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$%675$&7�
352%$� WRRO� LV� EDVHG� RQ� D� PHWKRG� ZKLFK� UHVXOWHG�
IURP� LQYHVWLJDWLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
HQHUJ\� JHQHUDWLRQ� DQG� VWRUDJH� V\VWHPV� IRU� WKHUPDO�
FRQGLWLRQLQJ� RI� EXLOGLQJV� �SULPDU\� +9$&� V\VWHPV��
DQG� WKH� FRQFHSWXDO� EXLOGLQJ� GHVLJQ�� 7KH� PHWKRG�
FDOFXODWHV� WKH� RSWLPDO� SULPDU\� +9$&� V\VWHP�
GLPHQVLRQV�� WKH� FRVWV�� HPLVVLRQV� DQG� HQHUJ\�
FRQVXPSWLRQ� EDVHG� RQ� VFDUFH� GDWD� DYDLODEOH�� 7KH�
PHWKRG�FRQVLVWV�RI�D�WLPH�GRPDLQ�VLPXODWLRQ��DQQXLW\�
FRVW� FDOFXODWLRQ� DQG� WKH�RSWLPL]DWLRQ��ZKLFK� LV� XVHG�
WR�DXWRPDWLFDOO\�VL]H�WKH�+9$&�V\VWHP�EDVHG�RQ�LVW�
VLPXODWLRQ�SHUIRUPDQFH��352%$��WKH�SULPDU\�V\VWHP�
RSWLPL]DWLRQ� IRU� EXLOGLQJV� WDUJHWLQJ� DUFKLWHFWV�� LV�
FUHDWHG� E\� DGGLQJ� D� ZL]DUG�VW\OH� JUDSKLFDO� XVHU�
LQWHUIDFH� EHWZHHQ� WKH� PRGHO� DQG� WKH� XVHU�� 7KH�
XWLOL]DWLRQ�RI�WKH�WRRO�LV�SUHVHQWHG�XVLQJ�D�FDVH�VWXG\�
ZKLFK�VKRZV�KRZ�D�FKDQJH�LQ�EXLOGLQJ�JHRPHWU\�FDQ�
LQIOXHQFH�WKH�SULPDU\�+9$&�FRPSRQHQW�GLPHQVLRQV��
FRVWV�� DQG� HPLVVLRQV�� 0DNLQJ� WKLV� WRRO� DYDLODEOH� WR�
WKH�DUFKLWHFWV�UHSUHVHQWV�DQ�HIIHFWLYH�ZD\�WR�FRQVLGHU�
WKH� SULPDU\� +9$&� GXULQJ� WKH� SUHOLPLQDU\� GHVLJQ��
ZLWKRXW�FDXVLQJ�DGGLWLRQDO�FRVW��

,1752'8&7,21�
7KH� GHFLVLRQV� UHTXLUHG� GXULQJ� WKH� FRQFHSWXDO�
EXLOGLQJ� GHVLJQ� KDYH� DQ� LPSRUWDQW� HIIHFW� RQ� WKH�
EXLOGLQJ� HQHUJ\� SHUIRUPDQFH� �%(3��� 7KH�
FRQVHTXHQFHV�RI�WKHVH�GHFLVLRQV�DUH�RIWHQ�RYHUORRNHG�
DQG� WKH� H[WHQWV� RI� WKHLU� LQIOXHQFH� RQ� %(3�
GLVUHJDUGHG�� 6LPLODUO\�� PDQ\� KHDWLQJ� DQG� FRROLQJ�
JHQHUDWLRQ�DQG�VWRUDJH�FRPSRQHQWV��SULPDU\�+9$&��
LPSRVH� UHVWULFWLRQV� RQ� EXLOGLQJ� GHVLJQ� DQG�� E\� WKHLU�
QDWXUH��FDQQRW�EH�LQWURGXFHG�DW�D�ODWHU�GHVLJQ�VWDJH��
$� PHWKRG� WR� TXDQWLI\� WKLV� LQIOXHQFH� KDV� EHHQ�
GHYHORSHG� DQG� LPSOHPHQWHG� LQ� D� XVHU� LQWHUIDFH�
HQWLWOHG� 352%$�� 7KH� PDMRU� FKDUDFWHULVWLF� RI� WKH�
LQWHUIDFH�LV�LWV�VXLWDELOLW\�IRU�QRQ�H[SHUW�XVHUV��7KLV�LV�
DFKLHYHG�E\��ILUVWO\��UHGXFLQJ�DPRXQW�RI�LQSXW�GDWD�E\�
LPSOHPHQWLQJ�SUHVHW�YDOXHV�DQG��VHFRQGO\��SURYLGLQJ�
VLPSOH� LQIRUPDWLRQ� VXSSRUW�� 7KH� WRRO� FDOFXODWHV�
RSWLPDO�SULPDU\�+9$&�V\VWHP�GLPHQVLRQV�� LWV�FRVW��
HPLVVLRQV� DQG� HQHUJ\� FRQVXPSWLRQ� DQG� HQDEOHV� WKH�
XVH�RI�WKH�GHYHORSHG�PHWKRG�E\�DUFKLWHFWV�GXULQJ�WKH�
FRQFHSWXDO�GHVLJQ���
7KH�QXPEHU�RI�DYDLODEOH�FRPPHUFLDO�DQG�HGXFDWLRQDO�
WRROV� LV� FRQVWDQWO\� LQFUHDVLQJ�� 6HYHUDO� DSSURDFKHV�

KDYH� EHHQ� LGHQWLILHG� LQ� WKH� H[LVWLQJ� SULPDU\� V\VWHP�
GHVLJQ� WRROV�� 7KHLU� FRPSOH[LW\� UDQJHV� IURP�
TXDQWLWDWLYH�� VXFK� DV� &,%6(� 5(6(7� WRRO� �&,%6(��
�������ZKLFK� LV�D�GHVFULSWLYH�0LFURVRIW�([FHO�EDVHG�
WRRO� SURYLGLQJ� HYDOXDWLRQ� RI� UHQHZDEOH� HQHUJ\�
SRWHQWLDO�GHSHQGLQJ�RQ� WKH� ORFDWLRQ�� WR� VRSKLVWLFDWHG�
G\QDPLF� VLPXODWLRQ� WRROV�� VXFK� DV� 7516<6�
�7516<6� 'RFXPHQWDWLRQ�� ������ DQG� (QHUJ\3OXV�
�'2(����������
7KH�PDMRULW\� RI�+9$&�SUDFWLWLRQHUV� UHO\� RQ� VLPSOH�
VSUHDGVKHHW�WRROV�EDVHG�RQ�QDWLRQDO�QRUPV��H�J��',1�
(1� ',1� 9� ������� ',1� (1� �������� 6RPH� +9$&�
FRPSRQHQW�PDQXIDFWXUHUV�KDYH�WDNHQ�WKLV�DSSURDFK�D�
OHYHO� KLJKHU� DQG� RIIHU� FRPSOHWH� ORDG�� V\VWHP� DQG�
HFRQRPLF� DQDO\VLV�� ([DPSOHV� DUH� +$3� �&DUULHU�
6RIWZDUH� 6\VWHPV�� ������ DQG� 75$&(� ���� �7UDQH��
������� ZKLFK� VHTXHQWLDOO\� VLPXODWH� EXLOGLQJ� ORDGV�
DQG� WKH� SODQW� LQ� KRXUO\� VWHSV�� $� WRRO� EDVHG� RQ� WKH�
$6+5$(� WHPSHUDWXUH� ELQ� PHWKRG�� 5(76FUHHQ�
�1DWXUDO�5HVRXUFHV�&DQDGD���������DQDO\VHV�QRW�RQO\�
KHDWLQJ� DQG� FRROLQJ� V\VWHPV� IRU� EXLOGLQJV�� EXW� DOVR�
GLVWULFW�KHDWLQJ�DQG�SRZHU�V\VWHPV��2SWLPL]DWLRQ�DQG�
SULFH�FRPSDULVRQ�RI�K\EULG�SRZHU�V\VWHPV��LQFOXGLQJ�
UHQHZDEOH� VRXUFHV� DQG� SRZHU� VWRUDJH� XVLQJ� WLPH�
VHULHV� GDWD�� LV� SRVVLEOH� ZLWK� WKH� HQHUJ\� PRGHOLQJ�
VRIWZDUH�+20(5��/DPEHUW�HW�DO����������7KH�ODFN�RI�
ZRUNLQJ� IOXLG� SDUDPHWHUV� LQVSLUHG� WKH� XWLOL]DWLRQ� RI�
VXFK�DQ�DSSURDFK�IRU�WKH�HDUO\�EXLOGLQJ�GHVLJQ��,Q�KLV�
WKHVLV� )DEUL]LR� �)DEUL]LR�� ������ GHYHORSHG� D� PXOWL�
HQHUJ\� PRGHOLQJ� DQG� RSWLPL]DWLRQ� IUDPHZRUN��
+RZHYHU�� LW� LQFOXGHV� QHLWKHU� WKH� HQHUJ\� VWRUDJH� DQG�
WKH�VRODU�HQHUJ\�FRQYHUWHUV��QRU�WKH�FRQWURO�VWUDWHJLHV�
QHFHVVDU\� WR� LQFOXGH� VXFK� FRPSRQHQWV�� $� IUHHZDUH�
EXLOGLQJ�HQHUJ\�XVH�DQDO\VLV� WRRO�EDVHG�RQ�'2(�����
�+LUVFK� HW� DO��� ������� H4XHVW� �+LUVFK�� ������� RIIHUV�
FRPSUHKHQVLYH�VXSSRUW�IRU�%(3�GHVLJQ��&KLOOHUV�DQG�
ERLOHUV�DUH�VL]HG�DXWRPDWLFDOO\��WDNLQJ�EDVH�DQG�SHDN�
ORDG� LQWR� FRQVLGHUDWLRQ�� 7KH� SURJUDP� SHUIRUPV� FRVW�
FDOFXODWLRQV� DQG� GLVSOD\V� PRQWKO\� UHVXOW� DQDO\VHV��
3DUDPHWULF� UXQV� DUH� DYDLODEOH� IRU� DOWHUQDWLYH�
FRPSDULVRQV�� $OWKRXJK� WKLV� VRSKLVWLFDWHG� WRRO� FDQ�
SURYLGH� JUHDW� VXSSRUW� DQG� UHOLDEOH� UHVXOWV� GXULQJ�
GHVLJQ�WKH�WKHUPDO�VWRUDJH�LV�FRQVLGHUHG�RQO\�DV�D�KRW�
ZDWHU�VXSSO\�FRPSRQHQW�DQG� LW�GRHV�QRW�PRGHO�VRODU�
FROOHFWRUV�� 7KH� OHYHO� RI� GHWDLO� DQG� LQSXW� GHPDQG�� LQ�
WHUPV� RI� ERWK� GDWD� DQG� XVHU� H[SHUWLVH�� OLPLWV� WKH�
XVDELOLW\�RI� KLJKO\� VRSKLVWLFDWHG� WRROV� OLNH�7516<6�
DQG�(QHUJ\3OXV�GXULQJ�FRQFHSWXDO�GHVLJQ��
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7KH�PHWKRG�DQG�WKH�WRRO�SUHVHQWHG�LQ�WKLV�SDSHU�KDYH�
EHHQ�GHYHORSHG�LQ�0DWODE�HQYLURQPHQW���0DWK:RUNV��
�������6XFK�DQ�DSSURDFK�HQDEOHG�KLJK�IOH[LELOLW\�DQG�
FRQWURO� LQ� WHUPV� RI� ERWK� WRRO� GHYHORSPHQW� DQG�
GLVWULEXWLRQ��
7KLV�SDSHU�SURYLGHV��ILUVWO\��D�VKRUW�GHVFULSWLRQ�RI�WKH�
XQGHUO\LQJ� PHWKRG�� $� GHWDLOHG� HODERUDWLRQ� RI� WKH�
PHWKRG�LV�DYDLODEOH�LQ�*UDKRYDF���������6HFRQGO\��LW�
SUHVHQWV� WKH� JUDSKLFDO� LQWHUIDFH� HQWLWOHG� 352%$�
�3ULPDU\�+9$&�6\VWHP�2SWLPL]DWLRQ� IRU�%XLOGLQJV�
7DUJHWLQJ� $UFKLWHFWV��� 7KH� SUHVHQWDWLRQ� RI� WKH�
LQWHUIDFH�FRQWLQXHV�XVLQJ�D�FDVH� VWXG\��ZKLFK� VKRZV�
KRZ�D�FKDQJH�LQ�EXLOGLQJ�JHRPHWU\�FDQ�LQIOXHQFH�WKH�
SULPDU\� +9$&� FRPSRQHQW� GLPHQVLRQV�� FRVWV�� DQG�
HPLVVLRQV��
0DNLQJ�WKLV�WRRO�DYDLODEOH�WR�WKH�DUFKLWHFWV�UHSUHVHQWV�
DQ� HIIHFWLYH� ZD\� WR� FRQVLGHU� WKH� SULPDU\� +9$&�
GXULQJ� WKH� SUHOLPLQDU\� GHVLJQ�� ZLWKRXW� FDXVLQJ�
DGGLWLRQDO� FRVW�� $OWKRXJK� VXFK� D� WRRO� FDQ� QHYHU�
UHSODFH� DQ� +9$&� HQJLQHHU�� LWV� XVH� FDQ� SUHYHQW�
VLJQLILFDQW� PLVWDNHV� UHODWHG� WR� WKH� FKRLFH� RI� WKH�
SULPDU\�+9$&� FRQILJXUDWLRQ� GXULQJ� WKH� FRQFHSWXDO�
EXLOGLQJ�GHVLJQ��

0(7+2'�
7KH�PDMRU�FKDOOHQJH�IRU�RSWLPL]LQJ�WKH�VSDFH�KHDWLQJ�
DQG� FRROLQJ� HQHUJ\� VRXUFH� GXULQJ� FRQFHSWXDO�
EXLOGLQJ� GHVLJQ� LV� WKH� ODFN� RI� LQIRUPDWLRQ� DERXW� WKH�
GLVWULEXWLRQ� V\VWHP� �WKH� VHFRQGDU\� +9$&�� DQG�
ZRUNLQJ� IOXLG� SDUDPHWHUV�� VXFK� DV� IORZ� UDWHV� DQG�
WHPSHUDWXUHV�� +RZHYHU�� WKHUH� DUH� VHYHUDO� FRPPRQ�
PLVWDNHV��ZKLFK�FDQ�EH�DYRLGHG�LI�WKH�SULPDU\�V\VWHP�
VLPXODWLRQ�LV�SHUIRUPHG�DW�WKH�HDUOLHVW�SRVVLEOH�GHVLJQ�
VWDJH��1DPHO\�� WKH�SULPDU\�V\VWHP�LV�RIWHQ�H[SHFWHG�
WR�SHUIHFWO\�PDWFK�WKH�GHPDQG�RI�KHDWLQJ�DQG�FRROLQJ�
HQHUJ\��ZLWK�D�VXSSO\�SURILOH�WKDW�V\QFKURQL]HV�WR�WKH�
EXLOGLQJ� GHPDQG� SURILOH�� 7KH� VLPSOHVW� ZD\� WR�
DFKLHYH� WKLV� VLPXOWDQHLW\� LV� WR� XWLOL]H� ERLOHUV� IRU�
KHDWLQJ� DQG� FKLOOHUV� IRU� FRROLQJ�� ZKLOH� VL]LQJ� WKHP�
DFFRUGLQJ� WR�D�SHDN�GHPDQG��7R�HQVXUH�VDIH�VXSSO\��
FRPSRQHQWV� DUH� RIWHQ� RYHUVL]HG�� RU� UHGXQGDQW�
FRPSRQHQWV� �HVSHFLDOO\� LQ� FDVH� RI� FKLOOHUV��
LPSOHPHQWHG��
$OWKRXJK�� WKH�HIILFLHQF\�RI�FRQYHQWLRQDO� ERLOHUV�DQG�
FKLOOHUV� KDV� VLJQLILFDQWO\� LQFUHDVHG� GXULQJ� UHFHQW�
GHFDGHV�� IXUWKHU� VDYLQJV� FDQ� EH� DFKLHYHG� LI� XWLOL]LQJ�
LQWHUPLWWHQW� UHQHZDEOH� HQHUJ\� VRXUFHV� �5(6���
WKHUPDO�VWRUDJH��DQG�JRRG�FRQWUROV��7KH�UHDVRQV�VXFK�
V\VWHPV�KDYH�QRW�\HW�EHFRPH�VWDQGDUG�HTXLSPHQW�DUH�
WKH� KLJKHU� LQYHVWPHQW� FRVWV� DQG� WKH� V\VWHP� GHVLJQ�
FRPSOH[LW\��
8WLOL]LQJ� D� FRQYHQWLRQDO� VWHDG\�VWDWH� FRPSRQHQW�
GLPHQVLRQLQJ�RIWHQ�OHDGV�WR�DQ�XQVDWLVIDFWRU\�RYHUDOO�
V\VWHP� SHUIRUPDQFH� HIILFLHQF\�� $� VWHS� IRUZDUG�� D�
WLPH� GRPDLQ� V\VWHP� VLPXODWLRQ�� HQDEOHV� WKH�
FRQVLGHUDWLRQ� RI� WKH� SDUW� ORDG� SHUIRUPDQFH�� WKHUPDO�
VWRUDJH� G\QDPLFV�� IOXFWXDWLQJ� UHQHZDEOH� HQHUJ\�
DYDLODELOLW\�DQG�V\VWHP�FRQWUROV�RSHUDWLRQ��+RZHYHU��
WKH� OHYHO� RI� GHWDLO� RI� D� VLPXODWLRQ� SRVVLEOH� ZLWK� WKH�

GDWD� DYDLODEOH� GXULQJ� WKH� HDUO\� GHVLJQ� LV� ORZ�� 7R�
DGGUHVV�WKHVH�LVVXHV��D�PRGHO�HQDEOLQJ�WKH�IROORZLQJ�
KDV�EHHQ�GHYHORSHG��
� 7KH� V\VWHP� GHVLJQ� RSWLPL]DWLRQ�� SURYLGLQJ� D�

FRQILJXUDWLRQ� VXLWDEOH� WR� VDWLVI\� WKH� WKHUPDO�
FRQGLWLRQLQJ� GHPDQG� RI� SURYLGHG� EXLOGLQJ�
DOWHUQDWLYHV��

� 7KH�TXDQWLILFDWLRQ�RI� WKH�IXHO�FRQVXPSWLRQ�DQG�
FDUERQ�HPLVVLRQV�RI� WKH�SURSRVHG�V\VWHP�ZKLOH�
FRQGLWLRQLQJ�WKH�SURYLGHG�EXLOGLQJ��DQG�

� 7KH� FRVW� DVVHVVPHQW�� LQFOXGLQJ� ERWK� WKH�
LQYHVWPHQW�DQG� WKH�HQHUJ\�FRQVXPSWLRQ�UHODWHG�
FRVWV�RQ�DQ�DQQXDO�EDVLV��

7KH�PDMRU�FKDOOHQJHV�ZKLFK�PXWXDOO\�LQIOXHQFHG�WKH�
GHYHORSPHQW�RI�WKLV�PHWKRG��VXLWDEOH�IRU�SUHOLPLQDU\�
GHVLJQ�XWLOL]DWLRQ��FDQ�EH�FDWHJRUL]HG�DV�IROORZV��
� 3URSHU�DVVHVVPHQW�RI�WKH�LQWHUPLWWHQW�UHQHZDEOH�

HQHUJ\� VRXUFHV� �5(6��� WKHUPDO� VWRUDJH� DQG�
FRPSRQHQW�SDUW�ORDG�HIILFLHQFLHV�UHTXLUHV�D�WLPH�
GRPDLQ�V\VWHP�VLPXODWLRQ��

� $� ODUJH� QXPEHU� RI� SULPDU\� DQG� VHFRQGDU\�
+9$&� V\VWHP� FKDUDFWHULVWLFV� DQG� SDUDPHWHUV�
DUH� XQNQRZQ� GXULQJ� WKH� FRQFHSWXDO� EXLOGLQJ�
GHVLJQ��DQG�

� 7KH� WDUJHWHG� XVHUV� KDYLQJ� D� ORZ� OHYHO� RI�
H[SHUWLVH�LQ�WKH�ILHOG�RI�+9$&�HQJLQHHULQJ��

�

)LJXUH� �� UHSUHVHQWV� WKH� RYHUDOO� SURFHVV� IORZ� ZLWKLQ�
WKH�PHWKRG��

([WHUQDO�'DWD�
7KH�XSSHU�SDUW�RI�)LJXUH���JLYHV�D�VKRUW�RYHUYLHZ�RI��
WKH� LQSXW� GDWD�� )URP� WKH� XVHU� SHUVSHFWLYH�� WKH�
FRPSOHWH�H[WHUQDO�GDWD�FDQ�EH�FODVVLILHG�DV�IROORZLQJ��
� 2EOLJDWRU\� XVHU� LQSXW�� L�H�� LGHDO� EXLOGLQJ� ORDG��

ZHDWKHU� GDWD�� DQG� DYDLODEOH� VRODU� FROOHFWRU�39�
DUHD��V\VWHP�VSHFLILF���

� 2SWLRQDO� XVHU� LQSXW� �SUHVHW� WHFKQLFDO� DQG� FRVW�
UHODWHG�GDWD���DQG�

� )L[HG� SDUDPHWHUV�� H�J�� SHQDOW\� IXQFWLRQ�
SDUDPHWHUV�� VLPSOLILHG� VHFRQGDU\� V\VWHP� ORVV�
FRHIILFLHQWV��

7KH�ZHDWKHU�GDWD�DUH�UHTXLUHG�E\�WKH�PRGHOV�GLUHFWO\�
GHSHQGLQJ�RQ�DPELHQW�FRQGLWLRQV��7KHVH�GDWD�FRQVLVW�
VROHO\�RI�WKH�VRODU�UDGLDWLRQ�DQG�DPELHQW�GU\�DQG�ZHW�
EXOE�WHPSHUDWXUH�SURILOHV��
$Q� LGHDO� EXLOGLQJ� ORDG�� ZKLFK� PXVW� EH� FUHDWHG�
H[WHUQDOO\��LV�SURFHVVHG�ZLWKLQ�WKH�PRGHO�WR�FUHDWH�WKH�
SULPDU\�V\VWHP�VHW�ORDG��

0RGHO�DQG�6LPXODWLRQ�
7R� LQFOXGH� WUDQVLHQW� HIIHFWV� RI� WKHUPDO� VWRUDJH�� WKH�
LQWHUPLWWHQW�QDWXUH�RI�5(6��ERLOHU�RU�FKLOOHU�SDUW�ORDG�
HIILFLHQF\� DQG� WKHLU� RSWLPDO� VWDJLQJ�� FRPSRQHQW�
GLPHQVLRQV�QHHG�WR�EH�LGHQWLILHG�EDVHG�RQ�VLPXODWHG�
V\VWHP� SHUIRUPDQFH�� UDWKHU� WKDQ� RQ� RQH� VWDWLRQDU\�
SHDN� ORDG� FRQGLWLRQ�� 6LQFH� QRQ�H[SHUW� XVHUV� DUH� QRW�
H[SHFWHG�WR�NQRZ�KRZ�WR�FRQILJXUH�D�SULPDU\�V\VWHP�
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DQG� LWV� FRQWURO�� D� VHW� RI� SUHFRQILJXUHG� V\VWHPV��
IXUWKHU� UHIHUUHG� WR� DV� V\VWHP� PRGHOV� �60V��� LV�
GHYHORSHG�� 6HYHQ� SUH�FRQILJXUHG� SULPDU\� +9$&�
V\VWHPV�LQFOXGH�FRPSRQHQWV�VXFK�DV�ERLOHUV��FKLOOHUV�
DQG� FRROLQJ� WRZHUV�� WKHUPDO� VWRUDJH�� VRODU� WKHUPDO�
FROOHFWRUV�� DQG� SKRWRYROWDLF� PRGXOHV�� 2QH� RI� WKHVH�
60V��FRQVLVWLQJ�RI�D�ELRPDVV�ERLOHU�� WKHUPDO�VWRUDJH�
DQG� D� VRODU� FROOHFWRU� LV� GHVFULEHG� LQ�*UDKRYDF� HW� DO��
��������
7KH� LPSOHPHQWHG� FRPSRQHQW� PRGHOV� DUH�
GHWHUPLQLVWLF�DQG�DQ\�RI�WKH�IROORZLQJ��
� (PSLULFDO�� REWDLQHG� E\� PDQXIDFWXUHU� GDWD�

UHJUHVVLRQ�DQG�PRGLILHG�HPSLULFDO�PRGHOV�WDNHQ�
IURP� WKH� OLWHUDWXUH� �XVHG� IRU� H�J�� ERLOHUV��
FKLOOHUV���

� 6HPL�HPSLULFDO� �XVHG� IRU� H�J�� VRODU� WKHUPDO�
FROOHFWRUV���DQG�

� 6LPSOLILHG� WKHRUHWLFDO� �XVHG� IRU� H�J�� WKHUPDO�
VWRUDJH���

7KH� FRPSOH[LW\� OHYHO� RI� V\VWHP� FRPSRQHQWV� LV� ORZ�
GXH� WR� WKH� ODFN� RI� GHWDLOHG� GDWD� LQ� WKH� HDUO\� GHVLJQ��
5DWKHU� WKDQ� GHILQLQJ� WKH� FRPSRQHQWV� E\� LQOHW� DQG�
RXWOHW� PDVV� DQG� KHDW� IORZV�� WKH� HQHUJ\�EDODQFH�
DSSURDFK�KDV�EHHQ�DGRSWHG��
7R�SHUIRUP�D�V\VWHP�VLPXODWLRQ��WKH�LGHDOL]HG�FRQWURO�
DVVLJQV� WKH� WDVNV� WR� HDFK�RI� WKH� FRPSRQHQWV� LQ� HDFK�
WLPHVWHS��7ZR�NLQGV�RI� FRQWURO� FDQ�EH� IRXQG�ZLWKLQ�
WKH�PRGHOV��7KH�ILUVW�LV�WKH�K\VWHUHVLV�FRQWURO��XVHG�WR�
FRQWURO� WKH� ERLOHU� EDVHG� RQ� WKH� VWRUDJH� VWDWH� RI�
FKDUJH��LQ�RUGHU�WR�LPSURYH�WKH�VWRUDJH�XWLOL]DWLRQ�DQG�
UHGXFH� WKH�QXPEHU�RI�ERLOHU�VWDUW�XSV��7KH�VHFRQG� LV�
WKH�VHTXHQWLDO�FRQWUROOHU�LQ�WKH�FDVH�RI�XWLOL]LQJ�PRUH�
WKDQ� RQH� FKLOOHU� RU� FRQGHQVLQJ� ERLOHU�� ZKLFK� DOORZV�
RSWLPDO� ORDGLQJ� DQG� LQFUHDVHV� WKH� RYHUDOO� HIILFLHQF\�
RI�WKH�V\VWHP��
$GGLWLRQDO�PHDVXUHV�DUH�DSSOLHG�LQ�RUGHU�WR�RYHUFRPH�
WKH� SUREOHPV� UHODWHG� WR� ORDG� EDVHG� PRGHOLQJ� RI�
WKHUPDO� V\VWHPV�� 1DPHO\�� WKH� VLPXODWHG� KHDW� IORZ�
GLUHFWLRQ� LV� PDGH� WKHUPRG\QDPLFDOO\� SRVVLEOH�
WKURXJK� YDULRXV� WHPSHUDWXUH� OLPLWDWLRQV� LPSRVHG� WR�
WKH�FRPSRQHQW�SHUIRUPDQFH��

&RVWV�
7KH�SHUIRUPDQFH�SURILOHV�REWDLQHG�VHUYH�WR�FDOFXODWH�
WKH�HQHUJ\�FRQVXPSWLRQ��FDUERQ�HPLVVLRQV�DQG�FRVWV��
7KH� DQQXLW\�PHWKRG� EDVHG� RQ�9',� ������9',������
DQG� ',1�(1������������ KDV� EHHQ� HPSOR\HG� WR�
FDOFXODWH�WKH�FRVW��

2SWLPL]DWLRQ�
2SWLPL]DWLRQ�LV�XVHG�WR�DXWRPDWLFDOO\�VL]H�WKH�+9$&�
V\VWHPV� EDVHG� RQ� WKHLU� VLPXODWLRQ� SHUIRUPDQFH�� ,W�
LGHQWLILHV� WKH� V\VWHP� FRPSRQHQW� GLPHQVLRQV� WKDW�
SURYLGH� PLQLPDO� FRVWV�� HPLVVLRQV� RU� FRQVXPSWLRQ��
ZKLOH� PDLQWDLQLQJ� WKH� TXDOLW\� RI� WKH� VXSSO\� DQG��
ZKHUH� VSHFLILHG�� DFKLHYLQJ� WKH� WDUJHWHG� DQQXDO� VRODU�
UDWLR��
7KH�RSWLPL]DWLRQ�REMHFWLYH�LV�D�VLPXODWLRQ�EDVHG�QRQ�
OLQHDU� DQG� QRQ�FRQYH[� IXQFWLRQ�� 7ZR� DOJRULWKPV��

UREXVW� HQRXJK� WR� LGHQWLI\� WKH� JOREDO� PLQLPXP�� DUH�
LPSOHPHQWHG��
� *OREDO� %RXQGHG� 1HOGHU�0HDG� �*%10��

�/XHUVHQ�HW�DO����������VLQFH�LW�RQO\�HYDOXDWHV�WKH�
YDOXH� RI� WKH� IXQFWLRQ�� DQG� QRW� LWV� GHULYDWLYHV��
DQG�

� ([KDXVWLYH� VHDUFK�� VLQFH� WKH� FRPSRQHQWV� DUH�
RQO\� PDQXIDFWXUHG� LQ� FHUWDLQ� VL]HV�� ,W� LV�
PRGLILHG� WR� H[FOXGH� WKH� VHWV� RI� REYLRXVO\�
XQIHDVLEOH�RSWLPL]DWLRQ�SDUDPHWHUV��

7KH� PRVW� LPSRUWDQW� FRQVWUDLQW� LPSRVHG� RQ� WKH�
RSWLPL]DWLRQ� LV� WKH� VXSSO\� WDVN� VDWLVIDFWLRQ�� :KHUH�
XVHU� LQVLVWV� RQ� D� VSHFLILF� VRODU� UDWLR�� WKH� VRODU� UDWLR�
FRQVWUDLQW�LV�DFWLYDWHG��7KH�TXDQWLILFDWLRQ�WKURXJKRXW�
WKH� RSWLPL]DWLRQ� GRPDLQ� LV� PDGH� SRVVLEOH� E\�
LPSOHPHQWLQJ� D� SUREOHP� VSHFLILF� PXOWLFULWHULDO�
SHQDOW\� IXQFWLRQV�� 1DPHO\�� D� VLQJOH� VFDODU� SHQDOW\�
YDOXH�DFFRXQWV�IRU�DOO�WKH�IROORZLQJ��WKH�LQVWDQFHV�RI�
WKH� XQGHUVXSSO\�� WKHLU� LQWHQVLW\�� GXUDWLRQ� DQG�
IUHTXHQF\��$OO�WKHVH�IHDWXUHV�DUH�LUUHOHYDQW�WR�WKH�XVHU�
RI� WKH� XVHU� LQWHUIDFH�� EXW� KDYH� DOORZHG� IXUWKHU�
VFLHQWLILF�LQYHVWLJDWLRQ��
2SWLPL]DWLRQ� YDULDEOH� ERXQGV� DUH� GHILQHG�
DXWRPDWLFDOO\�EDVHG�RQ�WKH�ORDG�LPSRVHG�RQ�WKH�60��
DV� ZHOO� DV� WKH� GLVFUHWH� RSWLPL]DWLRQ� SDUDPHWHU� VHWV�
XVHG�LQ�H[KDXVWLYH�VHDUFK��
7KH� SURSRVHG� PHWKRG� KDV� QRW� EHHQ� YHULILHG� LQ�
SUDFWLFH�DQG�WKXV�WKH�UHVXOWV�FXUUHQWO\�KDYH�SULPDULO\�
DQ�HGXFDWLRQDO�YDOXH��

86(5�,17(5)$&(�
7R� HQDEOH� WKH� SUDFWLFDO� LPSOHPHQWDWLRQ� RI� WKH�
SUHVHQWHG� PRGHOLQJ�� VLPXODWLRQ� DQG� RSWLPL]DWLRQ�
HQYLURQPHQW� E\� D� XVHU� ZKR� ODFNV� WKH� NQRZOHGJH� LQ�
+9$&�� D� JUDSKLFDO� XVHU� LQWHUIDFH� �*8,�� HQWLWOHG�
352%$�LV�SURSRVHG�� ,W�JXLGHV�WKH�XVHU�VWHS�E\�VWHS��
,Q� RUGHU� WR� DVVLVW� WKH� XVHU�� 352%$� DXWRPDWLFDOO\�
GLVDEOHV�XVDJH�RI�60V�WKDW�FDQQRW�VXSSO\�WKH�LQSXWWHG�
ORDG�SURILOH�LQ�WKH�FKRVHQ�FOLPDWH��DV�ZHOO�DV�SURYLGH�
ILUVW�LQIRUPDWLRQ�RQ�KRZ�HQYLURQPHQWDOO\�IULHQGO\�WKH�
60�LV��
)LJXUH���SUHVHQWV�WKH�VWHSV�WKH�XVHU�WDNHV�WR�XWLOL]H�
WKH�WRRO��7KH�WKUHH�EDVLF�VWHSV�DUH��
� 6LPSOLILHG�ORDG�DQG�ZHDWKHU�GDWD�LQSXW��
� 6HOHFWLRQ� RI� DQ� 60� DQG� SURFHHGLQJ� ZLWK�

RSWLPL]DWLRQ�RU�VLPXODWLRQ��DQG�
� $GGLWLRQDO�60�UHODWHG�LQSXW�EHIRUH�UXQQLQJ� WKH�

FDOFXODWLRQ��
7KHVH�VWHSV�DUH�IXUWKHU�H[SODLQHG�LQ�WKLV�VHFWLRQ��7KH�
SURFHGXUH�DIWHU�VHOHFWLQJ�DQ�60�LV�H[SODLQHG�WKURXJK�
D�VXEVHTXHQW�FDVH�VWXG\��

1  First Input
�

7R�HQDEOH�60�VLPXODWLRQ�DQG�RSWLPL]DWLRQ�� WKH�XVHU�
LV�UHTXLUHG�WR�SURYLGH�WKH�LGHDO�EXLOGLQJ�ORDG�DQG�WKH�
ZHDWKHU� GDWD� IRU� WKH� ORFDWLRQ�� ,Q� JHQHUDO�� DQ\�
H[WHUQDOO\� JHQHUDWHG� KRXUO\� ORDG� SURILOH� FDQ� EH�
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SURYLGHG�� )LJXUH� ��� OHIW�� VKRZV� D� VFUHHQVKRW� RI� WKH�
ILUVW�XVHU�LQSXW�ZLQGRZ��,Q�WKH�FXUUHQW�YHUVLRQ�RI�WKH�
WRRO�WKHUH�DUH�WZR�SRVVLELOLWLHV�WR�VXSSO\�WKH�EXLOGLQJ�
ORDG�WR�WKH�VLPXODWLRQ��
� ,I� WKH� XVHU� KDV� FUHDWHG� WKH� LGHDO� EXLOGLQJ� ORDG�

ZLWK�D�VXLWDEOH�EXLOGLQJ�VLPXODWLRQ�WRRO��WKLV�ILOH�
FDQ�EH�ORDGHG�XVLQJ�WKH�³%URZVH´�EXWWRQ�DW�WKH�
ORZHU� SDUW� RI� WKH� ZLQGRZ�� 7KH� UHTXLUHG� ILOH�
IRUPDW�LV�D�WH[W�ILOH�ZLWK�KRXUO\�ORDG�GDWD�SODFHG�
LQ� WKH� VHFRQG� FROXPQ�� ZKLOH� WKH� ILUVW� RQH�
LQGLFDWHV�WKH�KRXU��

� )DVW� DQG� VLPSOLILHG� EXLOGLQJ� JHRPHWU\� LQSXW� LV�
DYDLODEOH� IRU� WKH� �� FLWLHV� �6KDQJKDL�� 'XEDL��
%DQJDORUH�DQG�0RVFRZ���/RFDWLRQV�FOLPDWLFDOO\�
VLPLODU�WR�DQ\�RI�WKH�FLWLHV�FDQ�DOVR�XVH�WKLV�IDVW�
LQSXW�� 1DPHO\�� IRU� WKHVH� ORFDWLRQV�� D� GDWDEDVH�
ZLWK� VLQJOH� RIILFH� LGHDO� ORDG� SURILOHV� KDV� EHHQ�
SURYLGHG�E\�/LHGO���������

2
�
SM Selection

�
$IWHU� WKH� XVHU� LQSXWV� WKH� FLW\� DQG� WKH� JHRPHWU\�� RU�
SURYLGHV�DQ�H[WHUQDO�ORDG�GDWD�ILOH��WKH�60�(OLPLQDWRU�
KDV�D�UROH�WR�HOLPLQDWH�WKH�60V�XQVXLWDEOH�IRU�VXFK�D�
ORDG��&XUUHQWO\��KHDWLQJ�V\VWHPV�DUH�HOLPLQDWHG�LI�WKH�

ORFDWLRQ� UHTXLUHV� RQO\� FRROLQJ�� DQG� YLFH� YHUVD�� 7KH�
XVHU�FKRRVHV�WKH�60�WR�EH�RSWLPL]HG��7R�VXSSRUW�WKLV�
VHOHFWLRQ�� EDVLF� LQIRUPDWLRQ� RQ� WKH� V\VWHP� DQG� LWV�
OLPLWDWLRQV� DUH� SURYLGHG�� VXFK� DV� SODFH� UHTXLUHPHQW�
DQG� HQYLURQPHQWDO� FRQVLGHUDWLRQV� �GLVSOD\HG� LQ� ��
)LJXUH����ULJKW��IRU�60����

2a Performance and cost data customization
�

)RU� PRUH� GHPDQGLQJ� XVHUV� WKHUH� LV� D� SRVVLELOLW\� RI�
HGLWLQJ� WKH� SUHVHW� GDWD�� DV� LOOXVWUDWHG� LQ� )LJXUH� ���
+RZHYHU�� RQO\� D� OLPLWHG� VHW� RI� GDWD� LV� FXUUHQWO\�
DFFHVVLEOH�� 7KLV� SULQFLSOH� FRXOG� EH� H[WHQGHG� WR�
FRPSRQHQW�SULFH�IXQFWLRQV�DQG�SHUIRUPDQFH�GDWD��
$IWHU�GHFLGLQJ�RQ�WKH�V\VWHP�WR�HYDOXDWH��WKH�SURFHVV�
FDQ�EH� FRQWLQXHG�E\� UXQQLQJ� HLWKHU� WKH�RSWLPL]DWLRQ�
RU� WKH� VLPXODWLRQ�� 7R� UXQ� WKH� VLPXODWLRQ�� WKH� XVHU�
QHHGV� WR�SURYLGH� WKH�FRPSRQHQW�GLPHQVLRQV��7R� UXQ�
WKH� RSWLPL]DWLRQ�� RQO\� WKH� PRGHOV� ZLWK� VRODU�
FROOHFWRUV� DQG� 39� SDQHOV� UHTXLUH� DGGLWLRQDO� LQSXW��
ZKLFK�FRQVLVWV�RI�WKH�DYDLODEOH�IDoDGH�RU�URRI�DUHD�WR�
PRXQW�WKH�VWDWHG�FRPSRQHQWV��
7KH� GHVFULSWLRQ� FRQWLQXHV� IURP� VWHS� �� �)LJXUH� ���
WKURXJK�DQ�H[DPSOH�RI�WKH�WRRO�XWLOL]DWLRQ��
�

)LJXUH���%DVLF�LQIRUPDWLRQ�IORZ�LQ�WKH�352%$�WRRO��6WHSV��������E�DQG���DUH�REOLJDWRU\��6WHS��D�LV�
RSWLRQDO��

Component 
Dimensions

First Input

Basic Building 
Geometry
Location

(Load Profile
Weather Data)

SM 
Eliminator

Selection

SM, Info

Selection

Input

Component 
Dimensions

Simulator

Results

Optimizer
Optimization

Simulation
Costs

CO2 Emission
Supply Quality

1 2 2b2a 4

Input

Collector/PV 
Area Limits

 Optional Input

SM Performance 
and Cost Data

3

)LJXUH���Left��)LUVW�GDWD�LQSXW��Middle��60�VHOHFWLRQ��Right��60�LQIRUPDWLRQ�ZLQGRZ�

1 2

2b
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�

)LJXUH���2SWLRQDO�XVHU�LQSXW�±�EDVLF�FRVW�GDWD�
FXVWRPL]DWLRQ��

�

$�&$6(�678'<�
7KH� FDVH� VWXG\� VKRZV� KRZ� D� FKDQJH� LQ� EXLOGLQJ�
JHRPHWU\� FDQ� LQIOXHQFH� WKH� SULPDU\� +9$&�
FRPSRQHQW� GLPHQVLRQV�� FRVWV�� DQG� HPLVVLRQV�� $V� DQ�
H[DPSOH�� D� EXLOGLQJ� ZLWK� �����P�� RI� RIILFH� DUHD� LV�
SODQQHG�LQ�'XEDL��7KH�GHVLJQHU�KDV�D�JRDO�WR�UHDFK�D�
VRODU� UDWLR� RI� �����ZKLOH�PLQLPL]LQJ� WKH� WRWDO� FRVW��
)LUVW� WKH� LQLWLDO� GHVLJQ� LV� SUHVHQWHG� DQG� LWV� SULPDU\�
+9$&� V\VWHP� RSWLPL]HG� XVLQJ� 352%$�� $IWHU� WKH�
LQLWLDO� GHVLJQ� IDLOV� WR� UHDFK� WKH� WDUJHW�� DQ� DOWHUQDWLYH�
GHVLJQ�LV�SURSRVHG�DQG�LWV�RSWLPL]DWLRQ�SUHVHQWHG��
7KH�LQLWLDO�EXLOGLQJ���

)LJXUH����KDV����IORRUV��ZLWK�PRUH�RIILFH�DUHD�IDFLQJ�
ZHVW�DQG�HDVW������P��SHU�EXLOGLQJ�IORRU��WKDQ�QRUWK�
DQG�VRXWK� ����P����7KH� LQWHUQDO�]RQH�KDV�DQ�DUHD�RI�
����P��DW�HDFK�IORRU��7KH�ZLQGRZ�DUHD�UDWLR�LV�������
$IWHU� HQWHULQJ� WKH� EXLOGLQJ� JHRPHWU\� LQWR� WKH�
352%$����LOOXVWUDWHG�LQ�)LJXUH���RQ�WKH�OHIW��WKH�60�
VHOHFWRU� HOLPLQDWHV� DOO� WKH� KHDWLQJ� V\VWHPV�� VLQFH�
WKHUH�LV�QR�KHDWLQJ�GHPDQG�LQ�'XEDL��%DVHG�RQ�D�ZLVK�
WR�XWLOL]H�UHQHZDEOHV�� WKH�XVHU�VHOHFWV�60��IHDWXULQJ�
FKLOOHUV�DQG�39V�WR�RSWLPL]H�LW��

 

 
�

)LJXUH���,QLWLDO�GHVLJQ�RI�D����IORRU�EXLOGLQJ�ORFDWHG�
LQ�'XEDL�������P��RI�RIILFH�DUHD��:LQGRZ�DUHD�UDWLR�

LV������
��
�

)LJXUH���Left��6HOHFWLQJ�'XEDL�DV�D�ORFDWLRQ��HQWHULQJ�WKH�EXLOGLQJ�JHRPHWU\��6HOHFWLQJ�YDSRXU�
FRPSUHVVLRQ�FKLOOHUV�ZLWK�39V�WR�FRQGLWLRQ�WKH�EXLOGLQJ��EDVHG�RQ�WKH�LQIRUPDWLRQ�SURYLGHG�LQ�³,QIR´��
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�

)LJXUH���)LQDO�LQSXW�EHIRUH�RSWLPL]DWLRQ��WKH�
WDUJHWHG�VRODU�UDWLR�DQG�PD[LPDO�IDoDGH�DQG�URRI�

DUHDV�DYDLODEOH�IRU�39�SDQHOV��
3 Final Input 

7KH�XVHU�LV�UHTXLUHG�WR�SURYLGH�WKH�39�DUHD�OLPLWV�DQG�
WDUJHW� VRODU� UDWLR�� VHH� )LJXUH� ��� 7KH� URRI� KDV� D�
KRUL]RQWDO�DUHD�RI�����P���RI�ZKLFK�����P��QHHG� WR�
EH�OHIW�IUHH�IRU�RWKHU�XWLOL]DWLRQV��DOORZLQJ�����P��WR�
EH�UHVHUYHG�IRU�39�SDQHOV��

4 Results and Alternative Design 

$IWHU� WKH� RSWLPL]DWLRQ� KDV� FRPSOHWHG�� WKH� ZLQGRZ�
SUHVHQWHG� RQ� WKH� OHIW� VLGH� RI� )LJXUH� �� RSHQV�
DXWRPDWLFDOO\�� ,W� RIIHUV� IRXU� VHWV� RI� UHVXOWV��PLQLPDO�
WRWDO� FRVW�� UXQQLQJ� FRVW�� IXHO� FRQVXPSWLRQ�� DQG�
HPLVVLRQV��7KH�UHVXOWV�IRU�WKH�WRWDO�FRVW�PLQLPL]DWLRQ�
IRU� WKH� LQLWLDO� GHVLJQ� DUH� VKRZQ� LQ� WKH� PLGGOH� RI�
)LJXUH� ��� 7KH� V\VWHP� KDV� DFKLHYHG� D� VRODU� UDWLR� RI�
����DQG�KDV�WKXV�IDLOHG�WR�DFKLHYH�WKH�WDUJHW�RI������
$Q�DOWHUQDWLYH�GHVLJQ� QHHGV� WR�EH�SURSRVHG� LQ�RUGHU�
WR�UHDFK�WKH�VSHFLILHG�WDUJHW��&RUUHFWLRQV�DUH�EDVHG�RQ�
LQIRUPDWLRQ� RQ� RSWLPDO� 39� WLOW� DQJOHV�� �ODWLWXGH�
DQJOHV�FDQ�EH�XVHG��KHUH�ZH�XVHG�WKH�RSWLPXP�IURP�
*UDKRYDF� �������� DQG� JXLGHOLQHV� SURYLGHG� LQ� /LHGO�
��������7KH�PRGLILFDWLRQV� LQ�EXLOGLQJ�GHVLJQ�FRQVLVW�
RI��
� ,QFUHDVLQJ�WKH�URRI�DUHD�IRU�39V�E\�UHGXFLQJ�WKH�

QXPEHU�RI�EXLOGLQJ�IORRUV��
� 7LOWLQJ�WKH�SDUW�RI�WKH�URRI�DW�DQ�RSWLPDO�DQJOH��

7KLV�LQ�DGGLWLRQ�PDNHV�WKH�VRXWK�IDoDGH�VPDOOHU�
WKDQ�WKH�QRUWK��OHDGLQJ�WR�ORZHU�KHDW�JDLQV��

� /LHGO� ������� VWDWHV� WKH� ZHVW� IDoDGH� KDV� WKH�
KLJKHVW� JDLQV� LQ� 'XEDL� ±� WKH� EXLOGLQJ� LV�
UHRULHQWHG�WR�UHGXFH�WKH�RIILFH�DUHD�IDFLQJ�ZHVW���

� /LHGO� ������� SURYLGHV� D� GLDJUDP� ZLWK� WKH�
LQWHUDFWLRQ� EHWZHHQ� WKH� QDWXUDO� OLJKWQLQJ�� WKH�
RIILFH� OHQJWK� DQG� WKH� ZLQGRZ� DUHD� UDWLR�� 7KH�

QHZ� ZLQGRZ� DUHD� UDWLR� RI� ���� KDV� EHHQ�
VHOHFWHG��ZKLFK�SURYLGHV�����OX[��

7KH� SURSRVHG� DOWHUQDWLYH� GHVLJQ� LV� LOOXVWUDWHG� LQ�
)LJXUH����$IWHU� UXQQLQJ� WKH�VDPH� LQSXW�SURFHGXUH�DV�
IRU�WKH�LQLWLDO�GHVLJQ��WKH�UHVXOW�VKRZQ�LQ�WKH�)LJXUH���
RQ�WKH�ULJKW�LV�REWDLQHG��+HUH��WKH�VRODU�UDWLR�WDUJHW�RI�
�����KDV�EHHQ�DFKLHYHG��)XUWKHUPRUH�� WKH� WRWDO�FRVW�
DQQXLW\� KDV� DOVR� GHFUHDVHG�� GXH� WR� WKH� GHFUHDVH� LQ�
UXQQLQJ� FRVWV� EHLQJ� JUHDWHU� WKDQ� WKH� LQFUHDVH� LQ� WKH�
LQYHVWPHQW� FRVW�� $V� H[SHFWHG�� VLJQLILFDQW� FDUERQ�
HPLVVLRQ�VDYLQJV�KDYH�EHHQ�DFKLHYHG��

 

 
)LJXUH���$OWHUQDWLYH�EXLOGLQJ�GHVLJQ��7KH�EXLOGLQJ�
VXUIDFH�DUHD�UHPDLQHG�DSSUR[LPDWHO\�WKH�VDPH��7KH�
VRXWK�RULHQWHG�URRI�WLOW�HTXDOV�WKH�RSWLPDO�DQJOH��

�

3OHDVH�QRWH�WKDW�WKH�FRQVWUXFWLRQ�UHODWHG�FRVW�KDYH�QRW�
EHHQ�WDNHQ�LQWR�DFFRXQW��7KH�H[DPSOH�LQ�XVHG�VROHO\�
WR�LOOXVWUDWH�WKH�XWLOL]DWLRQ�RI�352%$��

&21&/86,21�$1'�287/22.�
7KH�JRDO�ZDV�WR�SURYLGH�D�WRRO��ZKLFK�ZRXOG�KHOS�WR�
IRUHVHH� WKH� LQIOXHQFH� RI� WKH� SUHOLPLQDU\� EXLOGLQJ�
GHVLJQ� GHFLVLRQV� RQ� WKH� RSWLPDO� SULPDU\� +9$&�
FRQILJXUDWLRQ�� 7KLV� ZDV� DFKLHYHG� WKURXJK�
FRQILJXULQJ�D�WHVW�YHUVLRQ�RI�D�WRRO�HQWLWOHG�352%$��
352%$�SURYLGHV�JXLGDQFH�LQ�WHUPV�RI�XVHU�LQSXW�DQG�
60�VHOHFWLRQ�EHIRUH� UXQQLQJ� WKH�RSWLPL]DWLRQ�RU� WKH�
VLPXODWLRQ�� 7KH� XQGHUO\LQJ� PRGHOLQJ� DQG�
RSWLPL]DWLRQ�PHWKRG� HQDEOHV� LQIRUPLQJ� WKH�GHVLJQHU�
RI�WKH�VXLWDEOH�SULPDU\�+9$&�FRQILJXUDWLRQ��LWV�VL]H��
FRVWV�� FRQVXPSWLRQ� DQG� HPLVVLRQV� YHU\� HDUO\� LQ� WKH�
EXLOGLQJ� GHVLJQ� SURFHVV�� 7KH� VDPH� LQIRUPDWLRQ� FDQ�
EH� SURYLGHG� IRU� HDFK� FRQVHFXWLYH� GHVLJQ� YDULDWLRQ��
WKXV� LOOXPLQDWLQJ� DQG� TXDQWLI\LQJ� WKH� FRQVHTXHQFHV�
WKDW� D� FHUWDLQ� GHVLJQ� GHFLVLRQ� KDV� RQ� WKH� SULPDU\�

3
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+9$&� SHUIRUPDQFH�� GLPHQVLRQV� DQG� FRQILJXUDWLRQ��
:KHUH� WKH� EXLOGLQJ� GHVLJQ� UHPDLQV� XQFKDQJHG�� WKH�
XVHU� FDQ� VLPSO\� FRPSDUH� WKH� UHVXOWLQJ� FRVWV� DQG�
HPLVVLRQV�IRU�GLIIHUHQW�60�FRQILJXUDWLRQV���
,Q�WKH�H[DPSOH�SUHVHQWHG��D�FRPSDULVRQ�RI�WZR�FRDUVH�
EXLOGLQJ� GHVLJQV� ZDV� SHUIRUPHG�� $� VHW� RI�
WUDQVIRUPDWLRQ� PHDVXUHV� KHOSHG� WR� UHGXFH� WKH�
GHPDQG� DQG� LQFUHDVH� WKH� VRODU� JDLQV�� HQDEOLQJ� WKH�
QHZ� GHVLJQ� WR� UHDFK� WKH� WDUJHWHG� VRODU� UDWLR�� ZKLFK�
IDLOHG�ZKHQ�XVLQJ�WKH�LQLWLDO�EXLOGLQJ�GHVLJQ��
,Q� WKH� FDVH� RI� D� VLPSOH� V\VWHP�� WKH� WRRO��
XWLOL]DWLRQ� LV� FRPSDUDEOH� WR� UHFHLYLQJ� SUHOLPLQDU\�
UHFRPPHQGDWLRQV� IURP� DQ� +9$&� HQJLQHHU�� DV� LI�
KH�VKH� ZRXOG� EH� DYDLODEOH� WR� WKH� DUFKLWHFW� DOO� WKH�
WLPH�� )XUWKHU� EHQHILWV� DUH� JDLQHG�ZLWK� WKH� LQFUHDVHG�
XWLOL]DWLRQ� RI� FRPSOH[� K\EULG� V\VWHPV�� GXH� WR� WKH�
GLIILFXOW\� LQ� H[SHULHQFH�EDVHG� LQLWLDO� GLPHQVLRQLQJ��
+RZHYHU�� WKH� UHVXOWV� REWDLQHG� DUH� WR� EH� FRQVLGHUHG�
ZLWK�FDUH��DV�UHFRPPHQGDWLRQ�DQG�RULHQWDWLRQ�YDOXHV��
VLQFH�WKH�PHWKRG�KDV�QRW�EHHQ�YHULILHG�LQ�SUDFWLFH��
)XUWKHU� LPSURYHPHQWV� DUH� QHHGHG� LQ� WKH� DUHD� RI� WKH�
WKHUPDO� GLVWULEXWLRQ� ORVVHV�� DQG� 60V� VKRXOG� EH�
FRQILJXUHG� DXWRPDWLFDOO\� EDVHG� RQ� WKH� RSWLPL]DWLRQ�
JRDO�� EXLOGLQJ� VL]H� DQG� FOLPDWH��$� VHULHV�RI� WHVW� DQG�
LPSURYHPHQWV�� ERWK� LQ� WHUPV� RI� VRIWZDUH�
GHYHORSPHQW� DQG� LQ� WHUPV� RI� DSSOLFDELOLW\�� DUH�
UHTXLUHG�WR�XSJUDGH�352%$�LQWR�D�UHOLDEOH�WRRO��

5()(5(1&(6�
&DUULHU� 6RIWZDUH� 6\VWHPV�� ������ +RXUO\� $QDO\VLV�

3URJUDP��+$3���
&,%6(�� ������ �� 5HQHZDEOH� (QHUJ\� 6RXUFHV�

(VWLPDWLRQ�7RRO��5(6(7��
'2(� �8QLWHG� 6WDWHV� 'HSDUWPHQW� RI� (QHUJ\��� ������

(QHUJ\3OXV��YHUVLRQ��������
)DEUL]LR��(��������0RGHOLQJ�RI�PXOWL�HQHUJ\�V\VWHPV�

LQ�%XLOGLQJV�� 3K'� WKHVLV�� 3ROLWHFQLFR� GL� 7RULQR��
7RULQR��,WDO\��

*UDKRYDF��0�� ������ 0RGHOLQJ� DQG� 2SWLPL]DWLRQ� RI�
(QHUJ\� *HQHUDWLRQ� DQG� 6WRUDJH� 6\VWHPV� IRU�
7KHUPDO� &RQGLWLRQLQJ� RI� %XLOGLQJV� 7DUJHWLQJ�
&RQFHSWXDO� %XLOGLQJ� 'HVLJQ�� 3K'� 7KHVLV�� 78�
0�QFKHQ��0XQLFK��*HUPDQ\��

*UDKRYDF��0���/LHGO��3���)ULVFK��-���7]VFKHXWVFKOHU��3��
������ %RLOHU�� 7KHUPDO� 6WRUDJH� DQG� 6RODU�
&ROOHFWRU��(QHUJ\�%DODQFH�%DVHG�0RGHO� DQG� LWV�
2SWLPL]DWLRQ��%XLOGLQJ�6LPXODWLRQ�������6LGQH\��
$XVWUDOLD��

+LUVFK��-�� ������ H4XHVW�� 7KH� 4XLFN� (QHUJ\�
6LPXODWLRQ�7RRO��

+LUVFK��-�-��	�$VVRFLDWHV��/%1/��������2YHUYLHZ�RI�
'2(������8QLYHUVLW\�RI�&DOLIRUQLD� DQG� -DPHV� -��
+LUVFK��&DPDULOOR��&$��86$��

/DPEHUW��7��� *LOPDQ��3��� /LOLHQWKDO��3�� ������
0LFURSRZHU� V\VWHP� PRGHOLQJ� ZLWK� +20(5��
,QWHJUDWLRQ� RI� $OWHUQDWLYH� 6RXUFHV� RI� (QHUJ\�� ��
-RKQ�:LOH\�	�6RQV��,QF��

/LHGO��3�� ������ ,QWHUDFWLRQ� &OLPDWH±+XPDQ±
%XLOGLQJ�� 3ODQQLQJ� WRROV� IRU� RIILFH� EXLOGLQJV� LQ�
GLIIHUHQW� FOLPDWH� ]RQHV� LQ� WKH� FRQWH[W� RI� URRP�
FOLPDWH� DQG� HQHUJ\� ZLWK� D� GHWDLOHG� FOLPDWH�
DQDO\VLV�� 3K'� 7KHVLV�� 78� 0�QFKHQ�� 0XQLFK��
*HUPDQ\�

/XHUVHQ��0��$��� /H�5LFKH��5�� ������ *OREDOL]HG�
1HOGHU�0HDG� PHWKRG� IRU� HQJLQHHULQJ�
2SWLPL]DWLRQ�� ,Q� 3URFHHGLQJV� RI� ,&(&7¶����
(GLQEXUJK��8.��

0DWK:RUNV��������0$7/$%��7KH�0DWK:RUNV�,QF��
1DWXUDO�5HVRXUFHV�&DQDGD��������5(76FUHHQ���&OHDQ�

(QHUJ\�3URMHFW�$QDO\VLV�6RIWZDUH��
7UDQH��������75$&(������+9$&� ORDG�GHVLJQ� DQG�

DQDO\VLV�VRIWZDUH��
7516<6� 'RFXPHQWDWLRQ�� ������ 6RODU� (QHUJ\�

/DERUDWRU\�� 8QLYHUVLW\� RI� :LVFRQVLQ�0DGLVRQ��
0DGLVRQ��:,��86$��

)LJXUH���Left: Results for all objective functions are available – total cost minimization is selected 
and the results for the initial building can be viewed (Middle). Right: The results for the alternative 

design. With this new design the target has been reached.�

4

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 1124 -



Weather data
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Starting optimization
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8760

Energy consumptionPenalizing failure to 
reach solar ratio

Penalizing not satisfying 
demand

CO2 emission Cost of energy

Running cost

Total cost

Min?

Parameter analysis
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Optimized 
component sizes,
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running costs,
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data (efficiency, COP);
Chiller type (e.g. centrifugal, 
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or panel heating).
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Rates: interest, price 
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CO2 emisssions for fuels
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)LJXUH���2YHUDOO�SURFHVV�IORZ��H[WHUQDO�GDWD�IORZ�LQWR�WKH�RSWLPL]HU�ZKLFK�UXQV�WKH�VLPXODWRU�WR�\LHOG�WKH�UHVXOW��
%OXH�FRQQHFWLRQ�OLQHV�EHORQJ�WR�WKH�RSWLPL]HU��UHG�WR�WKH�VLPXODWRU��ZKLFK�FRQVLVWV�RI�SLQN�60�SHUIRUPDQFH�

SURFHVVHV��JUHHQ�FRVW�DQG�HPLVVLRQ�FDOFXODWLRQ�SURFHVVHV�DQG�JUH\�REMHFWLYH�GHILQLWLRQ�SURFHVVHV��'RWWHG�OLQHV�
UHSUHVHQW�60�VSHFLILF�LQSXWV�DQG�SURFHVVHV��(DFK�RI�WKH�GDVKHG�OLQHV�FRQQHFWV�D�YDOXH�WKDW�DGGHG�WR�WKH�SHQDOWLHV�

GHILQHV�RQH�REMHFWLYH�IXQFWLRQ��
�
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