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7KH� VHFWRU� RI� JUHHQKRXVHV� LV� UHVSRQVLEOH� IRU� DOPRVW�
��� SHU� FHQW� RI� WKH� WRWDO� JDV� XVH� LQ� WKH�1HWKHUODQGV��
7KXV� UHGXFLQJ� HQHUJ\� XVH� LQ� WKLV� VHFWRU� LV� YHU\�
LPSRUWDQW��
8S� WR� QRZ� JUHHQKRXVHV�� OLNH� RWKHU� EXLOGLQJV�� DUH�
SURGXFHG�ZLWK�IL[HG�EXLOGLQJ�HQYHORSH�SURSHUWLHV��$Q�
LQQRYDWLRQ� ZRXOG� EH� WR� KDYH� FOLPDWH� UHVSRQVLYH�
VKHOOV�� LQ� ZKLFK� WKH� HQYHORSH� FKDUDFWHULVWLFV� FKDQJH�
FRQWLQXRXVO\� LQ� WLPH� LQ� RUGHU� WR� UHGXFH� WKH� HQHUJ\�
QHHG� RU� HYHQ� FUHDWH� D� JUHHQKRXVH� WKDW� GHOLYHUV�
HQHUJ\��7KLV�GHPDQGV�DGYDQFHG�PDWHULDOV�DQG�FRQWURO�
VWUDWHJLHV� WR�PLQLPL]H� WKH�QHHG� IRU�KHDWLQJ��FRROLQJ��
YHQWLODWLRQ�DQG�DUWLILFLDO�OLJKWLQJ�ZLWK�D�KLJK�FRPIRUW�
RU� D� KLJK� SODQW� SURGXFWLRQ�� ,Q� WKLV� DUWLFOH� WKH�
GHYHORSPHQW�RI�VLPXODWLRQ�PRGHOV�IRU�JUHHQKRXVHV�WR�
GHWHUPLQH� WKH� HIIHFWV� RI� WKHVH� FRQWURO� VWUDWHJLHV� RQ�
YDU\LQJ� SURSHUWLHV� DUH� GLVFXVVHG�� 7KH� DFKLHYHG�
HQHUJ\� JDLQV�� ZKHQ� WKH� SK\VLFDO� DWWULEXWHV� RI� WKH�
JODVV� DUH� FRQWUROOHG� DQG� RSWLPL]HG� RQ� KRXUO\� EDVLV��
DUH�FDOFXODWHG�DQG�DQDO\]HG��7KHVH�VLPXODWLRQ�PRGHOV�
FDQ�EH�XVHG�IRU�LQYHVWLJDWLRQ�DQG�WKH��UH�GHVLJQLQJ�RI�
JUHHQKRXVHV�� DQG� IRU� WKH� FRQWURO� RI� WKH� EXLOGLQJ�
SK\VLFV�DQG�WKH�+9$&�V\VWHP��7KH�ILUVW�UHVXOWV�VKRZ�
WKDW�DQ�HQHUJ\�VDYLQJ�IRU�KHDWLQJ�DQG�FRROLQJ�RI�PRUH�
WKDQ�����LV�SRVVLEOH��

,1752'8&7,21�
&OHDQ� DQG� HQHUJ\� VDYLQJ� SURFHVVHV� IRU� WKH� KHDWLQJ�
DQG� WKH� FRROLQJ�RI�EXLOGLQJV� DQG� IRU� WKH�GHOLYHU\�RI�
HOHFWULFDO� SRZHU� WR� EXLOGLQJV� DUH� QHHGHG�� 7KHUH� DUH�
PDQ\� GLIIHUHQW� ZD\V� WR� DFKLHYH� WKLV�� 2QH� RI� WKHVH�
ZD\V� PD\� EH� WR� XVH� &OLPDWH� $GDSWLYH� %XLOGLQJ�
6KHOOV��&$%6���XVLQJ�PDWHULDOV�RI�ZKLFK�WKH�SK\VLFDO�
SURSHUWLHV� FDQ� EH� LQVWDQWDQHRXVO\� FKDQJHG� DQG�
DGDSWHG� WR� WKH�RXWGRRU�FOLPDWH�DQG� WKH� UHTXLUHPHQWV�
IRU� WKH� LQGRRU� FOLPDWH� �VHH� %RNHO� HW� DO�� ����� DQG�
�������$Q�H[DPSOH� LV� WKH�XVH�RI� VPDUW�HQHUJ\�JODVV��
LQ�ZKLFK�WKH�VRODU�WUDQVPLWWDQFH�FDQ�EH�DGDSWHG��VHH�
/RRQHQ�HW�DO���������,Q�DGGLWLRQ��LQVWDOODWLRQV�PD\�EH�
LQWHJUDWHG� LQ� EXLOGLQJ� SDUWV� OLNH� JODVV� WKDW� SURGXFHV�
HOHFWULFLW\��
,Q�WKLV�SDSHU�WKH�SRVVLEOH�HQHUJ\�VDYLQJV�RI�D�FOLPDWH�
DGDSWLYH� JUHHQKRXVH� HQYHORSH� EDVHG� RQ� DQ� LQYHUVH�
FRQWURO�VWUDWHJ\�ZLOO�EH�KDQGOHG���
(QHUJ\� VDYLQJV� LQ� WKH� VHFWRU� RI� JUHHQKRXVHV� LQ� WKH�
1HWKHUODQGV�LV�LPSRUWDQW�EHFDXVH�LW�LV�UHVSRQVLEOH�IRU�

DOPRVW����SHU�FHQW�RI�WKH�WRWDO�JDV�XVH��,Q������QHZ�
JUHHQKRXVHV�KDYH�WR�EH�FOLPDWH�QHXWUDO��PHDQLQJ�WKDW�
WKHVH� JUHHQKRXVHV� VKRXOGQ¶W� FRQVXPH�PRUH� SULPDU\�
HQHUJ\� GXULQJ� D� \HDU� WKDQ� WKH\� FDQ� JHQHUDWH� LQ� D�
VXVWDLQDEOH� ZD\�� 7KH� FRPSOHWH� VHFWRU� KDV� WR� EH�
FOLPDWH� QHXWUDO� LQ� ������ $W� WKLV� PRPHQW�� UHFHQW�
GHYHORSPHQWV� OHDG� WR� D� VXEVWDQWLDO� UHGXFWLRQ� RI�
HQHUJ\� FRQVXPSWLRQ�� 7KH� VROXWLRQV� DUH� DLPHG� DW�
EHWWHU� EXLOGLQJ� SK\VLFV� OLNH� LQVXODWLRQ�� KLJK�
HIILFLHQF\� OLJKWLQJ� DQG� KLJK� HIILFLHQF\� +9$&�
V\VWHPV�� $Q� H[DPSOH� LV� WKH� DSSOLFDWLRQ� RI� FORVHG�
JUHHQKRXVHV� ZKHUH� QR� ZLQGRZV� YDQ� EH� RSHQHG�� ,Q�
WKHVH� JUHHQKRXVHV� WKH� ZDWHU� YDSRU� UHJXODWLRQ� WDNHV�
SODFH� E\� PHFKDQLFDO� FRROLQJ�� 7KH� PHFKDQLFDO�
YHQWLODWLRQ� HQDEOHV� KHDW� UHFRYHU\� DV�ZHOO� DV� WKHUPDO�
HQHUJ\� VWRUDJH� LQ� WKH� JURXQG� �H�J�� 6QLMGHUV� �������
+RZHYHU� FOLPDWH� QHXWUDOLW\� LV� VWLOO� IDU� RII�� 7KH�
JUHHQKRXVH� HQYHORSH� LV� VWDWLF� LQ� LWV� SURSHUWLHV�� )RU�
LQVWDQFH�WKH�WKHUPR�SK\VLFDO�DQG�RSWLFDO�SURSHUWLHV�RI�
JODVV� DUH� FRQVWDQW� RYHU� WLPH��2QO\� E\� XVLQJ� VFUHHQV�
DQG� ZLQGRZV� WKDW� FDQ� EH� RSHQHG�� WKH� HQYHORSH� LV�
VRPHKRZ�IOH[LEOH��,W�LV�H[SHFWHG�WKDW�&$%6�ZLOO�OHDG�
WR�KLJKHU�HQHUJ\�UHGXFWLRQ��

,19(56(�02'(/,1*�
7KH� FKDUDFWHULVWLFV� RI� LQYHUVH� PRGHOLQJ� LV� WKDW� WKLV�
PRGHOLQJ�LV�EDVHG�RQ�WKH�GHVLUHG�UHVXOWV�RI�WKH�PRGHO��
IRU�LQVWDQFH�HQHUJ\�FRQVXPSWLRQ��FRVWV��SODQW�JURZWK��
DQG� JLYHQ� WKH� ZHDWKHU� FRQGLWLRQV� WKH� LQSXW�
SDUDPHWHUV� RI� WKH� PRGHO� DUH� GHWHUPLQHG�� )LJXUH� ��
VKRZV� WKH� GLIIHUHQFH� EHWZHHQ� GLUHFW� DQG� LQYHUVH�
PRGHOLQJ�� ,Q� D� GLUHFW� VLPXODWLRQ�� LQSXW� GDWD� DUH�
NQRZQ��H�J��JHRPHWU\�DQG�LQVXODWLRQ��DQG�WKH�PRGHO�
FDOFXODWHV� WKH� RXWSXW� �H�J�� HQHUJ\� FRQVXPSWLRQ� RU�
WHPSHUDWXUH��� ,Q� LQYHUVH� PRGHOLQJ�� WKH� RXWSXW� LV�
NQRZQ��H�J��LQGRRU�WHPSHUDWXUHV�DQG�HQHUJ\�VFHQDULR�
OLNH�]HUR�HQHUJ\�XVH�RU�HQHUJ\�QHXWUDO��DQG�WKH�PRGHO�
FDOFXODWHV� WKH� QHHGHG� LQSXW� YDULDEOHV� WR� DFKLHYH� WKH�
GHVLUHG� RXWSXW�� ,Q� RXU�PRGHO� WKH� LQSXW� YDULDEOHV� DUH�
GHWHUPLQHG� RQ� KRXUO\� EDVLV�� PHDQLQJ� WKDW� WKH�
SK\VLFDO� SDUDPHWHUV� RI� WKH� JUHHQKRXVH� VKHOO� DUH�
DVVXPHG�WR�EH�DGDSWDEOH�SHU�KRXU��)RU�WKH�PRPHQW�LW�
LV� QRW� SRVVLEOH� WR� FKDQJH� WKHUPDO� SURSHUWLHV� OLNH�
LQVXODWLRQ� RQ� WKLV� WLPH� VFDOH�� EXW�� LI� FRQVLGHUDEOH�
HQHUJ\� VDYLQJV� FDQ� EH� SURYHG�� LW� ZLOO� EH� ZRUWK�
ZRUNLQJ� WRZDUGV� VXFK� PDWHULDO� GHYHORSPHQW� LQ� WKH�
IXWXUH��
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Figure 1 Inverse modeling (from Loonen,2010) 
�
,W� LV� JHQHUDOO\� QRW� SRVVLEOH� WR� PDNH� LQYHUVH�
FDOFXODWLRQV� GLUHFWO\� E\� PDWKHPDWLFDO� ZD\V� OLNH�
PDWUL[�FDOFXODWLRQV��EHFDXVH�WKH�QXPEHU�RI�XQNQRZQ�
SDUDPHWHUV� H[FHHGV� WKH� QXPEHU� RI� HTXDWLRQV�� 7KH�
RSWLPDO� LQSXW� SDUDPHWHUV� DUH� WKHUHIRUH� REWDLQHG� E\�
XVLQJ�PXOWLSOH�VHWV�RI�DOWHUQDWLYHV�DV�LQSXW�SDUDPHWHUV�
DQG� E\� VHDUFKLQJ� IRU� WKH� RSWLPDO� RXWSXW� �VHH� ILJXUH�
����
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�
�

�
Figure 2 Optimization 

�
,Q� WKH� 'XWFK� SURMHFW� &$*,0� �&OLPDWH� $GDSWLYH�
*UHHQKRXVHV��,QYHUVH�0RGHOOLQJ��WKDW�LV�VXSSRUWHG�E\�
$JHQWVFKDS�1/��DQ�DJHQF\�RI�WKH�'XWFK�0LQLVWU\�RI�
(FRQRPLF� $IIDLUV�� $JULFXOWXUH� DQG� ,QQRYDWLRQ�� WKH�
SRVVLELOLW\�RI�DQ�DGDSWLYH�JUHHQKRXVH�LV�LQYHVWLJDWHG��
7KLV�SURMHFW�VWDUWHG�ZLWK�DQ�LQYHVWLJDWLRQ�RI�WKH�VWDWH�
RI�DUW�RI�JUHHQKRXVHV�HVSHFLDOO\�DLPHG�DW� WKH�HQHUJ\�
DVSHFWV� DQG� WKH� JURZWK� SDUDPHWHUV� RI� D� SODQW�� 7KH�
LQYHUVH� VLPXODWLRQ�PRGHO� IRU� JUHHQKRXVHV� WDNHV� LQWR�
DFFRXQW� WKH� LQIOXHQFH� RI� VRODU� JDLQ�� HVSHFLDOO\� WKH�
3$5�� DQG� WKH� JURZWK� FRQGLWLRQV� �DLU� WHPSHUDWXUH��
KXPLGLW\� DQG� &2��FRQFHQWUDWLRQ��� 7KH� 3$5��
3KRWRV\QWKHWLF� $FWLYH� 5DGLDWLRQ�� LV� WKH� SDUW� RI� WKH�
VRODU� KHDW� WKDW� LV� XVHIXO� IRU� WKH� JURZWK� RI� WKH� SODQW��
7KH�XVHIXO�VSHFWUDO�UDQJH�LV�����������QP���
�
7KH� SUHVHQW� SDSHU�GHVFULEHV� WKH� ILUVW� UHVXOWV� DQG� WKH�
VLPXODWLRQ� PRGHO� XVHG� IRU� WRPDWR� JURZWK�� LQYHUVH�
PRGHO� WKDW� LV� EDVHG� RQ� JRRG� JURZWK� FRQGLWLRQV� IRU�
WRPDWRHV��7KH�LQYHUVH�PRGHOLQJ�VWUDWHJ\�LV�EDVHG�RQ�
D� PRGHO� RI� WKH� JUHHQKRXVH�� 7KH� VLPXODWLRQV� DUH�
FDUULHG� RXW� IRU� D� ODUJH� QXPEHU� RI� DOWHUQDWLYH� LQSXW�
GDWD�DQG�OHDG�WR�D�VHW�RI�RSWLPL]HG�SDUDPHWHUV��,Q�WKLV�
SDSHU�� WKH� JUHHQKRXVH� PRGHO� LV� SUHVHQWHG� ILUVW��
IROORZHG�E\� WKH� LQYHUVH� FRQWURO� VWUDWHJ\��)LQDOO\� WKH�
ILUVW�UHVXOWV�DUH�SUHVHQWHG��

7+(�*5((1+286(�02'(/�
2QH� FRXOG� FKRRVH� IRU� D� GHWDLOHG� SK\VLFDO� PRGHO�
ZKLFK� WDNHV� LQWR� DFFRXQW� WKH� YDULDWLRQV� RI� PDWHULDO�
SURSHUWLHV�DQG�KHDW�WUDQVIHU�FRHIILFLHQWV�GHSHQGLQJ�RQ�

WKH� SURFHVV� YDULDEOHV� OLNH� WHPSHUDWXUH� DQG� VRODU�
UDGLDWLRQ� DQJOH�� .DVSUR� �VHH� =ZDUW� ������ LV� DQ�
H[DPSOH� RI� VXFK� D� VRIWZDUH��+RZHYHU�� WKH� VFRSH� RI�
WKLV� SDSHU� LV� QRW� WR� PDNH� YHU\� GHWDLOHG� FDOFXODWLRQV�
EXW� WR� WHVW� WKH� LQYHUVH� PRGHOLQJ� VWUDWHJ\� DQG� WR�
GHWHUPLQH� ZKHWKHU� HQHUJ\� VDYLQJV� DUH� SRVVLEOH� E\�
XVLQJ� DQ� DGDSWLYH� JUHHQKRXVH� VKHOO� DQG� LQ� ZKLFK�
UDQJH� WKH� SURSHUWLHV� VKRXOG� EH� DGDSWDEOH�� 7R� DYRLG�
YHU\� ORQJ� FDOFXODWLRQ� WLPHV� D� VLPSOH�� EXW� DFFXUDWH�
HQRXJK� VLPXODWLRQ� PRGHO� IRU� WKH� JUHHQKRXVH� ZDV�
GHYHORSHG��
7KH�JUHHQKRXVH� LV�PRGHOHG� LQ�0DWODE�6LPXOLQN� �VHH�
6LPXOLQN��������DQG�FRQVLVWV�RI����QRGHV��OHDGLQJ�WR�
D�VHW�RI����HTXDWLRQV��
,Q�ILJXUH���D�VFKHPH�RI�WKH�PRGHO�LV�JLYHQ���ZDOO�
QRGHV�DUH�QRW�VKRZQ�LQ�WKH�SLFWXUH���

Figure 3 The greenhouse model�
�
7KH� HQYHORSH� FRQVLVWV� RI� D� URRI� DQG� IRXU� RXWVLGH�
ZDOOV��7KH�IORRU�DUHD�LV�������P��DQG�WKH�JUHHQKRXVH�
KDV�WKH�IROORZLQJ�GLPHQVLRQV����[���[��P��7KH�URRI�
LV� FRQVLGHUHG� WR� EH� IODW� IRU� VRODU� UDGLDWLRQ�� 7KH�
JURXQG� LV� PRGHOHG� LQ� � �� JURXQG� OD\HUV� ZLWK� D� WRWDO�
GHSWK�RI�����P��RI�ZKLFK�WKH�ILUVW�OD\HU�LV�WKH�IORRU��
�
7KH�PRGHO¶V�OLPLWDWLRQV�DUH�WKH�IROORZLQJ��
�
- 2QO\� KRUL]RQWDO� VRODU� UDGLDWLRQ� RQ� WKH� URRI� LV�

FRQVLGHUHG�� %HFDXVH� D� ODUJH� JUHHQKRXVH� LV�
FRQVLGHUHG��WKH�VXUIDFH�DUHD�RI�WKH�ZDOOV�LV�VPDOO�
ZKHQ� FRPSDUHG� WR� WKH� VXUIDFH� DUHD� RI� WKH� URRI��
7KHUHIRUH�WKH�LQIOXHQFHV�RI�VRODU�UDGLDWLRQ�RQ�WKH�
YHUWLFDO� RXWVLGH� ZDOOV� FDQ� EH� QHJOHFWHG� �VHH�
$UHQWVHQ��������7KH�YLHZ�IDFWRUV�DUH�FDOFXODWHG�
EDVHG�RQ�WKH�UDWLRV�EHWZHHQ�WKH�VXUIDFHV��

- 7KH�WLPH�HIIHFWV�RI�KHDW�VWRUDJH�LQ�WKH�URRI��DQG�
LQ� WKH� RXWVLGH� ZDOOV� DUH� QHJOHFWHG� EHFDXVH� WKH�
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WKHUPDO� PDVV� RI� WKHVH� FRPSRQHQWV� FDQ� EH�
QHJOHFWHG� LQ� FRPSDULVRQ� ZLWK� WKH� PDVV� RI� WKH�
JURXQG��

- 7KH�KHDW� WUDQVIHU� FRHIILFLHQWV� LQ� WKH� JUHHQKRXVH�
DUH� FRQVWDQW� DQG� DVVXPHG� WR� EH� LQGHSHQGHQW� RI�
WKH�DLU� WHPSHUDWXUH�DQG�DLU�YHORFLW\� LQ� WKH�UDQJH�
RI� WHPSHUDWXUHV� DQG� YHORFLWLHV� IRXQG� LQ� D�
JUHHQKRXVH�� 7KH� DEVRUSWDQFH� DQG� WUDQVPLWWDQFH�
RI�WKH�JODVV�DUH�DVVXPHG�WR�EH�LQGHSHQGHQW�RI�WKH�
VRODU� LQFLGHQW� DQJOH� DQG� DUH� WDNHQ� HTXDO� WR� WKH�
DEVRUSWDQFH� DQG� WUDQVPLWWDQFH� IRU� GLIIXVH�
UDGLDWLRQ��

- 7KH� WUDQVPLWWDQFH� IRU� ORQJ� ZDYH� UDGLDWLRQ� IRU�
URRI�� VFUHHQ� DQG� WKH� RXWVLGH� ZDOOV� DUH� HTXDO� WR�
]HUR��6R� WKH� UHIOHFWDQFH� IRU� ORQJ�ZDYH� UDGLDWLRQ�
LV� U ��D ��H�� ZKHUHLQ� U UHIOHFWDQFH��
D DEVRUSWDQFH�DQG�H HPLVVLWLYLW\�

- 7KH� DEVRUSWDQFH� IRU� VKRUW� ZDYH� UDGLDWLRQ� LV�
DVVXPHG�FRQVWDQW��D �������

Heat balances for the elements 
(DFK�QRGH�KDV�D�XQLIRUP�WHPSHUDWXUH�DQG�D�KHDW�
EDODQFH�HTXDWLRQ�LV�JHQHUDWHG�SHU�QRGH��UHVXOWLQJ�LQ�
���HTXDWLRQV�ZLWK����XQNQRZQ�YDOXHV�IRU�WKH�
WHPSHUDWXUHV��ZKLFK�DUH SXW�LQ�PDWUL[�QRWDWLRQ�DQG�
VROYHG�LQ�6LPXOLQN� 
�
7KH� PRGHO� GHWHUPLQHV� RQ� KRXUO\� EDVLV� ZKHWKHU�
WKHUPDO�HQHUJ\�LV�UHTXLUHG�WR�PDLQWDLQ�DQ�DFFHSWDEOH�
LQWHUQDO� WHPSHUDWXUH�� ,I� WKLV� LV� WKH� FDVH� WKHQ� WKH�
QHHGHG� KHDW� RU� FROG� LV� FDOFXODWHG�� 2WKHUZLVH� WKH�
KHDWLQJ�DQG�FRROLQJ�HQHUJ\�DUH�VHW�WR�]HUR��
�
7KH� PRGHO� LV� YDOLGDWHG� XVLQJ� WKH� FRPSOH[� DQG�
DOUHDG\� YDOLGDWHG� JUHHQKRXVH� PRGHO� .$6352� �VHH�
=ZDUW���������7KH�FRUUHODWLRQ�FRHIILFLHQW�KDV�D�YDOXH�
RI� �������$V� LOOXVWUDWHG� E\�)LJXUH� ��� WKH� GLIIHUHQFHV�
DUH�YHU\� VPDOO��7KHUHIRUH��GHVSLWH� LWV� OLPLWDWLRQV�� WKH�
GHYHORSHG� PRGHO� LV� DFFXUDWH� HQRXJK� WR� LQYHVWLJDWH�
WKH�HIIHFWV�RI�LQYHUVH�PRGHOLQJ���
�
$QRWKHU� YDOLGDWLRQ� LV� WKH� FRPSDULVRQ� RI� WKH� DQQXDO�
HQHUJ\� FRQVXPSWLRQ� ZLWK� WKH� DFWXDO� HQHUJ\� XVHG� LQ�
UHDO� JUHHQKRXVHV�� 7KHUHIRUH� WKH� \HDUO\� HQHUJ\�
FRQVXPSWLRQ�RI�WKH�JUHHQKRXVH�LV�DOVR�FDOFXODWHG��
7KH� FRQWURO� VWUDWHJ\� LV� EDVHG� RQ� WKH� IROORZLQJ�
FRQGLWLRQV� IRU� WKH� LQVLGH� DLU� �FRQGLWLRQV� QHHGHG� IRU�
WKH�JURZWK�RI�WRPDWR��VHH�6ZLQNHOV��������
�
�7HPSHUDWXUH�7�����7����R&�
�5HODWLYH�KXPLGLW\��5+������
�&2��FRQFHQWUDWLRQ�!����SSP��
�
:KHQ�5+�!������ODWHQW�FRROLQJ�LV�DSSOLHG�DQG�ZKHQ�
7!���R&�VHQVLEOH�FRROLQJ�LV�DSSOLHG���
7KH� UHVXOW� RI� WKH� VLPXODWLRQ� LV� ����0-� KHDWLQJ� � SHU�
P�� IORRU�� 7KLV� UHVXOW� FRUUHVSRQGV� ZLWK� WKH� DFWXDO�
YDOXH� LQ� JUHHQKRXVHV� DQG� ZLWK� WKH� UHVXOW� RI� D�
VLPXODWLRQ� ZLWK� .$6352� ����� 0-�\U�P���� )RU� WKH�
VHQVLEOH� FROG� GHPDQG� � ����0-�\U�P�� LV� IRXQG�� $QG�
IRU�WKH�ODWHQW�FROG�GHPDQG������0-�\U�P���

�

�
Figure 4 Temperature difference in the winter 

between our greenhouse model (HHS) and KASPRO  
�

,19(56(�&21752/�675$7(*<�
7R�UHDOL]H�JRRG�JURZWK�FRQGLWLRQV�IRU�WKH�SODQWV�DQG��
WR�PLQLPL]H�WKH�HQHUJ\�FRQVXPSWLRQ�DW�D�JLYHQ� WLPH�
WKHUH�DUH�VHYHUDO�VROXWLRQV��7KH�JODVV�DQG�WKH�JURXQG�
SURSHUWLHV� FDQ� EH� WDNHQ� LQWR� DFFRXQW�� ,Q� WKLV� SDSHU��
RQO\� WKH� JODVV� SURSHUWLHV� DUH� FRQVLGHUHG�� WKH�
IROORZLQJ�VSHFWUDO�DQG�WKHUPDO�SURSHUWLHV�RI�WKH�JODVV�
DUH�FRQVLGHUHG��
�
6SHFWUDO�SURSHUWLHV�
- 7UDQVPLWWDQFH��
- $EVRUSWDQFH�
- 5HIOHFWDQFH�
7KHUPDO�SURSHUWLHV�
- 7KHUPDO�FRQGXFWLYLW\�
- 6SHFLILF�KHDW�FDSDFLW\�
- (PLVVLYLW\�
�
7DNLQJ� WKLV� FRPSOHWH� VHW� RI� SURSHUWLHV� LQWR� DFFRXQW�
OHDGV�WR�D�KLJK�VLPXODWLRQ�WLPH��WKHUHIRUH�WKH�QXPEHU�
RI�DGDSWDEOH�SURSHUWLHV�ZDV�UHGXFHG�LQ�RUGHU�WR�OLPLW�
WKH�VLPXODWLRQ�WLPH��7KH�VSHFLILF�KHDW�FDSDFLW\�RI�WKH�
JODVV�LV�QRW�EH�WDNHQ�DV�DGDSWDEOH�SDUDPHWHU�EHFDXVH�
LW� LV� H[SHFWHG� WR� KDYH� D� VPDOO� HIIHFW� RQ� WKH� JODVV�
WHPSHUDWXUH� LQ� FRPSDULVRQ� ZLWK� WKH� HIIHFWV� RI�
VSHFWUDO�SURSHUWLHV��)XUWKHUPRUH�LW�VHHPV�HDVLHU�IURP�
WKH� WHFKQRORJLFDO� SRLQW� RI� YLHZ� WR� UHDOL]H� DGDSWDEOH�
VSHFWUDO� SURSHUWLHV� WKDQ� DGDSWDEOH� KHDW� FDSDFLW\��
6HFRQG�� HPLVVLYLW\� DQG� KHDW� FRQGXFWLYLW\� ZLOO� EH�
FRPELQHG�LQWR�RQH�IDFWRU��WKH�8�YDOXH�RI�WKH�JODVV��
�
7KHUHIRUH��WKH�IROORZLQJ�VROXWLRQV�DUH�FRQVLGHUHG��
�
Changing the U-value of the envelope 
7KH�8�YDOXH�RI�JODVV��FDQ�EH�DGDSWHG�E\�FKDQJLQJ�WKH�
KHDW�FRQGXFWLYLW\�DQG�WKH�HPLVVLRQ�FRHIILFLHQW��
7KLV�DOORZV�NHHSLQJ�KHDW�LQGRRUV�ZKHQ�QHHGHG��RU�WR�
JHW� ULG� RI� LW� ZKHQ� FROG� LV� QHHGHG�� *HQHUDOO\� LQ� WKH�
'XWFK� FOLPDWH� D� JRRG� LQVXODWLRQ� LV� QHHGHG� LQ�ZLQWHU�
EXW� LQ� WKH� VXPPHU� LW� LV� QHFHVVDU\� WR� UHPRYH� KHDW��
%HFDXVH� WKH� RXWGRRU� WHPSHUDWXUH� LQ� VXPPHU� LV� DOVR�
ORZHU�WKDQ�WKH�LQGRRU�WHPSHUDWXUH�LQ�WKH�JUHHQKRXVH��
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UHGXFLQJ� WKH� LQVXODWLRQ� ZLOO� UHVXOW� LQ� OHVV� FRROLQJ�
GHPDQG��,Q�WKH�VSULQJ�DQG�LQ�WKH�DXWXPQ�WKH�GHPDQG�
IRU�KHDWLQJ�RU�FRROLQJ�FDQ�FKDQJH�HYHU\�KRXU��,Q�RXU�
VLPXODWLRQV�� WKH� LQVXODWLRQ� SURSHUWLHV� DUH� DGDSWDEOH�
SHU�KRXU��
�
Changing the transmittance of the envelope 
6KRUW�ZDYH�UDGLDWLRQ�FRPHV�GLUHFWO\�IURP�WKH�VXQ��2Q�
WKH�RQH�KDQG�WKH�VRODU�UDGLDWLRQ��HVSHFLDOO\�WKH�3$5��
LV�QHHGHG�IRU�WKH�JURZWK�RI�SODQWV��2Q�WKH�RWKHU�KDQG�
WKH�JUHHQKRXVH�FDQ�EHFRPH�RYHUKHDWHG��UHVXOWLQJ�LQ�D�
QHHG�IRU�FRROLQJ���
7KH� VXP� RI� WKH� WUDQVPLWWDQFH�� DEVRUSWDQFH� DQG�
UHIOHFWDQFH� PXVW� EH� �� VR� WKH\� DUH� LQWHUUHODWHG�� :H�
DVVXPH� WKDW� WKH� DEVRUSWDQFH� DOZD\V� KDV� D� FRQVWDQW�
YDOXH� DQG� LV� WKHUHIRUH� QRW� DGDSWDEOH� 7KH�
WUDQVPLWWDQFH� �DQG� WKHUHIRUH� WKH� UHIOHFWDQFH� DV�ZHOO��
LV�DGDSWDEOH�SHU�KRXU��
�
7KH�RSWLPL]DWLRQ�LV�FRQGXFWHG�LQ�VXFK�D�ZD\�WKDW�WKH�
VHW� RI� RSWLPDO� SDUDPHWHUV� LV� GHWHUPLQHG� IRU� HDFK�
KRXU�� WDNLQJ� LQWR� DFFRXQW� WKH� WHPSHUDWXUHV�
GHWHUPLQHG�DW�SUHYLRXV�KRXUV��ZLWK�WKHLU�RZQ�RSWLPDO�
SDUDPHWHUV��� +RZHYHU�� LW� QHJOHFWV� WKH� IDFW� WKDW� WKH�
SDUDPHWHUV�GHWHUPLQHG� WKLV�ZD\�PD\�EH�QRW�RSWLPDO�
IRU� IXWXUH� KRXUV�� %HFDXVH� D� JUHHQKRXVH� LV� D� IDVW�
UHVSRQGLQJ� V\VWHP� �ORZ� WKHUPDO�PDVV�� WKLV� HIIHFW� LV�
EHOLHYHG�WR�EH�OLPLWHG��
�
)RU�WKH�RSWLPL]DWLRQ�JHQHWLF�DOJRULWKPV�FDQ�EH�XVHG��
�VHH�.DVLQDOLV��������+RZHYHU��WKLV�GRHVQ¶W�OHDG�WR�D�
VLPSOH� DQG� IDVW�PRGHO�� %HFDXVH� ZH� KDYH� VLPSOLILHG�
WKH�RSWLPL]DWLRQ�SUREOHP� WR� WKH�RSWLPL]DWLRQ�RI� WZR�
PDLQ� SURSHUWLHV�� LW� LV� SRVVLEOH� WR� XVH� D� VLPSOH�
RSWLPL]DWLRQ� VWUDWHJ\�� )RU� VHYHUDO� FRPELQDWLRQV� RI�
WKH�8�YDOXH�DQG�WUDQVPLVVLRQ�FRHIILFLHQWV�WKH�HQHUJ\�
FRQVXPSWLRQ�LV�FDOFXODWHG��7KH�FRPELQDWLRQ�ZLWK�WKH�
ORZHVW� HQHUJ\� FRQVXPSWLRQ� � LV� FKRVHQ��:KHQ� WKHUH�
DUH�PRUH� FRPELQDWLRQV� OHDGLQJ� WR� WKH� ORZHVW� HQHUJ\�
XVH�� WKH�FRPELQDWLRQ�ZLWK� WKH�KLJKHVW� WHPSHUDWXUH� LV�
FKRVHQ�WR�DYRLG�WRR�KLJK�KXPLGLW\�ODWHU�RQ�ZKHQ�WKH�
DLU�WHPSHUDWXUH�GHFUHDVHV���
,Q� WKH� SUHVHQW� VLPXODWLRQV�� RQO\� WKH� KHDWLQJ�� DQG�
FRROLQJ��ODWHQW�DQG�VHQVLEOH��GHPDQGV�DUH�FRQVLGHUHG��
PHDQLQJ� WKDW� V\VWHPV� IRU� +9$&�� OLJKWLQJ�� &2��
VXSSO\�DQG��GH�KXPLGLILFDWLRQ��DUH�QRW�FRQVLGHUHG���
�

5(68/76�2)�7+(�,19(56(�
6,08/$7,21�2)�7+(�*5((1+286(�
,Q� WKH� 6LPXOLQN�PRGHO� WKH� 8�YDOXH� FDQ� EH� FKDQJHG�
EHWZHHQ� WKH� YDOXH� RI� �� DQG� ���� :�P�.�� 7KH� ILUVW�
YDOXH� FDQ� RQO\� EH� DFKLHYHG� E\� DQ� LQILQLWHO\� ZHOO�
LQVXODWHG� JUHHQKRXVH�� 7KH� ODVW� YDOXH� LV� WKH� YDOXH� RI�
VLQJOH�EODQN�JODVV��,Q�SUDFWLFH�WKH�LQWHUPHGLDWH�YDOXHV�
FDQ� EH� REWDLQHG� E\� DGDSWLQJ� HLWKHU� � WKH� KHDW�
FRQGXFWLYLW\�DQG�RU�WKH�LQVLGH�DQG�RXWVLGH�HPLVVLYLW\�
WKDW� LQIOXHQFH� WKH� KHDW� WUDQVIHU� FRHIILFLHQW� IRU�
UDGLDWLRQ���

7KH� VRODU� WUDQVPLWWDQFH� FDQ� YDU\� EHWZHHQ� ��
�FRPSOHWHO\�RSDTXH��DQG�WKH�WUDQVPLWWDQFH�IRU�GLIIXVH�
UDGLDWLRQ�RI�VLQJOH�EODQN�JODVV��ZKLFK�LV���������
7KH�FRQWURO�VWUDWHJ\�FDOFXODWHV�IRU�HDFK�FRPELQDWLRQ�
RI�FRHIILFLHQW�YDOXH�DQG�WKH�WUDQVPLWWDQFH�WKH�HQHUJ\�
GHPDQG� IRU� KHDWLQJ�� VHQVLEOH� FROG� DQG� ODWHQW� FROG��
7KH� ODWHVW� WHUP� LV� QHHGHG� IRU� GHKXPLGLILFDWLRQ�� 7KH�
FRPELQDWLRQ� ZKLFK� GHOLYHUV� WKH� ORZHVW� HQHUJ\�
GHPDQG�LV�WKHQ�FKRVHQ���
7DEOH� �� VKRZV� WKH� UHVXOWV� IRU� WKH� RSWLPXP� IRU� WKH�
\HDUO\� KHDW� DQG� FROG� GHPDQG� ZKHQ� HDFK� DGDSWDEOH�
SDUDPHWHU�LV�YDULHG�EHWZHHQ�LWV�PLQLPDO�DQG�PD[LPDO�
YDOXH�� )RU� WKH� 8�YDOXH� ��� VWHSV� ZHUH� XVHG� EHWZHHQ�
WKH� PLQLPXP� DQG� PD[LPXP� DQG� IRU� WKH�
WUDQVPLWWDQFH���VWHSV�ZHUH�XVHG���

 
Table 1 

Result for the annual heat and cold demands 

�
7KH�KRXUO\�EHKDYLRU�RI�WKH�8�YDOXH�DQG�WUDQVPLWWDQFH�
DUH�VKRZQ�LQ�ILJXUHV���WR����
2XU� VLPSOLILHG�PRGHO� VKRZV� WKDW� E\� DGDSWLQJ� RQ� DQ�
KRXUO\�EDVLV�WKH�8�YDOXH�RI�WKH�URRI�WKH�KHDW�GHPDQG�
FDQ�EH�UHGXFHG�ZLWK�PRUH�WKDQ������6R�WKHRUHWLFDOO\�
D� ODUJH� UHGXFWLRQ� RI� WKH� HQHUJ\� XVH� IRU� KHDWLQJ� LV�
SRVVLEOH�� 7KH� HIIHFW� RQ� FRROLQJ� LV� YHU\� OLPLWHG��
)XUWKHUPRUH� ZH� VHH� WKDW� E\� YDU\LQJ� RQO\� WKH�
WUDQVPLWWDQFH�WKH�FROG�GHPDQG�GHFUHDVHV�ZLWK�������
ZKLOH�WKH�HIIHFW�RQ�KHDWLQJ�LV�YHU\�OLPLWHG��$GDSWLQJ�
ERWK�WKH�8�YDOXH�DQG�WKH�WUDQVPLWWDQFH�OHDGV�WR�D�KHDW�
GHPDQG� UHGXFWLRQ� RI� ��� �� DQG� D� FROG� GHPDQG�
UHGXFWLRQ�RI��������
$QRWKHU�DGYDQWDJH�RI�VXFK�KRXUO\�DGDSWLYH�VKHOOV�FDQ�
EH� WKDW� WKH� DGDSWDEOH� SDUDPHWHUV� PD\� EH� FKRVHQ� LQ�
VXFK�D�ZD\�WKDW�WKH�KHDWLQJ�DQG�FRROLQJ�GHPDQG�FDQ�
KDYH� WKH� VDPH� YDOXH�� :KHQ� HQHUJ\� VWRUDJH� LQ� WKH�
JURXQG�LV�XVHG��ZKLFK�LV�FRPPRQ�LQ�WKH�1HWKHUODQGV��
WKLV� ZLOO� HQDEOH� WKH� UHDOL]DWLRQ� RI� D� EHWWHU� EDODQFH�
EHWZHHQ�FRROLQJ�DQG�KHDWLQJ�GXULQJ�D�\HDU��ZKLFK� LV�
FRPSXOVRU\�LQ�WKH�'XWFK�UHJXODWLRQV���
�
)LJXUHV� �� VKRZV�� DV� DQ� H[DPSOH�� KRZ� WKH� 8�YDOXH�
FKDQJHV�GXULQJ� WKH� \HDU��)RU� HYHU\�PRQWK� WKH�PHDQ�
YDOXH� LV�JLYHQ�IRU�GD\� WLPH�ZKHQ� WKH�VXQ� LV�VKLQLQJ��
IRU� WKH� QLJKW� WLPH� DQG� IRU� WKH� ZKROH� GD\�� ,Q� WKH�
ZLQWHU�ZH�VHH�WKDW�D�ORZ�8�YDOXH�LV�GHVLUDEOH�WR�KROG�

VARIANT  HEAT 
DEMAND 

[MJ/YR.M2 
FLOOR] 

COLD 
DEMAND 

[MJ/YR.M2 
FLOOR] 

:LWKRXW�
RSWLPL]DWLRQ� ���� �����

$GDSWDEOH�8�YDOXH� ��� �����

$GDSWDEOH�
WUDQVPLWWDQFH� ���� ����

$GDSWDEOH�8�YDOXH�
DQG�WUDQVPLWWDQFH� ��� ����
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WKH� KHDW� LQVLGH� WKH� JUHHQKRXVH�� ,Q� WKH� VXPPHU� WKH�
JUHHQKRXVH�ZLOO� EH�RYHUKHDWHG�ZKHUHE\� D�KLJKHU�8�
YDOXH�LV�GHVLUDEOH�WR�UHPRYH�WKH�KHDW��7KLV�LV�EHFDXVH��
VXPPHU�RXWGRRU�WHPSHUDWXUHV�LQ�WKH�1HWKHUODQGV�DUH�
JHQHUDOO\�ORZ��

 
Figure 5: varying U-value (monthly values)�

�
:H�DOVR�VHH�D�GLIIHUHQFH�LQ�WKH�GHVLUHG�YDOXHV�GXULQJ�
GD\� DQG� QLJKW� WLPH�� HVSHFLDOO\� LQ� 0DUFK� DQG� $SULO��
:KHQ�GXULQJ� �QLJKW� WLPH� WKH�RXWVLGH� WHPSHUDWXUH� � LV�
ORZ� HQRXJK� WR� DOORZ� IRU� IUHH� FRROLQJ� RI� � WKH�
JUHHQKRXVH�D�ORZ�8�YDOXH�LV�GHVLUHG��
�
)LJXUH� �� VKRZV� IRU� D� IHZ� W\SLFDO� GD\V� LQ� $SULO� WKH�
FKDQJLQJ� RI� WKH� 8�YDOXHV�� :H� VHH� WKDW� WKH� YDOXH�
YDULHV� EHWZHHQ� �� �GXULQJ� QLJKW� WLPH�� DQG� ���� DW� WKH�
PLGGOH�RI�WKH�GD\���

�
Figure 6: varying U-value of glass (hourly values for 
days 108 to 116)�
�
2I�FRXUVH�D�8�YDOXH�RI�]HUR�LVQ¶W�SRVVLEOH�LQ�SUDFWLFH��
+RZHYHU�ILJXUH���VKRZV�WKDW�WKH�LQVXODWLRQ�VKRXOG�EH�
DV�KLJK�DV�SRVVLEOH�GXULQJ�QLJKW�WLPH�LQ�ZLQWHU�GD\V��
&XUUHQWO\� GRXEOH� JOD]LQJ� LVQ¶W� HYHQ� DSSOLHG� LQ�
JUHHQKRXVHV���7KLV�VKRZV�D�WUHPHQGRXV�SRWHQWLDO�IRU�
LPSURYHPHQW��
�
)LJXUH���VKRZV� WKH� WUDQVPLWWDQFH��'XULQJ�QLJKW� WLPH�
WKH�WUDQVPLWWDQFH�KDV�HYLGHQWO\�QR�HIIHFW�DQG�LWV�YDOXH�
LV�VHW�WR�]HUR���
,Q�WKH�ZLQWHU�ZH�VHH�WKDW�WKH�WUDQVPLWWDQFH�VKRXOG�EH�
KLJK� WR�KHDW� WKH�JUHHQKRXVH�ZLWK�VRODU� UDGLDWLRQ�DQG�
VKRXOG�EH�ORZ�LQ�WKH�VXPPHU�WR�DYRLG�RYHUKHDWLQJ��
�

 Figure 7: varying transmittance of glass  
(monthly values)�

�
:KHQ� ZH� ORRN� LQ� GHWDLO� ZH� VHH� WKDW� WKHUH� DUH� ODUJH�
KRXUO\�IOXFWXDWLRQV�GXULQJ�GD\�WLPH��VHH�ILJXUH�����

 
 

Figure 8: varying transmittance of glass (hourly 
values for days 148 to 155)�
�
Influence of the number of steps 
7KH�QXPEHU�RI�VWHSV�FKRVHQ�EHWZHHQ�WKH�PLQLPDO�
DQG�PD[LPDO�YDOXH�PD\�LQIOXHQFH�WKH�UHVXOWV��6HH�
7DEOH����
�

Table 2 
Results for the annual heat and cold demand 

depending on the amount of steps 

�
0RUH� VWHSV� DQG� WKHUHIRUH� PRUH� FRQWURO� SRVVLELOLWLHV�
EHWZHHQ� WKH� PLQLPDO� DQG� PD[LPDO� YDOXHV� OHDG� WR� D�
ORZHU� KHDWLQJ� GHPDQG� DQG� D� PRUH� DFFXUDWH�
GHWHUPLQDWLRQ�RI�WKH�PLQLPXP��7KLV�WDEOH�VKRZV�WKDW�
WKH�QXPEHU�RI�VWHSV�KDV�YHU\��OLWWOH�HIIHFW�RQ�WKH�FROG�
GHPDQG�DQG� DIIHFWV�PRUH� VWURQJO\� WKH� KHDW� GHPDQG��

VARIANT  HEAT 
DEMAND 

[MJ/YR.M2 
FLOOR] 

COLD 
DEMAND 

[MJ/YR.M2 
FLOOR] 

$GDSWDEOH�8�YDOXH�����
VWHSV��DQG�WUDQVPLWWDQFH�
���VWHSV��

��� ����

$GDSWDEOH�8�YDOXH����
VWHSV��DQG�WUDQVPLWWDQFH�
���VWHSV��

���� ����

$GDSWDEOH�8�YDOXH����
VWHSV��DQG�WUDQVPLWWDQFH�
���VWHSV��

���� ����
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+RZHYHU� IRU� DQDO\VLV� RI� WKH� HQHUJ\� UHGXFWLRQ� E\�
&$%6� LW� VHHPV� WKDW� D� VPDOO� QXPEHU�RI� VWHSV�JLYH� D�
VXIILFLHQW�LQGLFDWLRQ�RI�WKH�SRVVLEOH�VDYLQJV��ZKHQ�ZH�
FRPSDUH�ZLWK�WKH�UHVXOWV�RI�WDEOH������

&21&/86,216�$1'�
5(&200(1'$7,216�
,Q� WKLV� SDSHU� D� VLPSOH� PRGHO� WR� UHDOL]H� LQYHUVH�
PRGHOLQJ� RI� JUHHQKRXVHV� ZDV� GHYHORSHG� � DQG�
GHPRQVWUDWHG�� %\� DGDSWLQJ� WKH� VKHOO� SURSHUWLHV� RQ�
KRXUO\�EDVLV� D� KLJK� UHGXFWLRQ�RI� WKH� HQHUJ\� GHPDQG�
FDQ� EH� H[SHFWHG�� 7KLV� VKRZV� WKDW� IXWXUH�
GHYHORSPHQWV� LQ� WKH� ILHOG� RI� G\QDPLFDOO\� DGDSWDEOH�
PDWHULDOV� DQG� UHODWHG� FRQWURO� VWUDWHJLHV� ZRXOG� EH� D�
SURPLVLQJ�ZD\�RI�VDYLQJ�HQHUJ\��$OWKRXJK�WKH�UHVXOWV�
REWDLQHG� VR� IDU� DUH� YHU\� SURPLVLQJ�� PRUH� UHDOLVWLF�
FDOFXODWLRQV�� EDVHG� RQ� 8�YDOXHV� WKDW� FRXOG� EH�
DFKLHYHG� LQ� WKH� QHDU� IHDWXUH�� DUH� � QHHGHG��
$GGLWLRQDOO\�� WKH� SUHVHQWHG� PRGHO� DOVR� KDV�
OLPLWDWLRQV�� IRU� LQVWDQFH�� GHSHQGLQJ� RQ� WKH� W\SH� RI�
FURS�� WKHUH� PD\� EH� D� OLPLWDWLRQ� RQ� WKH� DPRXQW� RI�
DFFHSWDEOH� VRODU� UDGLDWLRQ�� 7KH� SUHVHQW� PRGHO� RQO\�
WDNHV� LQWR� DFFRXQW� WKH� RSWLPXP� DW� WKH� FHUWDLQ� KRXU��
WDNLQJ� � LQWR� DFFRXQW� WKH� WHPSHUDWXUHV� DW� SUHYLRXV�
WLPHV�� ,W� GRHVQ¶W� KRZHYHU� SUHGLFW� LI� WKH� SDUDPHWHUV�
GHWHUPLQHG�WKLV�ZD\�DUH�RSWLPDO�IRU�IXWXUH�KRXUV��7KH�
UHVXOWV�RI�WKH�VLPSOH�PRGHO�ZLOO�EH�FRPSDUHG�ZLWK�WKH�
RQH�RI�D�PRUH�FRPSOH[�PRGHO�WDNLQJ�WKLV�HIIHFWV�LQWR�
DFFRXQW��VHH�/HH�HW�DO���������
$GGLWLRQDOO\� PRUH� UHVHDUFK� LV� QHHGHG� RQ� VHQVLWLYLW\�
RI� WKH�HQHUJ\�GHPDQG�RQ�YDULDWLRQV�RI� WKH�DGDSWDEOH�
SDUDPHWHUV��,W�PD\�EH�WKDW�ODUJH�YDULDWLRQV�RI�FHUWDLQ�
SDUDPHWHUV� OHDG� WR� OLWWOH� HQHUJ\� VDYLQJ� ZKLOH� VPDOO�
YDULDWLRQV�RI�RWKHUV�OHDG�WR�ODUJH�HQHUJ\�VDYLQJV��
,Q�WKH�IXWXUH��WKH�FRQWURO�VWUDWHJ\�VKRXOG�EH�H[WHQGHG�
ZLWK� DQ� RSWLPL]DWLRQ� RI� WKH� HQHUJ\� XVHG� E\� WKH�
+9$&� V\VWHP� DQG� WKH� V\VWHPV� IRU� &2�� VXSSO\��
OLJKWLQJ� DQG� �GH�KXPLGLILFDWLRQ�� ,Q� DGGLWLRQ�� WKH�
DFWXDO� SODQW� JURZWK� FRXOG� EH� WDNHQ� LQWR� DFFRXQW�
WKURXJK� D� SKRWRV\QWKHVLV�PRGHO�� OHDGLQJ� WR� D�PXOWL�
REMHFWLYH�VLPXODWLRQ��VHH�/HH�HW�DO���������
:KHQ� WKH�SULPDU\� HQHUJ\� LV� WDNHQ� LQWR� DFFRXQW� LW� LV�
SRVVLEOH�WKDW�WKH�LQYHUVH�FRQWURO�VWUDWHJ\�VXSSRUWV�WKH�
XVH�RI�ORFDO�JHQHUDWLRQ�RI�VRODU�DQG�ZLQG�HQHUJ\��,W�LV�
HYHQ� SRVVLEOH� WR� UHDOL]H� D� VHOI�VXSSRUWLQJ� HQHUJ\�
V\VWHP�ZLWK��IRU�H[DPSOH��WKH�XVH�RI�HOHFWULFDO�GULYHQ�
KHDW� SXPSV� LQ� FRPELQDWLRQ� ZLWK� ZDUP� DQG� FROG�
ZDWHU�VWRUDJH�LQ�WKH�JURXQG��H�J��7XUJXW�HW�DO���������
%XW�ILUVW��PRUH�DFFXUDWH�LQYHUVH�PRGHOV�DUH�QHHGHG���
�
7KH�LQYHUVH�PRGHOLQJ�FDQ�EH�DSSOLHG�WR�RWKHU�W\SHV�RI�
EXLOGLQJV�VXFK�DV�KRPHV�DQG�RIILFH�EXLOGLQJV��7KHUH�
LV�DOVR�D�FRQVLGHUDEOH�SRWHQWLDO�IRU�HQHUJ\�VDYLQJV��
  

$.12:/(*(0(17�
:H¶G�OLNH�WR�WKDQN�$JHQWVFKDS�1/��DQ�DJHQF\�RI�WKH�
'XWFK� 0LQLVWU\� RI� (FRQRPLF� $IIDLUV��� $JULFXOWXUH�
DQG� ,QQRYDWLRQ�� IRU� IXQGLQJ� WKLV� SURMHFW� DQG� WKH�
SDUWQHUV��78(��7HFKQLFDO�8QLYHUVLW\�RI�(LQGKRYHQ���

712� �1HWKHUODQGV� 2UJDQLVDWLRQ� IRU� $SSOLHG�
6FLHQWLILF�5HVHDUFK���:85� �:DJHQLQJHQ�8QLYHUVLW\�
	� 5HVHDUFK� &HQWUH��� 78'� �7HFKQLFDO� 8QLYHUVLW\� RI�
'HOIW�� DQG� .HQORJ� IRU� GHOLYHULQJ� SURFHVV� GDWD� DQG�
VKDULQJ�WKHLU�NQRZOHGJH�ZLWK�XV���

5()(5(1&(6�
$UHQWVHQ��&��������'HVLFFDQW�FOLPDWH�FRQWURO�XQLW�IRU�

JUHHQKRXVHV�� GULYHQ� E\� FRJHQHUDWLRQ�� ZE�
���������7HFKQLFDO�8QLYHUVLW\�RI�'HOIW��

%RNHO��5��� YDQ� GHU�9RRUGHQ��0�� ������ ,QYHVWLJDWLRQ�
RI� WKH� IHDVLELOLW\�RI�DQ�HQYLURQPHQWDOO\� IULHQGO\�
DGDSWDEOH� IDoDGH�� ,Q� 3OHD������ 7KH� ��VW�
&RQIHUHQFH� RQ� 3DVVLYH� DQG� /RZ� (QHUJ\�
$UFKLWHFWXUH��(LQGKRYHQ��7KH�1HWKHUODQGV���

%RNHO��5��DQG�YDQ�GHU�9RRUGHQ��0�������� ,QIOXHQFH�
RI� WKH� IDFDGH� RQ� WKH� HQHUJ\� GHPDQG�� DQ�
LQWURGXFWLRQ� WR� FOLPDWH� DGDSWLYH� VNLQV�� ,Q�
3URFHHGLQJV�RI�,%36$�19/��������

.DVLQDOLV�� &�� ������ /RQJ�WHUP� DGDSWLRQ� LQ� &OLPDWH�
$GDSWLYH� %XLOGLQJ� 6KHOOV�� 06F� WKHVLV��
(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\��

/HH��&���&yVWROD�'���6ZLQNHOV�*��DQG�+HQVHQ�-��������
2Q� WKH� 8VH� RI� %XLOGLQJ� (QHUJ\� 6LPXODWLRQ�
3URJUDPV� LQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW� RI�
$JULFXOWXUDO� *UHHQKRXVHV�� ,Q� 3URFHHGLQJV� RI�
,%36$�$VLD��������

/RRQHQ�� 5���7UFND� 0��&RVWROR� '��� +HQVHQ� -�� ������
3HUIRUPDQFH� VLPXODWLRQ� RI� FOLPDWH� DGDSWLYH�
EXLOGLQJ� VKHOOV� ±� 6PDUW� (QHUJ\�*ODVV� DV� D� FDVH�
VWXG\�

6LPXOLQN������� D� EORFN� GLDJUDP� HQYLURQPHQW� IRU�
PXOWLGRPDLQ� VLPXODWLRQ� DQG� 0RGHO�%DVHG�
'HVLJQ�
KWWS���ZZZ�PDWKZRUNV�QO�SURGXFWV�VLPXOLQN��
�ODVW�DFFHVV����0D\�������

6QLMGHUV��$��$TXLIHU�7KHUPDO�(QHUJ\�6WRUDJH� LQ� WKH��
1HWKHUODQGV��

6ZLQNHOV� *��� *LHOLQJ� 7��� .HPSNHV� )��� -DQVVHQ� +���
%UXLQV�0�����������5DSSRUW�&$*,0�:HUNSDNNHW�
���:DJHQLQJHQ�8QLYHUVLW\�	�5HVHDUFK�&HQWUH��

7XUJXW�� %��� 3DNVR\�+��� %R]GDJ� 6��� (YOL\D�+��� $EDN�
.���'DVJDQ�+�<��������$TXLIHU�7KHUPDO�(QHUJ\�
6WRUDJH� $SSOLFDWLRQ� LQ� *UHHQKRXVH�
&OLPDWL]DWLRQ�� :RUOG� 5HQHZDEOH� (QHUJ\�
&RQJUHVV��-XO\��������*ODVJRZ��

=ZDUW� +�)��� ������ $QDO\]LQJ� HQHUJ\�VDYLQJ�
SRWHQWLDOV� LQ� JUHHQKRXVH� FXOWLYDWLRQ� XVLQJ� D�
VLPXODWLRQ�PRGHO��8QLYHUVLW\�	�5HVHDUFK�&HQWUH�
:DJHQLQJHQ��7KH�1HWKHUODQGV��

�
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