
PEAK HEATING/COOLING LOAD DESIGN METHODS: 
HOW WE GOT TO WHERE WE ARE TODAY IN THE U.S. 
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(QHUJ\�6\VWHPV�/DERUDWRU\��(6/��
7H[DV�$	0�8QLYHUVLW\��&ROOHJH�6WDWLRQ��7;�

�
$%675$&7�
7KLV�SDSHU�SUHVHQWV�DQ�KLVWRULFDO�GLVFXVVLRQ�RI�+9$&�
GHVLJQ�FDOFXODWLRQ�PHWKRGV� IURP� WKH�����V�XQWLO� WKH�
SUHVHQW�� LQFOXGLQJ� PHWKRGV� WKDW� ZHUH� XVHG� WR� VL]H�
KHDWLQJ� V\VWHPV� DQG� FRROLQJ� V\VWHP��7KH�GLVFXVVLRQ�
IRFXVHV� SULPDULO\� RQ� 8�6�� DQDO\VLV� PHWKRGV��
DOWKRXJK��DV�IDU�DV�FRXOG�EH�GHWHUPLQHG��PRVW�RI� WKH�
HDUO\� SHDN� KHDWLQJ�FRROLQJ� HQJLQHHULQJ�EDVHG�
PHWKRGV� LQ� WKH�8�6��FDQ�EH� WUDFHG��HLWKHU�GLUHFWO\�RU�
LQGLUHFWO\� WR� WKRVH� SXEOLVKHG� E\� 3URIHVVRU� +HUPDQQ�
5LHWVFKHO� ������ ±� SUHVHQW��� 3URIHVVRU� RI� WKH�
7HFKQLFDO� 8QLYHUVLW\� RI� %HUOLQ�� &KDUORWWHQEXUJ�� WKH�
ZRUNV�RI�7KRPDV�7UHGJROG���������RU�(XJpQH�3pFOHW�
��������

,1752'8&7,21��
&XUUHQWO\�� WKHUH� LV� DQ� LQFUHDVLQJ� HIIRUW� WR� DQDO\VH��
GHVLJQ�DQG�FRQVWUXFW�QHZ�KLJK�SHUIRUPDQFH�EXLOGLQJV�
WKDW� ZLOO� FRQVXPH� OHVV� HQHUJ\�� ORRN� DSSHDOLQJ�� DQG�
SURYLGH� DFFHSWDEOH� LQGRRU� DLU� FRQGLWLRQV�� +RZHYHU��
LQ�PDQ\�FLWLHV�LQ�WKH�8�6��GHYHORSHUV�DUH�DVNHG�WR�WU\�
WR�UHXVH�VRPH�SRUWLRQ�RI�DQ�H[LVWLQJ�VWUXFWXUH��RU�DGG�
RQ� WR� DQ� H[LVWLQJ� VWUXFWXUH� ZLWKRXW� UHDOO\� NQRZLQJ�
KRZ� WKDW�SUHYLRXV�EXLOGLQJ�ZDV�GHVLJQHG��HVSHFLDOO\�
WKH� +9$&� V\VWHPV�� 2IWHQ�� ROGHU� EXLOGLQJV� KDYH�
H[LVWLQJ� +9$&� V\VWHPV� WKDW� DUH� VLJQLILFDQWO\�
RYHU�XQGHU� VL]HG�� ZKLFK� PDNHV� WKHP� LQDSSURSULDWH�
IRU� PHHWLQJ� WKH� KHDWLQJ�FRROLQJ� ORDGV� WKH\� PXVW�
VXSSO\�� ,Q� VRPH� FDVHV�� WKH� WKHUPDO� PDVV� RI� WKHVH�
ROGHU�EXLOGLQJV�KDV�QHYHU�EHHQ�DGHTXDWHO\�WDNHQ�LQWR�
DFFRXQW� GXULQJ� WKH� GHVLJQ� SURFHVV��ZKLFK�PD\� KDYH�
OHG� WR� ODUJH� HUURUV� LQ� WKH� WKHUPDO� ORDG� VL]LQJ�
FDOFXODWLRQV��
�
$OWKRXJK� WKHUH� KDYH� EHHQ� D� QXPEHU� RI� SUHYLRXV�
SDSHUV� WKDW� KDYH� SUHVHQWHG� KLVWRULFDO� GLVFXVVLRQV� RI�
WKH�RULJLQV�RI� FRPSXWHU� VLPXODWLRQ�SURJUDPV�� IHZ� LI�
DQ\�VWXGLHV�KDYH�SURYLGHG�DQ�KLVWRULFDO� DQDO\VLV� WKDW�
FRYHUHG� SHULRGV� EHIRUH� FRPSXWHUL]HG� VLPXODWLRQV�
FDPH� LQWR� XVH� �)HOGPDQ� DQG�0HUULDQ� ������.XVXGD�
������6WDPSHU�������6RZHOO�DQG�+LWWOH�������6KDYLW�
�������

�����������������������������������������������������������
�7KLV�SDSHU�GLVFXVVHV�D�KLVWRU\�RI�SHDN�ORDG�GHVLJQ�PHWKRGV��,W�
GRHV�QRW�FRYHU�EXLOGLQJ�DQQXDO�HQHUJ\�XVH��IHQHVWUDWLRQ�VRODU�JDLQ��
PRLVWXUH�DQG�SHDN�ZHDWKHU�GDWD�FDOFXODWLRQV��$�GLVFXVVLRQ�RI�WKH�
KLVWRU\�RI�DQQXDO�HQHUJ\�XVH�LV�SUHVHQWHG�LQ�WKH�(6/�UHSRUW���(6/�
75�����������ZKLFK�DOVR�LQFOXGHV�D�FRPSOHWH�OLVWLQJ�RI�DOO�WKH�
UHIHUHQFHV�LQ�WKLV�SDSHU��DYDLODEOH�DW��
KWWS���HVO�WDPX�HGX�WHUS�UHSRUWV�������
�
 

+,6725<�2)�5(/$7('�6&,(1&(�
7KH�GHYHORSPHQW�RI�SHDN�ORDG�DQG�DQQXDO�HQHUJ\�XVH�
FDOFXODWLRQ�PHWKRGV�FRXOG�QRW�EH�SHUIRUPHG�ZLWKRXW�
D�VROLG�IRXQGDWLRQ�EDVHG�RQ�WKH�UHODWHG�VFLHQFHV��7KLV�
VHFWLRQ� SURYLGHV� D� EULHI� UHYLHZ� RI� WKH� SUHYLRXV�
VFLHQFHV�DQG�HQJLQHHULQJ�SUDFWLFHV�IURP�WKH�����V�WR�
WKH� ����V� LQFOXGLQJ���� JDV� ODZV�� KHDW� WUDQVIHU�� DQG�
WKHUPRG\QDPLFV���

Gas laws 
7KH� GHYHORSPHQW� RI� WKH� VFLHQFH� RI� WKH� EHKDYLRU� RI�
JDVVHV�� VXFK� DV� PRLVW� DLU�� ZDV� LPSRUWDQW� IRU� VL]LQJ�
KHDWLQJ�DQG�FRROLQJ�V\VWHP��7KH�VWXGLHV�RI�JDV� ODZV�
EHJDQ� LQ� WKH���WK� FHQWXU\� ILUVW�ZLWK�H[SHULPHQWV� WKDW�
GHILQHG� WHPSHUDWXUH�� SUHVVXUH� DQG� YROXPH�
UHODWLRQVKLSV��IROORZHG�VKRUWO\�WKHUHDIWHU�ZLWK�D�EHWWHU�
XQGHUVWDQGLQJ� RI� SDUWLDO� SUHVVXUHV�� PROHFXOHV� DQG�
HYHQWXDOO\� DWRPV�� 2QH� RI� WKH� HDUOLHVW� VWXGLHV� ZDV�
SHUIRUPHG� E\� WKH� %ULWLVK� VFLHQWLVW� DQG� SKLORVRSKHU��
5REHUW� %R\OH� ������������� ZKR� SHUIRUPHG�
H[SHULPHQWV�ZLWK�DQ�DLU�YDFXXP�SXPS�WR�REVHUYH�WKH�
HIIHFWV� RI� UHGXFLQJ� DLU� SUHVVXUH��ZKLFK�ZDV� UHSRUWHG�
LQ�KLV�ERRN�³1HZ�([SHULPHQWV�3K\VLFR�0HFKDQLFDOO��
7RXFKLQJ� WKH� 6SULQJ� RI� WKH� $LU�� DQG� LWV� (IIHFWV´� LQ�
������ 7ZR� \HDUV� ODWHU�� KH� SXEOLVKHG� KLV� UHVXOWV��
ZKLFK�GHPRQVWUDWHG� WKDW� WKH�SURGXFW�RI�JDV�SUHVVXUH�
DQG�YROXPH�ZDV�FRQVWDQW�DW�D�JLYHQ�WHPSHUDWXUH��QRZ�
UHIHUUHG�WR�DV�³%R\OH
V�/DZ´��5REHUW�%R\OH�LV�XVXDOO\�
FUHGLWHG�ZLWK�EHLQJ�WKH�ILUVW�WR�UHVHDUFK�JDV�SURSHUWLHV�
WKURXJK�REVHUYDWLRQV�EDVHG�RQ�H[SHULPHQWV���

�
2QH� KXQGUHG� \HDUV� ODWHU�� LQ� ������ -DFTXHV� &KDUOHV�
������������� WKH� )UHQFK� FKHPLVW� DQG� SK\VLFLVW��
IRUPXODWHG�&KDUOHV
� /DZ� VWDWHG� WKDW� WKH� JDV� YROXPH�
ZDV� SURSRUWLRQDO� WR� WKH� JDV� WHPSHUDWXUH� DW� D� JLYHQ�
JDV� SUHVVXUH�� +RZHYHU�� &KDUOHV
� /DZ� ZDV� QRW�
SXEOLVKHG� XQWLO� ����� ZKHQ� LW� ZDV� FLWHG� E\� -RVHSK�
/RXLV� *D\�/XVVDF�� D� )UHQFK� FKHPLVW� DQG� SK\VLFLVW��
*D\�/XVVDF
V� /DZ� VKRZHG� WKH� UHODWLRQVKLS� EHWZHHQ�
JDV� SUHVVXUH� DQG� WHPSHUDWXUH� DW� D� FRQVWDQW� JDV�
YROXPH�� $� FRPELQHG� JDV� ODZ� WKDW� FRQVLGHUHG� JDV�
SUHVVXUH�� WHPSHUDWXUH� DQG� YROXPH� ZDV� ODWHU� GHULYHG�
E\�FRPELQLQJ�%R\OH
V�/DZ�DQG�&KDUOHV
�/DZ���
�

�����������������������������������������������������������
2References for this introduction materials can be found in West 
(2005), Donaldson et al. (1994), Acott (1999), Elena and Manuela 
(2006), Gas Law History (n.d.), Sandfort (1962), Woo and Yeo 
(n.d.), Hirang (2008-2009), Bergles (1988), Cheng and Fujii 
(1988), Narasimhan (1999), Backman and Harman (2001), Mätzler 
(2012), Carter (2004), Winhoven and Gibbs (n.d.), Powers (2012), 
Javadi (n.d.). 
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,Q� ������ WKH� (QJOLVK� FKHPLVW�� PHWHRURORJLVW� DQG�
SK\VLFLVW�� -RKQ� 'DOWRQ� ������������� LQWURGXFHG� WKH�
FRQFHSW� RI� ³SDUWLDO� SUHVVXUH´�� ZKLFK� SURSRVHG� WKDW�
WKH� VXPPDWLRQ� RI� WKH� SDUWLDO� SUHVVXUHV� RI� HDFK� JDV�
FRPSRQHQW�ZDV�HTXDO�WR�WKH�WRWDO�SUHVVXUH�RI�PL[WXUH��
7KLV� ODWHU� EHFDPH� NQRZQ� DV� �'DOWRQ
V� /DZ��� (LJKW�
\HDUV� ODWHU�� LQ� ������ -RVHSK� /RXLV� *D\�/XVVDF�
GHYHORSHG�DQRWKHU�ODZ�DERXW�WKH�FRQVHUYDWLRQ�RI�JDV�
YROXPHV� LQ� FKHPLFDO� UHDFWLRQV� DW� WKH� VDPH�
WHPSHUDWXUH� DQG� SUHVVXUH�� ,Q� ������ EDVHG� RQ� *D\�
/XVVDF
V� GDWD�� $PHGHR� $YRJDGUR� ������������
SURSRVHG� $YRJDGUR
V� /DZ�� ZKLFK� ZDV� WKH� ILUVW� WR�
VXJJHVW� WKDW� �PROHFXOHV�� VKRXOG� EH� GLIIHUHQWLDWHG�
IURP� ³DWRPV´�� ZKLFK� KHOSHG� WR� IXUWKHU� XQGHUVWDQG�
JDVHRXV� PL[WXUH�� $YRJDGUR
V� /DZ� DOVR� VWDWHG� WKDW�
JDVHV� ZLWK� HTXDO� YROXPHV� DW� WKH� VDPH� WHPSHUDWXUH�
DQG� SUHVVXUH� KDG� HTXDO� QXPEHUV� RI� PROHFXOHV��
(YHQWXDOO\��DOO�WKHVH�GLVFRYHULHV�OHDG�WR�WKH�,GHDO�*DV�
/DZ�WKDW�IRUPHG�WKH�EDVLV�RI�WRGD\¶V�WKHUPRG\QDPLF�
SULQFLSOHV�IRU�PRLVW�DLU��

Heat transfer 
+HDW� WUDQVIHU�� WKH� GLVFLSOLQH� WKDW� VWXGLHV� WKH� SURFHVV�
WUDQVIHUULQJ� KHDW� IURP� RQH� REMHFW� WR� DQRWKHU�� LV�
FRPSRVHG� RI� WKUHH� LPSRUWDQW� ILHOGV�� FRQGXFWLRQ��
FRQYHFWLRQ�DQG�UDGLDWLRQ��7KH�HDUOLHVW�WKHRULHV�RI�KHDW�
WUDQVIHU� EHJDQ�ZLWK� ,VDDF�1HZWRQ� ������������ ZKR�
SXEOLVKHG� ³1HZWRQ
V� /DZ� RI� &RROLQJ´� LQ� ����� WKDW�
ILUVW� LQWURGXFHG� WKH� WHUP� ³KHDW� WUDQVIHU� FRHIILFLHQW´��
1HZWRQ�SURSRVHG�D�SURSRUWLRQDO�UHODWLRQVKLS�EHWZHHQ�
WKH� FRROLQJ� UDWH� DQG� WHPSHUDWXUH� GLIIHUHQFH� RI� WZR�
VXUIDFHV�EDVHG�RQ�KLV�HDUO\�H[SHULPHQWV��+LV�/DZ�RI�
&RROLQJ�ZDV�FRQVLGHUHG� WKH�EHJLQQLQJ�RI�FRQYHFWLYH�
KHDW� WUDQVIHU� VWXGLHV�� 7KH� WKUHH� PRGHV� RI� KHDW�
WUDQVIHU�� FRQGXFWLRQ�� FRQYHFWLRQ� DQG� UDGLDWLRQ��ZHUH�
QRW� VHSDUDWHO\� GLVWLQJXLVKHG� XQWLO� ����� E\� -RVHSK�
%ODFN� ������������� ZKR� DOVR� LQWURGXFHG� WKH� WHUP�
�/DWHQW�+HDW����

�
,Q� ������ WKH� WKHRU\� RI� KHDW� FRQGXFWLRQ� ZDV� ILUVW�
IRUPXODWHG� E\� -RVHSK� )RXULHU� ������������ WKURXJK�
WKH�XVH�RI�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQV�WKDW�GHVFULEHG�
WKH� WUDQVLHQW� SURFHVV�� )LIWHHQ� \HDUV� ODWHU�� LQ� ������
)RXULHU
V� /DZ� RI� +HDW� &RQGXFWLRQ� ZDV� IRUPDOO\�
SURSRVHG� LQ� KLV� SXEOLVKHG� SDSHU� ³7KH� $QDO\WLF�
7KHRU\�RI�+HDW´��,Q�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\��
WKH� HDUOLHVW� ZRUN� RQ� UDGLDWLRQ� KHDW� WUDQVIHU� VWDUWHG�
ZLWK� WKH� UHFRJQLWLRQ� RI� ³LQYLVLEOH� OLJKW´� E\�:LOOLDP�
+HUVFKHO�LQ�������,W�ZDV�QRW�XQWLO�VL[W\�\HDUV�ODWHU��LQ�
������ WKDW� .LUFKKRII¶V� ODZ� RI� UDGLDWLRQ� ZDV�
IRUPXODWHG� E\�*XVWDY�.LUFKKRII� �O�����������ZKLFK�
JDYH� XV� DQ� HTXDWLRQ� WR� FDOFXODWH� WKH� UDGLDWLYH� KHDW�
WUDQVIHU�SURFHVV�DW� WKH� VXUIDFH�RI�D�PDWHULDO��6KRUWO\�
DIWHU�WKLV��6WHIDQ
V�/DZ�ZDV�SURSRVHG�LQ�������EDVHG�
RQ� H[SHULPHQWV� SHUIRUPHG� E\� -RVHSK� 6WHIDQ� ������
������� ZKLFK� VWDWHG� WKDW� WKHUH� ZDV� D� SURSRUWLRQDO�
UHODWLRQ� EHWZHHQ� UDGLDWLRQ� DQG� WKH� IRXUWK� SRZHU� RI�
VXUIDFH� WHPSHUDWXUH��7KHQ�� ILYH� \HDUV� ODWHU�� LQ�������
/XGZLJ� %ROW]PDQQ� ������������ SURYLGHG� D�
GHULYDWLRQ� RI� D� IRXUWK� SRZHU� UDGLDWLYH� KHDW� WUDQVIHU�
ODZ�� 6WHIDQ� DQG� %ROW]PDQQ¶V� ZRUN� ZHUH� ODWHU�

FRPELQHG� DQG� DUH� QRZ� UHIHUUHG� WR� DV� WKH� �6WHIDQ�
%ROW]PDQQ� /DZ��� ZKLFK� LQFOXGHV� WKH� 6WHIDQ�
%ROW]PDQQ�FRQVWDQW�IRU�SHUIRUPLQJ�WKH�UDGLDWLYH�KHDW�
WUDQVIHU� FDOFXODWLRQ�� ,Q� VXPPDU\�� WKHVH� KHDW� WUDQVIHU�
GLVFRYHULHV�SURYLGHG�WKH�EDVLF�WKHRULHV�DQG�HTXDWLRQV�
WR�FDOFXODWH�G\QDPLF�EXLOGLQJ�SHDN� ORDG�FDOFXODWLRQV�
DV�ZHOO�DV�DQQXDO�HQHUJ\�XVH�FDOFXODWLRQV���

Thermodynamics 
7KHUPRG\QDPLFV� LV� D� GLVFLSOLQH� WKDW� FRPELQHV� WKH�
FRQFHSWV� RI� KHDW�� ZRUN� DQG� HQHUJ\�� LQFOXGLQJ�� WKH�
)LUVW�� 6HFRQG� DQG� 7KLUG� /DZ� RI� 7KHUPRG\QDPLFV��
7KH�VFLHQFH�RI�WKHUPRG\QDPLFV�GHYHORSHG�JUDGXDOO\�
DORQJVLGH� WKH� GHYHORSPHQW� RI� JDV� ODZV� DQG� KHDW�
WUDQVIHU� LQ� WKH���WK�FHQWXU\��%HJLQQLQJ� LQ�������6DGL�
&DUQRW� ������������� DOVR� NQRZQ� DV� WKH� �)DWKHU� RI�
7KHUPRG\QDPLFV���SURSRVHG�WKH�&DUQRW�F\FOH��ZKLFK�
ZDV� SXEOLVKHG� LQ� KLV� ³5HIOHFWLRQV� RQ� WKH� 0RWLYH�
3RZHU� RI� )LUH� DQG� RQ� 0DFKLQHV� )LOOHG� WR� 'HYHORS�
7KDW� 3RZHU´�� WKLV� SDSHU� PDUNHG� WKH� ELUWK� RI� WKH�
VFLHQFH� RI� WKHUPRG\QDPLFV� DQG� HVWDEOLVKHG� WKH�
IRXQGDWLRQ� IRU� WKH� )LUVW� DQG� 6HFRQG� /DZ� RI�
7KHUPRG\QDPLFV��7KH�)LUVW�/DZ�RI�7KHUPRG\QDPLFV�
�� &RQVHUYDWLRQ� RI� (QHUJ\� ZDV� ILUVW� LQWURGXFHG� LQ�
����� E\� 5REHUW� 0D\HU� ������������ ZKR� SURSRVHG�
WKDW� KHDW� ZDV� D� IRUP� RI� HQHUJ\�� 2QH� \HDU� ODWHU�� WKH�
HTXLYDOHQFH� RI� KHDW� DQG� PHFKDQLFDO� ZRUN� ZDV�
GHPRQVWUDWHG�E\�-DPHV�3UHVFRWW�-RXOH���������������

�
,Q� ������ DQ� HQHUJ\� FRQVHUYDWLRQ� IRUPXOD� ZDV� ILUVW�
SURSRVHG� E\� +HUPDQQ� YRQ� +HOPKROW]� �������������
7KLV� OHG� WR� WKH� GHYHORSPHQW� RI� WKH� 6HFRQG� /DZ� RI�
7KHUPRG\QDPLFV��ZKLFK�ZDV�SUHVHQWHG�E\�5XGROI�-��
&ODXVLXV� ������������ LQ� ����� ZKHQ� EH� LQWURGXFHG�
WKH� WHUP� �HQWURS\��� ZKLFK� ZDV� EDVHG� RQ�+HOPKROW]�
DQG� &DUQRW
V� ZRUN�� 7KH� 7KLUG� /DZ� RI�
7KHUPRG\QDPLFV�ZDV�QRW�SURSRVHG�XQWLO������E\�WKH�
SK\VLFDO� FKHPLVW�� :DOWKHU� +HUPDQQ� 1HUQVW� ������
�������ZKLFK�VWDWHG�WKDW�WKH�HQWURS\�RI�D�V\VWHP�ZDV�
]HUR� LI� WKH� WHPSHUDWXUH� ZDV� DEVROXWH� ]HUR�� 7KHVH�
WKUHH� /DZV� RI� 7KHUPRG\QDPLFV� KHOSHG� FRQVROLGDWH�
WKH� FRQFHSWV� RI� KHDW�� ZRUN� DQG� HQHUJ\� LQWR�
FDOFXODWLRQV� RI� D� VLQJOH� VXEMHFW� RU� V\VWHP� RI�
HTXDWLRQV�� ZKLFK� WRJHWKHU� ZLWK� WKH� VFLHQFH� RI� JDV�
ODZV� DQG� KHDW� WUDQVIHU� EHFDPH� WKH� IRXQGDWLRQV� RI�
EXLOGLQJ� SHDN� KHDWLQJ� DQG� FRROLQJ� ORDG� FDOFXODWLRQV�
DQG�DQQXDO�HQHUJ\�XVH�FDOFXODWLRQV��

3($.�/2$'�&$/&8/$7,21�
0(7+2'6�
%XLOGLQJ� SHDN� ORDG� FDOFXODWLRQ� PHWKRGV�� ZKLFK�
LQFOXGH� SHDN� KHDWLQJ� DQG� FRROLQJ� ORDG� FDOFXODWLRQV��
DUH� XVHG� IRU� VL]LQJ� +9$&� HTXLSPHQW� LQ� RUGHU� WR�
SURYLGH� DGHTXDWH� KHDWLQJ� RU� FRROLQJ� ZKHQ� H[WUHPH�
ZHDWKHU� FRQGLWLRQV� RFFXU�� 7KLV� VHFWLRQ� UHYLHZV� WKH�
KLVWRU\� RI� WKH� PDMRU� SHDN� KHDWLQJ� DQG� FRROLQJ� ORDG�
PHWKRGV� LQ� IRXU� GLIIHUHQW� SHULRGV�� 3UH� ������ �����
�����������������DQG������3UHVHQW��

�����������������������������������������������������������
�7KH�6�,��HQHUJ\�XQLW�ZDV�QDPHG�DIWHU�-DPHV�3UHVFRWW�-RXOH� 
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Pre 1945 
7KH� ELUWK� RI� PRVW� HQJLQHHULQJ� PHWKRGV� LV� RIWHQ�
LQVSLUHG� E\� WKH� QHHG� WR� VROYH� SUREOHPV� ZKLFK� DUH�
UHOHYDQW� DQG� SUDFWLFDO� IRU� D� JLYHQ� SHULRG�� 3ULRU� WKH�
GHYHORSPHQW� RI� VWDQGDUGL]HG� SHDN� ORDG� FDOFXODWLRQ�
PHWKRGV�� PRVW� HQJLQHHUV� WULHG� WR� GHVLJQ� EXLOGLQJ�
+9$&� V\VWHPV� E\� UHO\LQJ� RQ� PDQXIDFWXUHU¶V�
OLWHUDWXUH� IRU� D� VSHFLILF� V\VWHP�� D� IHZ� DYDLODEOH�
WH[WERRNV�RU�HYHQ�IHZHU�KDQGERRNV�RU�JXLGHERRNV���

�
7KH� HDUOLHVW� KHDWLQJ� DQG� YHQWLODWLQJ� GHVLJQ�
GHYHORSPHQWV� VWDUWHG� LQ� WKH� ��WK� FHQWXU\��
8QIRUWXQDWHO\��HQJLQHHUV�KDG� WR�GHVLJQ�V\VWHPV�ZLWK�
UXOHV�RI�WKXPE� RU� DSSUR[LPDWH� GHVLJQ� PHWKRGV�
EHFDXVH� XVHIXO� WH[WERRNV� RU� JXLGHERRNV� WKDW� ZHUH�
EDVHG� RQ� ILUVW� SULQFLSOHV� ZHUH� LQ� VFDUFH� VXSSO\�� $V�
HDUO\� DV� LQ� ������ 'U�� %RVZHOO� 5HLG� UHGHVLJQHG� WKH�
KHDWLQJ� DQG� YHQWLODWLQJ� V\VWHP� IRU� %ULWLVK� +RXVH� RI�
&RPPRQV� XVLQJ� D� FKLPQH\� WR� LQGXFH� DLU� IORZ�
WKURXJK�WKH�EXLOGLQJ���ZLWK�D�ZDWHU�VSUD\�FRROLQJ�DQG�
VWHDP�KHDWLQJ�V\VWHP��'RQDOGVRQ�HW�DO����������7KLV�
ZDV�SUREDEO\�RQH�RI�WKH�ILUVW�VXFFHVVIXO�DSSOLFDWLRQV�
RI� SXUSRVHIXO� ³IUHVK� DLU´� LQWR� D� SXEOLF� VSDFH�� ZLWK�
HYDSRUDWLYH�FRROLQJ�DQG�RU�KHDWLQJ�DSSOLHG� WR� WKH�DLU�
XQGHU�PDQXDO�FRQWUROV���
�
$ERXW� WKH� VDPH� WLPH�� (XJpQH� 3pFOHW�� D� )UHQFK�
SK\VLFLVW�DQG�D�KHDW�HQJLQHHU��ZDV�SUREDEO\� WKH� ILUVW�
WR� LQWURGXFH� KHDW� WUDQVIHU� FDOFXODWLRQV� E\� SXEOLVKLQJ�
KLV� WH[WERRN� ³7UDLWp� 'H� /D� &KDOHXU´� �7UHDWLVH� RQ�
+HDWLQJ�� LQ� ����� �'RQDOGVRQ� HW� DO��� ������1LFKROOV��
������� 8QIRUWXQDWHO\�� IHZ� HQJLQHHUV� DQG� DUFKLWHFWV�
ZHUH�DZDUH�RI�3pFOHW¶V�ZRUN�VLQFH�LW�ZDV�ZULWWHQ�RQO\�
LQ�)UHQFK��,Q�������VRPH�RI�3pFOHW¶V�ZRUN�ZDV�ILQDOO\�
WUDQVODWHG� LQWR� (QJOLVK� E\� &KDUOHV� 3DXOGLQJ�
�3DXOGLQJ����������
�
,Q� ������ 5REHUW� %ULJJV� GHVLJQHG� DQG� LQVWDOOHG� D�
KHDWLQJ�DQG�YHQWLODWLRQ�V\VWHP�IRU�WKH�8�6��+RXVH�RI�
5HSUHVHQWDWLYHV��'RQDOGVRQ�HW�DO����������+LV�V\VWHP�
XVHG� LQGLUHFW� VWHDP� KHDWHUV� �L�H��� XQGHUIORRU�
UDGLDWRUV��� D�FKLPQH\��� DQG�VXEWHUUDQHDQ�DLUZD\V� IRU�
HDFK� ZLQJ�� (QJLQHHUV� DW� WKDW� WLPH� FRXOG� RQO\� FRXQW�
RQ�WKHLU�RZQ�SUDFWLFDO�GHVLJQ�H[SHULHQFH��ZKLFK�ZDV�
RIWHQ�OLPLWHG��8VHIXO�WH[WERRNV�WKDW�FRQWDLQHG�GHVLJQ�
WDEOHV� DQG� HTXDWLRQV� GLG� QRW� VWDUW� WR� DSSHDU� XQWLO�
WZHQW\�WR�WKLUW\�\HDUV�ODWHU���
�
,Q�������)UDQN�(��.LGGHU�LQWURGXFHG�WKH�ILUVW�YHUVLRQ�
RI� KLV� ERRN� ³$UFKLWHFW¶V� DQG� %XLOGHU¶V� +DQGERRN´�
�.LGGHU�� ������� 7KLV� ERRN� ZDV� RULHQWHG� WRZDUGV�
DUFKLWHFWV� DQG� PRVWO\� FRQWDLQHG� LQIRUPDWLRQ� IURP�
PDQXIDFWXUHU¶V� OLWHUDWXUH� UHJDUGLQJ� WKH� VL]LQJ� WKH�
VWHDP�UDGLDWRUV�E\�WKH�GHWHUPLQDWLRQ�RI�WKH�URRP�VL]H�
DQG� ERLOHU� VL]H�� $OWKRXJK� D� KHDW� ORVV� FDOFXODWLRQ�
PHWKRG� ZDV� LQFOXGHG�� LW� ZDV� GHVFULEHG� LQ� WHUPV� RI�
ZRUGV�LQVWHDG�RI�HTXDWLRQV��,Q�DGGLWLRQ��WKHUPDO�PDVV�
ZDV� QRW� FRQVLGHUHG� LQ� WKH� V\VWHP� GHVLJQ�� VLQFH� DOO�
�����������������������������������������������������������
4 This is because reliable air-handling units were not available. 
5Originally, which was replaced with a large fan added afterwards. 

WDEXODWHG� KHDW� WUDQVIHU� FRHIILFLHQWV� ZHUH� IRU� VWHDG\�
VWDWH�FDOFXODWLRQV���
�
6KRUWO\� DIWHU�� LQ� ������ D� SURIHVVRU� RI� WKH� 7HFKQLFDO�
8QLYHUVLW\�RI�%HUOLQ��+HUPDQQ�5LHWVFKHO�SXEOLVKHG�D�
*HUPDQ� WH[WERRN� FDOOHG� ³/�IWXQJV�XQG� +HL]XQJV�
$QODJHQ´ � ��9HQWLODWLRQ� DQG� +HDWLQJ� 6\VWHPV�� WKDW�
ZDV� ODWHU� WUDQVODWHG� LQWR� (QJOLVK� YHUVLRQ� E\� &�:��
%UDEEHH�LQ�������5LHWVFKHO�DQG�%UDEEHH���������7KLV�
ERRN� LV� ZLGHO\� UHFRJQL]HG� DV� (XURSH¶V� ILUVW�
VFLHQWLILFDOO\�EDVHG�WH[W�RQ�KHDWLQJ�DQG�YHQWLODWLQJ��,W�
FRQWDLQHG�UHODWLYHO\�FRPSOHWH�LQIRUPDWLRQ�DERXW�KRZ�
WR�FDOFXODWH�KHDW�WUDQVIHU��LQFOXGLQJ�HTXDWLRQV�WKDW�DUH�
VWLOO�LQ�XVH�WRGD\��,W�DOVR�GHVFULEHG�KRZ�WR�VL]H�VWHDP�
V\VWHPV��SLSLQJ��HWF���DQG�LW�HYHQ�SURYLGHG�D�GHWDLOHG�
VROXWLRQ�WR�WKH�G\QDPLF�KHDW�WUDQVIHU�FDOFXODWLRQ�LQ�D�
VLQJOH� VODE� RI� ZDOO� PDWHULDO� DV� ZHOO� DV� VWHDG\�VWDWH�
KHDW� ORVV� FDOFXODWLRQV� IRU�ZDOOV�� URRIV��ZLQGRZV� DQG�
YHQWLODWLRQ�� 7KH� ERRN� DOVR� LQFOXGHG� WDEOHV� RI� XVHIXO�
KHDW�WUDQVIHU�FRHIILFLHQWV�DV�ZHOO�DV�FKDUWV�DQG�JUDSKV�
ZLWK�SORWWHG�SURSHUWLHV�RI�PRLVW�DLU��8VHPDQQ���������
8QIRUWXQDWHO\�� QR� IRUPXODV� IRU� PRLVW� DLU� ZHUH�
LQFOXGHG��
�
6KRUWO\�DIWHU��LQ�������5ROOD�&DUSHQWHU��D�SURIHVVRU�DW�
&RUQHOO�8QLYHUVLW\��SXEOLVKHG� WKH� ILUVW�YHUVLRQ�RI�KLV�
WH[WERRN� QDPHG� +HDWLQJ� DQG� 9HQWLODWLQJ� %XLOGLQJV�
�&DUSHQWHU�� ������� 7KLV� ERRN� LQFOXGHG� WKHRU\� DQG�
DSSOLFDWLRQV� RI� KHDWLQJ� DQG� YHQWLODWLQJ� DSSDUDWXV� E\�
7KRPDV�7UHGJROG���������&KDUOHV�+RRG���������DQG�
(XJpQH� 3pFOHW� �������� ,W� DOVR� LQFOXGHG� WDEOHV� RI�
PDWHULDOV�� SURSHUWLHV� RI� DLU� DQG� PDWK� DOJRULWKPV�� ,W�
FDQ� EH� FRQVLGHUHG� DV� DQ� HTXLYDOHQW� HQJLQHHULQJ�
KDQGERRN��
�
$URXQG� WKH� VDPH� SHULRG�� LQ� WKH� ����V�� $OIUHG� 5��
:ROII�� D� ZHOO�NQRZQ� KHDWLQJ� DQG� YHQWLODWLQJ� GHVLJQ�
HQJLQHHU� LQ� WKH� 8�6��� SXEOLVKHG� KLV� ³KHDW� WUDQVIHU�
FRHIILFLHQW´�FKDUW�WKDW�ZDV�GHULYHG�IURP�WKH�SUHYLRXV�
ZRUN�E\�(XJpQH�3pFOHW�DQG�7KRPDV�%R[��,W�LQFOXGHG�
D� JUDSK� WKDW� VKRZHG� WKH� KHDW� ORVV� SHU� XQLW� DUHD� IRU�
ZLQGRZV�� GRRUV� DQG� ZDOOV� DQG� FHLOLQJV� RI� YDU\LQJ�
WKLFNQHVV� �:ROII�� ������ FLWHG� LQ� 'RQDOGVRQ� HW� DO���
�������:ROII� ZDV� UHJDUGHG� DV� RQH� RI� WKH� ILUVW� 8�6��
HQJLQHHUV� WR�XVH�³KHDW� WUDQVIHU�FRHIILFLHQWV´�� DQG�KLV�
FKDUW� WKDW� VKRZHG� ³YDU\LQJ� WKLFNQHVV´�ZDV�SUREDEO\�
WKH� ILUVW� SXEOLVKHG� G\QDPLF� HIIHFW� RI� WKHUPDO�PDVV���
:ROII� ZDV� WKH� GHVLJQHU� RI� WKH� ILUVW� DLU� FRQGLWLRQLQJ�
V\VWHP� �IRU� WKH� %RDUG� 5RRP� RI� 1HZ� <RUN� 6WRFN�
([FKDQJH�LQ��������ZKLFK�ZDV�UHJDUGHG�DV�RQH�RI�WKH�
HDUOLHVW� FRPPHUFLDO� DLU�FRQGLWLRQLQJ� V\VWHPV� WR� EH�
GHVLJQHG�DQG�RSHUDWHG�IRU�FRPIRUW��'RQDOGVRQ�HW�DO���
��������

�����������������������������������������������������������
6Private communication with Mr. Bernard Nagengast. 
7Wolff was also aware of Rietschel’s  textbook. 
8Wolff consulted Henry Torrance of the Carbondale Machine 
Company for this design. 
9Two years later, in 1905, Stuart Cramer first  used  the  term  “air  
conditioning”  for  treating  air  in  textile  mills  in  N.C., which 
became widely adapted as the terminology that described artificial 
cooling system (Donaldson et al., 1994). �
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6WHSSLQJ�LQWR�WKH���WK�FHQWXU\��QHZ�SHDN�FRROLQJ�ORDG�
PHWKRGV� EHJDQ� WR� EH� GHYHORSHG� GXULQJ� WKH� ����� WR�
�����SHULRG�� LQFOXGLQJ�� WKH� SV\FKURPHWULF� FKDUW� DQG�
WKH� JRYHUQLQJ� HTXDWLRQV� IRU� PRLVW� DLU�� WKH� VRO�DLU�
WHPSHUDWXUH�PHWKRG�DQG�WKH�WKHUPDO�QHWZRUN�PHWKRG��
,Q� ������ D� \RXQJ� HQJLQHHU� DW� WKH� %XIIDOR� )RUJH�
FRPSDQ\�� QDPHG� :LOOLV� &DUULHU� GHVLJQHG� KLV� ILUVW�
YHQWLODWLRQ� V\VWHP�ZLWK�FRROLQJ�FRLOV� IRU� WKH�6DFNHWW�
DQG� :LOKHOPV� &RPSDQ\�� LQ� %URRNO\Q�� 1�<��
�'RQDOGVRQ� HW� DO��� ������� 8QIRUWXQDWHO\�� WKH� V\VWHP�
ZDV� QRW� VXFFHVVIXO�� EHFDXVH�� DOWKRXJK� LW� FRXOG� FRRO�
WKH�DLU�VWUHDP��LW�FRXOG�QRW�FRQWURO�WKH�KXPLGLW\��$IWHU�
VWXG\LQJ�WKH�IDLOXUH��&DUULHU�GHWHUPLQHG�WKDW�D�VSUD\�
W\SH�DLU�ZDVKHU�XVLQJ�FKLOOHG�ZDWHU�FRXOG�EH�XVHG�WR�
FRQWURO�WHPSHUDWXUH�DQG�KXPLGLW\����
�
,Q� ������ &DUULHU� GHYHORSHG� D� ZRUNLQJ� V\VWHP� DQG�
DSSOLHG� IRU� D� SDWHQW� IRU� DQ� ³DSSDUDWXV� IRU� WUHDWLQJ�
DLU´�� ZKLFK� DOORZHG� KLP� WR� FRQWURO� WKH� DEVROXWH�
KXPLGLW\� RI� WKH� DLU� VWUHDP� H[LWLQJ� WKH� FKLOOHG� ZDWHU�
VSUD\� �'RQDOGVRQ� HW� DO��� ������� 7ZR� \HDUV� ODWHU�� LQ�
������&DUULHU�SXEOLVKHG�KLV� ILUVW� SV\FKURPHWULF�FKDUW�
EDVHG�RQ�KLV�SV\FKURPHWULF�IRUPXODV����'RQDOGVRQ�HW�
DO���������� ,Q�������&DUULHU�GHVLJQHG� WKH�PHFKDQLFDO�
V\VWHP�IRU�WKH�0LODP�%XLOGLQJ�LQ�6DQ�$QWRQLR��7H[DV��
ZKLFK� ZDV� WKH� ILUVW� KLJK�ULVH� DLU�FRQGLWLRQHG� RIILFH�
EXLOGLQJ� LQ� 8�6�� �$60(�� ������� ,Q� WKH� 0LODP�
EXLOGLQJ�� WZR� FHQWULIXJDO� UHIULJHUDWLRQ� XQLWV�
GHYHORSHG�E\�WKH�&DUULHU�&RPSDQ\��ZHUH�XVHG�DV�WKH�
FRROLQJ� V\VWHP�� 8QIRUWXQDWHO\�� WKH� UDGLDQW� KHDW� WKDW�
ZDV� VXSSRVHG� WR� EH� DEVRUEHG� E\� WKH� KHDY\� H[WHULRU�
FRQVWUXFWLRQ� ZDV� QRW� ZHOO� XQGHUVWRRG�� 7KLV� UHVXOWHG�
LQ� WKH� V\VWHP� QRW� ZRUNLQJ� DV� SODQQHG� GXH� WR� DQ�
XQH[SHFWHG�DV\PPHWULF�FRROLQJ�ORDG��7R�UHPHG\�WKLV��
YHQHWLDQ� EOLQGV�� FORWK� ZLQGRZ� VKDGHV� DQG� GXFW�
GDPSHUV�ZHUH�LQVWDOOHG�WR�VROYH�PRUQLQJ�RU�DIWHUQRRQ�
RYHUKHDWLQJ�SUREOHPV��$60(����������
�
,Q�������WKH�%XIIDOR�)RUJH�(QJLQHHU¶V�+DQGERRN�ZDV�
SXEOLVKHG�� ZKLFK� ZDV� UHFRJQL]HG� DV� WKH� ILUVW�
FRPSUHKHQVLYH� 8�6�� PDQXIDFWXUHU¶V� KDQGERRN� IRU�
KHDWLQJ� DQG� YHQWLODWLQJ� �&DUULHU�� ������� ,W� FRQWDLQHG�
GHWDLOHG�HTXDWLRQV�IRU�KHDW�ORVV�FDOFXODWLRQV�IRU�ZDOOV��
URRIV�� ZLQGRZV� DQG� YHQWLODWLRQ�� LQFOXGLQJ� WDEOHV� RI�
XVHIXO�FRHIILFLHQWV�DV�ZHOO�DV�&DUULHU¶V�SV\FKURPHWULF�
FKDUW�� ZKLFK�ZDV� WKH� ILUVW� WLPH� WKDW� D� SV\FKURPHWULF�
FKDUW� ZDV� LQWURGXFHG� LQ� D� KDQGERRN�� (LJKW� \HDUV�
ODWHU��LQ�������$6+9(�SXEOLVKHG�LWV�ILUVW�JXLGH�ERRN��
³7KH� $PHULFDQ� 6RFLHW\� RI� +HDWLQJ� DQG� 9HQWLODWLQJ�
(QJLQHHUV� *XLGH´�� ZKLFK� DOVR� KDG� EDVLF� KHDW� ORVV�
IRUPXOD�� XQIRUWXQDWHO\� ZKLFK� ZHUH� SUHVHQWHG� DV�
³ZRUG�IRUPXODV´��$6+9(����������
�
'XULQJ� WKLV� SHULRG�� VHYHUDO� RWKHU� XVHIXO� WH[WERRNV�
DSSHDUHG��,Q�������-RKQ�5��$OOHQ�HW�DO��SXEOLVKHG�WKH�
ILUVW�HGLWLRQ�RI� WKHLU�ERRN�³+HDWLQJ�DQG�9HQWLODWLRQ´�

�����������������������������������������������������������
10Information was retrieved from: 
http://en.wikipedia.org/wiki/Willis_Carrier 
11Carrier’s psychrometric chart was later formally published in 
1911 in ASME (Carrier, 1911). 

WKDW� SURYLGHG� GHWDLOHG� KHDW� ORVV� FDOFXODWLRQ�PHWKRGV�
WKDW� LQFOXGHG� WDEOHV� RI� XVHIXO� FRHIILFLHQWV� DQG�
HTXDWLRQV��$OOHQ�HW�DO�����������
�
6KRUWO\� DIWHU� $OOHQ�� LQ� ������ &KDUOHV� 0HUULFN� *D\�
DQG� &KDUOHV� 'H� 9DQ� )DZFHWW� SXEOLVKHG� WKHLU�
WH[WERRN�� ZKLFK� FRQWDLQHG� GHWDLOHG� HTXDWLRQ�EDVHG�
FDOFXODWLRQV� IRU� KHDW� ORVV� DQG� D� YHU\� WHUVH� DGYLFH�
DERXW�KRZ�WR�FDOFXODWH�VXPPHUWLPH�KHDW�JDLQ����*D\�
DQG� )DZFHWW�� ������� 2QH� \HDU� ODWHU�� WKH� 75$1(�
&RPSDQ\� SXEOLVKHG� LWV� ILUVW� GHVLJQ� PDQXDO�� ZKLFK�
SURYLGHG� D� ORDG� HVWLPDWH� VKHHW� IRU� HQJLQHHUV� WR� XVH�
�75$1(�� ������� 7KLV� PDQXDO� XVHG� WDEXODWHG� ³VRODU�
WHPSHUDWXUH� GLIIHUHQFHV´� DQG� DOVR� LQFOXGHG�
LQVWUXFWLRQV� IRU�XVLQJ� WKH�75$1(�DLU� �� FRQGLWLRQLQJ�
UXOHU����
�
6HYHUDO� LPSRUWDQW�SDSHUV�ZHUH�DOVR�SXEOLVKHG�GXULQJ�
WKLV� SHULRG� LQ� (XURSH� DQG� LQ� WKH� 8�6�� ,Q� ������ WKH�
5HVSRQVH� )DFWRU� 0HWKRG� ZDV� ILUVW� LQWURGXFHG� IRU�
WUDQVLHQW� IORZ� FDOFXODWLRQ� E\�$QGUp�1HVVL� DQG� /pRQ�
1LVROOH�LQ�)UHQFK��1HVVL�DQG�1LVROOH���������,Q�������
$OIRUG� HW� DO��SXEOLVKHG� D� SDSHU� RQ� KHDW� VWRUDJH�KHDW�
WUDQVIHU� WKURXJK� ZDOOV� GULYHQ� E\� WHPSHUDWXUH� DQG�
VRODU� LQWHQVLW\� LQ� WKH� $6+9(� 7UDQVDFWLRQV�� 7KLV�
SDSHU�SURYLGHG�D�GHWDLOHG� VROXWLRQ� WR� WKH�GLIIHUHQWLDO�
HTXDWLRQ�LQ�WKH�IRUP�RI�D�GHFUHPHQW�IDFWRU�DQG�D�WLPH�
GHOD\��$OIRUG�HW�DO����������7KUHH�\HDUV�ODWHU��LQ�������
WKH�WKHUPDO�5�&�QHWZRUN�PHWKRG�ZDV�ILUVW�GHYHORSHG�
E\� 9LFWRU� 3DVFKNLV� WR� VLPXODWH� EXLOGLQJ� ZDOOV�
�3DVFKNLV�� ������� /DWHU� LQ� ������ &�2�� 0DFNH\� DQG�
/�7��:ULJKW�-U��XVHG�D�PRGLILHG�YHUVLRQ�RI�$OIRUG�HW�
DO�¶V�HTXDWLRQV�DQG�SURSRVHG�WKH�³VRO�DLU�WHPSHUDWXUH�
PHWKRG´� �0DFNH\� DQG� :ULJKW�� ������� ,Q� WKH� VDPH�
\HDU�� LQ� ������ -RKQ�*�� /LQYLOO� DQG� -RKQ� -�� +HVV� -U��
SXEOLVKHG� WKHLU� DUWLFOH� ³6WXG\LQJ� 7KHUPDO� %HKDYLRU�
RI� +RXVHV´�� ZKLFK� ZDV� DQ� XQGHUJUDGXDWH� VWXGHQW�
SURMHFW� DW� 0�,�7�� 7KHLU� DUWLFOH� VKRZHG� KRZ� WKH�
WKHUPDO�QHWZRUN�PHWKRG�FRXOG�EH�XVHG�WR�VLPXODWH�DQ�
HQWLUH�KRXVH��/LQYLOO�DQG�+HVV����������
�
,Q� VXPPDU\�� GXULQJ� WKH� SHULRG� SULRU� WR� ������ WKHUH�
ZHUH� DW� EHVW� LQFRQVLVWHQW� PHWKRGV� IRU� FDOFXODWLQJ�
SHDN� KHDWLQJ� DQG� FRROLQJ� ORDGV�� 7KHVH� PHWKRGV�
DSSHDUHG� LQ� WH[WERRNV�� KDQGERRNV�� JXLGHERRNV� DQG�
PDQXIDFWXUHU¶V�OLWHUDWXUH��+RZHYHU��GXULQJ�WKLV�VDPH�
SHULRG�� WKH� IRXQGDWLRQ� ZDV� ODLG� IRU� WRGD\¶V� PRGHUQ�
PHWKRGV�� ZKLFK� EHJDQ� ZLWK� VRO�DLU� WHPSHUDWXUHV��
GHFUHPHQW� IDFWRUV� DQG� WKH� XVH� RI� D� WKHUPDO� 5�&�
QHWZRUN�WR�FDOFXODWH�G\QDPLF�EXLOGLQJ�KHDW�JDLQ�ORVV��

1946-1969 
0RVW� RI� WKH� G\QDPLF� SHDN� FRROLQJ� FDOFXODWLRQ�
PHWKRGV�XVHG�WRGD\�LQ�WKH�8�6��ZHUH�SURSRVHG�GXULQJ�
WKH�����������SHULRG�� ,Q�������DV�D�GHVLJQ�HQJLQHHU�
�����������������������������������������������������������
12In the book, they recommended the use of a rule-of-thumb 
method: “add 25°F to the dry bulb temperature difference for heat 
transmission calculation”. 
13This ruler was for use with the TRANE psychrometric chart. The 
heat transfer tables were listed according to the color of the wall, 
versus thermal mass characteristics. 
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DW�&DUULHU�&RRSHUDWLRQ��-DPHV�3��6WHZDUW�ZDV�WKH�ILUVW�
WR� RXWOLQH� (TXLYDOHQW� 7HPSHUDWXUH� 'LIIHUHQWLDOV�
�(7'���EDVHG�RQ�0DFNH\�DQG�:ULJKW¶V�HDUOLHU�ZRUN��
ZKLFK� ZDV� LQWHQGHG� WR� EH� XVHG� DV� DQ� HDV\�WR�XVH�
WDEXODWHG�GHVLJQ�PHWKRG�WKDW�ZRXOG�HVWLPDWH�WKH�WLPH�
GHOD\�DQG�DPSOLWXGH�RI�WKH�G\QDPLF�KHDW�JDLQ�GXH�WR�
WKHUPDO� PDVV�� 6WHZDUW¶V� PHWKRG� ZDV� VKRZQ� WR� EH�
VXLWDEOH� IRU� FDOFXODWLQJ� DQ� H[WHQGHG� KRXUO\� SURILOH�
RQO\� LI� UDGLDQW� FRPSRQHQWV� ZHUH� DYHUDJHG� RYHU� WKH�
UHSUHVHQWDWLYH�SHULRG� IRU� DOO� WKH� WKHUPDO�PDVV�RI� WKH�
EXLOGLQJ� �6WHZDUW�� ������� 7KH� (7'� WDEOHV� ZHUH�
DGRSWHG�IRU�XVH�LQ�WKH������$6+9(�*XLGH��$6+9(��
�������8QIRUWXQDWHO\��MXGJLQJ�WKH�DPRXQW�RI�WKHUPDO�
PDVV�LQ�D�EXLOGLQJ�ZDV�D�GLIILFXOW�MRE�IRU�DQ�DYHUDJH�
HQJLQHHU�� ZKLFK� XOWLPDWHO\� PDGH� WKH� PHWKRG� RQO\�
XVHIXO� LQ� WKH� KDQGV� RI� DQ� H[SHULHQFHG� HQJLQHHU�� 7R�
KHOS� UHVROYH� WKLV�� DGGLWLRQDO� WDEOHV� RI� 7RWDO�
(TXLYDOHQW�7HPSHUDWXUH�'LIIHUHQFH��7LPH�$YHUDJLQJ�
PHWKRG��7(7'�7$��YDOXHV�ZHUH�ODWHU�WDEXODWHG�LQ�WKH�
����� $6+5$(� *XLGH� DQG� 'DWD� %RRN� �$6+5$(��
�������

�
,Q� ������ D� QHZ� HGLWLRQ� RI� *D\� DQG� )DZFHWW¶V�
WH[WERRN�ZDV� SXEOLVKHG� WKDW� LQFOXGHG� D� QHZ� DXWKRU��
:LOOLDP� 0F*XLQQHVV� ZKR� ZDV� D� SURIHVVRU� RI�
$UFKLWHFWXUH�DW�WKH�3UDWW�,QVWLWXWH�RI�7HFKQRORJ\��*D\�
HW� DO��� ������� 7KLV� QHZ� HGLWLRQ� LQFOXGHG� D� UHYLVHG�
SURFHGXUH� IRU� DLU� FRQGLWLRQLQJ� GHVLJQ�� DV� ZHOO� DV�
LPSURYHG�GDWD�IRU�FDOFXODWLQJ�KHDW�JDLQV��*D\�HW�DO���
������� ZKLFK� UHIHUHQFHG� WKH� ����� $6+9(� *XLGH����
6R��E\�WKH�PLG�����V�HLWKHU�WKH�GLUHFW�XVH�RI�0DFNH\�
DQG� :ULJKW¶V� VRO�DLU� WHPSHUDWXUH� HTXDWLRQV� RU�
6WHZDUW¶V� WDEXODWHG� 7(7'�7$� YDOXHV� SURYLGHG�
GHVLJQHUV�ZLWK� DQ� LPSURYHG�PHWKRG� WR� FDOFXODWH� WKH�
LPSDFW�RI�WKHUPDO�PDVV��
�
,Q�WKH�PLG�������:�5��%ULVNHQ��6�*��5HTXH�DQG�3�5��
+LOO�ODLG�WKH�IRXQGDWLRQV�RI�WRGD\¶V�WKHUPDO�5HVSRQVH�
)DFWRU�0HWKRG��5)0���EDVHG�RQ�1HVVL�DQG�1LVROOH¶V�
����� ZRUN�� ,Q� ������ %ULVNHQ� DQG� 5HTXH� SXEOLVKHG�
WKHLU� KHDW� ORDG� FDOFXODWLRQV� XVLQJ� WKH� WKHUPDO�
UHVSRQVH�PHWKRG� �%ULVNHQ�DQG�5HTXH��������� ,Q� WKLV�
PHWKRG�� WKH\� SURSRVHG� XVLQJ� ³VTXDUH� ZDYHV´� WR�
UHSUHVHQW� D� WLPH�YDU\LQJ� ³FXUYH´� RI� WHPSHUDWXUH�
UHVSRQVH�� 2QH� \HDU� ODWHU�� +LOO� GHYHORSHG� D� PRUH�
DFFXUDWH� ³XQLW� WULDQJOH´� PHWKRG� IRU� FDOFXODWLQJ� WKH�
WLPH�YDU\LQJ� ��'� VXUIDFH� WHPSHUDWXUH� �+LOO�� �������
%DVHG�RQ�WKHVH�SUHYLRXV�ZRUNV��LQ�������*�3��0LWDODV�
DQG� '�*�� 6WHSKHQVRQ� GHYHORSHG� WKH� WKHUPDO�
5HVSRQVH�)DFWRU�0HWKRG� �5)0���ZKLFK� DOORZHG� IRU�
WKH� VROXWLRQ� WR� WKH� G\QDPLF� KHDW� WUDQVIHU� SUREOHP�
ZLWKRXW� KDYLQJ� WKH� NQRZOHGJH� RI� KRZ� WR� VROYH� D�
VHSDUDWH�GLIIHUHQWLDO�HTXDWLRQ�IRU�HDFK�QHZ�ZDOO� W\SH�
�0LWDODV� DQG� 6WHSKHQVRQ�� ������ 6WHSKHQVRQ� DQG�
0LWDODV���������/DWHU��WKLV�PHWKRG�EHFDPH�SDUW�RI�WKH�
:HLJKWLQJ� )DFWRU� 0HWKRG�� ZKLFK� ZDV� XVHG� IRU�
FDOFXODWLQJ� EXLOGLQJ� DQQXDO� HQHUJ\� XVH� LQ� WKH� �����
$6+5$(�+DQGERRN��$6+5$(���������
�����������������������������������������������������������
14 Gay et al.’s  book  cited  the  1951  ASHVE  Guide  as  the  source of 
Mackey  and  Wright’s 1944 sol-air equation. 

6HYHUDO� DXWKRUV� LQYHVWLJDWHG� WKH� XVH� RI� WKHUPDO� 5�&�
QHWZRUN�PRGHOV� IRU� DQDO\VLQJ�G\QDPLF�KHDW� WUDQVIHU�
�3DVFKNLV�� ������ %XFKEHUJ�� ������ 1RWWDJH� DQG�
3DUPHOHH���������$V�SUHYLRXVO\�PHQWLRQHG��DOWKRXJK�
WKH� ILUVW� WKHUPDO� 5�&� QHWZRUN� PHWKRG� DSSHDUHG� LQ�
������ +DUU\� %XFKEHUJ� GHYHORSHG� D� FRPSOHWH� 5�&�
WKHUPDO� QHWZRUN� IRU� D� KRXVH� PRGHO� XVLQJ� KHDW�
EDODQFH�FDOFXODWLRQV� LQ�DQ�DQDORJ�FRPSXWHU� LQ� ������
7KLV�SURMHFW�ZDV�DQ�$6+5$(�VSRQVRUHG�SURMHFW�DQG�
LV� UHJDUGHG� DV� WKH� ILUVW� WLPH� WKDW� WKH� KHDW� EDODQFH�
PHWKRG� DQG� WKHUPDO� QHWZRUN� PHWKRG� ZHUH� XVHG�
WRJHWKHU�LQ�DQ�DQDORJ�EXLOGLQJ�VLPXODWLRQ��%XFKEHUJ��
�������7KH�KHDW�EDODQFH�PHWKRG�ZDV�ODWHU�DGRSWHG�LQ�
WKH� ����� $6+5$(� +DQGERRN� DORQJ� ZLWK� WKH�
ZHLJKWLQJ� IDFWRU� PHWKRG� DV� EXLOGLQJ� DQQXDO� HQHUJ\�
XVH�FDOFXODWLRQ�PHWKRGV��$6+5$(���������
�
7KH� JXLGH� ERRNV� GXULQJ� ���������� LQFOXGHG�� WKH�
����� 75$1(� $LU� &RQGLWLRQLQJ� 0DQXDO� �75$1(��
������� WKH� ����� &DUULHU� +DQGERRN� RI� $LU�
&RQGLWLRQLQJ� 6\VWHP� 'HVLJQ� �&DUULHU�� ������� WKH�
����� $6+9(� *XLGH� �$6+9(�� ������� VHYHUDO�
$6+5$(� *XLGH� DQG� 'DWD� %RRN� �$6+5$(�� ������
������ ������� DQG� WKH� ILUVW� YHUVLRQ� RI� $6+5$(�
+DQGERRN� �$6+5$(�� ������� ,Q� WKHVH� KDQGERRNV��
WKHUPDO� PDVV� ZDV� FRQVLGHUHG� DV� HLWKHU� VRO�DLU�
WHPSHUDWXUH�FDOFXODWLRQV�RU�7(7'�7$�WDEOHV��

�
%HVLGHV�WKH�PHWKRGV�GLVFXVVHG�DERYH��WKHUH�ZHUH�WZR�
RWKHU� ZLGHO\� XVHG� PHWKRGV� WKDW� ZHUH� GHYHORSHG� WR�
VROYH� WKH� WLPH�YDU\LQJ� KHDW� WUDQVIHU� SUREOHPV�� WKH�
)LQLWH�'LIIHUHQFH�)LQLWH�(OHPHQW�0HWKRG��)'0�)(0��
DQG� WKH� DGPLWWDQFH� PHWKRG�� 7KH� )'0�)(0� ZDV�
LQWURGXFHG� LQ� ����� �&ORXJK�� ������ )RUV\WKH� DQG�
:DVRZ�� ������ LQ� WKH� IRUP� RI� IRUPDO� HTXDWLRQV� WKDW�
FRXOG� EH� GLUHFWO\� XVHG� LQ� FRPSXWHU� DOJRULWKPV�� 7KH�
DGPLWWDQFH�PHWKRG�ZDV�RULJLQDOO\�GHYHORSHG�E\�$�*��
/RXGRQ� LQ� ����� �/RXGRQ�� ������� 7KH� FRQFHSW� RI�
³7KHUPDO� $GPLWWDQFH´� ZDV� ILUVW� LQWURGXFHG� LQ� WKH�
8�.�� E\� WKH� ,QVWLWXWLRQ� RI� +HDWLQJ� DQG� 9HQWLODWLQJ�
(QJLQHHUV�*XLGH� �,+9(�� LQ�������*RXODUW�������� WR�
PHDVXUH� WKH� DELOLW\� RI� EXLOGLQJ� FRPSRQHQWV� WR�
VPRRWK�RXW�WKH�WHPSHUDWXUH�VZLQJV�ZLWKLQ�D����KRXU�
F\FOH��7KLV�PHWKRG�ZDV�ODWHU�DGRSWHG�E\�WKH�&KDUWHG�
,QVWLWXWLRQ� RI� %XLOGLQJ� 6HUYLFHV� (QJLQHHUV� �&,%6(��
DQG�LV�QRZ�ZLGHO\�XVHG�LQ�WKH�8�.��
�
,Q� VXPPDU\�� GXULQJ� ����������� WKH� ILUVW� HGLWLRQ� RI�
$6+5$(� +DQGERRN� DSSHDUHG�� ZKLFK� DGRSWHG� WKH�
DYDLODEOH� SHDN� KHDWLQJ� DQG� FRROLQJ� ORDG� PHWKRGV�
IURP� LPSRUWDQW� SDSHUV�� 6HYHUDO� RI� WKH� SRSXODU�
WH[WERRNV�DQG�PDQXIDFWXUHU¶V�OLWHUDWXUH�ZHUH�XSGDWHG�
WR� UHIOHFW� WKH� QHZ�PHWKRGV� DV� ZHOO�� )LQDOO\�� VWHDG\�
VWDWH� SHDN� KHDWLQJ� FDOFXODWLRQ�PHWKRGV�PDWXUHG� DQG�
WLPH�YDU\LQJ� FRROLQJ� ORDG� FDOFXODWLRQ� PHWKRGV� WKDW�
FRQVLGHUHG� DPELHQW� WHPSHUDWXUH� DQG� VRODU� UDGLDWLRQ�
EHFDPH�DYDLODEOH�IRU�GHVLJQHUV�WR�XVH��

1970-1989 
3HDN� FRROLQJ� ORDG� PHWKRGV� FRQWLQXHG� WR� GHYHORS�
GXULQJ�WKH�SHULRG������������,Q�������WKH�$6+5$(�
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7DVN� *URXS� RQ� (QHUJ\� 5HTXLUHPHQWV� �7*(5�� ILUVW�
LQWURGXFHG� WKH�7UDQVIHU�)XQFWLRQ�0HWKRG��7)0��IRU�
SHDN� FRROLQJ� ORDG� FDOFXODWLRQ�� ZKLFK� ZDV� EDVHG� RQ�
0LWDODV� DQG� 6WHSKHQVRQ¶V� HDUOLHU� ZRUN� DQG� LV�
FRQVLGHUHG� WKH� ILUVW�� ZLGH�VSUHDG� FRPSXWHU�RULHQWHG�
PHWKRG�IRU�VROYLQJ�G\QDPLF�KHDW�WUDQVIHU�SUREOHPV�LQ�
EXLOGLQJV��0LWDODV����������
�
+RZHYHU��HYHQ�DV�QHZ�FRPSXWHU�EDVHG�PHWKRGV�ZHUH�
EHLQJ� GHYHORSHG�� PDQXDO�� WDEXODWHG� PHWKRGV� ZHUH�
EHLQJ�XSGDWHG�DQG�XVHG��2QH�VXFK�PHWKRG��EDVHG�RQ�
WKH� SULQFLSOHV� RI� 7)0�� LV� WKH� &RROLQJ� /RDG�
7HPSHUDWXUH�'LIIHUHQFH�&RROLQJ�/RDG�)DFWRU�PHWKRG�
�&/7'�&/)��� ZKLFK� ZDV� GHYHORSHG� E\� :LOOLDP�
5XGR\� DQG� )HUQDQGR� 'XUDQ� LQ� ����� �5XGR\� DQG�
'XUDQ�� ������� ,W� LQFOXGHG� WDEXODWHG� UHVXOWV� RI�
FRQWUROOHG� YDULDEOH� WHVWV� VXPPDUL]HG� LQ� $6+5$(�
UHVHDUFK� SURMHFW� 53����� IRU� FRROLQJ� ORDG�
FDOFXODWLRQV�� 7KH� &/7'�&/)� PHWKRG� DWWHPSWHG� WR�
VLPSOLI\� WKH� WZR�VWHS� 7)0� DQG� 7(7'�7$� PHWKRG�
LQWR� D� VLQJOH�VWHS� WHFKQLTXH�� ZKLFK� ZDV� ODWHU�
SXEOLVKHG� LQ� WKH� ����� $6+5$(� +DQGERRN� RI�
)XQGDPHQWDOV� �$6+5$(�� ������� )RXUWHHQ� \HDUV�
ODWHU�� LQ������� WKH�&/7'�&/)�PHWKRG�ZDV�PRGLILHG�
E\�3URI��(GZDUG�6RZHOO�ZKR�UDQ���������VLPXODWLRQV�
WR� SURYLGH� QHZ� WDEXODWHG� DQVZHUV� �6RZHOO�� �������
7KDW� VDPH�\HDU��6WHYHQ�0HUULOO�+DUULHV�DQG�)D\H�&��
0F4XLVWRQ� SURSRVHG� DQ� DGGLWLRQDO� &RQGXFWLRQ�
7UDQVIHU� )XQFWLRQ� �&7)�� FRHIILFLHQWV� WR� FRYHU�PRUH�
JURXSV� RI� URRI� DQG� ZDOO� FRQVWUXFWLRQ� FRQGLWLRQV�
�+DUULHV�DQG�0F4XLVWRQ����������

�
,Q� VXPPDU\�� GXULQJ� WKH� ����� WR� ����� SHULRG�� SHDN�
KHDW� ORDG� PHWKRGV� UHPDLQ� XQFKDQJHG� ZKLOH� PDMRU�
DGYDQFHV�ZHUH�PDGH�LQ�SHDN�FRROLQJ�ORDG�FDOFXODWLRQ�
PHWKRGV� GHYHORSHG�� ZKLFK� DUH� VWLOO� WDXJKW� LQ�
WH[WERRNV� WRGD\�� EXW� QR� ORQJHU� H[LVW� LQ� WKH� FXUUHQW�
�����$6+5$(�+DQGERRN��$6+5$(������������

1990-Present 
,Q�������-HIIHU\�6SLWOHU�HW�DO��XSGDWHG�WKH�&/7'�&/)�
PHWKRG� WR� EHFRPH� WKH� &/7'�6&/�&/)� PHWKRG� E\�
LQWURGXFLQJ�WKH�WHUP�³6RODU�&RROLQJ�/RDG��6&/�´�IRU�
DQ� LPSURYHG� VRODU� KHDW� JDLQ� FDOFXODWLRQ� WKURXJK�
IHQHVWUDWLRQ� �6SLWOHU� HW� DO��� ������� 7KLV� QHZ�
&/7'�6&/�&/)�PHWKRG�ZDV� ODWHU� LQFRUSRUDWHG� LQWR�
WKH� ����� $6+5$(� +DQGERRN� RI� )XQGDPHQWDOV�
�$6+5$(����������

�
7KH�PRVW�FXUUHQW�FRROLQJ� ORDG�FDOFXODWLRQ�PHWKRG� LV�
WKH�5DGLDQW�7LPH�6HULHV��576��PHWKRG�WKDW�6SLWOHU�HW�
DO��GHYHORSHG�LQ�������ZKLFK�LV�DQ�LPSURYHPHQW�RYHU�
DOO� SUHYLRXV� PHWKRGV� �6SLWOHU� HO� DO��� ������� ,Q�
UHVSRQVH� WR� UHVHDUFK� SURSRVHG� E\� $6+5$(�
7HFKQLFDO� &RPPLWWHH� 7&� ����� WKH�576�PHWKRG�ZDV�
GHULYHG� GLUHFWO\� IURP�� EXW� LV� VLPSOHU� WKDQ�� WKH� KHDW�

�����������������������������������������������������������
15 For non-residential buildings, the heat balance method and 
radiant time series methods are included in Chapter 18 in the 2009 
ASHRAE Handbook of Fundamentals for peak cooling load 
calculations methods. 

EDODQFH� PHWKRG�� ,Q� WKH� 576�PHWKRG�� WKH� ��'� WLPH�
YDU\LQJ� FRQGXFWLRQ� LV� FDOFXODWHG� XVLQJ� D� ���WHUP�
UHVSRQVH� IDFWRU�� 7KH� 576� PHWKRG� FRQYHUWV� WKH�
UDGLDQW�SRUWLRQ�RI�KRXUO\�KHDW�JDLQ�WR�KRXUO\�FRROLQJ�
ORDGV� XVLQJ� UDGLDQW� WLPH� IDFWRUV�� ZKLFK� DUH� WKH�
FRHIILFLHQWV�RI�WKH�5DGLDQW�7LPH�6HULHV�PHWKRG��7KH�
DFFXUDF\� RI� WKH� 5DGLDQW� 7LPH� 6HULHV� PHWKRG� LV�
VLPLODU� WR� WKDW� RI� WKH� 7)0� LI� FXVWRP� ZHLJKWLQJ�
IDFWRUV� DQG� FXVWRP� FRQGXFWLRQ� WUDQVIHU� IXQFWLRQ�
FRHIILFLHQWV� ZHUH� XVHG� IRU� DOO� FRPSRQHQWV� LQ� D�
EXLOGLQJ�� )LQDOO\�� LQ� ������ WKH� $6+5$(� EXLOGLQJ�
ORDG� FDOFXODWLRQ� WRRONLW� �/2$'6� WRRONLWV�� ZDV�
GHYHORSHG�E\�&XUWLV�3HGHUVHQ��3HGHUVHQ��HW�DO����������
ZKLFK� SURYLGHG� D� )2575$1� VRXUFH� FRGH� IRU� WKH�
KHDW� EDODQFH� FDOFXODWLRQV� IRU� $6+5$(�PHPEHUV� WR�
XVH��
�
)RU�UHVLGHQWLDO�ORDG�FDOFXODWLRQV��WKH�5HVLGHQWLDO�+HDW�
%DODQFH� �5+%�� DQG� WKH� 5HVLGHQWLDO� /RDG� )DFWRU�
�5/)��PHWKRGV�ZHUH�GHYHORSHG�E\�&KDUOHV�%DUQDE\�
LQ�������%DUQDE\�HW�DO����������,Q�D�VLPLODU�IDVKLRQ�DV�
WKH� 576� PHWKRG� DQG� /2$'6� WRRONLW�� WKH� 5+%�
PHWKRG�ZDV� GHYHORSHG� WR� EH� D� FRPSXWHU� DOJRULWKP��
ZKLFK�ZDV� FRGHG� XVLQJ� )2575$1��ZKLOH� WKH� 5/)�
PHWKRG� ZDV� GHYHORSHG� WR� EH� D� VLPSOH� PHWKRG� WKDW�
FRXOG�EH�XVHG�E\�PDQXDOO\�RU�ZLWK�D�VSUHDGVKHHW�� ,Q�
������ DQ� H[WHQVLYH� DQDO\VLV� ZDV� GHYHORSHG� WKDW�
FRPSDUHG� SHDN� FRROLQJ� ORDG� FDOFXODWLRQ� PHWKRGV� LQ�
WKH� 8�6�� DQG� WKH� 8�.�� E\� 6LPRQ� 5HHV� �5HHV� HW� DO���
������� 7KH� DQDO\VLV� FRQFOXGHG� WKH� FRROLQJ� ORDG�
FDOFXODWLRQ� PHWKRGV� UHFRPPHQGHG� LQ� WKH� 8�6�� DQG�
8�.��KDYH�WKH�SRVVLELOLW\�WR�FRQYHUJH�LQ�WKH�IXWXUH��

6800$5<�
3ULRU� WR� WKH� ����� VRO�DLU� WHPSHUDWXUH� PHWKRG� E\�
0DFNH\�DQG�:ULJKW�DQG�WKH�(7'�WDEOHV�E\�6WHZDUW�LQ�
������WKHUH�ZHUH�QR�ZLGHO\�XVHG�GHVLJQ�PHWKRGV�IRU�
FDOFXODWLQJ� WLPH�YDU\LQJ� SHDN� FRROLQJ� ORDGV� LQ� WKH�
8�6��7R� GHVLJQ� EXLOGLQJ�+9$&� V\VWHPV� GXULQJ� WKLV�
SHULRG�� HQJLQHHUV� DQG� DUFKLWHFWV� KDG� WR� UHIHU� WR�
PDQXIDFWXUHU¶V� OLWHUDWXUH�� WH[WERRNV�� JXLGHERRNV� RU�
WKHLU� RZQ� H[SHULHQFHV�� ZKLFK� YDULHG� ZLGHO\�� 7KH�
HDUOLHVW� WH[WERRNV� LQFOXGH�� (XJpQH� 3pFOHW�� )UDQN�
.LGGHU��+HUPDQQ�5LHWVFKHO��5ROOD�&DUSHQWHU��&KDUOHV�
3DXOGLQJ�� -RKQ� $OOHQ�� &KDUOHV� 0HUULFN� *D\� DQG�
&KDUOHV�'H�9DQ�)DZFHWW��0DQXIDFWXUHUV�OLNH�75$1(�
DQG�&DUULHU� GHYHORSHG� DQG� XVHG� WKHLU� RZQ�PHWKRGV��
ZKLFK�ZHUH�HYHQWXDOO\�SXEOLVKHG��,QWHUHVWLQJO\��SULRU�
WR� ������ EXLOGLQJ� SHDN� KHDWLQJ� ORDG� FDOFXODWLRQ�
PHWKRGV�SULPDULO\�XVHG�³ZRUG�IRUPXODV´�WR�GHVFULEH�
WKH�FDOFXODWLRQ�SURFHGXUH��,Q� WKH�8�6���EXLOGLQJ�SHDN�
FRROLQJ� ORDG� FDOFXODWLRQV� EHJDQ� ZLWK� WKH� GHFUHPHQW�
IDFWRU� E\�$OIRUG� HW� DO�� LQ� ������ZKLFK� SURYLGHG� WKH�
IRXQGDWLRQ� RI� WKH� VRO�DLU� WHPSHUDWXUH� PHWKRG�
GHYHORSHG�E\�0DFNH\�DQG�:ULJKW�LQ��������
�
,Q� ������ 6WHZDUW� GHYHORSHG� WKH� (TXLYDOHQW�
7HPSHUDWXUH� 'LIIHUHQWLDOV� WDEOH� IURP� WKH� VRO�DLU�
WHPSHUDWXUH�HTXDWLRQV�RI�0DFNH\�DQG�:ULJKW��ZKLFK�
UHVXOWHG�LQ�WKH�(7'�WDEOHV�DGRSWHG�E\������$6+9(�
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*XLGH�DQG�7(7'�7$�PHWKRG�ODWHU�WDEXODWHG�LQ������
$6+5$(�*XLGH�DQG�'DWD�%RRN���
�
7KH� WKHUPDO� UHVSRQVH� IDFWRU�PHWKRG�ZDV� LQWURGXFHG�
E\� 0LWDODV� DQG� 6WHSKHQVRQ� LQ� ������ EDVHG� RQ� WKH�
SUHYLRXV� ZRUN� GRQH� E\� 1HVVL� DQG� 1LVROOH�� +LOO��
%ULVNHQ� DQG� 5HTXH�� ,Q� ������ WKH� KHDW� EDODQFH� DQG�
WKHUPDO� QHWZRUN� PHWKRGV� ZHUH� GHPRQVWUDWHG� E\�
%XFKEHUJ� IRU� VLPXODWLQJ� D� KRXVH� RQ� DQ� DQDORJ�
FRPSXWHU� DV� SDUW� RI� $6+5$(� VSRQVRUHG� UHVHDUFK�
SURMHFW��,Q�������$6+5$(�7DVN�*URXS�SXEOLVKHG�WKH�
WUDQVIHU� IXQFWLRQ� PHWKRG� IRU� FDOFXODWLQJ� G\QDPLF�
KHDW�WUDQVIHU��ZKLFK�ODLG�WKH�EDVLV�IRU�WKH�&/7'�&/)�
PHWKRG� WKDW� ZDV� ODWHU� PRGLILHG� E\� 6RZHOO�� +DUULHV��
0F4XLVWRQ�� DQG� 6SLWOHU� WR� EHFRPH� WKH�
&/7'�6&/�&/)� PHWKRG�� ,Q� ������ -HII� 6SLWOHU�
SXEOLVKHG� WKH� 5DGLDQW� 7LPH� 6HULHV� PHWKRG� WKDW�
UHPDLQV� DV� WKH� PRVW� DFFXUDWH� PHWKRG� IRU� G\QDPLF�
SHDN� FRROLQJ� ORDG� FDOFXODWLRQ� PHWKRG�� 7KH� 576�
PHWKRG� VHUYHG� DV� D� IRXQGDWLRQ� IRU� WKH� UHVLGHQWLDO�
5+%� DQG� 5/)� PHWKRGV� GHYHORSHG� LQ� ����� E\�
%DUQDE\�� )LQDOO\�� LQ� ����� $6+5$(� UHOHDVHG� LWV�
/2$'6� 7RRONLW�� GHYHORSHG� E\� 3URIHVVRU� &XUWLV�
3HGHUVHQ�� ZKLFK� LQFOXGHG� )2575$1� FRGH� IRU� WKH�
KHDW�EDODQFH�PHWKRG��

�
7RGD\�� DOO� WKUHH� PHWKRGV� �L�H��� 7(7'�7$��
&/7'�6&/�&/)��576��UHPDLQ�LQ�XVH�LQ�WKH�LQGXVWU\��
+RZHYHU��RQO\� WKH�576�PHWKRG� LV� UHIHUHQFHG� LQ� WKH�
$6+5$(�+DQGERRN��

$&.12:/('*0(17�
7KLV� SDSHU� ZDV� EDVHG� RQ� D� UHYLHZ� RI� QXPHURXV�
YDOXDEOH� ZRUNV �� �� 6SHFLDO� WKDQNV� WR� 0U�� %HUQDUG�
1DJHQJDVW�IRU�SURYLGLQJ�LQIRUPDWLRQ�DERXW�WH[WERRNV��
WR�3URI��/DUU\�'HJHOPDQ� IRU�PDQ\�YDOXDEOH� LQVLJKWV�
DQG� WR�'U��0RKVHQ�)DU]DG� IRU� SURYLGLQJ� WKH� KLVWRU\�
RI� &DUULHU� +DQGERRN� DQG� WKH� GHYHORSPHQW� RI� +$3�
VRIWZDUH��

5()(5(1&(6���
%XFKEHUJ�� +�� �������� &RROLQJ� /RDG� IURP� 7KHUPDO�

1HWZRUN� 6ROXWLRQV�� $6+5$(� 7UDQVDFWLRQV�� ����
���������

'RQDOGVRQ�%���1DJHQJDVW��%���DQG�0HFNOHU��*��
�������+HDW�	�&ROG��0DVWHULQJ�WKH�*UHDW�
,QGRRUV�$WODQWD��*HRUJLD�$PHULFDQ�6RFLHW\�RI�
+HDWLQJ�5HIULJHUDWLQJ�DQG�$LU�&RQGLWLRQLQJ�
(QJLQHHUV�,QF��

)HOGPDQ� DQG� 0HUULDP�� �������� %XLOGLQJ� HQHUJ\�
DQDO\VLV� FRPSXWHU� SURJUDPV� ZLWK� VRODU� KHDWLQJ�

�����������������������������������������������������������
16 More information are provided in ESL report #ESL-TR-12-12-
02 available at http://esl.tamu.edu/terp/reports/2012  
���7R�FRPSO\�ZLWK�WKH�PD[LPXP�SDJH�UHTXLUHPHQW�E\�,%36$�
FRQIHUHQFH��WKLV�UHIHUHQFH�VHFWLRQ�RQO\�OLVWV�SULPDU\�UHIHUHQFHV��
7KH�FRPSOHWHG�UHIHUHQFH�OLVW�FDQ�EH�IRXQG�LQ�(6/�UHSRUW��(6/�
75����������E\�(QHUJ\�6\VWHPV�/DERUDWRU\��
 

DQG� FRROLQJ� 6\VWHP� FDSDELOLWLHV�� 0DVVDFKXVHWWV��
$UWKXU�'��/LWWOH��,QF��

.XVXGD��7�� �������� 6XPPDU\� RI� UHFHQW� DFWLYLWLHV� RQ�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� DQDO\VLV� LQ� 1RUWK�
$PHULFD�� 3URFHHGLQJV� RI� WKH� %XLOGLQJ� (QHUJ\�
6LPXODWLRQ�&RQIHUHQFH��6HDWWOH��:$���������

.XVXGD��7����������(DUO\�KLVWRU\�DQG�IXWXUH�SURVSHFWV�
RI� EXLOGLQJ� V\VWHP� VLPXODWLRQ�� 3URFHHGLQJV� RI�
%XLOGLQJ�6LPXODWLRQ�������.\RWR��-DSDQ�����������

0DFNH\��&�2���DQG�:ULJKW��/�7���-U����������3HULRGLF�
+HDW� )ORZ� ±� +RPRJHQHRXV� :DOOV� RU� 5RRIV��
$6+9(�-RXUQDO�����������������

0DR�� &��� +DEHUO�� -�6��� DQG� %DOWD]DU�� -�&�� ��������
/LWHUDWXUH�5HYLHZ�RI�WKH�+LVWRU\�RI�%XLOGLQJ�3HDN�
/RDG� DQG� $QQXDO� (QHUJ\� 8VH� &DOFXODWLRQ�
0HWKRGV� LQ� WKH�8�6��7HFKQLFDO�5HSRUW�� (6/�75�
����������(QHUJ\�6\VWHPV�/DERUDWRU\���

0LWDODV��*�3���	�6WHSKHQVRQ��'�*����������5RRP��
7KHUPDO�5HVSRQVH�)DFWRUV��$6+5$(��
7UDQVDFWLRQV������3W����

3HGHUVHQ��&�2���)LVKHU��'�(���/LHVHQ��5�-���DQG�6WUDQG��
5�.����������$6+5$(�7RRONLW�IRU�%XLOGLQJ�/RDG�
&DOFXODWLRQV��$6+5$(�7UDQVDFWLRQV��������
3DUW�������������

5LHWVFKHO��+���DQG�%UDEEHH��&�:����������+HDWLQJ�
DQG�9HQWLODWLRQ��$�+DQGERRN�IRU�$UFKLWHFWV�DQG�
(QJLQHHUV��1HZ�<RUN��1<��0F*UDZ�+LOO��

5HHV��6�-���6SLWOHU��-�'���'DYLHV��0�*���DQG�+DYHV��3��
��������4XDOLWDWLYH�&RPSDULVRQ�RI�1RUWK��
$PHULFDQ�DQG�8�.��&RROLQJ�/RDG�&DOFXODWLRQ��
0HWKRGV��+9$&	5�5HVHDUFK���������������

6WDPSHU�� (�� ������ $6+5$(
V� 'HYHORSPHQW� RI�
&RPSXWHUL]HG�(QHUJ\�&DOFXODWLRQV�IRU�%XLOGLQJV���
$6+5$(�7UDQVDFWLRQV��9RO�������SS�����������

6RZHOO��(��)���DQG�+LWWOH��'��&����������(YROXWLRQ�RI�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� PHWKRGRORJ\��
$6+5$(�7UDQVDFWLRQV��������������������

6KDYLW�� *�� �������� 6KRUW�WLPH�VWHS� DQDO\VLV� DQG�
VLPXODWLRQ�RI�KRPHV�DQG�EXLOGLQJV�GXULQJ�WKH�ODVW�
���� \HDUV�� $6+5$(� 7UDQVDFWLRQV�� �������� ����
������

6SLWOHU�� -�'��� 0F4XLVWRQ�� )�&��� DQG� /LQGVH\�� .�/��
�������� 7KH� &/7'�6&/�&/)� &RROLQJ� /RDG�
&DOFXODWLRQ� 0HWKRG�� $6+5$(� 7UDQVDFWLRQV��
���������������

6SLWOHU��-�'���)LVKHU��'�(���DQG�3HGHUVHQ��&�2����������
7KH� 5DGLDQW� 7LPH� 6HULHV� &RROLQJ� /RDG�
&DOFXODWLRQ� 3URFHGXUH�� $6+5$(� 7UDQVDFWLRQV��
�����3W�������������

8VHPDQQ�� .�:�� �������� +HUPDQQ� 5LHWVFKHO¶V� /LIH�
DQG� $FKLHYHPHQWV�� $6+5$(� 7UDQVDFWLRQV��
�������������������
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Year People/Author Accomplishment Significance Notes

1824 7KRPDV�7UHGJROG
Ɣ�3XEOLVKHG�D�ERRN���3ULQFLSOHV�RI�:DUPLQJ�DQG�9HQWLODWLQJ�3XEOLF
���%XLOGLQJV��'ZHOOLQJ�+RXVHV��0DQXIDFWRULHV��+RVSLWDOV��KRW�
���+RXVHV��&RQVHUYDWLRQV��

Ɣ�/DLG�WKH�IRXQGDWLRQ�IRU�GHVLJQLQJ�ODUJH�SXEOLF�SURMHFWV� Ɣ�5ROOD�&DUSHQWHU�UHIHUHQFHG�7UHGJROG
V�ERRN�SXEOLVKHG�LQ������

1834 'DYLG�%RVZHOO�5HLG
Ɣ�5HGHVLJQHG�KHDWLQJ�DQG�YHQWLODWLQJ�V\VWHP�IRU�WKH�%ULWLVK�+RXVH�RI�&RPPRQV�
Ɣ�8VHG�D�FKLPQH\�WR�LQGXFH�DLU�IORZ�
Ɣ�8VHG�ZDWHU�VSUD\�FRROLQJ�DQG�VWHDP�KHDWLQJ�

Ɣ�2QH�RI�WKH�ILUVW�VXFFHVVIXO�DSSOLFDWLRQV�RI��IUHVK�DLU��LQWR�D�SXEOLF�VSDFH��
����ZLWK�HYDSRUDWLYH�FRROLQJ�DQG�RU�KHDWLQJ�DSSOLHG��
Ɣ�7KHUPDO�PDVV�QRW�FRQVLGHUHG�LQ�WKH�V\VWHP�GHVLJQ�

Ɣ�'U��5HLG�ZDV�D�SURIHVVRU�RI�FKHPLVWU\�

1844 (XJpQH�3pFOHW ●�3XEOLVKHG�WKH�WH[WERRN��7UDLWp�'H�/D�&KDOHXU��� Ɣ��)LUVW�LQWURGXFH�KHDW�WUDQVIHU�FDOFXODWLRQV� ●�(XJpQH�3pFOHW�ZDV�D�)UHQFK�SK\VLFLVW�DQG�KHDW�HQJLQHHU�

1855 5REHUW�%ULJJV

Ɣ�'HVLJQHG�DQG�LQVWDOOHG�D�KHDWLQJ�DQG�YHQWLODWLRQ�V\VWHP�IRU�WKH�8�6��+RXVH
���RI�5HSUHVHQWDWLYHV�
Ɣ�8VHG�LQGLUHFW�VWHDP�KHDWHUV��L�H���XQGHUIORRU�UDGLDWRUV��
Ɣ�2ULJLQDOO\�XVHG�D�FKLPQH\��ZLWK�D�ODUJH�IDQ�DGGHG�DIWHUZDUGV��DQG
���VXEWHUUDQHDQ�DLUZD\V�LQ�HDFK�ZLQJ�RI�WKH�EXLOGLQJ�

Ɣ�)LUVW�ODUJH�VFDOH�EXLOGLQJ�LQ�WKH�8�6��ZLWK�VSHFLDOO\�GHVJLQHG�KHDWLQJ�DQG�
����YHQWLODWLQJ�V\VWHP�
Ɣ�7KHUPDO�PDVV�QRW�FRQVLGHUHG�LQ�WKH�V\VWHP�GHVLJQ�

Ɣ�5REHUW�%ULJJV�ZDV�D�FRQVXOWLQJ�HQJLQHHU�

%XIIDOR�)RUJH�&RPSDQ\ Ɣ�%HJDQ�PDQXIDFWXULQJ�KHDWLQJ�DQG�YHQWLODWLQJ�HTXLSPHQW� Ɣ�'HYHORSPHQW�RI�PHFKDQLFDO�YHQWLODWLRQ�DLU�KDQGOLQJ�XQLWV� Ɣ�%XIIDOR�)RUJH�&RPSDQ\�ZDV�IRUPHG�LQ������

)UDQN�(��.LGGHU
Ɣ�.LGGHU
V�ERRN�ZDV�RULHQWHG�WRZDUGV�DUFKLWHFWV�
Ɣ�,W�FRQWDLQHG�LQIRUPDWLRQ�IURP�PDQXIDFWXUHUV�UHJDUGLQJ�WKH�VL]LQJ�RI�VWHDP
����UDGLDWRUV�

Ɣ�1R�TXDQWLWDWLYH�PHWKRGV�ZHUH�LQFOXGHG�WR��FDOFXODWH�KHDW�JDLQ�ORVV�
●�8VHG�JHQHUDOL]HG�ZRUG�HTXDWLRQV�DQG�WDEXODWHG�GDWD�
Ɣ�7KHUPDO�PDVV�QRW�FRQVLGHUHG�LQ�WKH�V\VWHP�GHVLJQ�

Ɣ�)LUVW�HGLWLRQ�ZDV�SXEOLVKHG�LQ������

1894 +HUPDQQ�5LHWVFKHO

Ɣ�5LHWVFKHO
V�ERRN�FRQWDLQHG�GHWDLOHG�LQIRUPDWLRQ�DERXW�G\QDPLF�KHDW�
���FDOFXODWLRQV��KHDW�ORVV�FDOFXODWLRQV�IRU�ZDOOV��URRIV��ZLQGRZV�DQG�YHQWLODWLRQ��
���LQFOXGLQJ�WDEOHV�RI�XVHIXO�FRHIILFLHQWV�
Ɣ�&RQWDLQHG�UHODWLYHO\�FRPSOHWH�LQIRUPDWLRQ�DERXW�KHDW�WUDQVIHU��VL]LQJ�RI�
���VWHDP�V\VWHPV��SLSLQJ��HWF�

Ɣ�5HFRJQL]HG�DV�(XURSH
V�ILUVW�VFLHQWLILFDOO\��EDVHG�WH[W�RQ�KHDWLQJ�DQG�
����YHQWLODWLQJ�
Ɣ�7KH�ERRN�UHIHUHQFHG�KHDW�WUDQVIHU�HTXDWLRQV�IURP�������+HDW�DQG�,WV�
���$SSOLFDWLRQ��E\�3HFOHW��+DUWPDQQ�

Ɣ�'U��+HUPDQQ�5LHWVFKHO�ZDV�SURIHVVRU�RI�WKH�7HFKQLFDO�8QLYHUVLW\�RI�%HUOLQ��
���&KDUORWWHQEXUJ�
Ɣ��WK�HGLWLRQ�WUDQVODWHG�LQWR�(QJOLVK�E\�&�:��%UDEEHH�LQ������

1894 $OIUHG�:ROII

Ɣ�'HOLYHUHG�D�OHFWXUH�EHIRUH�WKH�)UDQNOLQ�,QVWLWXWH�DERXW�KLV�GHVLJQ�
���DFFRPSOLVKPHQWV�
Ɣ�8VHG��KHDW�WUDQVIHU�FRHIILFLHQW��GHULYHG�E\�(XJpQH�3pFOHW�DQG�7KRPDV�%R[�
Ɣ�&RHIILFLHQWV�LQFOXGHG�ZLQGRZV��GRRUV��DQG�ZDOOV�FHLOLQJV�RI�YDU\LQJ�WKLFNQHVV�

Ɣ�,QWURGXFHG�KHDW�WUDQVIHU�FDOFXODWLRQV�IURP�5LHWVFKHO�LQWR�8�6��SUDFWLFH�
Ɣ�$OIUHG�:ROII�ZDV�RQH�RI�WKH�ILUVW�8�6��HQJLQHHUV�WR�XVH��KHDW��WUDQVIHU�
���&RHIILFLHQWV��
Ɣ�:ROII
V�XVH�RI�WKH�SDUDPHWHU��YDU\LQJ�WKLFNQHVV��ZDV�SUREDEO\�RQH�RI�WKH
����ILUVW�SXEOLVKHG�LQGLUHFW�HIIHFWV�KHDW�WUDQVIHU�

Ɣ�$OIUHG�:ROII�ZDV�D�KHDWLQJ�DQG�YHQWLODWLQJ�HQJLQHHU�
Ɣ�+H�GHVLJQHG�D�QXPEHU�RI�EXLOGLQJV��VXFK�DV�WKH�&RUQHOLXV�9DQGHUELOW�
����+RXVH��1�<�&���������������-RKQ�-DFREV�$VWRU�+RXVH��������������&DUQHJLH
����0XVLF�+DOO���������HWF�

1896 5ROOD�&DUSHQWHU ●�3XEOLVKHG�KLV�ERRN���+HDWLQJ�DQG�9HQWLODWLQJ�%XLOGLQJV �� ●�&DUSHQWHU
V�ERRN�LQFOXGHG�WKHRU\�DQG�DSSDUDWXV�E\�7KRPDV�7UHGJROG��
����&KDUOHV�+RRG�DQG�(XJpQH�3pFOHW�

●�5ROOD�&DUSHQWHU�ZDV�D�SURIHVVRU�DW�&RUQHOO�8QLYHUVLW\�

1902 :LOOLV�&DUULHU

Ɣ�'HVLJQHG�KLV�ILUVW�FRROLQJ�FRLO�DLU�FRQGLWLRQLQJ�V\VWHP�IRU�6DFNHWW�	�
���:LKHOPV�&R���LQ�%URRNO\Q��1�<�
Ɣ�7KH�V\VWHP�ZDV�QRW�VXFFHVVIXO�
Ɣ�&DUULHU�UHVHDUFKHG�ZK\�V\VWHP�IDLOHG�GXULQJ������������5HVHDUFK�RQ�WKLV�
���V\VWHP�OHG�HYHQWXDOO\�WR�KLV�SV\FKURPHWULF�IRUPXODV�

Ɣ�&DUULHU�GHWHUPLQHG�WKDW�D�VSUD\�W\SH�DLU�ZDVKHU�FRXOG�EH�XVHG�WR�FRQWURO�
����WHPSHUDWXUH�DQG�KXPLGLW\� Ɣ�&DUULHU�VWDUWHG�ZRUNLQJ�IRU�%XIIDOR�)RUJH�DV�DQ�HQJLQHHU�LQ������

1903 $OIUHG�:ROII�

Ɣ�'HVLJQHG�PHFKDQLFDO�V\VWHP�IRU�1HZ�<RUN�6WRFN�([FKDQJH�LQ������������,W
���ZDV�SXW�LQ�WUDLO�RSHUDWLRQ�LQ�VXPPHU�RI�������,W�ZDV�LQ�IXOO�RSHUDWLRQ�LQ������
Ɣ�6\VWHP�XVHG�������WRQ�VWHDP�GULYHQ�DEVRUSWLRQ�FKLOOHUV�
Ɣ�8VHG�VWHDP�IURP�RQ�VLWH�FRJHQHUDWLRQ�V\VWHP�
Ɣ�6\VWHP�KDG����GLVWULEXWLRQ�ER[HV�LQ�WKH�RUQDWH�FHLOLQJ�SURYLGHG�FRROLQJ�WR
����WKH�H[FKDQJH�IORRU�
Ɣ�6LPLODU�WR�V\VWHPV�:ROII�GHVLJQHG�IRU�&RUQHOO�0HGLFDO�&ROOHJH���������
���+DQRYHU�1DW
O�%DQN��������

Ɣ�(DUOLHVW�ODUJH�VFDOH�FRPPHUFLDO�DLU�FRQGLWLRQLQJ�V\VWHP�WR�EH�GHVLJQHG�DQG
���RSHUDWHG�IRU�FRPIRUW�
●�)LUVW�FR�JHQHUDWLRQ�DLU�FRQGLWLRQLQJ�V\VWHP�
Ɣ�7KHUPDO�PDVV�FRQVLGHUHG�LQ�WKH�V\VWHP�GHVLJQ�WKURXJK�WDEOHV�RI�YDU\LQJ�ZDOO
����WKLFNQHVV�

Ɣ7KH�V\VWHP�UHOLHG�RQ�LQIRUPDWLRQ�IURP�3URI�+HUPDQQ�5LHWVFKHO
V�������*XLGH
���WR�&DOFXODWLQJ�DQG�'HVLJQ�RI�9HQWLODWLQJ�DQG�+HDWLQJ�,QVWDOODWLRQV���%HUOLQ�
���5R\DO�,QVWLWXWH�RI�WHFKQRORJ\�

8QLWHG�,URQ�:RUNV�&RPSDQ\

Ɣ�'HVLJQHG�PHFKDQLFDO�V\VWHP�IRU�0LVVRXUL�6WDWH�EXLOGLQJ�DW�WKH�/RXLVLDQD�
����3XUFKDVH�([SRVLWLRQ�
Ɣ�%XLOGLQJ�KDG�������VHDW�DXGLWRULXP�
Ɣ�6\VWHP�XVHG��������&)0�FRROHG�E\�GLUHFW�H[SDQVLRQ�DLU�FRQGLWLRQLQJ�

Ɣ�)LUVW�GHPRQVWUDWLRQ�RI�DLU�FRQGLWLRQLQJ�WR�EH�H[SHULHQFHG�E\�ODUJH�QXPEHUV�
���RI�SHRSOH�
Ɣ�7KHUPDO�PDVV�QRW�FRQVLGHUHG�LQ�WKH�V\VWHP�GHVLJQ�

Ɣ�7KH�DFWXDO�GHVLJQHU�RI�WKH�FRPIRU�DLU�FRQGLWLRQLQJ�V\VWHP�RI�WKH�0XVVRXUL�
����6WDWH�%XLOGLQJ�KDV�QRW�EHHQ�GLVFRYHUHG�

&KDUOHV�3DXOGLQJ
●�3XEOLVKHG�KLV�ERRN���3UDFWLFDO�/DZ�DQG�'DWD�RQ�WKH�&RQGHQVDWLRQ�RI�6WHDP
���&RYHUHG�DQG�%DUH�3LSHV�� ●�7UDQVODWHG�VRPH�RI�(XJpQH�3pFOHW
V�ZRUN�LQWR�(QJOLVK�

Ɣ�7UDQVODWLRQ�RI�3pFOHW
��7KHRU\�DQG�([SHULPHQWV��RQ�WKH�7UDQVPLVVLRQ�RI�+HDW
����7KURXJK�,QVXODWLRQ��

1905 6WXDUW�&UDPHU
Ɣ�)LUVW�XVHG�WKH�WHUP�RI��DLU�FRQGLWLRQLQJ��IRU�WUHDWLQJ�DLU�LQ�WH[WLOH�PLOOV�LQ�
���1RUWK�&DUROLQD� Ɣ�)LUVW�XVH�RI�WKH�WHUP��DLU�FRQGLWLRQLQJ�� Ɣ�6WXDUW�&UDPHU�ZDV�DQ�PLOO�HQJLQHHU�

:LOOLV�&DUULHU
Ɣ�'HYHORSHG�ILUVW�ZRUNLQJ�V\VWHP�WR�FRQWURO�WHPSHUDWXUH�DQG�KXPLGLW\�
Ɣ�$SSOLHG�IRU�D�SDWHQW�IRU�DQ��DSSDUDWXV�IRU�WUHDWLQJ�DLU�� Ɣ�6\VWHP�DOORZHG�KLP�WR�FRQWURO�KXPLGLW\�RI�WKH�H[LVWLQJ�DLU�VWUHDP� Ɣ�7KLV�V\VWHP�ZDV�RQH�RI�WKH�ILUVW�WR�FRRO�DLU�DQG�FRQWURO�KXPLGLW\�

%XIIDOR�)RUJH�&RPSDQ\ Ɣ�%HJDQ�VHOOLQJ�VSUD\�DLU�ZDVKHUV� Ɣ�)LUVW�DSSOLHG�WR�LQGXVWULDO�VHWWLQJV� Ɣ�%XIIDOR�)RUJH�&RPSDQ\�ZDV�IRUPHG�LQ������

1908 :LOOLV�&DUULHU Ɣ�3XEOLVKHG�KLV�SV\FKURPHWULF�FKDUW�EDVHG�RQ�KLV�SV\FKURPHWULF�IRUPXODV� Ɣ�7KHUPDO�PDVV�QRW�LQWHJUDWHG�LQ�WKH�SV\FKURPHWULF�IRUPXODV� Ɣ3V\FKURPHWULF�FKDUW�ZDV�IRUPDOO\�SXEOLVKHG�LQ������LQ�$60(�

1914 %XIIDOR�)RUJH�&RPSDQ\
Ɣ�%XIIDOR�)RUJH�HQJLQHHU
V�KDQGERRN�FRQWDLQHG�GHWDLOHG�KHDW�ORVV
���FDOFXODWLRQV�IRU�ZDOOV��URRIV��ZLQGRZV�DQG�YHQWLODWLRQ��LQFOXGLQJ�WDEOHV�RI�
���XVHIXO�FRHIILFLHQWV�

Ɣ�5HFRJQL]HG�DV�WKH�ILUVW�8�6��KDQGERRN�IRU�KHDWLQJ�DQG�YHQWLODWLQJ�
Ɣ�)LUVW�XVH�RI�&DUULHU
V�3V\FKURPHWULF�&KDUWV�LQ�D�KDQGERRN�
Ɣ�:RUG�HTXDWLRQ�ZHUH�XVHG�WR�H[SODLQ�KRZ�WR�FDOFXODWH�KHDW�JDLQ�ORVV�

Ɣ�%XIIDOR�)RUJH�&RPSDQ\�ZDV�IRUPHG�LQ������

1918 -RKQ�$OOHQ��-DPHV�+HUEHUW�
:DONHU�DQG�)�(��*LHVHFNH

Ɣ�3XEOLVKHG�WKH�WH[WERRN���+HDWLQJ�DQG�9HQWLODWLRQ��
Ɣ�&RYHUHG�KHDW�ORVV�FDOFXODWLRQ�IRU�EXLOGLQJV�

Ɣ�,QFOXGHG�HTXDWLRQV��GHVLJQ�PHWKRGV�DQG�WDEOHV�WKDW�FRXOG�EH�XVHG�E\�
���HQJLQHHU�DQG�DUFKLWHFWV�

Ɣ�)UHGULFN�*LHVHFNH�HVWDEOLVKHG�7H[DV�ILUVW�IRUPDO�SURJUDP�LQ�DUFKLWHFWXUDO
���HGXFDWLRQ�DW�7H[DV�$	0�LQ�������

1922 $6+9(

●������$6+9(�*XLGH�SXEOLVKHG�
Ɣ�,W�FRQWDLQHG�DUWLFOHV�IURP�$6+9(�7UDQVDFWLRQV�DQG�DGYHUWLVHPHQWV�IRU�
���+9$&�SURGXFWV�
Ɣ�+DG�*HQHUDO�'DWD�6HFWLRQ�RQ��+HDWLQJ��
Ɣ�%DVLF�KHDW�ORVV�IRUPXOD�VKRZQ�DV��ZRUG�IRUPXODV��

Ɣ�7KLV�ZDV�WKH�ILUVW�JXLGH�$6+9(�SXEOLVKHG� Ɣ�$6+9(�ZDV�HVWDEOLVKHG�LQ������

1925 $QGUp�1HVVL�DQG�/pRQ�1LVROOH�
Ɣ�3XEOLVKHG�WKH�ERRN���5HJLPHV�9DULDEOHV�GH�)RQFWLRQQHPHQW�GDQV�
����OHV�,QVWDOODWLRQV�GH�&KDXIIDJH�&HQWUDO��

Ɣ�5HVSRQVH�IDFWRU�PHWKRG�ZDV�ILUVW�LQWURGXFHG�IRU�WUDQVLHQW�KHDW�IORZ�
���FDOFXODWLRQ� Ɣ�7KLV�ERRN�ZDV�SXEOLVKHG�LQ�)UHQFK�2QO\�

1928 &DUULHU�&RPSDQ\

Ɣ�&DUULHU�&R��GHVLJQHG�PHFKDQLFDO�V\VWHP�IRU���0LODP�%XLOGLQJ��EXLOW�LQ�6DQ�
���$QWRQLR�
Ɣ�%XLOGLQJ�ZDV�WKH�WDOOHVW�UHLQIRUFHG�FRQFUHWH�KLJK�ULVH�RIILFH�EXLOGLQJ�
Ɣ����$+8V�SURYLGHG�FRROLQJ��WKHUPDO�VWRUDJH�WDQN��FKLOOHG�ZDWHU��
Ɣ�7ZR�FKLOOHUV�ZLWK�D�PD[LPXP�����WRQ�FDSDFLW\�SURYLGHG�FKLOOHG�ZDWHU��
�������IW��WRQ�
Ɣ�9HQHWLDQ�EOLQGV��FORWK�ZLQGRZ�VKDGHV��GXFW�GDPSHUV�ZHUH�DGGHG�WR�VROYH�
����PRUQLQJ�DIWHUQRRQ�RYHUKHDWLQJ�GXH�WR�PLVXQGHUVWDQGLQJ�RI�WKHUPDO�PDVV�

Ɣ�7KH�ILUVW�KLJK�ULVH�RIILFH�EXLOGLQJ�LQ�8�6��WR�EH�FRPSOHWHO\�DLU�FRQGLWLRQLQJ�
Ɣ�5DGLDQW�KHDW�ZDV�VXSSRVHG�WR�EH�DEVRUEHG�E\�WKH�KHDY\�FRQVWUXFWLRQ��
���+RZHYHU��WKH�V\VWHP�GLG�QRW�ZRUN�ZHOO�GXH�WR�WKH�FRQWURO�SUREOHPV�FDXVHG�E\�
���UDGLDQW�KHDW�
Ɣ�'HVLJQ�PHWKRGV�QHYHU�SXEOLVKHG�

Ɣ�7KH�0LODP�%XLOGLQJ�ZDV�WKH��WK�QDWLRQDO�0HFKDQLFDO�(QJLQHHULQJ�+HULWDJH�
����6LWH�

$65(
Ɣ�3XEOLVKHG�WKHLU�UHIULJHUDWLQJ�GDWD�ERRN�
Ɣ�,W�FRQWDLQHG�IXQGDPHQWDO�GDWD�IRU�UHIULJHUDWLRQ�V\VWHPV� Ɣ�7KLV�ZDV�WKH�ILUVW�JXLGH�$65(�SXEOLVKHG� Ɣ�$65(�ZDV�HVWDEOLVKHG�LQ������

+RXJKWHQ��)�&���%ODFNVKDZ��
-�/���3XJK��(�0��	�
0F'HUPRWW��3�

Ɣ�7KH�VWXG\�ZDV�WR�GHWHUPLQH�WKH��VXQ
V�HIIHFW��RI�GLIIHUHQW�W\SHV�RI�URRIV�
Ɣ�7KHLU�UHVHDUFK�VKRZHG�WKDW�ODUJH�HUURUV�RFFXUV�ZKHQ�SHULRGLF��HIIHFWV�RI�
����WKH��VXQ
V�HIIHFW��ZHUH�QRW�SURSHUO\�WDNHQ�LQWR�DFFRXQW�
Ɣ�7HVW�URRIV�ZHUH�LQVWUXPHQWHG�ZLWK�WKHUPRFRXSOHV�WR�UHFRUG�WHPSHUDWXUHV
����XVLQJ�VWULS�FKDUW�UHFRUGHUV�
Ɣ�'DWD�UHFRUGHG�RQ�VWULS�FKDUW�UHFRUGHUV�DQG�PDQXDO�UHDGLQJV�IRU�ODWHU�
���WUDQVFULSWLRQ�

Ɣ�$6+5$(�EHJDQ�WR�VWXG\�WKH�HIIHFWV�RI�VRODU�UDGLDWLRQ�DQG�KHDW�JDLQ�
����WKURXJK�URRIV�DQG�ZLQGRZV��,QFOXGHG�WKHUPDO�PDVV�HIIHFWV�
Ɣ�3XEOLVKHG�SDSHU�LQFOXGHG�FRPSOHWH�VROXWLRQ�WR�WKH�GLIIHUHQWLDO�HTXDWLRQ�IRU
����KHDW�WUDQVIHU�WKURXJK�WKH�KRPRJHQHRXV�URRI�HOHPHQWV�

Ɣ�+RXJKWRQ�ZDV�WKH�GLUHFWRU�RI�$6+9(
V�ODE�
Ɣ�%ODFNVKDZ�ZDV�D�UHVHDUFK�HQJLQHHU�DW�$6+9(�
Ɣ�3XJK�ZDV�$VVRFLDWH�3URIHVVRU�DW�WKH�&DUQHJLH�,QVWLWXWH�RI�7HFKQRORJ\��
���3LWWVEXUJK�
Ɣ�0F'HUPRWW�ZDV�D�UHVHDUFK�HQJLQHHU�DW�$6+9(�
Ɣ�7KH�$6+9(�%XUHDX�RI�5HVHDUFK�ZDV�HVWDEOLVKHG�LQ�-DQXDU\������DW�WKH�
����8�6��%XUHDX�RI�0LQHV�/DERUDWRU\�LQ�3LWWVEXUJK�

1935
)DXVW��)�+���/HYLQH��/�	�

8UEDQ��)�2�

Ɣ�3XEOLVKHG�WDEOHV�RI�KHDW�JDLQ�FRHIILFLHQWV�IRU�VHOHFWHG�VXUIDFHV�DW�VSHFLILF�
���RULHQWDWLRQV�DW�GLIIHUHQW�ODWLWXGHV�
Ɣ�7KH�WDEOHV�SXEOLVKHG�DOORZHG�IRU�DQ�LPSURYHG�FRROLQJ�ORDG�FDOFXODWLRQV�IRU
���VXUIDFHV�DW�GLIIHUHQW�RULHQWDWLRQV�ODWLWXGHV�

Ɣ�7KH�SXEOLVKHG�WDEOHV�TXDQWLILHG�WKH��VXQ�HIIHFW��IRU�XVH�LQ�FRROLQJ�
����FDOFXODWLQJ� Ɣ�)DXVW�DQG�8UEDQ�ZHUH�DW�*HQHUDO�(OHFWULF��&R�

1937
&KDUOHV�0HUULFN�*D\�	�
&KDUOHV�'H�9DQ�)DZFHWW

Ɣ�:URWH�WH[WERRN�IRU�EXLOGLQJ�GHVLJQHUV�
Ɣ�7H[WERRN�FRQWDLQHG�IXQGDPHQWDO�WKHRULHV�IRU�PHFKDQLFDO�DQG�HOHFWULFDO�
���HTXLSPHQW�IRU�EXLOGLQJV�

Ɣ�&RQWDLQHG�GHWDLOHG�FDOFXODWLRQV�IRU�KHDW�ORVV�
Ɣ�2QO\�KDG�URXJK�FDOFXODWLRQV�IRU�KHDW�JDLQ�

Ɣ�&�0��*D\�ZDV�DVVRFLDWH�GLUHFWRU�RI�WKH�)UDQNOLQ��,QVWLWXWH��IRUPHUO\�
����SURIHVVRU�RI�$UFKLWHFWXUDO�&RQVWUXFWLRQ�LQ�8QLYHUVLW\�RI�3HQQV\OYDQLD�
Ɣ�&�'�9��)DZFHWW�ZDV�SURIHVVRU�RI�(OHFWULFDO�(QJLQHHULQJ�LQ�8QLYHUVLW\�RI�
����3HQQV\OYDQLD�

1938 75$1(�&RPSDQ\

Ɣ�3XEOLVKHG�LWV�ILUVW�GHVLJQ�PDQXDO���75$1(�$LU�&RQGLWLRQLQJ�'HVLJQ�
���0DQXDO��
Ɣ�3URYLGHG�D�ORDG�HVWLPDWH�VKHHW�IRU�HQJLQHHUV�WR�XVH�
Ɣ�8VHG�WDEXODWHG�VRODU�WHPSHUDWXUH�GLIIHUHQFHV�
Ɣ�%RRN�LQFOXGHG��,QVWUXFWLRQV�IRU�XVLQJ�WKH�75$1(�$LU�&RQGLWLRQLQJ�5XOHU�
���IRU�XVH�ZLWK�WKH�75$1(�3V\FKURPHWULF�&KDUW��

Ɣ��6RODU�7HPSHUDWXUH�'LIIHUHQFH��PHWKRG�ILUVW�DSSHDUHG�
Ɣ�7KLV�PHWKRG�ZDV�GHYHORSHG�E\�75$1(�FRPSDQ\���,W�XVHG�D�VHULHV�
����RI�WDEOHV�IRU�GLIIHUHQW�FRORUV�RI�ZDOOV�DQG�URRIV�EDVHG�RQ�GLIIHUHQW�ODWLWXGHV�
Ɣ��6RODU�7HPSHUDWXUH�'LIIHUHQFHV��ZHUH�XVHG�IRU�H[FHVV�VRODU�KHDW�JDLQV�
�����FDOFXODWLRQ�PHWKRG�LQGLUHFWO\�DFFRXQWHG�IRU�WKHUPDO�PDVV�

Ɣ��6RODU�7HPSHUDWXUH�'LIIHUHQFH��PHWKRG�LV�QRW�WKH�VDPH�DV��6RO��$LU�
����WHPSHUDWXUH��0HWKRG�
Ɣ��75$1(�0DQXDOV�SXEOLVKHG�ODWHU�LQ�����������������FRQWLQXHG�WR�
�����XVH�VDPH�WDEOHV�

1939 $OIRUG��-�6���5\DQ��-�(��	�
8UEDQ��)�2�

Ɣ�3XEOLVKHG�D�SDSHU�RQ�KHDW�VWRUDJH�KHDW�WUDQVIHU�WKURXJK�ZDOOV�GULYHQ�E\�
����WHPSHUDWXUH�	�VRODU�LQWHQVLW\�LQ�WKH�$6+9(�WUDQVDFWLRQV�

Ɣ�3URYLGHG�GHWDLOHG�VROXWLRQ�WR�WKH�GLIIHUHQWLDO�HTXDWLRQ�LQ�WKH�IRUP�RI�D�
���GHFUHPHQW�IDFWRU�DQG�WLPH�GHOD\��0HWKRG�SURYLGHG�D�ZD\�WR�FDOFXODWH�WLPH��
���YDU\LQJ�KHDW�WUDQVIHU�ZLWKRXW�VROYLQJ�GLIIHUHQWLDO�HTXDWLRQ�

Ɣ$OIRUG��-�6���7XUELQH�(QJLQHHULQJ���5\DQ��-�(��(QJLQHHULQJ�*HQHUDO�'HSW���
���DQG�8UEDQ��)�2���$LU�&RQGLWLRQLQJ�'HSW���ZHUH�DW�WKH�*HQHUDO�(OHFWULF�
���&RPSDQ\�

1942 9LFWRU�3DVFKNLV Ɣ�3XEOLVKHG�D�SDSHU��VWXG\LQJ�SHULRGLF�KHDW�IORZ�LQ�EXLOGLQJ�ZDOOV Ɣ�7KHUPDO�QHWZRUN�PHWKRG�ODWHU�XVHG�WR�VLPXODWH�EXLOGLQJ�ZDOOV�ILUVW�DSSHDUHG�
����LQ�WKLV�SDSHU�

Ɣ�3DVFKNLV�UHIHUHQFHG�WKH�UHVHDUFK�UHSRUW�1R�����E\�+RXJKWHQ�HW�DO �
V�ZRUN�
����SXEOLVKHG�LQ������

1884

1906

1932

1904
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Year People/Author Accomplishment Significance Notes

0DFNH\��&�2��	�:ULJKW�-U��
/�7�

Ɣ�3XEOLVKHG�WKH�SDSHU��3HULRGLF�KHDW�IORZ�KRPRJHQHRXV�ZDOO�RU��URRIV��
Ɣ�8VHG�D�PRGLILHG�YHUVLRQ�RI�$OIRUG�HW�DO� �
V�HTXDWLRQV�

Ɣ�'HYHORSHG�6RO�$LU�7HPSHUDWXUH�0HWKRG�
Ɣ�7KHUPDO�PDVV�HIIHFW�FRXOG�EH�FDOFXODWHG�ZLWKRXW�VROYLQJ�D�QHZ�GLIIHUHQWLDO�
����HTXDWLRQ�IRU�HDFK�ZDOO�W\SH�

Ɣ�0DFNH\��ZDV�D�SURIHVVRU�RI�+HDW�3RZHU�(QJLQHHULQJ�DW�&RUQHOO�
���8QLYHUVLW\�
Ɣ�:ULJKW��RULJLQDOO\�ZDV�DQ�LQVWUXFWRU��$W�&RUQHOO���+H�EHFDPH�DQ�
����$VVLVWDQW�3URIHVVRU�VKRUWO\�DIWHU�

/LQYLOO��-�*��	�+HVV�-U��-�-� Ɣ�3XEOLVKHG�DUWLFOH���6WXG\LQJ�7KHUPDO�%HKDYLRU�RI�+RXVHV�� Ɣ�7KHUPDO�QHWZRUN�PHWKRG�XVHG�IRU�PRGHOLQJ�D�KRXVH�ILUVW�DSSHDUHG�
Ɣ�7KLV�ZDV�DQ�XQGHUJUDGXDWH�VWXGHQW�SURMHFW�DW�0,7��SXEOLVKHG�LQ�������
����(OHFWURQLF�PDJD]LQH�

1948 6WHZDUW��-�3�

Ɣ�)LUVW�WR�RXWOLQH�7RWDO�(TXLYDOHQW�7HPSHUDWXUH�'LIIHUHQFH�0HWKRG�
Ɣ�,QWHQGHG�DV�D�PDQXDO�GHVLJQ�PHWKRG�
Ɣ�6XLWDEOH�IRU�FDOFXODWLQJ�H[WHQGHG�KRXUO\�SURILOH�RQO\�LI�UDGLDQW�FRPSRQHQWV
���DUH�DYHUDJHG�RYHU�WKH�UHSUHVHQWDWLYH�WLPH�IRU�JHQHUDO�PDVV�RI�WKH�EXLOGLQJ�
Ɣ�-XGJLQJ�WKH�DPRXQW�RI�WKHUPDO�PDVV�LQ�D�EXLOGLQJ�KDG�WR�EH�GRQH�E\�WKH�
���HQJLQHHU��ZKLFK�PDGH�PHWKRG�KDUG�WR�XVH�

Ɣ�)LUVW�LQWURGXFWLRQ�RI��7RWDO�(TXLYDOHQW�7HPSHUDWXUH�0HWKRG�
Ɣ�7KHUPDO�PDVV�LQFOXGHG�LQ�WKH�7(7'�WDEOH�E\�YDU\LQJ�ZDOO�W\SHV�

Ɣ6WHZDUW�ZDV�D�GHVLJQ�HQJLQHHU�DW�&DUULHU�&RUS�

1955
*D\��&�0���)DZFHWW��&�'�9���	�

0F*XLQQHVV��:�-�

Ɣ�7KLV�WH[WERRN�WKRURXJKO\�UHYLVHG�WKH�SURFHGXUH�IRU�GHVLJQLQJ��DLU�
���FRQGLWLRQLQJ�
Ɣ�,QFOXGHG�WKH�QHZ�6RO�$LU�7HPSHUDWXUH�0HWKRG�E\�0DFNH\�DQG�:ULJKW�

Ɣ�7KH�SXEOLVKHG�WDEOHV�LQFOXGHG�WKH�GHFUHPHQW�IDFWRU�IRU�VHOHFWHG�PDWHULDOV�
Ɣ�7KH�SXEOLVKHG�WDEOHV�DOVR�LQFOXGHG�WKH�HTXLYDOHQW�WHPSHUDWXUH�GLIIHUHQWLDOV�
����IRU�URRIV��ZDOOV�DQG�GDUN�OLJKW�VXUIDFHV�

Ɣ�0F*XLQQHVV�ZDV�D�SURIHVVRU�RI�$UFKLWHFWXUH�DW�3UDWW�,QVWLWXWH�RI�
���7HFKQRORJ\�

1956 %ULVNHQ��:�5��	�5HTXH��6�*� Ɣ�3XEOLVKHG�KHDW�ORDG�FDOFXODWLRQV�XVLQJ�WKHUPDO�UHVSRQVH�PHWKRG�
Ɣ�%DVHG�RQ������1HVVL�DQG�1LVROOH�

Ɣ�3URSRVHG�XVLQJ��VTXDUH�ZDYHV��WR�UHSUHVHQW�WLPH�YDU\LQJ��FXUYH��RI�
����WHPSHUDWXUH�UHVSRQVH�
Ɣ�)RXQGDWLRQ�RI�7KHUPDO�5HVSRQVH�)DFWRU�0HWKRG�

Ɣ�%ULVNHQ��0DQDJHU�$GYDQFHG�(QJLQHHULQJ��DQG�5HTXH��6\VWHP�$QDO\VLV�
���(QJLQHHU��ZHUH�DW�WKH�FRPPHUFLDO�DQG�LQGXVWULDO�DLU�FRQGLWLRQLQJ�GHSW��RI�
���*HQHUDO�(OHFWULF�&R�

1957 +LOO��3�5� Ɣ�3XEOLVKHG�DQ�LPSURYHG�PHWKRG�RI�FRPSXWLQJ�WKH�WUDQVLHQW�WHPSHUDWXUH�RI�
����WKLFN�ZDOOV�

Ɣ�,QWURGXFHG�WKH��XQLW�WULDQJOH�YDULDWLRQ�RI�VXUIDFH�WHPSHUDWXUH��
Ɣ�8VHG�WKH�7KHUPDO�5HVSRQVH�)DFWRU�0HWKRG�

Ɣ+LOO�ZDV�ZLWK�1DWLRQDO�$GYLVRU\�&RPPLWWHH�IRU�$HURQDXWLFV��1$&$
���SUHFXUVRU�WR�1$6$�

1958 %XFKEHUJ��+�
Ɣ'HYHORSHG�D�FRPSOHWH�5�&�WKHUPDO�QHWZRUN�IRU�D�KRXVH�DV�SDUW�RI�
��$6+5$(�UHVHDUFK�SURMHFW�
Ɣ0RGHO�XVHG�+HDW�%DODQFH�&DOFXODWLRQV�

Ɣ�,QWURGXFHG�7KHUPDO�1HWZRUN�0HWKRG�IRU�D�ZKROH�KRXVH�
Ɣ�,QWURGXFHG�WKH�XVH�RI�WKH�+HDW�%DODQFH�0HWKRG�
Ɣ7KHUPDO�PDVV�ZDV�UHSUHVHQWHG�E\�DQ�HOHFWULFDO�5�&�QHWZRUN��VROYHG�E\
��DQDORJ�FRPSXWHU�

Ɣ�7DPDPL�.XVXGD�VWXGLHG�%XFKEHUJ
V�ZRUN�WR�GHYHORS�KLV�KHDW�EDODQFH
����FDOFXODWLRQ�
Ɣ�%DVHG�RQ�WKLV�PHWKRG��.XVXGD�GHYHORSHG�1%6/'�

1961 $6+5$(
Ɣ�3XEOLVKHG�$6+5$(�*XLGH�DQG�'DWD�%RRN�)XQGDPHQWDOV�DQG�(TXLSPHQW�
Ɣ�6RO�$LU�7HPSHUDWXUH�0HWKRG�ZDV�WDEXODWHG�LQ�LW�
Ɣ�$V�7RWDO�(TXLYDOHQW�7HPSHUDWXUH�'LIIHUHQFH�0HWKRG�

Ɣ�$6+5$(�SXEOLVKHG�D�IRUH�UXQQHU�RI�$6+5$(�KDQGERRN� Ɣ�$65(�DQG�$6+$(�PHUJHG�WR�$6+5$(�LQ������

Mid-
1960s

$\UHV��-�0��	�6WDPSHU��(��
������

Ɣ�5HYLHZHG�KLVWRULFDO�GHYHORSPHQW�RI�EXLOGLQJ�HQHUJ\��FDOFXODWLRQV�

Ɣ�+HDWLQJ�'HJUHH�'D\�PHWKRG��(TXLYDOHQW�)XOO�/RDG�+RXUV�0HWKRG�DQG�%LQ�
����0HWKRG�XVHG�LQ�PLG�����V�
Ɣ�%LQ�FDOFXODWLRQ�FDQ�JLYH�HUURUV�LI�WKH�EXLOGLQJ�EDODQFH�SRLQW�WHPSHUDWXUH�LV
����QRW�DFFXUDWH��LI�WKHUH�LV�VLJQLILFDQW�WKHUPDO�PDVV�DQG�LI�WKHUH�
����DUH�VLJQLILFDQW�VRODU�ORDGV�

Ɣ�$\HUV�DQG�6WDPSHU�ZURWH�SDSHU�UHYLHZLQJ�WKRVH�PDQXDO�PHWKRGV�LQ������

1962 -DPHV�/��7KUHONHOG Ɣ�3XEOLVKHG�WKH�ERRN��7KHUPDO�(QYLURQPHQWDO�(QJLQHHULQJ��
Ɣ�&RQWDLQHG�6RO�$LU�7HPSHUDWXUH�0HWKRG�WR��WKH�FDOFXODWLRQV�RI��KHDW�
���WUDQVPLVVLRQ�LQ�EXLOGLQJV� Ɣ�%RRN�EHFDPH�ZLGHO\�XVHG�E\�+9$&�HQJLQHHUV�

0LWDODV��*�3���	�6WHSKHQVRQ��
'�*�

6WHSKHQVRQ��'�*��	�0LWDODV��
*�3��

1972 0LWDODV��*�3�
Ɣ�3XEOLVKHG�UHYLVHG�PHWKRG�IRU�FRROLQJ�ORDG�FDOFXODWLRQ�
Ɣ�/DWHU�DGRSWHG�LQ������$6+5$(�+DQGERRN� Ɣ�,QWURGXFHG�UHYLVHG�7UDQVIHU�)XQFWLRQ�0HWKRG�

Ɣ�$6+5$(�7DVN�*URXS�RQ�(QHUJ\�UHTXLUHPHQWV��7*(5��GHYHORSHG�ILUVW�
����FRPSXWHU�RULHQWHG�PHWKRG�IRU�VROYLQJ�G\QDPLF�KHDW�WUDQVIHU�EDVHG�RQ�7)0�

1974 5XGR\��:��	�'XUDQ��)�

Ɣ�'HYHORSHG�&/7'�&/)�0HWKRG�DQG�SXEOLVKHG�LQ�$6+5$(�7UDQVDFWLRQV�
Ɣ�&/7'�&/)�0HWKRG�DWWHPSWHG�WR�VLPSOLI\�WKH�WZR�VWHS�7)0�DQG�7(7'�7$
���0HWKRG�LQWR�D�VLQJOH�VWHS�WHFKQLTXH�
Ɣ&/7'�&/)�SHUPLWWHG�KRXUO\�HVWLPDWLRQV�RI�G\QDPLF�KHDW�JDLQ�

Ɣ�,QWURGXFHG�&/7'�&/)�0HWKRG�ZKLFK�ODWHU�UHSODFHG�7(7'�7$�PHWKRG�
Ɣ�2ULJLQDO�&/7'�&/)��*53������PHWKRG�FRQWDLQHG����URRIV�����ZDOOV�EDVHG�RQ�
����7UDQVIHU�)XQFWLRQ�PHWKRG�IRU����1�ODWLWXGH��-XO\����VW�

1977 $6+5$(
Ɣ������$6+5$(�+DQGERRN�DGRSWHG�&/7'�&/)�0HWKRG
Ɣ�7)0��7(7'�7$�DQG�&/7'�&/)�DUH�QR�ORQJHU�SXEOLVKHG�LQ�WKH�$6+5$(�
����+DQGERRN

Ɣ�8SGDWHG�&/7'�&/)�0HWKRG�IRU�FRROLQJ�ORDG�FDOFXODWLRQ�LQ�WKH�$6+5$(�
����+DQGERRN�
Ɣ�7KHUPDO�PDVV�LQ�&/7'�WDEOHV�DV�YDU\LQJ�PDWHULDOV�

Ɣ�)LUVW�$6+5$(�+DQGERRN�RI�)XQGDPHQWDOV�ZDV�SXEOLVKHG�LQ������

1979 &DQH��5�/�'� Ɣ�&RUUHFWHG�VRODU�DQG�WKHUPDO�JDLQV�IRU�UHVLGHQWLDO�KHDW�SXPSV� Ɣ�3URSRVHG�0RGLILHG�%LQ�0HWKRG� Ɣ�$QQXDO�HQHUJ\�FDOFXODWLRQV�XVLQJ�%LQ�PHWKRG�DSSHDUHG�LQ������
���$6+5$(�+DQGERRN�RI�)XQGDPHQWDOV�

1983 .QHEHO��'�(�
Ɣ�3XEOLVKHG�WKH�ERRN��6LPSOLILHG�%XLOGLQJ�/RDG�$QDO\VLV�8VLQJ�WKH�0RGLILHG�
���%LQ�0HWKRG���DV�SDUW�RI�$6+5$(�5HVHDUFK�3URMHFW� Ɣ�,QFRUSRUDWHG�LQWR�6LPSOLILHG�%XLOGLQJ�/RDG�$QDO\VLV� Ɣ�.QHEHO�ZDV�SULQFLSOH�LQYHVWLJDWRU��

1993 6SLWOHU��-�'���0F4XLVWRQ��)�&���
	�/LQGVH\��.�/�

Ɣ�,QWURGXFHG�WKH�WHUP��6RODU�&RROLQJ�/RDG�6&/��
Ɣ�8SGDWHG�WKH�&/7'�&/)�PHWKRG�WR�EHFRPH�&/7'�6&/�&/)�0HWKRG�

Ɣ�,QWURGXFHG�6&/�WHUP�
Ɣ�7KHUPDO�PDVV�LV�LQ�&/7'�WDEOHV�
●�6&/�LPSURYHG�VRODU�ORDG�FDOFXODWLRQ�

Ɣ�0RGLILHG�E\�0F4XLVWRQ�	�+DUULV�DJDLQ�LQ������WR�REWDLQHG�FRPSDFW�&7)V�
Ɣ�)LQDOO\�PRGLILFDWLRQ�E\�6SLWOHU��0F4XLVWRQ��/LQGVH\�LQ������WR�DGG�6&/�

1994
0F4XLVWRQ��)�&��	�3DUNHU��

-�'�
Ɣ�3XEOLVKHG�WKH�WH[WERRN��+HDWLQJ��9HQWLODWLQJ��DQG�$LU�&RQGLWLRQLQJ�
���$QDO\VLV�DQG�'HVLJQ��

Ɣ�+DV�D�FKDSWHU�RQ��&RROLQJ�/RDG��
Ɣ�&RYHUV�7UDQVIHU�)XQFWLRQ�0HWKRG�
Ɣ�8VHV�&/7'�6&/�&/)�0HWKRG�IURP������$6+5$(�)XQGDPHQWDOV�

Ɣ�0F4XLVWRQ�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�
���(QJLQHHULQJ�DW�2NODKRPD�6WDWH�8QLYHUVLW\�
Ɣ�3DUNHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�(QJLQHHULQJ�DW�2NODKRPD�
���&KULVWLDQ�8QLYHUVLW\�

1997
6SLWOHU��-�'���)LVKHU��'�(���	�

3HGHUVHQ��&�2�

Ɣ�5DGLDQW�7LPH�6HULHV�0HWKRG�ZDV�GHULYHG�GLUHFWO\�IURP�+HDW�%DODQFH�
���0HWKRG�
Ɣ�'HYHORSHG�LQ�UHVSRQVH�WR�7&�����UHVHDUFK�
Ɣ�8VHV����UHVSRQVH�IDFWRUV�WR�JLYH�WLPH�VHULHV�VROXWLRQ�WR�WUDQVLHQW�
�����'�KHDW�WUDQVIHU�
Ɣ�&RQYHUWV�UDGLDQW�SRUWLRQ�RI�KRXUO\�KHDW�JDLQ�WR�KRXUO\�FRROLQJ�ORDGV�XVLQJ�
����UDGLDQW�WLPH�IDFWRUV��ZKLFK�DUH�WKH�FRHIILFLHQWV�RI�WKH�5DGLDQW�7LPH�6HULHV�
Ɣ�$FFXUDF\�RI�576�LV�VLPLODU�WR�WKDW�RI�WKH�7)0�LI�FXVWRP�ZHLJKWLQJ�IDFWRUV�
���DQG�FXVWRP�FRQGXFWLRQ�WUDQVIHU�IXQFWLRQ�FRHIILFLHQWV�ZHUH��XVHG�

Ɣ�)LUVW�SDSHU�WR�SURSRVH�5DGLDQW�7LPH�6HULHV�0HWKRG�
Ɣ�8VHV�SUHGHWHUPLQHG�]RQH�UHVSRQVH�WR�DFFRXQW�IRU�WKHUPDO�PDVV�KHDW�
���VWRUDJH�UHOHDVH�

Ɣ�6SLWOHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�DW�
����2NODKRPD�6WDWH�8QLYHUVLW\�
Ɣ�)LVKHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�DW�
����2NODKRPD�6WDWH�8QLYHUVLW\�
Ɣ�3HGHUVHQ�ZDV�D�SURIHVVRU�HPHULWXV�RI�0HFKDQLFDO�(QJLQHHULQJ�DW�WKH�
���8QLYHUVLW\�RI�,OOLQRLV�

1998 .XHKQ��7�+���5DPVH\��-�:���	�
7KUHONHOG��-�/

Ɣ�3XEOLVKHG�WKH�WH[WERRN���7KHUPDO�(QYLURQPHQWDO�(QJLQHHULQJ�� Ɣ�+DV�VHFWLRQ�RQ��,QVWDQWDQHRXV�&RROLQJ�/RDG��
Ɣ�8VHV�&/7'V�IURP������$6+5$(�)XQGDPHQWDOV�

Ɣ�8SGDWHG�YHUVLRQ�RI�WKH������RULJLQDO�

2000
6LPRQ�5HHV��-HIIUH\�6SLWOHU��
0RUULV�'DYLHV�DQG�3KLOLS�

+DYHV

●�3URYLGHG�D�TXDOLWDWLYH�FRPSDULVRQ�RI�FRROLQJ�ORDG�FDOFXODWLRQ�PHWKRGV�LQ�
����8�6��DQG�8�.

●�)RFXVHG�RQ�WKH�PHWKRGV�DIWHU�����V
●�1R�WH[WERRN�PHWKRGV�GLVFXVVHG�

●�5HHV�ZDV�D�UHVHDUFK�DVVRFLDWH�DW��2NODKRPD�6WDWH�8QLYHUVLW\�
●�6SLWOHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�DW�
����2NODKRPD�6WDWH�8QLYHUVLW\�
●�'DYLHV�ZDV�D�UHDGHU�ZLWK�XQLYHUVLW\�RI�/LYHSRRO��(QJODQG�
●�+DYHV�ZDV�WKH�OHDGHU�RI�WKH�&RPPHUFLDO�%XLOGLQJ�DQG�6\VWHPV�*URXS��
����/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRULHV�

2003
&XUWLV�3HGHUVHQ��5LFKDUG�
/LHVHQ��'DQLHO�)LVKHU�DQG�

5LFKDUG�6WUDQG
●�'HYHORS�$6+5$(�/2$'6�7RRONLW�IRU�EXLOGLQJ�ORDG�FDOFXODWLRQ� ●�3URYLGHG�)2575$1�SURFHGXUHV�IRU�KHDW�EDODQFH�FDOFXODWLRQV�

●�3HGHUVHQ�ZDV�D�SURIHVVRU�HPHULWXV�RI�0HFKDQLFDO�(QJLQHHULQJ�DW�WKH�
���8QLYHUVLW\�RI�,OOLQRLV�
●�/LHVHQ�ZDV�DQ�DVVRFLDWH�GLUHFWRU�DW�%XLOGLQJ�6\VWHP�/DE�DW�WKH�8QLYHUVLW\�RI
����,OOLQRLV�
●�6WUDQG�ZDV�DQ�DVVLVWDQW�SURIHVVRU�DW�WKH�8QLYHUVLW\�RI��,OOLQRLV�
Ɣ�)LVKHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�DW�
���2NODKRPD�6WDWH�8QLYHUVLW\�

2004
%DUQDE\��&�6���6SLWOHU��-�'��	�

;LDR��'�

Ɣ�3URSRVHG�WZR�PHWKRGV�IRU�UHVLGHQWLDO�FDOFXODWLRQV�RI�G\QDPLF�FRROLQJ�ORDG�
���FDOFXODWLRQV�
Ɣ�$GRSWHG�E\������$6+5$(�+DQGERRN�

Ɣ,QWURGXFHG�WKH�5HVLGHQWLDO�+HDW�%DODQFH�PHWKRG���5+%��
Ɣ,QWURGXFHG�WKH�5HVLGHQWLDO�/RDG�)DFWRU�PHWKRG��5/)��
Ɣ5+%�DQG�5/)�EDVHG�RQ�576�PHWKRG�

Ɣ�%DUQDE\�ZDV�ZLWK�:ULJKWVRIW�&RUSRUDWLRQ�/H[LQJWRQ��0DVVDFKXVHWWV�
Ɣ�6SLWOHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�DW�
����2NODKRPD�6WDWH�8QLYHUVLW\�
Ɣ�;LDR�ZDV�D�JUDGXDWH�VWXGHQW�LQ�WKH�6FKRRO�RI�0HFKDQLFDO�DQG�$HURVSDFH�
����(QJLQHHULQJ��2NODKRPD�6WDWH�8QLYHUVLW\�

2005
0F4XLVWRQ��)�&���3DUNHU��-�'���

	�6SLWOHU��-�'�
Ɣ�3XEOLVKHG�WKH�WH[WERRN�+HDWLQJ��9HQWLODWLQJ��DQG�$LU�&RQGLWLRQLQJ
���$QDO\VLV�DQG�'HVLJQ���WK�HGLWLRQ��

Ɣ�&RQWDLQV�GHWDLOHG�GLVFXVVLRQ�RI�+HDW�%DODQFH�PHWKRG�DQG�5DGLDQW�7LPH�
���6HULHV�PHWKRG�

Ɣ�0F4XLVWRQ�ZDV�D�SURIHVVRU�HPHULWXV�RI�0HFKDQLFDO�DQG�$HURVSDFH�
����(QJLQHHULQJ�DW�2NODKRPD�6WDWH�8QLYHUVLW\�
Ɣ�3DUNHU�ZDV�D�SURIHVVRU�HPHULWXV�RI�0HFKDQLFDO�(QJLQHHULQJ�DW�2NODKRPD�
����&KULVWLDQ�8QLYHUVLW\�
Ɣ�6SLWOHU�ZDV�D�SURIHVVRU�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�DW�
����2NODKRPD�6WDWH�8QLYHUVLW\�

2009 $6+5$( Ɣ�3XEOLVKHG������$6+5$(�+DQGERRN�
Ɣ������$6+5$(�+DQGERRN�FRYHUV�576�0HWKRG�
Ɣ�&RQWDLQV�RQO\�D�EULHI�GHVFULSWLRQ�RI�7)0��7(7'�7$��&/7'�&/)�0HWKRGV�

Ɣ�$6+5$(�+DQGERRN�RI�)XQGDPHQWDOV�SXEOLVKHG�LQ������
��������������������������������������������������������
●�&KDSWHUV�FRYHULQJ�SHDN�KHDWLQJ�DQG�FRROLQJ�PHWKRGV�KDYH�FKDQJHG�
����VLJQLILFDQWO\�RYHU�WKH�\HDUV�

2010
*URQG]LN��:�7���.ZRN��$�*���
6WHLQ��%���	�5H\QROG��-�6�

Ɣ�3XEOLVKHG�WKH�WH[WERRN��0HFKDQLFDO�DQG�(OHFWULFDO��(TXLSPHQW�IRU�
���%XLOGLQJV�����HGLWLRQ��

●�/DWHVW�HGLWLRQ�RI�WH[WERRN�ILUVW�SXEOLVKHG�E\�*D\�DQG�)DZFHWW
Ɣ�&RQWDLQV�DSSUR[LPDWH�PHWKRG�IRU�FDOFXODWLQJ�KHDW�JDLQ��FRROLQJ�ORDG��
Ɣ�8VHV�'(7'��'&/)�WDEOHV�IURP������DQG������$6+5$(�+DQGERRN�RI�
����)XQGDPHQWDOV�

Ɣ�*URQG]LN�ZDV�D�SURIHVVRU�RI�$UFKLWHFWXUDO�HQJLQHHULQJ�DW�%DOO�6WDWH��
���8QLYHUVLW\�
Ɣ�.ZRN�ZDV�D�SURIHVVRU�RI�$UFKLWHFWXUH�DW�8QLYHUVLW\�RI�2UHJRQ�
Ɣ�6WHLQ�ZDV�D�&RQVXOWLQJ�$UFKLWHFWXUH��(QJLQHHU�
Ɣ�5H\QROGV�ZDV�D�SURIHVVRU��RI�$UFKLWHFWXUH�DW�8QLYHUVLW\�RI�2UHJRQ�

Ɣ�6WHSKHQVRQ�DQG�0LWDODV�ZHUH�UHVHDUFK�RIILFHUV�DW�WKH�%XLOGLQJ�6FLHQFHV�
����6HFWLRQ��'LYLVLRQ�RI�%XLOGLQJ�5HVHDUFK��15&�&DQDGD�

1944

1967

Ɣ�,QWURGXFHG�D�PHWKRG�WKDW�DOORZHG�IRU�WKH�VROXWLRQ�WR�WKH�G\QDPLF�KHDW�
���WUDQVIHU�SUREOHP�ZLWKRXW�NQRZOHGJH�RI��KRZ�WR�VROYH�GLIIHUHQWLDO�HTXDWLRQV�
Ɣ�%DVHG�RQ�����V�ZRUN�GRQH�E\��1HVVL�DQG�1LVROOH��%ULVNHQ�	�5HTXH��+LOO�
Ɣ�$SSHDUHG�ODWHU�DV�SDUW�RI�WKH�:HLJKWLQJ�)DFWRU�PHWKRG�LQ�$6+5$(�
���+DQGERRN�
Ɣ�8VHG�ODWHU�IRU�&/7'�&/)�WDEOHV�LQ�WKH�$6+5$(�+DQGERRN�

Ɣ�7KHUPDO�5HVSRQVH�)DFWRU�0HWKRG�IURP�SUHYLRXV�ZRUN�E\�1HVVL�DQG�1LVROOH��
����%ULVNHQ��5HTXH�DQG�+LOO�
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