ�RRN�ZHO�VWXXUJURRWKHGHQ�JHQRHPG��Y �VWDDW�YRRU�GH�
LQJDQJVJURRWKHGHQ�ZDDU�GH�NOLPDDWUHJHOFRPSXWHU�JHHQ�LQYORHG�RS�KHHIW�PDDU�GLH�ZHO�GH�WRHVWDQG�
YDQ�KHW�ELQQHQNOLPDDW��ELMY��GH�WHPSHUDWXXU��EHwQYORHGHQ��GHQN�DDQ�GH�EXLWHQWHPSHUDWXXU���'H]H�
YDULDEHOHQ�ZRUGHQ�RRN�ZHO�VWRULQJHQ�JHQRHPG�� [ ��X �HQ�Y �]LMQ�YHFWRUHQ��'H�WLMG�ZRUGW�
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DDQJHJHYHQ�PHW� W ��7HQVORWWH�UHSUHVHQWHHUW� GWG[ �GH�YHUDQGHULQJ�YDQ�HHQ�WRHVWDQG�YDQ�KHW�SURFHV�
LQ�GH�WLMG���
)LJXXU���WRRQW�KHW�WH�EHVWXUHQ�SURFHV�YDQ�HHQ�NDV��PHW�DOOH�WRHVWDQGHQ��VWXULQJHQ�HQ�H[WHUQH�
YHUVWRULQJHQ��)LJXXU���WRRQW�KHW�WH�EHVWXUHQ�SURFHV�YDQ�HHQ�EHZDDUSODDWV��
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/HJHQGD���
$S����� UDDPVWDQG�ZLQG]LMGH� � & �����
	 ��� � DEVROXWH�OXFKWYRFKWLJKHLG�NDV�
$S
 ��� � UDDPVWDQG�OLM]LMGH� � 7 � SODQWWHPSHUDWXXU�
7 � WHPSHUDWXXU�EXLWHQ� � :� GURJH�VWRIJHZLFKW�JHZDV�
7 � � +HPHOWHPSHUDWXXU� � 7 � WHPSHUDWXXU�ERYHQQHW�

YHUZDUPLQJ�
& � � � � � � &2 � �FRQFHQWUDWLH�EXLWHQ� � 7 
 WHPSHUDWXXU�RQGHUQHW�

YHUZDUPLQJ�
59 � UHODWLHYH�OXFKWYRFKWLJKHLG�EXLWHQ� � 7 � ��� � WHPSHUDWXXU�ZDWHU�YDQ�GH�

FRQGHQVRU�
9 � ZLQGVQHOKHLG� � 7 ����� WHPSHUDWXXU�ZDWHU�YDQ�GH�NHWHO�
, � � JOREDOH�VWUDOLQJ� � 7 � WHPSHUDWXXU�ERGHP�
7 � � � WHPSHUDWXXU�NDV��ERYHQ�KHW�VFKHUP� � 7 � ��� 7 ��� WHPSHUDWXXU�ZDUPWHEXIIHU�
& � � � � � � &2 � �FRQFHQWUDWLH�NDV��ERYHQ�KHW�

VFKHUP�
� .O 
 NOHSVWDQG�YHUZDUPLQJ�RQGHUQHW�

& � � �

	 ��� �
DEVROXWH�OXFKWYRFKWLJKHLG�NDV��ERYHQ�
KHW�VFKHUP�

� .O � � NOHSVWDQG�YHUZDUPLQJ�ERYHQQHW�

$S ����� 6FKHUPVWDQG� � .O � �! � � � NOHSVWDQG�EXIIHU�QDDU�RQGHUQHW�
7 ���"� � 7HPSHUDWXXU�VFKHUP� � .O ���  � # � NOHSVWDQG�RQGHUQHW�QDDU�EXIIHU�
7 ��� � 7HPSHUDWXXU�NDV� � .O � � � � &2 � �GRVHHUNOHSVWDQG�
& ����� � � � &2 � �FRQFHQWUDWLH�NDV� � � �

�
)LJXXU����KHW�WH�EHVWXUHQ�SURFHV��NDV���
�

Tscr

Ta2, C , Ca2,CO2 a2,H2O

Tc

Tl

Tu

Tr

Tb5

Tb4

Tb3

Tb2

Tb1

Ts

Ta1, C , Ca1,CO2 a1,H2O

KllKll

Klu

Klbuf,o

Klbuf,l

To, Co,CO2Tsk, , Rv , V , Io o o

AplsdApwsd

W

KlCO2

Tcond

Tket

Ts2 �
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Bulk 

hatches 

fans 

evaporator 

external climate 

Head space 

air Lock 
�

)LJXXU����KHW�WH�EHVWXUHQ�SURFHV��EHZDDUSODDWV���
�
��� %HVWXULQJ�RS�EDVLV�YDQ�HHQ�NRVWHQFULWHULXP�
����� ,QOHLGLQJ�
%LM�YRRUNHXU�]RX�MH�HHQ�SURFHV�DOV�GH�SURGXFWLH�LQ�GH�JODVWXLQERXZ�RI�KHW�EHZDUHQ�YDQ�DDUGDSSHOV�
RI�XLHQ��ZDW�RS�]LFK�HHQ�HFRQRPLVFK�SURFHV�LV��RRN�RS�HHQ�HFRQRPLVFK�RSWLPDOH�PDQLHU�ZLOOHQ�
EHVWXUHQ��,Q�GH�SUDNWLMN�LV�KHW�RQGRHQOLMN�RP�GH�RSWLPDOH�EHVWXULQJ�PHW�]XLYHU�HFRQRPLVFKH�
PRGHOOHQ�HQ�²�NRVWHQFULWHULD�WH�EHUHNHQHQ��9RRU�GH�JODVWXLQERXZ�JHOGW�GDW�HU�JHHQ�JHQHULHNH�
JURHLPRGHOOHQ�]LMQ�GLH�GH�ZDDUGH�YDQ�HHQ�WH�YHUNRSHQ�SURGXFW�NXQQHQ�EHSDOHQ��%LM�GH�EHZDULQJ�
YDQ�DDUGDSSHOV�HQ�XLHQ�JHOGW�LHWV�VRRUWJHOLMNV��KLHU�LV�KHW�PRHLOLMN�HHQ�UHODWLH�WH�OHJJHQ�WXVVHQ�
NZDOLWHLWYHUOLHV�HQ�SULMV��2P�WRFK�SUDNWLVFK�UHOHYDQWH�EHVWXULQJVWHFKQRORJLH�WH�RQWZLNNHOHQ�LV�
JHNR]HQ�YRRU�KHW�JHEUXLN�YDQ�DIJHOHLGH�NRVWHQFULWHULD��
����� &ULWHULXP�YRRU�GH�JODVWXLQERXZ�
+HW�RSWLPDOLVDWLHSUREOHHP�YRRU�GH�JODVWXLQERXZ�NRPW�QHHU�RS�GH�SODQQLQJ�YDQ�KHW�NOLPDDW�LQ�GH�
NDV�HQ�GH�SURGXFWLH�YDQ�ZDUPWH�HQ�&2 � �RP�GLW�NOLPDDW�WH�NXQQHQ�UHDOLVHUHQ��+HW�NDVNOLPDDW�
EHVWDDW�XLW�GH�WHPSHUDWXXU��GH�UHODWLHYH�OXFKWYRFKWLJKHLG��GH�&2 � �FRQFHQWUDWLH�HQ�GH�KRHYHHOKHLG�
VWUDOLQJ�LQ�GH�NDV��2P�GLW�WH�UHDOLVHUHQ�NXQQHQ�EXLVYHUZDUPLQJ��YHQWLODWLH��&2 � �GRVHULQJ�HQ�
GRHNHQ�ZRUGHQ�LQJH]HW��
�
%LM�KHW�SODQQHQ�ZRUGW��JHEUXLN�PDNHQG�YDQ�GH�ZHHUVYHUZDFKWLQJ��KHW�NOLPDDW�EHSDDOG�ZDDUELM�GH�
UHDOLVDWLHNRVWHQ�PLQLPDDO�]LMQ�HQ�]R�JRHG�PRJHOLMN�DDQ�GH�UDQGYRRUZDDUGHQ�ZRUGW�YROGDDQ��'H]H�
UDQGYRRUZDDUGHQ�]LMQ�LQVWHOOLQJHQ�ZDDUPHH�GH�WXLQGHU�HUYRRU�NDQ�]RUJHQ�GDW�GH�NZDOLWHLW�YDQ�GH�
WHHOW�JHZDDUERUJG�LV��,Q�KHW�FULWHULXP�YRRU�GH�JODVWXLQERXZ�ZRUGHQ�GH�JHPLGGHOGH�
HWPDDOWHPSHUDWXXU��WHPSHUDWXXU�LQWHJUDDO����GH�PD[LPDOH�WHPSHUDWXXU��GH�PLQLPDOH�WHPSHUDWXXU��
GH�PD[LPDOH�UHODWLHYH�OXFKWYRFKWLJKHLG�HQ�GH�PD[LPDOH�&2 � �FRQFHQWUDWLH�DOV�UDQGYRRUZDDUGHQ�
PHHJHQRPHQ�LQ�GH�SODQQLQJ��
�
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+HW�RQWZLNNHOGH�EHVWXULQJVFRQFHSW�EHSDDOW�RS�EDVLV�YDQ�KHW�ERYHQVWDDQGH�FULWHULXP�KHW�YHUORRS�
YDQ�GH�NOLPDDWWRHVWDQGHQ�HQ�ELMEHKRUHQGH�VWXULQJ�YRRU�GH�NRPHQGH����XXU��0HW�EHKXOS�YDQ�HHQ�
]RJHQDDPGH�RSWLPDOH�UHJHODDU�ZRUGW�GH�XLWYRHULQJ�YDQ�GLW�SODQ�FRQWLQX�ELMJHVWXXUG�RP�WH�
FRUULJHUHQ�YRRU�DIZLMNLQJHQ�LQ�GH�JHEUXLNWH�PRGHOOHQ�HQ�GH�ZHHUVYHUZDFKWLQJ��
�
����� &ULWHULXP�EHZDULQJ�DDUGDSSHOHQ�HQ�XLHQ�
+HW�RSWLPDOLVDWLHSUREOHHP�YRRU�GH�DDUGDSSHO�XLHQEHZDULQJ�NRPW�QHHU�RS�GH�SODQQLQJ�YDQ�WZHH�
VWXXUJURRWKHGHQ��ZDQQHHU�KRHYHHO�PHFKDQLVFK�NRHOHQ������HQ�ZDQQHHU�KRHYHHO�YHQWLOHUHQ�PHW�
EXLWHQOXFKW������'H]H�SODQQLQJ�ZRUGW�]RGDQLJ�JHRSWLPDOLVHHUG�GDW�KHW�RSJHJHYHQ�NRVWHQFULWHULXP�
ZRUGW�JHPLQLPDOLVHHUG��9RRUQDDPVWH�LQJUHGLsQWHQ�YDQ�KHW�NRVWHQFULWHULXP�]LMQ�HHQ�VWUDI�RS�
DIZLMNLQJ�YDQ�GH�JHZHQVWH�EHZDDUWHPSHUDWXXU�HQ�GH�HOHNWULFLWHLWVNRVWHQ�YDQ�NRHOHQ�HQ�RI�
YHQWLOHUHQ��'H�5+2&�UHJHODDU�ZRUGW�JHYRHG�PHW�WLHQGDDJVH�ZHHUVYHUZDFKWLQJHQ��ZDDUYDQ�
SURMHFWSDUWQHU�:1,�HHQPDDO�SHU�GDJ�HHQ�QLHXZH�XSGDWH�XLWEUHQJW��:DDURP�HHQ�KRUL]RQ�YDQ�
SUHFLHV����GDJHQ�WH�JHEUXLNHQ"����GDJHQ�LV�KHW�PHHVWH�ZDW�SURMHFWSDUWQHU�:1,�NDQ�OHYHUHQ��HQ�LQ�
VLPXODWLHVWXGLHV�EOLMNW�GLW�HHQ�EHWHU�UHVXOWDDW�WH�JHYHQ�GDQ�ZHUNHQ�PHW�HHQ�NRUWHUH�KRUL]RQ��
�
'H�UHJHODDU�SODQW�VWHHGV�RSQLHXZ�KHW�RSWLPDOH�YHUORRS�YDQ�VWXULQJHQ��EHZDDUWHPSHUDWXXU��HQ�
RYHULJH�PRGHOWRHVWDQGHQ��JHEUXLNPDNHQG�YDQ�GH�YHUZDFKWH�EXLWHQFRQGLWLHV�HQ�GH�YHUZDFKWH�
HOHNWULFLWHLWVWDULHYHQ��'H�EHUHNHQGH�VWXULQJHQ�ZRUGHQ�JHwPSOHPHQWHHUG�WRWGDW�GH�5+2&�UHJHODDU�
HHQ�QLHXZH�RSWLPDOLVDWLH�XLWYRHUW�HQ�GH�HHUGHU�EHUHNHQGH��PDDU�QRJ�QLHW�JHwPSOHPHQWHHUGH��
VWXULQJHQ�RYHUVFKUHYHQ�ZRUGHQ�GRRU�GH�QLHXZVWH�RSWLPDOLVDWLH�XLWNRPVW���
��� �:HHUVYHUZDFKWLQJHQ�
%LM�KHW�JHEUXLN�YDQ�RSWLPDO�FRQWURO�VWUDWHJLHsQ�LQ�GH�NOLPDDWUHJHOLQJHQ�LQ�GH�JODVWXLQERXZ�HQ�GH�
RSVODJ�YDQ�ELRORJLVFKH�SURGXFWHQ��LV�KHW�JHEUXLN�YDQ�ZHHUVYHUZDFKWLQJHQ�HHQ�EHODQJULMN�
KXOSPLGGHO��'H]H�ZHHUVYHUZDFKWLQJHQ�KHUEHUJHQ�HFKWHU�QRJDO�ZDW�RQ]HNHUKHLG��=R�ZRUGW�GH�
YHUZDFKWLQJ�RYHU�KHW�DOJHPHHQ�JHJHYHQ�YRRU�HHQ�VSHFLILHNH�ORFDWLH��PHHVWDO�HHQ�PHWHRURORJLVFK�
VWDWLRQ��ZHONH�QLHW�JHOLMN�LV�DDQ�GH�ORFDWLH�YDQ�GH�NOLPDDWUHJHOLQJ��9HUGHU�NXQQHQ�ORNDOH�DVSHFWHQ�
]RDOV�EHERXZLQJ��JURQGVRRUW�HQ�RSHQ�ZDWHU�LQ�GH�RPJHYLQJ�YDQ�LQYORHG�]LMQ�RS�KHW�ORNDOH�ZHHU��
+HW�LV�DDQJHWRRQG�GDW�KHW�DDQSDVVHQ�YDQ�GH�YHUZDFKWLQJHQ�PHW�EHKXOS�YDQ�ORNDOH�PHWLQJHQ�HHQ�
YHUEHWHULQJ�RSOHYHUW�WRW�RQJHYHHU�WLHQ�XXU�YRRUXLW��2RN�HHQ�V\VWHPDWLVFKH�IRXW�NDQ�PHW�EHKXOS�
YDQ�ORNDOH�PHWLQJHQ�JHPLQLPDOLVHHUG�ZRUGHQ��
�
(U�]LMQ�WZHH�YHUVFKLOOHQGH�W\SH�ZHHUVYHUZDFKWLQJHQ�FRPPHUFLHHO�YHUNULMJEDDU��GH�NRUWH�WHUPLMQ�
ZHHUVYHUZDFKWLQJ�HQ�GH�PLGGHOODQJH�WHUPLMQ�ZHHUVYHUZDFKWLQJ��'H�NRUWH�WHUPLMQ�
ZHHUVYHUZDFKWLQJ�EHYDW�JHJHYHQV�YRRU�LHGHU�XXU�YDQ���WRW����XXU�YRRUXLW��'H�PLGGHOODQJH�
WHUPLMQ�ZHHUVYHUZDFKWLQJ�EHVWDDW�XLW�HHQ�HQVHPEOH�YDQ�ZHHUVYHUZDFKWLQJHQ�WRW�WLHQ�GDJHQ�
YRRUXLW��+HW�HQVHPEOH�EHVWDDW�XLW����OHGHQ��(ON�YDQ�GH]H�OHGHQ�JHHIW�HHQ�ZHHUVYHUZDFKWLQJ�HQ�
KHHIW�HHQ�NDQV�YDQ������RP�XLW�WH�NRPHQ��2YHU�HHQ�ODQJHUH�SHULRGH�JHUHNHQG�JHHIW�KHW�
JHPLGGHOGH�YDQ�KHW�HQVHPEOH�GH�EHVWH�YHUZDFKWLQJ��0HW�GH]H�´JHPLGGHOGHµ�ZHHUVYHUZDFKWLQJ�
ZRUGW�GDQ�RRN�HHQ�RSWLPDDO�VWXXUSURILHO�XLWJHUHNHQG���
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�
'RRUGDW�KHW�HQVHPEOH�XLW����OHGHQ�EHVWDDW�GLH�HON�HHQ�HYHQ�JURWH�ZDDUVFKLMQOLMNKHLG�KHEEHQ�RP�
YRRU�WH�NRPHQ��JHHIW�GLW�HQVHPEOH�HHQ�PDDW�YDQ�RQ]HNHUKHLG�YDQ�GH�YHUZDFKWLQJ�DDQ��'RRU�QX�
KHW�JHEUXLNWH�PRGHO�GRRU�WH�UHNHQHQ�YRRU�HON�YDQ�GH�OHGHQ�YDQ�KHW�HQVHPEOH��ZRUGW�HHQ�
NDQVGLFKWKHLGVIXQFWLH�YDQ�GH�GRHOIXQFWLH�JHYRQGHQ��'H�NDQVGLFKWKHLGVIXQFWLH�YDQ�GH�WRWDOH�
NRVWHQ�JHHIW�YHUYROJHQV�LQ]LFKW�LQ�KHW�ULVLFR�GDW�GH�JHEUXLNHU�ORRSW��
� 5HVXOWDWHQ�
,Q�GLW�SURMHFW�LV�DDQJHWRRQG�GDW�KHW�PRJHOLMN�LV�RP�PHW�JHEUXLN�YDQ�ZHHUVYHUZDFKWLQJHQ�HHQ�
HQHUJLH�HIILFLsQWHU�NOLPDDWVWXULQJ�LQ�JODVWXLQERXZ�NDVVHQ�HQ�LQ�EHZDDUSODDWVHQ�YRRU�DJUDULVFKH�
SURGXFWHQ�WH�UHDOLVHUHQ��,Q�GH�DDUGDSSHOEHZDULQJ�LV�GLW�DDQJHWRRQG�LQ�HHQ�SUDNWLMNVLWXDWLH�HQ�GH�
JODVWXLQERXZ�LQ�HHQ�WHVWRPJHYLQJ��
�
'H�HQHUJLHEHVSDULQJ�EHGUDDJW�YRRU�GH�DDUGDSSHO��HQ�XLHQEHZDULQJ�JURIZHJ������(HQ�UHODWLHYH�
EHVSDULQJ�YDQ�����LV�JHOLMN�DDQ�HHQ�DEVROXWH�EHVSDULQJ�SHU������NJ�SURGXFW�YDQ�UHVS������N:K�
HOHNWULFLWHLW�SHU�EHZDDUVHL]RHQ�YRRU�DDUGDSSHOHQ�HQ�����N:K�HOHNWULFLWHLW�SHU�EHZDDUVHL]RHQ�YRRU�
XLHQ��'H]H�EHVSDULQJ�JDDW�KDQG�LQ�KDQG�PHW�HHQ�EHWHUH�NOLPDDWEHKHHUVLQJ�LQ�GH�EHZDDUSODDWV��HQ�
GDW�NRQ�QRJ�ZHO�HHQV�HHQ�EHODQJULMNHU�UHVXOWDDW�]LMQ�GDQ�����HOHNWULFLWHLWVEHVSDULQJ��:HO�]LW�HU�HHQ�
JURWH�RQ]HNHUKHLG�LQ�GH�YHUZDFKWH�HQHUJLHEHVSDULQJ��LQ�H[SHULPHQWHQ�ZLVVHOHQ�GDJHQ�PHW�����
HQHUJLHEHVSDULQJ�HQ�GDJHQ�PHW����HQHUJLHEHVSDULQJ�HONDDU�DI��
�
9RRU�GH�JODVWXLQERXZ�ZRUGW�HHQ�HQHUJLHEHVSDULQJ�YHUZDFKW��LQ�FRPELQDWLH�PHW�HHQ�KRJHUH�
SURGXFWLH�HQ�EHWHUH�EHKHHUVLQJ�YDQ�GH�NZDOLWHLW��7LMGHQV�VLPXODWLHV�]LMQ�YRRU�GH�JODVWXLQERXZ�
EHVSDULQJVJHWDOOHQ�JHUHDOLVHHUG�WRW������'LW�SRWHQWLsOH�EHVSDULQJVSHUFHQWDJH�LV�LQGLFDWLHI��RPGDW�
QRJ�HHQ�DDQWDO�RQYRRU]LHQH�WHFKQLVFKH�REVWDNHOV�PRHW�ZRUGHQ�RSJHORVW�RP�HHQ�FRPSOHHW�EHHOG�
WH�NULMJHQ��'DDU�GH�JHKHOH�1HGHUODQGVH�JODVWXLQERXZ�MDDUOLMNV�]R·Q���[�� � �P � �DDUGJDV�JHEUXLNW�]RX�
HHQ�HQHUJLHEHVSDULQJ�YDQ�����YRRU�GH�JHKHOH�VHFWRU�HHQ�EHVSDULQJ�YDQ�]R·Q����[�� � �P � �DDUGJDV�
EHWHNHQHQ��
�
��� *ODVWXLQERXZ�
+HW�SURMHFWUHVXOWDDW�YRRU�GH�JODVWXLQERXZWRHSDVVLQJ�EHVWDDW�XLW�HHQ�ZHUNHQG�SURWRW\SH�LQ�
VLPXODWLHRPJHYLQJ��+LHUYRRU�]LMQ�HHQ�RSWLPDOH�EHVWXULQJ�HQ�HHQ�VLPXODWRU�JHUHDOLVHHUG���
�
'H�VLPXODWRU�EHYDW�PRGHOEHVFKULMYLQJHQ�YRRU�GH�JHKHOH�WXLQERXZNDV��LQFOXVLHI�LQVWDOODWLHV�HQ�
JHZDV��+LHUPHH�LV�KHW�PRJHOLMN�GH�LQVWDOODWLHV�RS�KHW�QLYHDX�YDQ�VWXULQJHQ�LQ�WH�]HWWHQ�HQ�KHW�
HIIHFW�YDQ�GH]H�VWXULQJHQ�RS�KHW�NDVNOLPDDW�HQ�KHW�JHZDV�WH�VLPXOHUHQ��*URRW�YRRUGHHO�YDQ�GH]H�
VLPXODWRU�LV�KHW�IHLW�GDW�RQDIKDQNHOLMN�YDQ�KHW�KXLGLJH�ZHHUSDWURRQ�GH�ZHUNLQJ�YDQ�GH�RSWLPDOH�
EHVWXULQJ�JHsYDOXHHUG�NDQ�ZRUGHQ�YRRU�VSHFLILHNH�ZHHUSDWURQHQ��'H�VLPXODWRU�LV�LQ�GH�VWDQGDDUG�
WHVWRPJHYLQJ�YDQ�3ULYD�5HVHDUFK�DQG�'HYHORSPHQW�RQWZLNNHOG�HQ�NDQ�GDDUGRRU�RRN�JHEUXLNW�
ZRUGHQ�RP�GH�KXLGLJH�FRPPHUFLsOH�UHJHOLQJHQ�WH�HYDOXHUHQ�HQ�HYHQWXHHO�WH�YHUEHWHUHQ��
�
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'H�RSWLPDOH�EHVWXULQJ�EHVWDDW�XLW�HHQ�WZHHWDO�PRGXOHV��HHQ�SODQQLQJVPRGXOH�HQ�HHQ�UHJHOPRGXOH��
'H�SODQQLQJVPRGXOH�RSWLPDOLVHHUW�KHW�FULWHULXP�]RDOV�EHVFKUHYHQ�LQ�SDUDJUDDI�������YRRU�KHW�
JHOGLJH�ZHHUSDWURRQ��'H�UHJHOPRGXOH�]RUJW�YRRU�GH�XLWYRHULQJ�YDQ�GH�GRRU�GH�SODQQLQJVPRGXOH�
EHUHNHQGH�VWXULQJHQ��+LHUELM�ZRUGHQ�GH�VWXULQJHQ�DDQJHSDVW�DOV�KHW�JHUHDOLVHHUGH�NOLPDDW�DIZLMNW�
YDQ�KHW�EHUHNHQGH�RSWLPDOH�NOLPDDW��
�
0HW�GH�VLPXODWLHRPJHYLQJ�]LMQ�HYDOXDWLHV�XLWJHYRHUG�ZDDUELM�GH�RQWZLNNHOGH�RSWLPDOH�EHVWXULQJ�
YHUJHOHNHQ�LV�PHW�GH�KXLGLJH�FRPPHUFLsOH�UHJHOLQJHQ�YDQ�3ULYD�%�9��8LW�GH]H�HYDOXDWLHV�LV�
JHEOHNHQ�GDW�GH�ZHUNZLM]H�YDQ�GH�RSWLPDOH�EHVWXULQJ�YRRUGHOHQ�ELHGW�WHQ�RS]LFKWH�YDQ�GH�KXLGLJH�
FRPPHUFLsOH�UHJHOLQJHQ��0HW�QDPH�KHW�JHwQWHJUHHUG�SODQQHQ�HQ�UHJHOHQ�YDQ�NOLPDDW�LQ�GH�NDV�
]RUJW�HUYRRU�GDW�RS�GH�MXLVWH�PRPHQWHQ��ZDDURS�KHW�HIIHFW�PD[LPDDO�LV��UHJHODFWLHV�ZRUGHQ�
RQGHUQRPHQ��+LHUGRRU�LV�KHW�ELMYRRUEHHOG�PRJHOLMN�GH�XLWVWRRW�YDQ�&2 � �QDDU�GH�RPJHYLQJ�WHUXJ�
WH�GULQJHQ�HQ�NDQ�GH�UHODWLHYH�OXFKWYRFKWLJKHLG�EHWHU�LQ�GH�KDQG�JHKRXGHQ�ZRUGHQ��7LMGHQV�GH�
HYDOXDWLHV�]LMQ��HQHUJLH�EHVSDULQJVJHWDOOHQ�JHUHDOLVHHUG�WRW������+HW�LV�XLWHLQGHOLMN�HFKWHU�PRHLOLMN�
JHEOHNHQ�RP�RS�EDVLV�YDQ�GH�XLWJHYRHUGH�VLPXODWLHV�HHQGXLGLJH�NZDQWLWDWLHYH�XLWVSUDNHQ�WH�GRHQ�
RYHU�GH�HQHUJLHEHVSDULQJ�GDQ�ZHO�SURGXFWLHYHUKRJLQJ��+LHUYRRU�LV�HHQ�XLWYRHULJH�YHUGHUH�DQDO\VH�
QRRG]DNHOLMN��
�
,Q�)LJXXU���LV�HHQ�YRRUEHHOG�ZHHUJHJHYHQ�YDQ�GH�WHVWUHVXOWDWHQ�]RDOV�GH]H�XLWJHYRHUG�]LMQ��'H]H�
ILJXXU�JHHIW�HHQ�JHVLPXOHHUGH�GDJ�LQ�GH�]RPHUSHULRGH��'H�EHODQJULMNVWH�YHUVFKLOOHQ�WXVVHQ�GH�
UHJHOLQJ�YDQ�GH�RSWLPDOLVDWRU�HQ�GH�FRPPHUFLsOH�UHJHOLQJ�]LMQ���

• 'H�JHPLGGHOGH�WHPSHUDWXXU�OLJW�GLFKWHU�ELM�GH�JHZHQVWH�JHPLGGHOGH�WHPSHUDWXXU�YDQ�
��°&��

• 'H�FRPPHUFLsOH�UHJHOLQJ�LV�HHQ�JRHG�YRRUEHHOG�YDQ�HHQ�VHWSRLQW�UHJHODDU��GH]H�]DO�
DOWLMG�SUREHUHQ�KHW�VHWSRLQW�WH�KDQGKDYHQ��'LW�LQ�WHJHQVWHOOLQJ�WRW�GH�RSWLPDOH�UHJHODDU�
GLH�YRRUXLW�NLMNW�HQ�RS�EDVLV�YDQ�KHW�FULWHULXP�NDQ�EHVOXLWHQ�GH�WHPSHUDWXXU�WLMGHOLMN�
LHWV�KRJHU�RI�ODJHU�WH�ODWHQ�ZRUGHQ��

• 'RRUGDW�GH�RSWLPDOH�UHJHODDU�GH�WHPSHUDWXXU�DDQ�KHW�HLQG�YDQ�GH�GDJ�LHWV�YHUGHU�ODDW�
]DNNHQ��ZRUGW�HQHUJLH�EHVSDDUG�WHQ�RS]LFKWH�YDQ�GH�FRPPHUFLsOH�UHJHOLQJ���

• 'H�UHODWLHYH�OXFKWYRFKWLJKHLG�LQ�GH�DIGHOLQJ�PHW�GH�FRPPHUFLsOH�UHJHOLQJ�OLJW�
JHGXUHQGH�ODQJHUH�WLMG�URQGRP�GH�PD[LPDOH�OXFKWYRFKWLJKHLG�YDQ������'H]H�JUHQV�LV�
NULWLVFK�YRRU�GH�WHHOWNZDOLWHLW��
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�
)LJXXU����YRRUEHHOG�YDQ�JHVLPXOHHUG�YHUORRS�YDQ�WHPSHUDWXXU��UHODWLHYH�OXFKWYRFKWLJKHLG�HQ�
YHUZDUPLQJVHQHUJLH�LQ�HHQ�NDVFRPSDUWLPHQW�PHW�GH�RSWLPDOH�EHVWXULQJ�HQ�GH�KXLGLJH�
FRPPHUFLsOH�UHJHOLQJHQ��
��� $DUGDSSHO�XLHQEHZDULQJ�
9RRU�EHZDULQJ�LV�GH�RSWLPDOLVDWRU�RQWZLNNHOG�DOV�HHQ�DDQYXOOLQJ�RS�GH�EHVWDDQGH�
NOLPDDWFRPSXWHU��QHW�DOV�LQ�GH�DSSOLFDWLH�JODVWXLQERXZ��'H�EHUHNHQGH�RSWLPDOH�VWXULQJHQ�ZRUGHQ�
RS�HHQ�LQJHQLHX]H�ZLM]H�YLD�GH�EHVWDDQGH�NOLPDDWFRPSXWHU�JHwPSOHPHQWHHUG�RS�KHW�ZHUNHOLMNH�
SURFHV��'LW�PDDNW�GDW�GH�LQ�GH�NOLPDDWFRPSXWHU�RSJHQRPHQ�EHYHLOLJLQJHQ�LQWDFW�EOLMYHQ�HQ�GDW�
]RZHO�EHVWDDQGH�DOV�WRHNRPVWLJH�NODQWHQ�HHQYRXGLJ�NXQQHQ�NLH]HQ�YRRU�NOLPDWLVHULQJ�PHW�RI�
]RQGHU�RSWLPDOLVDWRU�PRGXOH���
'H�RQWZLNNHOGH�RSWLPDOLVDWRU�LV�QRJ�ELQQHQ�GH�ORRSWLMG�YDQ�KHW�SURMHFW�JHWHVW�RS�HFKWH�
EHZDDUSODDWVHQ�HQ�EOLMNW�GDDU�WH�IXQFWLRQHUHQ�FRQIRUP�YHUZDFKWLQJ��)LJXXU���JHHIW�HHQ�YRRUEHHOG�
YDQ�HHQ�EHUHNHQGH�WLHQGDDJVH�SODQQLQJ��,Q�)LJXXU���JHOGW�YRRU�GH�SURGXFWWHPSHUDWXXU�HHQ�
VWUHHIZDDUGH�YDQ����&��0HFKDQLVFKH�NRHOLQJ��X � ����� ��LV�HQHUJHWLVFK�PLQGHU�HIILFLsQW�GDQ�
EXLWHQOXFKWYHQWLODWLH��X ��� � �!��HQ�X ��� � !����,Q�GH�SODQQLQJ�ZRUGW�GXLGHOLMN�RS�HHQ�VOLPPH�PDQLHU�GH�
DIZHJLQJ�JHPDDNW�WXVVHQ�WHPSHUDWXXUEHKHHUVLQJ�HQ�HQHUJLHEHVSDULQJ��PHFKDQLVFK�NRHOHQ�
YHUYDQJHQ�GRRU�EXLWHQOXFKWYHQWLODWLH��HQ�HOHNWULFLWHLW�ELM�YRRUNHXU�DIQHPHQ�WLMGHQV�GDOWDULHI�XUHQ���
,Q�GH�GDOWDULHIXUHQ�JHGXUHQGH�GH�HHUVWH����XXU�LQ�)LJXXU���ZRUGW�GH�WHPSHUDWXXU�PHW�
PHFKDQLVFKH�NRHOLQJ�WHUXJJHEUDFKW�WRW�VHWSRLQW��RPGDW�HU�JHGXUHQGH�GH�HHUVWH����XXU�JHHQ�
PRJHOLMNKHLG�YRRU�EXLWHQOXFKWYHQWLODWLH�ZRUGW�YHUZDFKW��7 ���
� � � � !7 � � � � �" �WRW���W ���XXU���,Q�GH�
SHULRGH����W�����LV�KHW�PRJHOLMN�RP�7 �!� � �����
� �GLFKW�ELM�7 � � � �"�  �WH�KRXGHQ�PHW�PLQLPDOH�
JHEUXLNPDNLQJ�YDQ�X � ����� ��,Q�����W�����PDJ�GH�WHPSHUDWXXU�KRJHU�RSORSHQ�GDQ�LQ���W����XXU��
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RPGDW�DO�RS�W ����ZRUGW�YRRU]LHQ�GDW�HU�YDQDI�W ����SULPD�PRJHOLMNKHGHQ�NRPHQ�YRRU�
WHPSHUDWXXUUHGXFWLH�G�P�Y��JRHGNRSH�EXLWHQOXFKWYHQWLODWLH��'DDUQD�YROVWDDW�EXLWHQOXFKWYHQWLODWLH�
RP�7 �!� � �����
� �URQG�7 � � ��� �" �WH�KRXGHQ��PDDU�ZRUGHQ�JHHQ�YHQWLODWRUHQ�DDQJHVFKDNHOG�LQ�SHULRGHV�PHW�
KRRJ�HOHNWULFLWHLWVWDULHI��0HW�HHQ�NODVVLHNH�UHJHOLQJ�]RX�GH]H�LQWHOOLJHQWLH�VOHFKWV�WH�LPLWHUHQ�]LMQ�
ZDQQHHU�GH�EHZDDUGHU�YHHOYXOGLJ�GH�LQVWHOOLQJHQ�KDQGPDWLJ�ZLM]LJW��9RRUDO�GH�NHX]H�RP�ZHO�
PHFKDQLVFK�WH�NRHOHQ�LQ�GH�SHULRGH����W����HQ�QLHW�LQ�����W�����LV�PHW�HHQ�NODVVLHNH�UHJHOLQJ�
QLHW�PRJHOLMN�]RQGHU�WXVVHQWLMGV�KDQGPDWLJ�ZLM]LJHQ�YDQ�NOLPDDWFRPSXWHULQVWHOOLQJHQ��
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)LJXXU����YRRUEHHOG�YDQ�JHSODQG�YHUORRS�YDQ�WRHVWDQGHQ�HQ�VWXULQJHQ�LQ�EHZDDUSODDWV��
�
8LW�GH�H[SHULPHQWHQ�LV�PRHLOLMN�WH�FRQFOXGHUHQ�RI�GH�RSWLPDOLVDWRU�HFKW�WRW�YHUEHWHULQJ�OHLGW��
RPGDW�JRHG�YHUJHOLMNLQJVPDWHULDDO�RQWEUHHNW��'DDURP�LV�LQ�VLPXODWLH�HHQ�XLWJHEUHLGH�
PHHUZDDUGHDQDO\VH�XLWJHYRHUG��'LH�PHHUZDDUGHDQDO\VH�WRRQW�RQRPVWRWHOLMN�DDQ�GDW�HU�HHQ�
EHKRRUOLMNH�YHUEHWHULQJ�PRJHOLMN�LV��)LJXXU���WRRQW�ppQ�YDQ�GH�YHOH�ILJXUHQ�XLW�GLH�
PHHUZDDUGHDQDO\VH��'H�GRQNHUEODXZH�OLMQ�2EV��LQ�)LJXXU���WRRQW�KHW�UHDOLVHHUEDUH�
NRVWHQFULWHULXP�ELM�SHUIHFWH�YRRUNHQQLV�YDQ�KHW�ZHUNHOLMNH�ZHHU��+LHUXLW�EOLMNW�GDW�KHW�YRRU�GH����
GDJHQ�QD����DSULO������ORQHQG�ZDV�RP�WH�RSWLPDOLVHUHQ�PHW�HHQ�KRUL]RQ�WRW����GDJHQ�YRRUXLW��
PLWV�JRHGH�ZHHUVYHUZDFKWLQJHQ�EHVFKLNEDDU�]LMQ��'H�URGH�HQ�JURHQH�OLMQHQ�WRQHQ�GH�JHUHDOLVHHUGH�
FULWHULXPZDDUGHQ�ELM�JHEUXLN�YDQ�:1,�ZHHUVYHUZDFKWLQJHQ��)FW��HQ�:1,�ZHHUVYHUZDFKWLQJHQ�
YHUEHWHUG�PHW�DFWXHOH�ORNDOH�WHPSHUDWXXUPHWLQJ��)FW&���2RN�PHW�ZHUNHOLMNH�ZHHUVYHUZDFKWLQJHQ�
EOLMNW�KHW�QXWWLJ�RP����GDJHQ�YRRUXLW�WH�NLMNHQ��:DQQHHU�GH�UHJHODDU�ZRUGW�JHYRHG�PHW�

SHUVLVWHQWH
�YHUZDFKWLQJHQ��FT��GH�DDQQDPH�GDW�GH�ZHHUF\FOXV�ZDDUJHQRPHQ�JHGXUHQGH�GH�
DIJHORSHQ����XXU�]LFK�EOLMIW�KHUKDOHQ�LQ�GH�WRHNRPVW��GDQ�YHUVOHFKWHUW�GH�UHDOLVHHUEDUH�
FULWHULXPZDDUGH�HQRUP��JHWXLJH�GH�OLFKWEODXZH�OLMQ��3HUV��LQ�)LJXXU����
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�
� 3HUVSHFWLHI�YRRU�WRHSDVVLQJ�
9RRU�KHW�EHZDUHQ�YDQ�DDUGDSSHOHQ�HQ�XLHQ�]DO��]RDOV�KHW�HU�QX�QDDU�XLW]LHW�SURMHFWSDUWQHU�7ROVPD�
7HFKQLHN�EHZDDUVHL]RHQ�����������EHJLQQHQ�HHQ�V\VWHHP�LQ�GH�PDUNW�JDDQ�]HWWHQ��'H�RP]HW�
YDQ�KHW�QLHXZH�SURGXFW�]DO�LQ�KHW�EHJLQ�NOHLQ�]LMQ���
9RRU�GH�JODVWXLQERXZ�KHHIW�3ULYD�EHVORWHQ�RP�KHW�LQ�GLW�SURMHFW�RQWZLNNHOGH�FRQFHSW�YRRUORSLJ�
QLHW�LQWHJUDDO�RS�GH�PDUNW�WH�EUHQJHQ��(U�]LMQ�QRJ�WH�YHHO�RQ]HNHUKHGHQ�RYHU�KHW�RQWZLNNHOGH�
FRQFHSW��RP�KHW�EHWURXZEDDU�HQ�]RQGHU�DIEUHXNULVLFR�LQ�GH�PDUNW�WH�]HWWHQ��:HO�]DO�KHW�V\VWHHP�
LQ�HHQ�WHVWRPJHYLQJ�JHEUXLNW�ZRUGHQ�RP�WH�NXQQHQ�YHUJHOLMNHQ�PHW�DQGHUH�EHVFKLNEDUH�
V\VWHPHQ��1DDU�YHUZDFKWLQJ�]DO�GH�RSJHGDQH�NHQQLV��RS�]·Q�PLQVW��WRW�YHUEHWHULQJ�YDQ�GH�
EHVWDDQGH�V\VWHPHQ�OHLGHQ��2I�HQ�KRH��GHOHQ�YDQ��KHW�FRQFHSW�HHQ�SODDWV�NULMJHQ�ELQQHQ�GH��
KXLGLJH�FRPPHUFLsOH�UHJHOLQJHQ�LV�RS�GLW�PRPHQW�QRJ�RQGHUZHUS�YDQ�3ULYD�LQWHUQH�VWXGLH��3ULYD�
]DO�LQ�LHGHU�JHYDO�XLWHUVW�]RUJYXOGLJ�WH�ZHUN�JDDQ�ELM�HYW��WRHNRPVWLJH�PDUNWLQWURGXFWLH�YDQ��GHOHQ�
YDQ��KHW�FRQFHSW�RPGDW�]H�]LFK]HOI�DEVROXXW�JHHQ�PLVVHUV�ZLO�SHUPLWWHUHQ��
'H�GHHOQHPHQGH�NHQQLVLQVWHOOLQJHQ�]XOOHQ�RS�]RHN�JDDQ�QDDU�QLHXZH�PRJHOLMNKHGHQ�YRRU�
WRHSDVVLQJ�YDQ�GH�UHHGV�RQWZLNNHOGH�WHFKQRORJLH�HQ�YRRU�KHW�YHUGHU�GRRURQWZLNNHOHQ�YDQ�GH�
EHVWXULQJVWHFKQRORJLH��%LM�QLHXZH�WRHSDVVLQJHQ�JDDQ�GH�JHGDFKWHQ�LQ�GH�HHUVWH�SODDWV�XLW�QDDU�
ELQQHQNOLPDDWEHKHHUVLQJ�LQ�KHW�DOJHPHHQ��QDDU�YHUVORJLVWLHN��HQ�QDDU�ZDWHUEHKHHU��3ODQW�5HVHDUFK�
,QWHUQDWLRQDO��35,��KHHIW�LQPLGGHOV�HHQ�WZHHWDO�DDQVOXLWHQGH�SURMHFWHQ�YHUZRUYHQ��(pQ�SURMHFW�
JDDW�RYHU�KHW�RSWLPDOLVHUHQ�YDQ�GH�SDSULNDWHHOW��]RZHO�PHW�EHWUHNNLQJ�WRW�HQHUJLHEHVSDULQJ�DOVRRN�
DUEHLGVEHVSDULQJ��,Q�GLW�SDSULND�SURMHFW�]LMQ�YDQ�GH�GHHOQHPHUV�YDQ�KHW�:HHU�LQ�&RQWURO�SURMHFW�
DOOHHQ�35,�HQ�LQ�JHULQJH�PDWH�:DJHQLQJHQ�8QLYHUVLWHLW�EHWURNNHQ��(HQ�WZHHGH�SURMHFW��GDW�QDXZ�
YHUZDQW�LV�DDQ�KHW�:HHU�LQ�&RQWURO�SURMHFW��EHWUHIW�KHW�YHUEHWHUHQ�YDQ�GH�PRQLWRULQJ�YDQ�
SURFHVVHQ�LQ�HHQ�JODVWXLQERXZNDV��%LM�GLW�SURMHFW�LV�RRN�35,9$�EHWURNNHQ���
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�
� %LMGUDJH�DDQ�((7�GRHOVWHOOLQJHQ�
'H�SURMHFWGRHOVWHOOLQJHQ��KIVW�������]LMQ�JHKDDOG��(U�LV�HHQ�JHQHULHNH�FRQFHSW�DUFKLWHFWXXU�
RQWZLNNHOG�YRRU�KHW�DQWLFLSHUHQ�RS�ZHHUVYHUZDFKWLQJHQ�LQ�GH�EHVWXULQJ�YDQ�SURFHVVHQ�GLH�GRRU�
KHW�ZHHU�ZRUGHQ�EHwQYORHG��'DW�FRQFHSW�LV�YHUYROJHQV�JHWRHWVW�GRRU�LPSOHPHQWDWLH�YDQ�HHQ�
SURWRW\SH�LQ�GH�EHVWXULQJ�YDQ�WZHH�ZHUNHOLMNH�EHZDDUSODDWVHQ�YRRU�DDUGDSSHOHQ�XLHQ��9RRU�
WRHSDVVLQJ�LQ�GH�JODVWXLQERXZ�LV�JHWRHWVW�GRRU�LPSOHPHQWDWLH�LQ�HHQ�]HHU�UHDOLVWLVFKH�
VLPXODWLHRPJHYLQJ��8LW�DOOH�WRHWVLQJHQ�NRPHQ�JRHGH�UHVXOWDWHQ��0HW�QDPH�LQ�GH�EHZDULQJ�YDQ�
DDUGDSSHOHQ�XLHQ�OLMNW�GH�ZHJ�YULM�YRRU�JHIDVHHUGH�PDUNWLQWURGXFWLH��EHJLQQHQG�YDQDI�
EHZDDUVHL]RHQ�������������
� 'H�GHHOQHPHQGH�NHQQLVLQVWHOOLQJHQ�]XOOHQ�QD�DIORRS�YDQ�KHW�SURMHFW�RS�]RHN�JDDQ�QDDU�QLHXZH�
WRHSDVVLQJHQ�RP�GH�HFRQRPLVFKH�HQ�HFRORJLVFKH�HIILFLsQWLH�WH�YHUEHWHUHQ�YDQ�GH�EHVWXULQJ�YDQ�
HHQ�QRJ�EUHGHU�VFDOD�YDQ�SURGXFWLHSURFHVVHQ�GLH�ZRUGHQ�EHwQYORHG�GRRU�KHW�ZHHU��'DDUELM�JDDQ�
GH�JHGDFKWHQ�LQ�GH�HHUVWH�SODDWV�XLW�QDDU�ELQQHQNOLPDDWEHKHHUVLQJ�LQ�KHW�DOJHPHHQ��QDDU�
YHUVORJLVWLHN��HQ�QDDU�ZDWHUEHKHHU��
��� 6DPHQZHUNLQJ�
,Q�GLW�SURMHFW�LV�HHQ�]HHU�JRHGH�VDPHQZHUNLQJ�RQWVWDDQ�WXVVHQ�GH�SDUWQHUV�RQGHUOLQJ��'H]H�
VDPHQZHUNLQJ�KHHIW�GLQJHQ�PRJHOLMN�JHPDDNW�GLH�]RQGHU�GLH�VDPHQZHUNLQJ�QLHW�EHUHLNW�]RXGHQ�
]LMQ���
+HW�DQWLFLSHUHQ�RS�ZHHUVYHUZDFKWLQJHQ�ELM�GH�NOLPDDWEHKHHUVLQJ�LQ�EHZDDUSODDWVHQ�RS�GH�PDQLHU�
]RDOV�GDW�LQ�7ROVPD·V�QLHXZVWH�SURWRW\SH�JHEHXUW��KDG�7ROVPD�7HFKQLHN�QRRLW�]RQGHU�GH�
NHQQLVLQVWHOOLQJHQ�NXQQHQ�RQWZLNNHOHQ���
3ULYD�KHHIW�ELQQHQ�GLW�SURMHFW�YHHO�NHQQLV�RSJHERXZG�P�E�W��KHW�RSWLPDDO�DQWLFLSHUHQ�RS�
ZHHUVYHUZDFKWLQJHQ�LQ�GH�NDVNOLPDDWUHJHOLQJ��'H]H�NHQQLVRSERXZ�LV�WRW�VWDQG�JHEUDFKW�GDQN]LM�
LQWHQVLHI�RYHUOHJ�PHW�GH�NHQQLVLQVWHOOLQJHQ��HQ�GH�LQWHJUDWLH�YDQ�GH�GRRU�GH�NHQQLVLQVWHOOLQJHQ�
RQWZLNNHOGH�RSWLPDOH�EHVWXULQJ�LQ�GH�VWDQGDDUG�WHVWRPJHYLQJ��3ULYD�]DO�GLH�NHQQLV�LQ�GH�WRHNRPVW�
]HNHU�EHQXWWHQ�GRRU�GH�RSJHGDQH�NHQQLV�WH�JHEUXLNHQ�ELM�GH�HLJHQ�SURGXFWRQWZLNNHOLQJ���
'H�RQWZLNNHOLQJ�YDQ�PHWKRGLHN�HQ�ELMEHKRUHQGH�VRIWZDUH�GRRU�GH�NHQQLVLQVWHOOLQJHQ�KHHIW�
]RQGHUPHHU�HHQ�LPSXOV�JHNUHJHQ�GRRU�GH�VDPHQZHUNLQJ�YDQ�GLH�NHQQLVLQVWHOOLQJHQ�ELQQHQ�GLW�
SURMHFW��+HW�SUDNWLVFK�YDORULVHUHQ�YDQ�GLH�NHQQLV�NDQ�HQNHO�G�P�Y��HHQ�]RUJYXOGLJH�RYHUGUDFKW�
QDDU�GH�LQGXVWULH�RS�VSHFLILFDWLH�YDQ�GLH�LQGXVWULH��GDW�LV�GDQN]LM�GH]H�LQWHQVLHYH�VDPHQZHUNLQJ�
JHOXNW��
'H�VDPHQZHUNLQJ�ZDV�]RGDQLJ�VXFFHVYRO�GDW�KHW�]HHU�YRRU�GH�KDQG�OLJW�GDW�GH�SDUWQHUV�HONDDU�LQ�
GH�WRHNRPVW�ZHHU�RS�]XOOHQ�]RHNHQ�LQ�DQGHUH�VDPHQZHUNLQJVYHUEDQGHQ��
��� 7HFKQRORJLH�
(U�LV�HHQ�HQRUP�VWXN�WHFKQRORJLH��GRRU�RQWZLNNHOG�URQG�KHW�UHJHOFRQFHSW�LQ�)LJXXU����'DDURYHU�
LV�YHHO�LQIRUPDWLH�WH�YLQGHQ�LQ�GH�UHIHUHQWLHV��KIVW������2RN�LV�HU�YHHO�LQ]LFKW�RSJHERXZG�RYHU�GH�
YUDDJ�KRH�EHSDDOGH�UHJHO�EHKHHUVZHQVHQ�HIIHFWLHI�NXQQHQ�ZRUGHQ�RPJH]HW�LQ�ZLVNXQGLJH�
UHJHOGRHOHQ�LQ�)LJXXU����2PGDW�GLW�VRRUW�LQIRUPDWLH�YULM�XQLHN�LV�HQ�YRRU�GH�LQGXVWULsOH�SDUWQHUV�
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ERYHQGLHQ�DOV�HHQ�EHODQJULMN�FRPSHWLWLHI�YRRUGHHO�ZRUGW�JH]LHQ��LV�GDDURYHU�QLHW�JHSXEOLFHHUG��
'RRU�GH�VWHUN�PRGXODLUH�RSERXZ�YDQ�GH�RQWZLNNHOGH�VRIWZDUH�ZDDULQ�KHW�FRQFHSW�LV�
RQGHUJHEUDFKW��LV�KHUJHEUXLN�YDQ�ORVVH�GHHOUHVXOWDWHQ�JHPDNNHOLMN��=R�NRQ�ELMY��
ZZZ�FROGVWRUDJH�QO�PHGH�RQWVWDDQ�DOV�VSLQ�RII�YDQ�GLW�((7�SURMHFW��
��� (FRQRPLH�HQ�HFRORJLH�
����� $DUGDSSHOHQ�XLHQ�
%LM�GH�EHZDULQJ�YDQ�DDUGDSSHOHQ�XLHQ�ZRUGW�HHQ�HOHNWULFLWHLWVEHVSDULQJ�YDQ�������YRRU]LHQ��:HO�
]LW�HU�HHQ�JURWH�RQ]HNHUKHLG�LQ�GH�YHUZDFKWH�HQHUJLHEHVSDULQJ��LQ�H[SHULPHQWHQ�ZLVVHOHQ�GDJHQ�
PHW�����HQHUJLHEHVSDULQJ�HQ�GDJHQ�PHW����HQHUJLHEHVSDULQJ�HONDDU�DI��(HQ�UHODWLHYH�EHVSDULQJ�
YDQ�����LV�JHOLMN�DDQ�HHQ�DEVROXWH�EHVSDULQJ�SHU������NJ�SURGXFW�YDQ�UHVS������N:K�HOHNWULFLWHLW�
SHU�EHZDDUVHL]RHQ�YRRU�DDUGDSSHOHQ�HQ�����N:K�HOHNWULFLWHLW�SHU�EHZDDUVHL]RHQ�YRRU�XLHQ��+HW�
PD[LPDOH�JHVFKDWWH�HIIHFW�ELM�WRHSDVVLQJ�LQ�1HGHUODQG�LV�GDQ�HHQ�&2 � �UHGXFWLH�XLW�IRVVLHOH�HQHUJLH�
YDQ������D������WRQ�&2 � �MDDU��0RJHOLMN�NDQ��ELM�WRHSDVVLQJ�YDQ�KHW�SURMHFWUHVXOWDDW��LQ�1HGHUODQG�
HHQ�PD[LPDOH�DIQDPH�YDQ�HOHNWULFLWHLWVJHEUXLN�RSWUHGHQ�YDQ����D����*:K�MDDU��'H]H�EHVSDULQJ�
LV�YRRUDO�PRJHOLMN�GRRUGDW�PHFKDQLVFKH�NRHOLQJ�PLQGHU�QRGLJ�LV�ELM�HHQ�JRHG�JHEUXLN�YDQ�GH�
ZHHUVYHUZDFKWLQJ���
����� .DVNOLPDDW�
'H�LQWHJUDOH�EHQDGHULQJ�YDQ�KHW�NDVNOLPDDW��ZDDUELM�YHUGHU�JHNHNHQ�ZRUGW�GDQ�GH�DFWXHOH�VWDQG�
YDQ�]DNHQ��ELHGW�SHUVSHFWLHYHQ�YRRU�HHQ�SRVLWLHI�HIIHFW�RS�]RZHO�GH�HFRQRPLVFKH�DOV�
PLOLHXGRHOVWHOOLQJHQ�YDQ�GH�WHOHU��'H]H�SHUVSHFWLHYHQ�ZRUGHQ�YHURRU]DDNW�GRRUGDW�GH�RSWLPDOH�
EHVWXULQJ�LQVWDOODWLHV�LQ]HW�RS�PRPHQWHQ�ZDDURS�]H�KHW�PD[LPDOH�HIIHFW�KHEEHQ��+LHUGRRU�OLMNW�
ELM�HHQ�WHQPLQVWH�JHOLMNEOLMYHQGH�SURGXFWLH�HQ�SURGXFWNZDOLWHLW�HHQ�DDQ]LHQOLMNH�HQHUJLHEHVSDULQJ�
HQ�YHUODJLQJ�YDQ�GH�&2 � �XLWVWRRW�PRJHOLMN��'H]H�EHVSDULQJ�NRPW�YRRUDO�WRW�VWDQG�GRRU�PHHU�
JHEUXLN�WH�PDNHQ�YDQ�GXXU]DPH�HQHUJLH��]RQQH�HQHUJLH��HQ�PLQGHU�YDQ�IRVVLHOH�HQHUJLH��
�
7LMGHQV�GH�VLPXODWLHV�]LMQ�EHVSDULQJVJHWDOOHQ�JHUHDOLVHHUG�WRW������'LW�SRWHQWLsOH�
EHVSDULQJVSHUFHQWDJH�LV�LQGLFDWLHI�RPGDW�QRJ�HHQ�DDQWDO�RQYRRU]LHQH�WHFKQLVFKH�REVWDNHOV�PRHW�
ZRUGHQ�RSJHORVW�RP�HHQ�FRPSOHHW�EHHOG�WH�NULMJHQ��'DDU�GH�JHKHOH�1HGHUODQGVH�JODVWXLQERXZ�
MDDUOLMNV�]R·Q���[�� � �P � �DDUGJDV�JHEUXLNW�]RX�HHQ�HQHUJLHEHVSDULQJ�YDQ�����YRRU�GH�JHKHOH�VHFWRU�
HHQ�EHVSDULQJ�YDQ�]R·Q����[����P��DDUGJDV�EHWHNHQHQ��%LM�HHQ�KXLGLJH�HQHUJLHSULMV�YDQ�½�����P��
]RX�GLW�RYHUHHQNRPHQ�PHW�HHQ�EHVSDULQJ�YDQ�����PLOMRHQ�HXUR��'H�&2��HPLVVLHEHVSDULQJ�NRPW�
GDDUELM�XLW�RS�����PLOMRHQ�WRQ��GDW�LV������YDQ�GH�.\RWR�GRHOVWHOOLQJ�YRRU�1HGHUODQG��
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� 2SHQEDUH�SXEOLFDWLHV�
%RQWVHPD��-DQ��(OGHUW�YDQ�+HQWHQ��-RUULW�%XGGLQJ�DQG�7KHR�5LHVZLMN��������2Q�OLQH�HVWLPDWLRQ�

RI�WKH�YHQWLODWLRQ�UDWH�RI�JUHHQKRXVHV��$EVWUDFW��� � � �%HQHOX[�0HHWLQJ�RQ�6\VWHPV�DQG�
&RQWURO��������0DUFK��+RXIIDOL]H��%HOJLXP���S��

%RQWVHPD��-DQ��(OGHUW�YDQ�+HQWHQ��-RUULW�%XGGLQJ�DQG�7KHR�5LHVZLMN��������2Q�OLQH�HVWLPDWLRQ�
RI�WKH�YHQWLODWLRQ�UDWH�RI�JUHHQKRXVHV��3URFHHGLQJV��� � � �,)$&�:RUOG�&RQJUHVV�������-XO\��
3UDJXH���S��

'RHVZLMN��7�*��DQG�.�-��.HHVPDQ��������$GDSWLYH�:HDWKHU�)RUHFDVWLQJ�XVLQJ�/RFDO�
0HWHRURORJLFDO�,QIRUPDWLRQ��%LRV\VWHPV�(QJLQHHULQJ������������������

'RHVZLMN��7�*��DQG�.�-��.HHVPDQ��������3DUDPHWHU�(VWLPDWLRQ�DQG�3UHGLFWLRQ�RI�D�1RQOLQHDU�
6WRUDJH�0RGHO��DQ�DOJHEUDLF�DSSURDFK��3URFHHGLQJV�RI�WKH������,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
&RQWURO�	�$XWRPDWLRQ��%XGDSHVW��,(((��

'RHVZLMN��7�*��DQG�.�-��.HHVPDQ��������,PSURYLQJ�/RFDO�:HDWKHU�)RUHFDVWV�IRU�$JULFXOWXUDO�
$SSOLFDWLRQV��$XWRPDWLRQ��&RQWURO�DQG�,QIRUPDWLRQ�7HFKQRORJ\��6LJQDO�DQG�,PDJH�
3URFHVVLQJ���1RYRVLELUVN��,$67('��

'RHVZLMN��7��*��DQG�.��-��.HHVPDQ��������3DUDPHWHU�HVWLPDWLRQ�DQG�SUHGLFWLRQ�RI�QRQOLQHDU�
ELRORJLFDO�V\VWHPV��VRPH�H[DPSOHV��$FFHSWHG�IRU�SXEOLFDWLRQ�LQ��3URF��RI�WKH���WK�,)$&�
V\PSRVLXP�RQ�V\VWHP�LGHQWLILFDWLRQ��1HZFDVWOH��$XVWUDOLD��(OVHYLHU��

'RHVZLMN��7�*���.�-��.HHVPDQ�DQG�*��YDQ�6WUDWHQ��������,PSDFW�RI�ZHDWKHU�IRUHFDVW�XQFHUWDLQ\�
LQ�RSWLPDO�FOLPDWH�FRQWURO�RI�VWRUHKRXVHV��$FFHSWHG�IRU�SXEOLFDWLRQ�LQ�3URF��RI�&$337�������
3RWVGDP��

+HQWHQ��(�-��YDQ��6HQVLWLYLW\�$QDO\VLV�RI�DQ�2SWLPDO�&RQWURO�3UREOHP�LQ�*UHHQKRXVH�&OLPDWH�
0DQDJHPHQW��%LRV\VWHPV�(QJLQHHULQJ���������YRO������SS�����������

+HQWHQ��(�-��YDQ��DQG�-��%RQWVHPD���������7LPH�VFDOH�GHFRPSRVLWLRQ�RI�DQ�RSWLPDO�FRQWURO�
SUREOHP�LQ�JUHHQKRXVH�FOLPDWH�PDQDJHPHQW��6XEPLWWHG�WR�&RQWURO�(QJLQHHULQJ�3UDFWLFH��

.HHVPDQ��.�-���'��3HWHUV�DQG�/�-�6��/XNDVVH��������2SWLPDO�FOLPDWH�FRQWURO�RI�D�VWRUDJH�IDFLOLW\�
XVLQJ�ORFDO�ZHDWKHU�IRUHFDVWV��&RQWURO�(QJLQHHULQJ�3UDFWLFH���������SS����������

.UDPHU�&XSSHQ��-�(��GH��$�-��YDQ�GHU�9RRUW�DQG�/�-�6��/XNDVVH��������5+2&�IRU�ZHDWKHU�
IRUHFDVW�XVH�LQ�SRWDWR�VWRUDJH��3URF��RI��� � � �%HQHOX[�0HHWLQJ�RQ�6\VWHPV�DQG�&RQWURO��������
0DUFK��+RXIIDOL]H��%HOJLXP��S����

.UDPHU��-DQQHNH�GH��/HR�/XNDVVH��$DUW�-DQ�YDQ�GHU�9RRUW������D��9HQWLODWHG�%XON�6WRUDJH�RI�
$JULFXOWXUDO�3URGXFH�²�D�3K\VLFDO�0RGHO��

/XNDVVH��/�-�6���-�(��GH�.UDPHU��$�-��YDQ�GHU�9RRUW��������$�SK\VLFDO�PRGHO�WR�SUHGLFW�FOLPDWH�
G\QDPLFV�LQ�YHQWLODWHG�EXON�VWRUDJH�RI�DJULFXOWXUDO�SURGXFH��$FFHSWHG�IRU�SXEOLFDWLRQ�LQ�,QW�
O�
-RXUQDO�RI�5HIULJHUDWLRQ��

/XNDVVH��/HR��$DUW�-DQ�YDQ�GHU�9RRUW�DQG�-DQQHNH�GH�.UDPHU�&XSSHQ��������2SWLPDO�FOLPDWH�
FRQWURO�WR�DQWLFLSDWH�IXWXUH�ZHDWKHU�DQG�HQHUJ\�WDULIIV��$FFHSWHG�IRU�SXEOLFDWLRQ�LQ�3URF��RI�
&$337�������3RWVGDP��



2SHQEDDU�HLQGUDSSRUW�((7.�������:HHU�LQ�&RQWURO�,,������0HL������

�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�*URXS��/LG�YDQ�:DJHQLQJHQ�85� ���

�
� %LMODJH��&RQWDFWSHUVRQHQ�
�
3HQYRHUGHU��
�
:DJHQLQJHQ�85��$)6*��GU�LU��/�-�6��/XNDVVH��
�
,QKRXGHOLMN���
�

:DJHQLQJHQ�85�� OHHUVWRHOJURHS�056� SURI�GU�LU��*��YDQ�6WUDWHQ�
� 35,� GU��-��%RQWVHPD�
� $)6*� GU��LU��/�-�6��/XNDVVH�
3ULYD�+RUWLPDWLRQ�� � 'U�LU��7�$��YDQ�5LHVZLMN�
7ROVPD�7HFKQLHN�(PPHORRUG�%�9��� ,U��-�3��YDQ�0DOGHJHP�
:1,� � (��YDQ�%HQWXP�
� � �
� � �

�
6WXXUJURHS���
� �

:HDWKHUQHZV�,QWHUQDWLRQDO� (��YDQ�%HQWXP�
:DJHQLQJHQ�85���� $)6*� ,U��+�/�0�0��0DDV�
� 35,� 'U�LU��6��%DNNHU�
� OHHUVWRHOJURHS�056� SURI�GU�LU��*��YDQ�6WUDWHQ�
7ROVPD�7HFKQLHN�(PPHORRUG�%�9�� ,QJ��:�3�0��YDQ�+RRLMGRQN�
35,9$�%�9�� ,U��6��1RRUGD�
3URJUDPPDEXUHDX�((7� ,QJ��5�%�+��5DYHOOL�

�


