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VDYLQJV� HVWLPDWHV�� WKLV� SDSHU� SURSRVHV� DQ� H[SDQGHG�
YLVLRQ� IRU� DQ� HQHUJ\� PRGHOHU¶V� DSSURDFK� WR� WKHLU�
ZRUN�� &XUUHQW� DQG� IXWXUH� HIIRUWV� DUH� SUHVHQWHG� WKDW�
VXSSRUW� D� PRGHOHU¶V� DELOLW\� WR� PHHW� LQYHVWRU�
LQIRUPDWLRQDO� QHHGV�� � 6SHFLILFDOO\�� LW� DGGUHVVHV�
FULWLFDO�DUHDV�DQG�FRQWULEXWLRQV�LQ�WKUHH�FDWHJRULHV�����
FUHGHQWLDOLQJ�� ��� PHWKRGV� DQG� SURFHVVHV�� DQG� ���
VLPXODWLRQ� DQDO\VLV�� 8QGHUVWDQGLQJ� DQG� DGGUHVVLQJ�
LQYHVWRU�FRQFHUQV�DERXW�PRGHOLQJ� LQ� WKHVH�DUHDV�FDQ�
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:KROH�EXLOGLQJ� VLPXODWLRQ� VRIWZDUH� SURJUDPV� KDYH�
H[LVWHG�IRU�RYHU�IRUW\�\HDUV��+DEHUO���������,Q�WKH�ODVW�
GHFDGH� KRZHYHU�� WKH� 8�6�� KDV� VHHQ� WKH� GHPDQG� IRU�
EXLOGLQJ� HQHUJ\� PRGHOLQJ� VHUYLFHV� LQFUHDVH�
H[SRQHQWLDOO\� GXH� WR� WKH� H[SORVLRQ� RI� LQWHUHVW� LQ�
JUHHQ�EXLOGLQJ�FHUWLILFDWLRQ�SURJUDPV���
7KH�8QLWHG�6WDWHV�*UHHQ�%XLOGLQJ�&RXQFLO��86*%&��
ILUVW� UHOHDVHG� LWV� /HDGHUVKLS� LQ� (QHUJ\� DQG�
(QYLURQPHQWDO� 'HVLJQ� 1HZ� &RQVWUXFWLRQ� �/(('�
1&�� UDWLQJ� V\VWHP� LQ� ������ 6LQFH� WKHQ� LW� KDV�
XQGHUJRQH� WKUHH� UHYLVLRQV�� ZLWK� D� IRXUWK� YHUVLRQ�
XQGHU�GHYHORSPHQW� �*%&,���������7R�REWDLQ� FULWLFDO�
FHUWLILFDWLRQ� SRLQWV� HPEHGGHG� ZLWKLQ� WKH� HQHUJ\�
HIILFLHQF\� FUHGLW� RI� /(('�1&�� ODUJH� EXLOGLQJV�ZLWK�
JURVV� IORRU� DUHDV� JUHDWHU� WKDQ� �������� VTXDUH� IHHW�
������� VTXDUH� PHWHUV�� UHTXLUH� ZKROH�EXLOGLQJ�
VLPXODWLRQ�DQDO\VLV��'DWD�VKRZQ�LQ�)LJXUH���LOOXVWUDWH�
WKH�JURZWK�LQ�SURMHFWV�RI�WKLV�VL]H�DQG�FRUUHVSRQGLQJ�
GHPDQG�IRU�PRGHOLQJ�VHUYLFHV��86*%&���������$V�D�
UHVXOW��EXLOGLQJ�VLPXODWLRQ�PRGHOLQJ�KDV�HPHUJHG�DV�
D� YDOXHG� HIILFLHQF\� VHUYLFH� DQG� SUDFWLWLRQHUV� DUH�
EHLQJ�LGHQWLILHG�DV�LPSRUWDQW�FRQWULEXWRUV�IRU�PHHWLQJ�
EXLOGLQJ�VHFWRU�HIILFLHQF\�WDUJHWV��'2(�����������

�
Figure 1: Increasing interest in LEED 
certification led to the exponential growth in the 
modeling service market  
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/(('�1&�KDV�KDG�D� WUDQVIRUPDWLRQDO� LPSDFW�RQ� WKH�
GHPDQG� DQG� GHOLYHU\� RI� QHZ� FRPPHUFLDO� EXLOGLQJ�
PRGHOLQJ�VHUYLFHV��,Q�WKH�8�6���WKH�PRGHOLQJ�GHPDQG�
VSDUNHG� E\� /(('� KDV� PRYHG� PRGHOLQJ� IURP� LWV�
UHVHDUFK� URRWV� LQWR� D� EORVVRPLQJ� SULYDWH�VHFWRU�
RIIHULQJ�� +RZHYHU�� LQ� LWV� FXUUHQW� IRUP�� /(('� GRHV�
QRW� EXLOW� D� VWURQJ� EULGJH� EHWZHHQ� GHVLJQ� LQWHQW� DQG�
DFKLHYHG� SHUIRUPDQFH�� ,Q� PDQ\� LQVWDQFHV��
VLPXODWLRQV� DUH� XVHG� IRU� FHUWLILFDWLRQ� SXUSRVHV� DQG�
QRW� IRU� RSWLPL]LQJ� WKH� HIILFLHQF\� RI� WKH� EXLOGLQJ�
GHVLJQ��
/(('� 1&� IRFXVHV� RQ� GHVLJQ� HYDOXDWLRQ�� /(('�
([LVWLQJ�%XLOGLQJ�2SHUDWLQJ�	�0DLQWHQDQFH� �/(('�
(%20�� IRFXVHV� RQ� DFWXDO� SHUIRUPDQFH�� EXW� LW� GRHV�
QRW�PDQGDWH�WKH�XVH�RI�ZKROH�EXLOGLQJ�PRGHOLQJ��$V�
D� UHVXOW�� /(('� KDV� IRVWHUHG� D� GHPDQG� ELDV� LQ�
PRGHOLQJ� VHUYLFHV�� 0RGHOHUV� DUH� KLUHG� WR� PDNH�
GHVLJQ� FRPSDULVRQV� WR� VXSSRUW� FHUWLILFDWLRQ�� 7KH\�
UDUHO\�DUH�DVNHG�WR�DGDSW�WKH�GHVLJQ�PRGHOV�WR�LQIRUP�
RSHUDWLRQ�RU�YHULI\�SHUIRUPDQFH����
(YLGHQFH� RI� UDGLFDO� LPSURYHPHQWV� LQ� DFKLHYHG�
EXLOGLQJ�HIILFLHQF\�KDV�EHHQ�SXEOLVKHG�LQ�WKH�ODVW�IHZ�
\HDUV��7KH�1HZ�%XLOGLQJV� ,QVWLWXWH� LQ������UHSRUWHG�
RQ� WKH� VWDWXV� RI� FRPPHUFLDO� =HUR� (QHUJ\�%XLOGLQJV�
�=(%�� LQ� WKH� 8�6�� �1%,�� ������� 7ZHQW\�RQH� QHZ�
EXLOGLQJV� KDG� VXIILFLHQW� GRFXPHQWDWLRQ� WR� EH�
LQFOXGHG� ZLWKLQ� WKH� VWXG\�� 7KHLU� HQHUJ\� XVH� UDQJHG�
IURP��� WR����N%WX�IW�� \HDU� ����� WR�����0-�P��\HDU��
EHIRUH� UHQHZDEOHV� DUH� DSSOLHG� DQG� LQFUHPHQWDO�
FRQVWUXFWLRQ�FRVWV�UDQJHG�IURP����WR������$OWKRXJK�
WKH�VL]H�RI�EXLOGLQJV�LQ�WKH�JURXS�DUH�UHODWLYHO\�VPDOO�
�OHVV� WKDQ� ������� IW�� RU� ������ P���� WKH\� DUH�
FRPSDUDEOH� WR� WKH�DYHUDJH� IRU�FRPPHUFLDO�EXLOGLQJV�
DV�UHSRUWHG�E\�WKH������&RPPHUFLDO�%XLOGLQJ�(QHUJ\�
&RQVXPSWLRQ� 6XUYH\� �&%(&6��� &%(&6� UHSRUWV� WKH�
DYHUDJH� HQHUJ\�XVH�RI�8�6�� FRPPHUFLDO� EXLOGLQJV� DW�
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���N%WX�IW�� \HDU� ������0-�P��\HDU���7KXV� EXLOGLQJV�
GHVLJQHG�WR�EH�=(%�UHTXLUH�RQO\�����WR�����RI�WKH�
HQHUJ\�RI�D�W\SLFDO�H[LVWLQJ�EXLOGLQJ���
2QO\��� RXW� RI� WKH� ���EXLOGLQJV� LQFOXGHG� LQ� WKH�1%,�
VWXG\� ZHUH� H[LVWLQJ� EXLOGLQJV�� ZKLFK� UHIOHFW� WKHLU�
VORZHU�XSWDNH�IRU�DFKLHYLQJ�=(%�VWDWXV��1RQHWKHOHVV��
WKH�RSSRUWXQLWLHV�IRU�VDYLQJV�LQ�H[LVWLQJ�EXLOGLQJV�DUH�
YDVW��5HFHQWO\��WKH�5RFNHIHOOHU�)RXQGDWLRQ�YDOXHG�WKH�
8�6�� FRPPHUFLDO� EXLOGLQJ� UHWURILW� PDUNHW� DW� �����
ELOOLRQ� EDVHG� RQ� LPSOHPHQWLQJ� LPSURYHPHQWV� WR�
DFKLHYH�����HQHUJ\�VDYLQJV�LQ�EXLOGLQJV�EXLOW�EHIRUH�
������ 7KH� VWXGLHG� HVWLPDWHG� WKDW� UHDOL]LQJ� WKH�
LQYHVWPHQW�SRWHQWLDO�ZRXOG�\LHOG����WULOOLRQ�LQ�HQHUJ\�
FRVW� VDYLQJV� RYHU� D� ���\HDU� SHULRG� �5RFNHIHOOHU��
���������
7KH� VWXG\� DOVR� UHSRUWV� RQ� SURPLVLQJ� QHZ� ILQDQFLQJ�
PRGHOV� WKDW� FDQ� VXSSRUW� VFDOHG� LQYHVWPHQWV� LQ�
HIILFLHQF\�� 2QH� H[DPSOH� LV� DQ� HQHUJ\� VDYLQJV�
DJUHHPHQW� �(6$��� 7KLV� PHFKDQLVP� LV� GHSLFWHG� LQ�
)LJXUH����,W�LQYROYHV�D�ILQDQFLHU�GHYHORSHU��)�'��WKDW�
IXQGV�WKH�UHWURILW��RZQV�WKH�LPSURYHPHQWV��DQG�WDNHV�
UHVSRQVLELOLW\� IRU� GHOLYHULQJ� WKH� EXLOGLQJ¶V� HQHUJ\�
VHUYLFHV�� 7KH� RZQHU�PDNHV� UHJXODU� SD\PHQWV� WR� WKH�
)�'��W\SLFDOO\�LQ�DQ�DPRXQW�HTXDO�WR�KLVWRULFDO�XWLOLW\�
ELOOV��:LWK�DQ�(6$�� WKH�)�'�LV�PRWLYDWHG� WR�DFKLHYH�
WKH� WDUJHWHG� SURMHFW� VDYLQJV� LQ� RUGHU� WR� PHHW� LWV�
GHVLUHG�UHWXUQ�RQ�LQYHVWPHQW��52,���

�
Figure 2: ESA is a new financial model that 
supports scaling investments in efficiency 
�
:KLOH� WKH� (6$� PD\� DSSHDU� VLPLODU� WR� FXUUHQW�
ILQDQFLQJ� VFKHPHV� VXFK� DV� HQHUJ\� VHUYLFHV�
SHUIRUPDQFH� FRQWUDFWV� �(63&V��� LW� GLIIHUV� LQ� VHYHUDO�
LPSRUWDQW�ZD\V��0RWLYDWHG� E\�52,�� WKH� ILQDQFLHU� LQ�
DQ�(6$�PXVW� DJJUHJDWH� HIILFLHQF\� VHUYLFHV�ZLWK� WKH�
LQWHQWLRQ� RI� GHOLYHULQJ� D� WDUJHWHG� SHUIRUPDQFH�� $Q�
(63&� LV� W\SLFDOO\� IXQGHG� WKURXJK� D� EDQN� ZLWK� D�
IL[HG�UDWH� ORDQ�� ZKLFK� LV� VHFXUHG� EDVHG� RQ� WKH�
RZQHU¶V�FUHGLW�UDWLQJ��7KURXJK�DQ�(6$��WKH�ILQDQFLHU�
LV� ZLOOLQJ� WR� DFFHSW� SURMHFW� ULVN� LI� LW� PLJKW� LQFUHDVH�
WKH� 52,�� 7KLV� LV� LQ� FRQWUDVW� WR� D� SURMHFW� ILQDQFHG�
WKURXJK� D� IL[HG�UDWH� ORDQ�� ZKLFK� SURYLGHV� QR�
LQFHQWLYH� WR� WKH� EDQN� WR� DFFHSW� DGGLWLRQDO� ULVN� IRU�
JUHDWHU�UHWXUQ��$V�D�UHVXOW��(6$V�DUH�PRUH�OLNHO\�WR�EH�
KROLVWLF� DQG� OHDG� WR� GHHSHU� UHWURILWV�� LQFUHDVHG�
VDYLQJV�� DQG� KLJKHU� 52,�� %XW� IRU� (6$V� WR� VXFFHHG��
WKH�)�'�QHHGV�WR�LGHQWLI\�DQG�PDQDJH�HQHUJ\�VDYLQJV�
SHUIRUPDQFH�ULVN��7DNLQJ�WKHVH�FRQFHUQV�LQWR�DFFRXQW�
ZLOO�VSDZQ�D�QHZ�OHYHO�RI�ULJRU�LQ�HIILFLHQF\�VHUYLFHV��

(6$V� DUH� RQH� H[DPSOH� RI� EXLOGLQJ� HQHUJ\� VDYLQJV�
PHFKDQLVPV� WKDW� ZRXOG� EHQHILW� IURP� KHLJKWHQHG�
LQYHVWRU� FRQILGHQFH� EHVWRZHG� WKURXJK� LPSURYHG�
SHUIRUPDQFH�PRGHOLQJ��

02'(/,1*�)25�,19(6725�
&21),'(1&(�
7KH�LQYHVWPHQW�RSSRUWXQLWLHV�IRU�EXLOGLQJ�HIILFLHQF\��
DORQJ�ZLWK� LWV�DVVRFLDWHG�HQYLURQPHQWDO�EHQHILWV�DQG�
MRE� FUHDWLRQ�� KDYH� FDSWXUHG� WKH� LQWHUHVW� RI� VHYHUDO�
LQIOXHQWLDO� DQG� IRUZDUG�ORRNLQJ� RUJDQL]DWLRQV��
LQFOXGLQJ�WKH�(QYLURQPHQWDO�'HIHQVH�)XQG��(')����
7ZR� \HDUV� DJR�� (')� LQLWLDWHG� WKH� ,QYHVWRU�
&RQILGHQFH� 3URMHFW� �,&3�� WR� DGGUHVV� WKH� LVVXH� RI�
VDYLQJV� SHUIRUPDQFH� ULVN� LQ� )�'� SURMHFWV�� 7KH� ,&3�
REMHFWLYH� LV� WR� VHW� WKH� VWDQGDUG� RI� FDUH� IRU� HQHUJ\�
VHUYLFHV� WKDW� VXSSRUW� LQYHVWRU�GHYHORSHU� SURMHFWV��
5HFHQWO\�� D�ZRUNLQJ�YHUVLRQ�RI� WKH� ,&3�SURWRFRO� IRU�
ODUJH� FRPPHUFLDO� EXLOGLQJV� �(QHUJ\� (IILFLHQF\�
3HUIRUPDQFH� 3URWRFRO� ±� /DUJH� &RPPHUFLDO�� ZDV�
UHOHDVHG� �(')�� ������� 7KH� ³6DYLQJV� &DOFXODWLRQV´�
VHFWLRQ�SHUWDLQV�WR�EXLOGLQJ�SHUIRUPDQFH�PRGHOLQJ��,W�
RXWOLQHV� QRPLQDO� UHTXLUHPHQWV� DQG� SURFHGXUHV� IRU�
FUHGHQWLDOLQJ� WKH� PRGHOHU�� GHYHORSPHQW� RI�
LQSXW�RXWSXW� GDWD�� FDOLEUDWLRQ�� DQG� UHSRUWLQJ�� ,WV�
VSHFLILFDWLRQV�DUH�RXWOLQHG�LQ�)LJXUH����,Q�WKH�DXWKRUV¶�
YLHZ�� WKH� UHTXLUHPHQWV� DUH� QRW� RYHUO\� VWULQJHQW� EXW�
HPSKDVL]H� WUDQVSDUHQF\� LQ� DVVXPSWLRQV�� PHWKRGV��
DQG�GRFXPHQWDWLRQ���
�

�
Figure 3: Specifications outlined for Energy 
Savings Estimates to Satisfy the EDF ICP Large 
Commercial Energy Efficiency Performance 
Protocol� 
�
7KHVH� SURJUHVVLYH� HIIRUWV� WR� VFDOH� HIILFLHQF\� KLQW� DW�
UHTXLUHPHQWV� WKDW� ZLOO� OLNHO\� HPHUJH� IRU� PRGHOLQJ�
SUDFWLWLRQHUV�� :H� DQWLFLSDWH� WKDW� LQYHVWRUV¶�
LQIRUPDWLRQ� UHTXLUHPHQWV� ZLOO� LPSDFW� WKH� PRGHOLQJ�
PDUNHW� DQG� WKH� HYROXWLRQ� RI� VHUYLFHV� DV� RXWOLQHG� LQ�
7DEOH�����
0RGHOLQJ� VHUYLFHV� IRU� FHUWLI\LQJ� DQ� HQHUJ\�HIILFLHQW�
EXLOGLQJ� GHVLJQ� �H�J�� /(('� 1&�� (QHUJ\�(IILFLHQW�
&RPPHUFLDO�%XLOGLQJ�)HGHUDO�7D[�'HGXFWLRQ��XWLOLW\�
HIILFLHQF\� SURJUDPV�� IRFXV� RQ� EDVHOLQH� PRGHO�
GHYHORSPHQW��UDWLQJ�V\VWHP�LQWHUSUHWDWLRQV��DQG�FUHGLW�
VXEPLWWDO� DFFHSWDQFH�� 7KHVH� IRFXV� DUHDV� FRQWUDVW�
WKRVH� UHTXLUHG� IRU� DQ� LQYHVWRU�ILQDQFHG� HIILFLHQF\�
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SURMHFW�� ZKLFK� KHDYLO\� UHOLHV� RQ� VDYLQJV� ULVN�
DVVHVVPHQW��WUDQVSDUHQF\�RI�PHWKRGV��DQG�WKLUG�SDUW\�
WHFKQLFDO�UHYLHZ����
�
Table 1: Market Drivers for Modeling Services1  

Market 
Driver 

Modeler Requirements  
and Focus Areas 

5HVHDUFK� 'HHS�NQRZOHGJH�RI�EXLOGLQJ�VFLHQFH�
.QRZOHGJH�RI�PRGHOLQJ�DOJRULWKPV�
6LPXODWLRQ�VRIWZDUH�H[SHUWLVH�
6LPXODWLRQ�VRIWZDUH�GHYHORSPHQW�
3URWRW\SH�EXLOGLQJ�FKDUDFWHUL]DWLRQ�
%DWFK�UXQ�DQDO\VLV��
3UH��DQG�SRVW�SURFHVVLQJ�
2SSRUWXQLW\�DVVHVVPHQW�

(IILFLHQW�
'HVLJQ�
&HUWLILFDWLRQ�

%DVLF�NQRZOHGJH�RI�EXLOGLQJ�VFLHQFH�
6LPXODWLRQ�VRIWZDUH�H[SHUWLVH�
.QRZOHGJH�RI�FHUWLILFDWLRQ�EDVHOLQH��
%DVHOLQH�EXLOGLQJ�PRGHO�FUHDWLRQ�
3URSRVHG�GHVLJQ�PRGHO�FUHDWLRQ�
([FHSWLRQDO�FDOFXODWLRQ�SURFHGXUHV�
&UHGLW�VXEPLWWDO�IRUP�FRPSOHWLRQ�
&UHGLW�GRFXPHQWDWLRQ�UHTXLUHPHQWV�

,QYHVWRU�
)LQDQFLQJ�

&HUWLILHG�HQHUJ\�PRGHOHU�
'HHS�NQRZOHGJH�RI�EXLOGLQJ�VFLHQFH�
.QRZOHGJH�RI�PRGHOLQJ�DOJRULWKPV�
6LPXODWLRQ�VRIWZDUH�H[SHUWLVH�
.QRZOHGJH�RI�KROLVWLF�GHVLJQ�VROXWLRQV�
.QRZOHGJH�RI�SHUIRUPDQFH�ULVN�DVVRFLDWHG�
ZLWK�LQSXW�DVVXPSWLRQV��PRGHOLQJ�
DOJRULWKPV��DQG�((0V�

.QRZOHGJH�RI�YDOXH�EH\RQG�FRVW�VDYLQJV�
�H�J��FRPIRUW��KHDOWK��FRQWURO��UHOLDELOLW\���

�
(DUO\� LQGLFDWRUV� RI� WKH� FKDQJHV� DIRRW� DUH� UHYHDOHG�
WKURXJK� WKH� (')� ,&3� DQG� LQYHVWRU� ILQDQFLQJ�
FRQFHUQV��7KHLU� UHTXLUHPHQWV�SURYLGH�D�JOLPSVH� LQWR�
WKH�IXWXUH�PRGHOLQJ�PDUNHW��7R�PHHW�WKHVH�HPHUJLQJ�
PDUNHWV��WKH�PRGHOLQJ�RIIHULQJV�PXVW�VWDUW�WR�DGGUHVV��
 0RGHOHU� FUHGHQWLDOLQJ� WKURXJK� SURIHVVLRQDO�

FHUWLILFDWLRQ�DQG�UHYLHZ�RI�SDVW�SHUIRUPDQFH�
 'RFXPHQWDWLRQ� DQG� DVVRFLDWHG� ULVN� DVVHVVPHQW�

RI�LQSXW�DVVXPSWLRQV�
 6SHFLILHG�FDOLEUDWLRQ�FULWHULD�
 5LVN� PDQDJHPHQW� SODQV� IRU� HQHUJ\� HIILFLHQF\�

PHDVXUHV�
 $VVHVVPHQW�RI�YDOXH�EH\RQG�HQHUJ\�FRVW�VDYLQJV�
 ,QGHSHQGHQW� WKLUG�SDUW\� UHYLHZ� RI� DQDO\VLV� DQG�

ILQGLQJV�
�
0RGHOLQJ�IRU� LQYHVWRU�FRQILGHQFH� LV�QRW�D�QHZ�WRSLF�
IRU� WKH� EXLOGLQJ� VLPXODWLRQ� LQGXVWU\�� EXW� HPHUJLQJ�
PDUNHW� IRUFHV²DORQJ� ZLWK� WKHLU� DVVRFLDWHG�
UHTXLUHPHQWV� IRU� PRGHOLQJ� VHUYLFHV²DUH� FKDQJLQJ�
WKH� ODQGVFDSH�� � -XVW� DV� JURZLQJ� LQWHUHVW� LQ� JUHHQ�
EXLOGLQJ� FHUWLILFDWLRQ� VSDZQHG� D� QHZ� PRGHOLQJ�
PDUNHW��LQYHVWRU�ILQDQFLQJ�ZLOO�DV�ZHOO��,W�ZLOO�UHTXLUH�

������������������������������������������������������������
1 Based  on  the  authors’  experience 

PRGHOHUV�WR�UHIRFXV�WKHLU�DSSURDFK��,W�ZLOO�QHFHVVLWDWH�
PRGHOHUV� WR� JURXQG� WKHLU� ZRUN� LQ� EXLOGLQJ� VFLHQFH�
DQG�EH�DZDUH�RI�VLPXODWLRQ�DOJRULWKPV��'RLQJ�VR�ZLOO�
HQDEOH� WKHP� WR� EHWWHU� LGHQWLI\� DQG� DGGUHVV� WKH�
SRWHQWLDO�SHUIRUPDQFH� ULVN�DVVRFLDWHG�ZLWK�HVWLPDWHG�
VDYLQJV� YDOXHV�� $GGUHVVLQJ� ULVN� ZLOO� DOVR� SURPRWH�
LQFUHDVHG� DFFRXQWDELOLW\� DQG� WKH� GHVLJQDWLRQ� RI�
SHUIRUPDQFH� UHVSRQVLELOLW\� DFURVV� WKH� SURMHFW�� $V� D�
UHVXOW��HQHUJ\�VHUYLFH�SURYLGHUV�ZLOO�QHHG�WR�GHYHORS�
FOHDU�� LQWHJUDWHG�ZRUN� IORZV�WKDW�VSDQ�IURP�EXLOGLQJ�
RSSRUWXQLW\� DVVHVVPHQW� WR� GHVLJQ� HYDOXDWLRQ� DQG�
SRVW�RFFXSDQF\�YHULILHG�SHUIRUPDQFH���

&5('(17,$/,1*�
([WHQVLYH�TXDOLW\�DVVXUDQFH�FKHFNLQJ�FDQ�KHOS�HQVXUH�
WKDW� PRGHOLQJ� PHWKRGV�� UHVXOWV�� DQG� ILQGLQJV� DUH�
UHDVRQDEOH�� +RZHYHU�� LI� D� UHYLHZ� UHYHDOV�
VKRUWFRPLQJV��WKHUH�PD\�EH�OLPLWHG�WLPH�IRU�UHFRXUVH��
7KHUHIRUH�� FUHGHQWLDOLQJ�D�PRGHOHU�PD\�EH� WKH�PRVW�
HIIHFWLYH� ZD\� WR� LQFRUSRUDWH� GXH� GLOLJHQFH� WKDW�
EROVWHUV�LQYHVWRU�FRQILGHQFH�LQ�SURMHFWV����
Certification 
0RGHOHU� FRPSHWHQFH� FDQ� EH� GHPRQVWUDWHG� WKURXJK�
SURIHVVLRQDO� FHUWLILFDWLRQV�� SURMHFW� H[SHULHQFH��
WUDLQLQJV�� DQG� HGXFDWLRQ�� &XUUHQWO\� LQ� WKH� 8�6��� WKH�
$PHULFDQ�6RFLHW\�RI�+HDWLQJ��5HIULJHUDWLRQ�DQG�$LU�
&RQGLWLRQLQJ� (QJLQHHUV� �$6+5$(�� DQG� WKH�
$VVRFLDWLRQ� RI� (QHUJ\� (QJLQHHUV� �$((�� RIIHU�
PRGHOLQJ�FHUWLILFDWLRQ�SURJUDPV��$Q�RYHUYLHZ�RI�WKH�
WZR�FHUWLILFDWLRQV�LV�SUHVHQWHG�LQ�7DEOH�����
 
Table 2: Professional Certifications for Modelers 
Certification ASHRAE AEE 
1DPH� %XLOGLQJ�(QHUJ\�

0RGHOLQJ�
3URIHVVLRQDO��%(03��

%XLOGLQJ�(QHUJ\�
6LPXODWLRQ�$QDO\VW�
�%(6$��

5HTXLUHG�
H[SHULHQFH��
�RU�HTXLYDOHQW��

 ��\HDU�GHJUHH�
 ��\HDUV�PRGHOLQJ�
DQG���\HDUV�EXLOGLQJV�
UHODWHG�H[SHULHQFH�

 ��\HDU�GHJUHH�
 ��\HDUV�PRGHOLQJ�RU�
EXLOGLQJV�UHODWHG�
H[SHULHQFH�

3UH�UHTXLVLWH�
 

1RQH�
�

7KUHH�GD\�VHPLQDU�
�LQFOXGHV�ò�GD\�
H[DP��
�

7HVW��  ����KRXUV�
 ����PXOWLSOH�FKRLFH�
TXHVWLRQV�

 $03�WHVW�FHQWHU�

 ���KRXUV�
 �����PXOWLSOH�
FKRLFH�RU�7�)�
TXHVWLRQV�

 6HPLQDU�VLWH�
0HPEHU�1RQ�
0HPEHU�&RVW�

���������� ��������������

1XPEHU�
FHUWLILHG����

���� ���

�
7KH�SXUSRVH�RI�WKH�$6+5$(�FHUWLILFDWLRQ�SURJUDP�LV�
WR� ³DOORZ� LQGLYLGXDOV� WR� GHPRQVWUDWH� PDVWHU\� RI� D�
ERG\�RI� NQRZOHGJH� WKDW� VXEMHFW�PDWWHU� H[SHUWV� KDYH�
LGHQWLILHG� DV� EHLQJ� EHVW� SUDFWLFH�´� � 7KH� $((�
GHVLJQDWLRQ� LV� LQWHQGHG� WR� ³UHFRJQL]H� LQGLYLGXDOV�

������������������������������������������������������������
2 As of February 2013 
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ZLWK� VSHFLDOL]HG� H[SHUWLVH� DQG� H[SHULHQFH� XWLOL]LQJ�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� VRIWZDUH� WR� DVVHVV� D�
IDFLOLW\¶V� HQHUJ\� SHUIRUPDQFH�´� (DFK� LQYROYHV�
SDVVLQJ� DQ� H[DP�� 7R� TXDOLI\�� PRGHOHUV� PXVW� PHHW�
UHTXLUHPHQWV� UHJDUGLQJ� HGXFDWLRQ� DQG� ZRUN�
H[SHULHQFH�� � 7KH� $((� H[DP� KDV� D� WUDLQLQJ�
SUHUHTXLVLWH�IRU�WDNLQJ�WKH�H[DP���
&XUUHQWO\� LQ� (XURSH�� PRGHOHU� FHUWLILFDWLRQ� LV� QRW�
DYDLODEOH�� $W� D� UHFHQW� LQWHUQDWLRQDO� PHHWLQJ� RI�
VLPXODWLRQ�H[SHUWV��PRGHOHU�WUDLQLQJ�DQG�FHUWLILFDWLRQ�
ZDV�UHFRJQL]HG�DV�D�WRS�SULRULW\�DQG�D�³VHPLQDO�VWHS�
IRUZDUG�IRU�WKH�LQGXVWU\´��&ODUN����������
Education and Training 
)RUPDO� HGXFDWLRQ� SURJUDPV� WKDW� LQFOXGH� EXLOGLQJ�
HQHUJ\� PRGHOLQJ� FRXUVHZRUN� DUH� DYDLODEOH� DW�
DSSUR[LPDWHO\����8�6��XQLYHUVLWLHV�ZLWKLQ�PHFKDQLFDO�
HQJLQHHULQJ� RU� DUFKLWHFWXUDO� HQJLQHHULQJ� SURJUDPV��
�7XSSHU�� ������� ,Q� JHQHUDO� WKRXJK�� PXFK� PRGHOLQJ�
H[SHUWLVH�LV�OHDUQHG�E\�GRLQJ��7KHUH�DUH�VRPH�WUDLQLQJ�
RSSRUWXQLWLHV� IRU� SURIHVVLRQDOV�� +RZHYHU�� PRVW� RI�
WKHVH� DUH� FHQWHUHG� RQ� WKH� XVH� RI� D� VSHFLILF� EXLOGLQJ�
VLPXODWLRQ� VRIWZDUH� SURJUDP�� 7KH� ,QWHUQDWLRQDO�
%XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ� $VVRFLDWLRQ�
�,%36$�86$���LQ�FRQMXQFWLRQ�ZLWK�5RFN\�0RXQWDLQ�
,QVWLWXWH��50,��DQG�$6+5$(��KDV�GHYHORSHG�D�IXOO�
GD\� PRGHOLQJ� WUDLQLQJ� FRXUVH� WKDW� FRYHUV�
IXQGDPHQWDO� DQG� DGYDQFHG� WRSLFV� �,%36$� �������
$((�RIIHUV�WKH�WKUHH�GD\�WUDLQLQJ��ZKLFK�DOVR�XWLOL]HV�
WKH�,%36$�WUDLQLQJ�PDWHULDOV��

User Group Support 
5HVRXUFHV� WKDW� KHOS� PRGHOHUV� KHOS� WKHPVHOYHV�
LQFOXGH�HOHFWURQLF�PDLOLQJ� OLVWV��'HYHORSHG� IRU�XVHUV�
RI� VLPXODWLRQ� SURJUDPV�� VXFK� OLVW� VHUYHUV� KDYH� EHHQ�
DYDLODEOH� IRU�PDQ\�\HDUV��7KH\�DWWHPSW� WR� IRVWHU� WKH�
GHYHORSPHQW� RI� D� FRPPXQLW\� RI� XVHUV� WR� VKDUH�
TXHVWLRQV� DQG� LQVLJKWV�� 7KHVH� PDLOLQJ� OLVWV� FDQ� EH�
JHQHUDO�RU�VRIWZDUH�VSHFLILF��$�SRSXODU�OLVW�LV�%/'*�
6,0� �OLVWV�RQHEXLOGLQJ�RUJ��� KRVWHG� E\� *$5'�
$QDO\WLFV�� ,W� LV� D� KHOSIXO� UHVRXUFH� IRU� LQH[SHULHQFHG�
PRGHOHUV� WR� VHDUFK� IRU� DQVZHUV� LQ� LWV� DUFKLYHV�RU�E\�
SRVWLQJ� QHZ� LQTXLULHV�� ,WV� VHDUFK� IHDWXUHV� SURYLGH�
UHVXOWV� IRU� EHVW� PDWFKHV� RU� UHFHQW� GDWH� EDVHG� RQ�
VHDUFK�NH\�ZRUGV���
5HFHQWO\� D� PRUH� VRSKLVWLFDWHG� SODWIRUP� IRU� XVHU�
VXSSRUW� KDV� EHHQ� SURSRVHG� DQG� LQLWLDWHG�
�KWWS���DUHD���VWDFNH[FKDQJH�FRP�SURSRVDOV����������
7KH� LQIRUPDWLRQ� H[FKDQJH� IRUXP�XWLOL]HV� WKH� ³6WDFN�
2YHUIORZ´�TXHVWLRQ�DQG�DQVZHU�VLWH��ZKLFK�LV�SRSXODU�
ZLWK�SURJUDPPHUV�DQG�VRIWZDUH�GHYHORSHUV��,W�DOORZV�
DXWKRUV� SRVWLQJ� TXHVWLRQV� WR� UDQN� UHVSRQVHV�� ,WV�
VHDUFK� HQJLQH� DOORZV� WKH� EHVW� DQVZHUV� WR� ULVH� WR� WKH�
WRS�� )UHTXHQW� FRQWULEXWRUV� HDUQ� UHSXWDWLRQ� SRLQWV��
7KHVH�UDWLQJV�DUH�VR�QRWHZRUWK\�WR�WKH�SURJUDPPLQJ�
FRPPXQLW\� WKDW� WKH\� DUH� IUHTXHQWO\� LQFOXGHG� DV�SDUW�
RI�UHVXPH�TXDOLILFDWLRQV���
7KH� RIIHULQJV� DYDLODEOH� WKURXJK� WKH� 6WDFN([FKDQJH�
VLWH�DGGUHVV�VRPH�H[LVWLQJ�VKRUWFRPLQJV�RI�PRGHOLQJ�
PDLOLQJ�OLVWV��,W�KHOSV�XVHUV�GLVWLQJXLVK�EHWZHHQ�JRRG�

DQG� EDG� DQVZHUV�� ,W� DOVR� LGHQWLILHV� DQG� UHZDUGV�
NQRZOHGJHDEOH�FRQWULEXWRUV���

Modeling Wiki 
7KH� (GXFDWLRQ� 6XEFRPPLWWHH� RI� ,%36$�86$� LV�
GHYHORSLQJ� D� :LNL� WR� VXSSRUW� WKH� FROODERUDWLYH�
GRFXPHQWDWLRQ� RI� HQHUJ\� PRGHOLQJ� NQRZOHGJH� DQG�
PHWKRGV� �KWWS���EHPERRN�LESVD�XV��� 7KH� LQLWLDO�
VWUXFWXUH�KDV�EHHQ�HVWDEOLVKHG��FRQWHQW�PDSSHG�IURP�
WKH� ,%36$� RQH�GD\� PRGHOLQJ� WUDLQLQJ�� DQG� LQLWLDO�
FRQWULEXWLRQV�DUH�XQGHUZD\��&XUUHQWO\��VXEFRPPLWWHH�
YROXQWHHUV� FRQWURO� FRQWHQW�� (YHQWXDOO\�� DYHQXHV� IRU�
SHUPLWWLQJ� FRPPXQLW\�ZLGH� FRQWULEXWLRQV� ZLOO� EH�
GHYHORSHG� DIWHU� TXDOLW\�DVVXUDQFH� SURFHGXUHV� DUH�
HVWDEOLVKHG���
Experience and Proficiency 
7KH� 8QLWHG� 6WDWHV� 'HSDUWPHQW� RI� (QHUJ\� �'2(��
UHFHQWO\� SXEOLVKHG� D� UHSRUW� WKDW� LGHQWLILHV� DQ� HQHUJ\�
PRGHOHU¶V�MRE�WDVNV�DQG�DVVRFLDWHG�NQRZOHGJH��VNLOOV��
DQG� DELOLW\� UHTXLUHPHQWV� �'2(�� ������� 'HYHORSHG�
WKURXJK�DQ�H[SHUW�JURXS�FRQVHQVXV�SURFHVV�� WKH�JRDO�
RI� WKH� HIIRUW� LV� WR� FUHDWH� QDWLRQDO� JXLGHOLQHV�� ZKLFK�
ZLOO� GHILQH� D� ERG\� RI� NQRZOHGJH� ZLWK� ZKLFK� DQ\�
WUDLQLQJ�RUJDQL]DWLRQ�FDQ�DOLJQ��'2(�ZLOO�DOVR�XVH�WKH�
ERG\�RI�NQRZOHGJH�WR�KHOS�PHHW�WKH�UHTXLUHPHQWV�RI�
WKH� )HGHUDO� %XLOGLQJV� 3HUVRQQHO� 7UDLQLQJ� $FW� RI�
�������
7KH� HQHUJ\� PRGHOHU� MRE�WDVN� DQDO\VLV� �-7$�� GRHV� D�
JRRG� MRE� RI� RXWOLQLQJ� MRE� UHTXLUHPHQWV�� +RZHYHU��
PRVW� SURIHVVLRQDO� WUDLQLQJ� RSSRUWXQLWLHV� DYDLODEOH�
WRGD\� IRFXV� RQ� WHDFKLQJ� VRIWZDUH� WRROV� DQG� QRW�
PRGHOLQJ� PHWKRGV�� � 7R� PHHW� WKH� JRDO� RI� WKH� '2(�
HIIRUW�� WUDLQLQJ� FXUULFXOXP� PXVW� EH� GHYHORSHG� WKDW�
DGGUHVV� WKH� SURFHVV� RI� PRGHOLQJ� XVLQJ� LQGXVWU\�
DFFHSWHG� PHWKRGV�� $V� GLVFXVVHG� LQ� WKH� IROORZLQJ�
VHFWLRQ��WKLV�ERG\�RI�DSSOLHG�NQRZOHGJH�KDV�\HW�WR�EH�
IRUPDOO\�GRFXPHQWHG��YHWWHG��DQG�VWDQGDUGL]HG��
7R�SURYLGH�VHUYLFHV�DFURVV�WKH�EXLOGLQJ�OLIH�F\FOH��WKH�
PRGHOHU�VKRXOG�SRVVHVV�WKH�FDSDELOLWLHV�OLVWHG�EHORZ��
7KHVH� VKRXOG� EH� GHPRQVWUDEOH� WKURXJK� DSSOLHG�
PHWKRGV� DQG� DFWXDO� UHVXOWV� DFKLHYHG� LQ� SUHYLRXV�
SURMHFWV���
 3URYLGH�ZKROH�EXLOGLQJ�SHUIRUPDQFH�DQDO\VLV�

XVLQJ�KRXUO\�VLPXODWLRQ�WRROV�
 &RQGXFW�GHWDLOHG�GD\OLJKWLQJ�VWXGLHV�
 6XSSRUW�LQWHJUDWHG�SURMHFW�GHVLJQ�DQG�GHOLYHU\�
 'HYHORS�PLQLPDOO\�FRGH�FRPSOLDQW�DQG�JUHHQ�

EXLOGLQJ�FHUWLILFDWLRQ�EDVHOLQH�PRGHOV��
 'HYHORS�RSHUDWLRQDO�PRGHOV�IRU�H[LVWLQJ�EXLOGLQJ�

SHUIRUPDQFH�DVVHVVPHQW�
 *HQHUDWH�V\QHUJLVWLF�EXQGOHV�RI�HQHUJ\�

HIILFLHQF\�PHDVXUHV�WKDW�LQFOXGH�SDVVLYH�GHVLJQ�
VWUDWHJLHV��ORDG�UHGXFLQJ�PHDVXUHV��HIIHFWLYH�
FRQWURO�VWUDWHJLHV��DQG�ULJKW�VL]HG�HTXLSPHQW�

 (YDOXDWH�UHQHZDEOH�HQHUJ\�V\VWHPV�DQG�WKHLU�
LPSDFW�RQ�SHDN�HOHFWULF�ORDGV�

 $VVHVV�WKH�YDOXH�RI�LPSURYHPHQWV�EH\RQG�
HQHUJ\�FRVW�VDYLQJV�
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 ,GHQWLI\�HIILFLHQF\�SHUIRUPDQFH�ULVNV�DQG�
PHWKRGV�IRU�PDQDJHPHQW��

 &RPSOHWH�OLIH�F\FOH�FRVW�DVVHVVPHQW�XVLQJ�
PRGHOLQJ�UHVXOWV��LQFUHPHQWDO�FRVW�GDWD��DQG�
HFRQRPLF�IDFWRUV�

 7UDQVSDUHQWO\�UHSRUW�DVVXPSWLRQV��UHVXOWV��DQG�
UHFRPPHQGDWLRQV�

0(7+2'6�$1'�352&(66(6�
&XUUHQWO\�� GHWDLOHG� LQGXVWU\�DFFHSWHG� EHVW� SUDFWLFH�
SURFHGXUHV�DUH�QRW�GHILQHG�IRU�WKH�PRGHOLQJ�SURFHVV��
0RVW�PRGHOHUV�OHDUQ�WKHLU�VNLOO�RQ�WKH�MRE�DQG�DSSOLHG�
PHWKRGV�DUH� LQHYLWDEO\� LQFRQVLVWHQW��'HYHORSLQJ�DQG�
GRFXPHQWLQJ� %(0� EHVW� SUDFWLFHV� ZLOO� VXSSRUW�
PRGHOLQJ� FRQVLVWHQF\� DQG� LQVWLOO� JUHDWHU� FRQILGHQFH�
LQ�UHVXOWV��%(0�EHVW�SUDFWLFHV�VKRXOG�DGGUHVV�SURFHVV�
LVVXHV�� VXFK� DV�� IROORZLQJ� DQ� LQWHJUDWHG� GHVLJQ�
DSSURDFK� WR� PD[LPL]H� VDYLQJV� RSSRUWXQLWLHV��
HVWDEOLVKLQJ�DJJUHVVLYH�VDYLQJV�WDUJHWV��DQG�H[SORULQJ�
V\QHUJLVWLF� EXQGOHV� RI� SHUIRUPDQFH� LPSURYHPHQWV��
%(0� EHVW� SUDFWLFHV� VKRXOG� EH� VLPXODWLRQ�VRIWZDUH�
QHXWUDO� EXW� SURYLGH� JHQHUDO� PRGHOLQJ� JXLGDQFH� IRU�
GHYHORSLQJ�D�EDVHOLQH�EXLOGLQJ�PRGHO��FDOLEUDWLQJ�DQ�
H[LVWLQJ�EXLOGLQJ� PRGHO�� DQG� VXIILFLHQWO\�
FKDUDFWHUL]LQJ�HQHUJ\�HIILFLHQF\�VWUDWHJLHV�ZLWKLQ�WKH�
OLPLWDWLRQV�RI�VLPXODWLRQ�VRIWZDUH���

Modeling Standard 
$Q� $6+5$(�VSRQVRUHG� HIIRUW� IRU� D� SURSRVHG�
PRGHOLQJ� VWDQGDUG� LV� XQGHUZD\�� 7LWOHG� ³6WDQGDUG�
�����(QHUJ\�6LPXODWLRQ�$LGHG�'HVLJQ� IRU�%XLOGLQJV�
([FHSW� /RZ�5LVH� 5HVLGHQWLDO� %XLOGLQJV�´� WKH� VFRSH�
DSSOLHV� WR� QHZ� EXLOGLQJV�� PDMRU� UHQRYDWLRQV�� DQG�
DGGLWLRQV�� ,W� ZLOO� GHILQH� QRPLQDO� UHTXLUHPHQWV� IRU�
XVLQJ�PRGHOLQJ� WR� VXSSRUW� LQWHJUDWHG� GHVLJQ� HIIRUWV��
,W� LV� VWUXFWXUHG� DURXQG� WKH� PDMRU� GHVLJQ�RSHUDWLRQ�
EXLOGLQJ� OLIH� F\FOH� VWDJHV� �SUH�GHVLJQ�� FRQFHSW��
VFKHPDWLF� GHVLJQ�� GHVLJQ� GHYHORSPHQW�� DQG�
FRQVWUXFWLRQ� DQG� RSHUDWLRQ��� 7KH� PDLQ� ERG\� RI� WKH�
VWDQGDUG� ZLOO� OLNHO\� IRFXV� RQ� GHPRQVWUDEOH� VHUYLFH�
FRPSRQHQWV�� ZKLOH� DSSHQGLFHV�ZLOO� RXWOLQH� NH\� EHVW�
SUDFWLFH� DSSURDFKHV� IRU� WKHLU� LPSOHPHQWDWLRQ�� 7KH�
WDUJHW�GDWH�IRU�SURGXFLQJ�D�UHYLHZ�GUDIW�LV�-XQH��������

Best Practices Documentation 
5HVRXUFHV� WKDW� JXLGH� PRGHOLQJ� PHWKRGV� DQG�
SURFHGXUHV� DUH� DYDLODEOH� LQ� YDULRXV� IRUPV�� 6HYHUDO�
PRGHOLQJ�JXLGHOLQHV�SURYLGH�GLUHFWLRQ�RQ�HIIHFWLYHO\�
XVLQJ�HQHUJ\�PRGHOLQJ�IRU�WKH�GHVLJQ�SURFHVV��*(2��
������ 1(($�� ������� 6RPH� DUH� URRWHG� LQ� SUDFWLFDO�
H[SHULHQFH�JDLQHG� WKURXJK� DSSOLHG�PHWKRGV� �.DSODQ�
	� &DQHU�� ������� 2QH� RI� WKH� HDUOLHU� GRFXPHQWV�
RXWOLQHV�WKH�PRGHOLQJ�SURFHVV�DQG�SURYLGHV�JXLGDQFH�
IRU� HYDOXDWLQJ� DQG� VHOHFWLQJ� EXLOGLQJ� VLPXODWLRQ�
VRIWZDUH� �&,%6(�� �������$� UHFHQWO\�SXEOLVKHG�ERRN�
EDODQFHV�WKHRU\�ZLWK�SUDFWLFH�WR�FRYHU�FXUUHQW� LVVXHV�
LQ�VLPXODWLRQ�PRGHOLQJ��+HQVHQ�	�/DPEHUWV���������
'LUHFWHG� DW� DGYDQFHG� VWXGHQWV� LQ� HQJLQHHULQJ�� LW�
FRYHUV� WRSLFV� LQ� WHUPV� RI� EXLOGLQJ� VFLHQFH��
FRPSXWDWLRQDO�PHWKRGV�� DQG� DSSOLFDWLRQ� DVSHFWV�� $V�
PRGHOLQJ�HIIRUWV�EHFRPH�LQFUHDVLQJO\�FRPPRQSODFH��

ZH� H[SHFW� WR� VHH� PRUH� GHWDLOHG� UHTXLUHPHQWV� EHLQJ�
GHYHORSHG�� )RU� H[DPSOH�� 86*%&� KDV� GHYHORSHG� D�
WHFKQLFDO�PDQXDO�WR�FODULI\�EDVHOLQH�DQG�VSHFLDO�FDVH�
PRGHOLQJ�SURFHGXUHV�DFFHSWDEOH�IRU�/(('�(QHUJ\�	�
$WPRVSKHUH�FUHGLW���VXEPLWWDOV��86*%&����������
'2(�LV�IXQGLQJ�HIIRUWV�WR�EULGJH�WKH�LQIRUPDWLRQ�JDS�
EHWZHHQ�WKH�PRGHOHU�-7$��WUDLQLQJ�RSSRUWXQLWLHV��DQG�
LQYHVWRU�QHHGV��7KH�FROOHFWLRQ�RI�ZRUN�LV� WHUPHG�WKH�
%XLOGLQJ� (QHUJ\�0RGHOLQJ� /LEUDU\� �%(0� /LEUDU\���
3URSRVHG�E\�50,�DQG�PDQDJHG�E\�15(/��WKH�%(0�
/LEUDU\� VXSSRUWV� PHHWLQJ� LQYHVWRU� LQIRUPDWLRQDO�
QHHGV� IRU�HQHUJ\�VDYLQJV�HVWLPDWHV��6SHFLILFDOO\�� WKH�
HIIRUW� LQYROYHV�GRFXPHQWLQJ�PRGHOLQJ�EHVW�SUDFWLFHV�
DQG� GHYHORSLQJ� WUDQVSDUHQW� PHWKRGV� IRU�
FRPPXQLFDWLQJ�SHUIRUPDQFH� ULVN�� �:H�HQYLVLRQ� WKDW�
WKH� ZRUN� SURGXFWV� ZLOO� EH� SRVWHG� HOHFWURQLFDOO\� IRU�
IUHH� DFFHVV� DQG� FRQWULEXWLRQ� E\� WKH� PRGHOLQJ�
FRPPXQLW\���
7KH� ����� VFRSH� LQFOXGHV� WKH� GRFXPHQWDWLRQ� RI�
PRGHOLQJ�EHVW� SUDFWLFH�PHWKRGV� IRU� WKUHH�NH\� DUHDV��
��� TXDOLW\� FRQWURO� SURFHGXUHV�� ��� H[LVWLQJ� EXLOGLQJ�
PRGHO� FDOLEUDWLRQ�� DQG� ��� UHSRUWLQJ� DVVXPSWLRQV��
PHWKRGV�� DQG� UHVXOWV�� 7KH� PRGXOHV� RXWOLQH� VWHS�E\�
VWHS� SURFHGXUHV�� GLVFXVV� MXGLFLDO� GHFLVLRQ�PDNLQJ��
DQG�SURYLGH�VXSSRUWLQJ�GDWD��H�J��EHQFKPDUN�YDOXHV��
FDOLEUDWLRQ� FULWHULD�� GHVFULSWLRQV� RI� PRGHOLQJ�
DOJRULWKPV�� HWF���� $Q� H[DPSOH� RI� RQH� RI� WKH� %(0�
/LEUDU\�ZRUN�SURGXFWV�LV�LQ�7DEOH���DW�WKH�HQG�RI�WKLV�
SDSHU�� ,W� LV� D� WHPSODWH� IRU� UHSRUWLQJ� SHUIRUPDQFH�
LQIRUPDWLRQ�UHODWHG� WR�DQ�HQHUJ\�HIILFLHQF\�PHDVXUH��
7KH� H[DPSOH� LV� VSHFLILF� WR� KLJK�SHUIRUPDQFH�
ZLQGRZV��7KH�IRUP�RXWOLQHV�LQIRUPDWLRQ�LPSRUWDQW�WR�
DQ� LQYHVWRU�� LQFOXGLQJ�� EDVHOLQH� FRQGLWLRQV��PHDVXUH�
FKDUDFWHULVWLFV�� LQVWDOOHG�FRVWV��HVWLPDWHG�HQHUJ\�FRVW�
VDYLQJV�� YDOXH� EH\RQG� FRVW� VDYLQJV�� PRGHOLQJ�
DSSURDFK�� SRWHQWLDO� SHUIRUPDQFH� ULVN�� DQG� ULVN�
PDQDJHPHQW� VWUDWHJLHV�� 8OWLPDWHO\�� D� FROOHFWLRQ� RI�
WHPSODWHV� GHVFULELQJ� FRPPRQO\� HYDOXDWHG� PHDVXUHV�
ZLWK�H[DPSOH�WDEOH�FRQWHQW�ZLOO�EH�GHYHORSHG���0DQ\�
UHVSRQVHV�ZLOO�EH�SURMHFW�VSHFLILF�EXW�VRPH�ZLOO�GUDZ�
IURP� D� FRQVLVWHQW� VHW� RI� SRVVLEOH� UHVSRQVHV�� ZKLFK�
ZLOO�EH�LQFOXGHG���
7KH� %(0� /LEUDU\� UHVRXUFHV� ZLOO� KHOS� SUDFWLWLRQHUV�
SURYLGH� LQIRUPDWLRQ� LQYHVWRUV� QHHG�� ,GHDOO\�� LW� ZLOO�
KHOS� PRYH� WKH� IRFXV� RI� PRGHOLQJ� VHUYLFHV� IURP�
SURYLGLQJ� D� VLQJOH� DQVZHU� WR� D� UDQJH� RI� SUREDEOH�
UHVXOWV�DFFRPSDQLHG�E\�ULVN�FRQVLGHUDWLRQV���

$1$/<6,6�&216,'(5$7,216�
7UDGLWLRQDO� LQYHVWPHQWV� FRQVLGHU� OHYHOV� RI� ULVN�� DQG�
KLJKHU� ULVNV� XVXDOO\� WUDQVODWH� LQWR� KLJKHU� UDWHV� RI�
UHWXUQ�� :LWKRXW� XQFHUWDLQW\� TXDQWLILFDWLRQ� IRU� WKH�
HQHUJ\�FRVW�VDYLQJV��LQYHVWRUV�DUH�OHIW�WR�HVWLPDWH�WKH�
ULVN�ZLWK�DG�KRF�SURFHGXUHV��)RU� LQVWDQFH��SXEOLVKHG�
GDWD�VKRZ�D�UDQJH�RI������WR�OHVV�WKDQ�����RI�FRVW�
VDYLQJV�JXDUDQWHHV�PDGH�E\�(6&2V�IRU� WKHLU�HQHUJ\�
SURMHFWV� �+RSSHU�� *ROGPDQ� 	� %LUU�� ������� :KHQ�
SURMHFWHG�FRVW� VDYLQJV�DUH� UHGXFHG� WKURXJK�GHUDWLQJ��
WKH�DQWLFLSDWHG�SURILWDELOLW\�RI� WKH�SURMHFW� LV�VPDOOHU��
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PDNLQJ�VRPH�LQYHVWPHQWV�OHVV�DWWUDFWLYH��0LOOV�HW�DO���
�������

Uncertainty Analysis 
7R� GDWH� WKH� HVWLPDWLRQ� RI� XQFHUWDLQWLHV� DQG� LWV�
DVVRFLDWHG� ULVNV� IRU� HQHUJ\� SURMHFWV� KDV� QRW� EHHQ�
ZLGHO\� DSSOLHG�� � 0HWKRGV� DUH� EHLQJ� DFWLYHO\�
UHVHDUFKHG�WR�GHYHORS�HIIHFWLYH�VDPSOLQJ�URXWLQHV�IRU�
GHWHUPLQLQJ�RSWLPDO�VROXWLRQV��H�J��PLQLPXP�DQQXDO�
HQHUJ\� FRVWV�� IRU�PXOWL�YDULDQW� DQDO\VLV� �+HR�� ������
(LVHQKRZHU�� ������� 7R� GDWH�� WKHVH� HIIRUWV� KDYH� QRW�
WULFNOHG� GRZQ� LQWR� FRPPHUFLDOO\� DYDLODEOH� EXLOGLQJ�
VLPXODWLRQ� VRIWZDUH� XVHG� WR� DVVHVV� ODUJH� HIILFLHQF\�
SURMHFWV���
+RZHYHU� WKH� QH[W� UHOHDVH� RI� 2SHQ6WXGLR�� DQ� RSHQ�
VRXUFH� DSSOLFDWLRQ� VXLWH� DQG� VRIWZDUH� GHYHORSPHQW�
NLW� �6'.��� ZLOO� LQFOXGH� RSWLRQV� IRU� FRPSOHWLQJ�
XQFHUWDLQW\� DQDO\VLV� �15(/�� ������� 2SHQ6WXGLR�
VXSSRUWV�ZKROH�EXLOGLQJ�PRGHOLQJ�XVLQJ�(QHUJ\3OXV�
DQG� GD\OLJKW� DQDO\VLV� XVLQJ� 5DGLDQFH�� )RU�
GHYHORSHUV�� LW� IDFLOLWDWHV� UDSLG� GHYHORSPHQW� RI� QHZ�
DSSOLFDWLRQV� WDUJHWLQJ� WKH� VHUYLFH� PDUNHW� DQG� ZHE�
EDVHG� DQDO\VLV� WRROV�� )RU� SUDFWLWLRQHUV�� LW� SURYLGHV� D�
ZRUNIORZ� LQWHUIDFH� WR� (QHUJ\3OXV�� ,W� VWDUWV� LQ� WKH�
6NHWFK8S�3OXJ�,Q�WR�FUHDWH�WKH�EXLOGLQJ�HQYHORSH�DQG�
VSDFHV�� WKHQ� ORDGV� DSSOLFDWLRQV� WR� FRPSOHWH� WKH�
EXLOGLQJ� PRGHO� FKDUDFWHUL]DWLRQ�� DQG� ILQDOO\�
VLPXODWHV�ZLWK� (QHUJ\3OXV��9HUVLRQ� ������� SURYLGHV�
UXGLPHQWDU\� DFFHVV� WR� LWV� XQFHUWDLQW\� DQDO\VLV�
FDSDELOLWLHV�� ZLWK� DQ� LPSURYHG� LQWHUIDFH� SODQQHG� DV�
SDUW�RI�LWV�QH[W�UHOHDVH������
7KH�2SHQ6WXGLR�XQFHUWDLQW\�DQDO\VLV�GUDZV�IURP�WKH�
'$.27$� SURMHFW�� DQ� HQJLQHHULQJ� RSWLPL]DWLRQ� DQG�
XQFHUWDLQW\� DQDO\VLV� PRGHOLQJ� OLEUDU\� GHYHORSHG� E\�
6DQGLD�1DWLRQDO�/DERUDWRULHV��61/���������,W�FDQ�EH�
XVHG� WR� DVVHVV�� WKH� VHQVLWLYLW\� RI� WKH� RXWSXW� WR� WKH�
LQSXW�SDUDPHWHUV��WKRVH�SDUDPHWHUV�WKDW�FRQWULEXWH�WKH�
PRVW�YDULDQFH��DQG�KRZ�WKH\�LQWHUDFW�ZLWK�HDFK�RWKHU��
7KH�SUREOHP�LV�VHW�XS�E\�LGHQWLI\LQJ�WKH�YDULDEOHV�WR�
SHUWXUE�� )RU� HDFK� YDULDEOH�� WKH� XVHU� GHILQHV� LWV� W\SH�
�FRQWLQXRXV�� GLVFUHWH��� GLVWULEXWLRQ� IXQFWLRQ�
�ORJQRUPDO�� QRUPDO��� DQG� XSSHU� DQG� ORZHU� ERXQGV���
7KH� DOJRULWKP� IRU� VROXWLRQ� LV� DOVR� VHOHFWHG� IRU�
JHQHUDWLQJ�WKH�VDPSOH�RI�UHVXOWV�RYHU�WKH�XQFHUWDLQW\�
GLVWULEXWLRQ� UDQJH��$�YDULHW\�RI� VDPSOLQJ�DOJRULWKPV�
DUH� DYDLODEOH� WKURXJK� '$.27$�� LQFOXGLQJ�� %R[�
%HKQNHQ��)DFWRULDO��/DWLQ�+\SHU�&XEH�VDPSOLQJ��DQG�
2UWKRJRQDO� $UUD\�� 2QFH� WKH� SUREOHP� DQG� VROXWLRQ�
DSSURDFK�LV�VSHFLILHG��WKH�DQDO\VLV�LV�UXQ��5HVXOWV�DUH�
SUHVHQWHG� DV� D� SUREDELOLW\� GHQVLW\� IXQFWLRQ�� DV�
LOOXVWUDWHG� LQ� )LJXUH� ��� ,Q� WKH� ILJXUH�� WKH� GHJUDGHG�
RIILFH� EXLOGLQJ� DQG� WKH� UHWURILW� RIILFH� EXLOGLQJ�ZHUH�
PRGHOHG� ZLWK� D� ZLGHU� DQG� QDUURZHU� UDQJH� RI� LQSXW�
SDUDPHWHUV�� UHVSHFWLYHO\�� +DYLQJ� WKLV� FDSDELOLW\�
DYDLODEOH� LQ� FRPPHUFLDO�EXLOGLQJ� VRIWZDUH� EULQJV�
PRGHOLQJ� FORVHU� WR� PHHWLQJ� LQYHVWRU� QHHGV��
1RQHWKHOHVV��WR�FRPSOHWH�WKH�DQDO\VLV��WKH�XVHU�QHHGV�
WR�LGHQWLI\�WKH�XQFHUWDLQ�PRGHO�LQSXW�SDUDPHWHUV�DQG�
MXGLFLRXVO\� DVVLJQ� YDOXHV� IRU� WKHLU� SUREDEOH� UDQJH��

5HVRXUFHV� DUH� QRW� \HW� DYDLODEOH� WR� DLG� WKH� XVHU� WR�
FRPSOHWH�WKLV�H[HUFLVH���
�

�
1RWH��*UDSKLF�FRXUWHV\�RI�15(/��ULJKW�D[LV�IRU�JUHHQ�
FXUYH��OHIW�D[LV�IRU�EOXH�FXUYH�
Figure 4: OpenStudio can be used to provide a 
quasi-actuarial view of performance�

Considering Climate Change 
&OLPDWH� FKDQJH� PD\� LPSDFW� IXWXUH� EXLOGLQJ�
SHUIRUPDQFH�� $VVHVVLQJ� WKH� LPSDFW� UHTXLUHV� WKH�
LQWHJUDWLRQ� RI� IXWXUH� FOLPDWHV� LQWR� EXLOGLQJ�
SHUIRUPDQFH�VLPXODWLRQ��7KH�LQWHJUDWLRQ�UHTXLUHV�WKH�
JHQHUDWLRQ�RI�ZHDWKHU�ILOHV�WKDW�UHIOHFW�IXWXUH�ZHDWKHU�
FRQGLWLRQV�� 7KH� 8QLWHG� .LQJGRP� KDV� GHYHORSHG�
VHYHUDO� VHWV� RI� IXWXUH� ZHDWKHU� GDWD� IRU� VLPXODWLRQ�
DQDO\VLV�� LQFOXGLQJ� WKH� &KDUWHUHG� ,QVWLWXWLRQ� RI�
%XLOGLQJ� 6HUYLFHV� (QJLQHHUV� �&,%6(�� )XWXUH�
:HDWKHU�)LOHV��7KH�&,%6(�ILOHV�KDYH�EHHQ�JHQHUDWHG�
IRU� ��� ORFDWLRQV�� (DFK� ORFDWLRQ� KDV� �� ILOHV� IRU� WKH�
\HDUV� ������ ������ DQG� ������ 7KH� �� ILOHV� UHSUHVHQW�
ORZ��PHGLXP��DQG�KLJK�HPLVVLRQV�VFHQDULRV�ZLWK���WK��
��WK��DQG���WK�SUREDELOLW\�OHYHOV��7KLV�DSSURDFK�UHVXOWV�
LQ����IXWXUH�ZHDWKHU�ILOHV�SHU�ORFDWLRQ��$�SUREDELOLVWLF�
FOLPDWH�SURILOH� IRU�VXPPHU� WHPSHUDWXUH� LQ�%HOIDVW� LV�
VKRZQ�LQ�)LJXUH�����&,%6(��������
5HFHQW� ZRUN� SUHVHQWHG� E\� 6KDPDVK� H[DPLQHV� WKH�
LPSDFW�RI� LQFRUSRUDWLQJ� IXWXUH�ZHDWKHU� DQDO\VLV� LQWR�
WKH� PRGHOLQJ� SURFHVV� �6KDPDVK�� ������� � 2QH�
DSSURDFK�LV�WR�LQFOXGH�WKH�VLPXODWLRQV�RI�HYHU\�ILOH�LQ�
WKH�IXWXUH�ZHDWKHU�GDWDVHW��7KLV�ZRXOG�LQYROYH�EDWFK�
SURFHVVLQJ�VLPXODWLRQ�UXQV��H[WHQVLYH�SRVW�SURFHVVLQJ�
RI�UHVXOWV��DQG�LQFUHDVHG�FRPSXWLQJ�WLPH�
7R�UHGXFH�WKH�QXPEHU�RI�IXWXUH�ZHDWKHU�ILOHV�XVHG��D�
PHWKRGRORJ\� GHYHORSHG� E\� WKH� DXWKRUV� VXJJHVWV�
QDUURZLQJ� WKH� UDQJH� E\� DSSO\LQJ� GHFLVLRQ�PDNLQJ�
PHWKRGRORJ\��7KH�SURFHGXUH�LQYROYHV��

�� &KRRVH�WKH�ORFDWLRQ��
�
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�
Figure 5: Probabilistic climate profile for Belfast 
for mean daily maximum temperature 
�

�� &RQVLGHU� WKH� SXUSRVH� IRU� XVLQJ� WKH� IXWXUH�
GDWD��WKH�FOLPDWH�YDULDWLRQ��DQG�WKH�VHDVRQ�RI�
LQWHUHVW��

�� 5HIHU� WR� D� ³SUREDELOLVWLF� FOLPDWH� SURILOH´�
�3UR&OL3V�� JUDSK� GHYHORSHG� WR� DLG� WKH�
H[SORUDWLRQ�RI�FOLPDWH�DYHUDJHV�RQ�D�VLWH�E\�
VLWH�EDVLV��VHH�)LJXUH������

�� &RQVLGHU� WKH� WUHQGV� WKDW� WKH� 3UR&OL3�
LOOXVWUDWHV� IRU� WLPH� SHULRG�� HPLVVLRQ�
VFHQDULRV��DQG�SUREDELOLW\�OHYHO���

�� %DVHG�RQ�WKHVH�FRQVLGHUDWLRQV��QDUURZ�GRZQ�
WKH�FKRLFH�RI�SRVVLEOH�ZHDWKHU�ILOHV���

7KH� DSSOLFDWLRQ� RI� VXFK� SURFHGXUHV� ZLOO� UHGXFH� WKH�
ULVN� RI� RYHUKHDWLQJ� RI� SDVVLYH� V\VWHPV� DQG� XQGHU�
VL]LQJ�RI�DLU�FRQGLWLRQLQJ�XQLWV��7KH�H[WHQW� WR�ZKLFK�
FOLPDWH�FKDQJH�ZLOO�EHFRPH�DQ� LVVXH� WR� WKH� LQYHVWRU�
ZLOO� GHSHQG� RQ� WKH� GXUDWLRQ� RI� WKH� EXLOGLQJ�
SHUIRUPDQFH�FRQWUDFW���

Simulation of Controls 
'HHS�VDYLQJV�LQ�FRPPHUFLDO�EXLOGLQJV�ZLOO�EH�SDUWO\�
DFKLHYHG� WKURXJK� WKH�XVH�RI�VPDUW�EXLOGLQJ�FRQWUROV��
$Q� DQDO\VLV� RI� 8�6�� EXLOGLQJV� HQHUJ\�VDYLQJV�
SRWHQWLDO� VKRZV� WKDW� ���� RI� VXFK� VDYLQJV� DUH�
DFKLHYDEOH� WKURXJK� HIILFLHQW� WHFKQRORJLHV�� ,PSURYHG�
FRQWUROV� FDQ� DFFRXQW� IRU� XS� WR� ���� RI� WKH�
WHFKQRORJLFDO� VDYLQJV� SRWHQWLDO� �/RYLQV�� ������� %XW�
SHUKDSV�PRUH�WKDQ�RWKHU�WHFKQRORJLHV��VPDUW�FRQWUROV�
EULQJ� RWKHU� YDOXDEOH� EHQHILWV� DVVRFLDWHG� ZLWK�
LPSURYHG�FRPIRUW�DQG� WHQDQW� OHYHO�RI�VHUYLFH��7KHVH�
H[WUD�EHQHILWV�PD\�KDYH�JUHDWHU�YDOXH�WKDQ�WKH�VDYHG�
HQHUJ\�LQ�WHUPV�RI�PDLQWHQDQFH�FRVWV��KLJKHU�ZRUNHU�
SURGXFWLYLW\�� DQG�EHWWHU� UHFUXLWPHQW� DQG� UHWHQWLRQ�RI�
HPSOR\HHV��UHWDLO�VDOHV��HWF���

&XUUHQWO\�� ZKROH�EXLOGLQJ� VLPXODWLRQ� SURJUDPV� DUH�
FDSDEOH� RI� PRGHOLQJ� EDVLF� HQHUJ\�HIILFLHQW�
VXSHUYLVRU\�FRQWURO�VWUDWHJLHV��LQFOXGLQJ��HFRQRPL]HU�
FRQWUROV�� VXSSO\�DLU� WHPSHUDWXUH� UHVHW�� FKLOOHG�ZDWHU�

WHPSHUDWXUH� UHVHW�� KRW�ZDWHU� WHPSHUDWXUH� UHVHW��
HTXLSPHQW� VHTXHQFLQJ�� DQG� RSWLPDO� VWDUW�VWRS�� 1HZ�
DSSURDFKHV� WR� VLPXODWLRQ�� OLNH� WKRVH� HQDEOHG� E\�
0RGHOLFD�� DUH� GHPRQVWUDWLQJ� H[SDQGHG� FDSDELOLWLHV�
IRU� HYDOXDWLQJ� EXLOGLQJV� ±� LQFOXGLQJ� FRQWUROV�� 7KH�
DSSURDFK� XWLOL]HV� PRGHO� UHXVH� IURP� GHVLJQ� WKURXJK�
WKH� FRPPLVVLRQLQJ� DQG� RSHUDWLRQ� RI� WKH� EXLOGLQJ��
�:HWWHU�� ������� 7KH� DSSURDFK� LV� URRWHG� LQ� D�
VHSDUDWLRQ�RI�GDWD��WKDW�GHVFULEHV�WKH�SDUDPHWHU�RI�WKH�
V\VWHPV�� VXFK� DV� HTXLSPHQW� VL]H��� WKH� PRGHO� �WKDW�
VSHFLILHV� WKH� V\VWHP�� DQG� FRPSXWDWLRQ� �WKDW� VROYHV�
WKH� HTXDWLRQV��� ,W� XWLOL]HV� RSHQ� SURJUDPPLQJ�
VWDQGDUGV� WKDW� DOORZV� UHXVLQJ� WHFKQRORJLHV� �PRGHO�
OLEUDULHV�� QXPHULFDO� VROYHUV�� WRROV� IRU� FRGH�
JHQHUDWLRQ�� WKDW� DUH� VKDUHG� DFURVV� LQGXVWULHV�� 7KLV�
PRGXODUL]HV� VLPXODWLRQ� HIIRUWV� DQG� IDFLOLWDWHV�
FROODERUDWLRQ� ZLWK� H[SHUWV� RXWVLGH� RI� WKH� EXLOGLQJV�
LQGXVWU\�� :LWK� WKLV� DSSURDFK�� D� FRQWURO� VWUDWHJ\� �RU�
RWKHU�PRGHOLQJ�QHHG��FDQ�EH�LPSOHPHQWHG�DQG�VWRUHG�
LQ� D� FRPSRQHQW� OLEUDU\� LQ� DQ� H[FKDQJHDEOH� VWDQGDUG�
IRUPDW�� 7KURXJK� PRGHUQ� FRGH� JHQHUDWLRQ� DQG�
VLPXODWLRQ�PHWKRGV��WKH�GHVLJQ�RI�WKH�FRQWURO�FDQ�EH�
WHVWHG�DQG�ILQH�WXQHG��VLPXODWHG�DQG�RSWLPL]HG�ZLWKLQ�
D� EXLOGLQJ� PRGHO�� RU� LQWHJUDWHG� LQWR� DQ� DFWXDO�
EXLOGLQJ� FRQWURO� V\VWHP�� 6XFK� DQ� DSSURDFK� EULGJHV�
GHVLJQ�� DVVHVVPHQW�� DQG� LPSOHPHQWDWLRQ�� +DYLQJ�
PRGHOLQJ� VRIWZDUH� WKDW� VXSSRUWV� WKHVH� FRQQHFWLRQV�
ZLOO� KHOS� PD[LPL]H� VDYLQJV� DQG� PLQLPL]H�
SHUIRUPDQFH�ULVN���

6800$5<�
7KH�PDUNHW�LV�VWDUWLQJ�WR�DVN�IRU�PRGHOLQJ�VHUYLFHV�WR�
VXSSRUW�WKH�XOWLPDWH�HQG�JRDO�IRU�HIILFLHQF\�VHUYLFHV���
DFKLHYHG� VDYLQJV�� 7R� VDWLVI\� WKLV� UHTXHVW�� PRGHOHUV�
QHHG� WR� UHIRFXV� WKHLU� DSSURDFK� QRZ� IROORZHG� WR�
VXSSRUW�/(('�FHUWLILFDWLRQ�DQG�GHVLJQ�DVVLVWDQFH��7R�
VDWLVI\� LQYHVWRUV�� PRGHOHUV� QHHG� WR� GHPRQVWUDWH�
FRPSHWHQFH� WKURXJK� FUHGHQWLDOLQJ�� WR� IROORZ� EHVW�
SUDFWLFH� SURFHVVHV� DQG� PHWKRGV�� WR� LGHQWLI\�
SHUIRUPDQFH� ULVN�� DQG� WR� WUDQVSDUHQWO\� GRFXPHQW 
DVVXPSWLRQV�DQG�UHVXOWV��,QYHVWRU�EDVHG�VHUYLFHV�DOVR�
JDLQ�IURP�WKH�PRGHOHU�TXDQWLI\LQJ�WKH�XQFHUWDLQW\�RI�
VDYLQJV� DQG� DVVHVVLQJ� WKH� YDOXH� RI� HIILFLHQF\�
LPSURYHPHQWV�EH\RQG�HQHUJ\�FRVW�VDYLQJV���
%HVLGHV� VHUYLFH� RIIHULQJV�� LVVXHV� VXUURXQGLQJ� D�
PRGHOHU¶V� UHVSRQVLELOLW\� IRU�SHUIRUPDQFH�QHHG� WR�EH�
UHVROYHG����)RU�H[DPSOH��ZKR�LV�KHOG�DFFRXQWDEOH�DQG�
ZKDW�DUH�WKH�SHQDOWLHV�IRU�IDLOXUH"��7KH�PRGHOHU�GRHV�
QRW�KDYH�FRQWURO�RYHU�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�
RI�WKH�EXLOGLQJ���7KHUH�PXVW�EH�H[SOLFLW�XQGHUVWDQGLQJ�
RI� KRZ� GHVLJQ� DQG� FRQVWUXFWLRQ� GHFLVLRQV� LPSDFW�
HQHUJ\� SHUIRUPDQFH�� � 5HYDPSLQJ� DSSURDFK� DQG�
GHVLJQDWLQJ�DFFRXQWDELOLW\�DUH�QRW�RQO\�LVVXHV�IRU�WKH�
PRGHOHU�� 2WKHU� SURIHVVLRQDOV� LQYROYHG� LQ� WKH�
DVVHVVPHQW� RI� HIILFLHQF\� RSSRUWXQLWLHV� DQG� WKH�
LQVXUDQFH� RI� DFKLHYHG� VDYLQJV� ZLOO� EH� LPSDFWHG� LQ�
VLPLODU� ZD\V�� � 7KH� PDUNHW� PD\� VRRQ� EH� DVNLQJ� IRU�
HQHUJ\�VHUYLFH�SURYLGHUV�WR�FRRSHUDWLYHO\�DFKLHYH�DQ�
RXWFRPH�EDVHG�SHUIRUPDQFH�WDUJHW���
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5()(5(1&(6�
&KDUWHUHG�,QVWLWXWLRQ�RI�%XLOGLQJ�6HUYLFHV�(QJLQHHUV��

������$SSOLFDWLRQ�0DQXDO� )RU�%XLOGLQJ�(QHUJ\�
$QG�(QYLURQPHQWDO�0RGHOOLQJ��/RQGRQ��

�
&,%6(� .QRZOHGJH� 3RUWDO�� ������ &,%6(� :HDWKHU�

'DWD� 3DFNDJHV� ZHESDJH� � DYDLODEOH� DW�
KWWSV���ZZZ�FLEVHNQRZOHGJHSRUWDO�FR�XN�ZHDWKH
U�GDWD�

�
&ODUN��-���0DUFK������������&ORVLQJ�GLVFXVVLRQ�DW�WKH�

:RUOG�6XPPLW�IRU�%XLOGLQJ�6LPXODWLRQ�5HVHDUFK�
>YLGHR� UHFRUGLQJ�� SDUW� �� DW� �������� DYDLODEOH� DW�
KWWS���WFFKDQFHQWHU�FRP�EVLPZRUOGVXPPLW�@��
7�&�� &KDQ� &HQWHU� DW� WKH� 8QLYHUVLW\� RI�
3HQQV\OYDQLD��3KLODGHOSKLD���

�
&RORUDGR� *RYHUQRU¶V� (QHUJ\� 2IILFH�� ������ (QHUJ\�

0RGHOLQJ�� $� *XLGH� IRU� WKH� %XLOGLQJ�
3URIHVVLRQDO�� &RORUDGR� *RYHUQRU¶V� (QHUJ\�
2IILFH���

'HSDUWPHQW�RI�(QHUJ\��������-RE�7DVN�$QDO\VLV�IRU�D�
&RPPHUFLDO� %XLOGLQJ� (QHUJ\� 0RGHOHU�� 3XEOLF�
&RPPHQW� 'UDIW�� 6HSWHPEHU� ������ '2(�*2�
������������

(QYLURQPHQWDO� 'HIHQVH� )XQG�� ������ (QHUJ\�
(IILFLHQF\� 3HUIRUPDQFH� 3URWRFRO� ±� /DUJH�
&RPPHUFLDO�� 5HWULHYHG� IURP�
KWWS���ZZZ�HHSHUIRUPDQFH�RUJ�ODUJH�
FRPPHUFLDO��KWPO����

�
*UHHQ� %XLOGLQJ� &HUWLILFDWLRQ� ,QVWLWXWH�� ������ /(('�

&HUWLILFDWLRQ� 3ROLF\� 0DQXDO�� 5HWULHYHG� IURP��
KWWSV���ZZZ�OHHGRQOLQH�FRP�LUM�JR�NP�GRFV�GRFX
PHQWV�XVJEF�OHHG�FRQILJ�WHUPV�/HJDOB'RFXPHQW
VB'RZQORDG�UDWLQJBV\VWHPBGRFBQRYB�����-DQ�
���B&HUWB3ROLF\B0DQXDO�SGI�

�
+DEHUO�� -��� 	� &KR�� 6�� ������ /LWHUDWXUH� UHYLHZ� RI�

XQFHUWDLQW\� RI� DQDO\VLV� PHWKRGV�� 0DQXVFULSW�
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Table 2 
Energy Efficiency Measure Characterization Template 

�

U-Value 0.29

VLT 0.74

SHGC 0.4

Existing or Baseline WWR% 40%

Cost Savings per Year $/kWh 0.15

% Savings $/Therm 0.88

Electricity Savings (kWh/yr) $/kW $11.81

Gas Savings (Therms/yr) Source CPUC

Total Energy Savings (kBTU/yr) Tiered Yes

Peak  Reduction (kW) Utility SDG&E

Capital Cost

Simple Payback

Total ft² of Replacement

Cost per ft²

Life of Measure

Daylighting

Lighting Controls

Wall Insulation

Chiller upgrade

Performance Consideration

Improper Installation could 

cause leaks, which undermine 

energy savings

Unusually mild weather could 

reduce energy savings 

benefits

What factors could affect 
performance

Improved Daylight

Improved Thermal Comfort

Improved Moral

Higher Leasing Rates

Costs Based on RS Means 2012.

25 Years

18,000 ft²

6 years

$90,000

$5.00

Relationship to Other EEMs
Improved daylight energy savings can be realized via daylight controls.

High VLT will improve effectiveness of daylight controls.
Performance glazing may be a smaller cost-add than highest insulation option

High performance glazing decreases required high performance chiller size requirement

High Performance Window Replacement

Description
Replace existing single pane windows with double-glazed, low-e, high 

performance glazing.  Calculations Based on PPG Solarban 60 Starphire

Energy Assumptions

Costs

Energy Savings

Source of Costs:

Single Pane.  U-1.22, VLT = 40%

$15,000

96,970 kWh/yr

10%

EEM Properties

400 Therms

3 kBTU/ft²/yr

5 kW

7.5% Increase in productivity, Ergonomics Study

66% of worker's like daylight in their workspace

36% Increase in rental rate, Hines Study

$15,000/year in energy 

costs

Select a qualified glazing system contractor.  

Commission envelope including leakage 

testing.

Draft could reduce 

thermal comfort

$7,000/year reduction in 

energy savings in worst-

case modeled year

None Study annual weather data by year to 

assess statistical advantage.

Value Beyond Energy Cost Savings

How Bad Could it Be? Non-quantifiable Risks? How to mitigate or manage the risk?

Modeling Method
The Window 6.3 program from LBNL used to thermally characterize the glazing sytem including the framing elements. The 
results were matched up to a window included in the "Window Library" to represent the glazing system.  

QC Checks
The following metrics were checked and compared against expected values: total energy cost, total energy use, plant cooling 

capacity, plant cooling use, plant heating capacity, plant heating use, system design flow, space load.

6% Increase in productivity, USPS Study

Risks
Quantitative Qualitative Management Strategy

�
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