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)RUHZRUG�
7KH�(QHUJ\�'LVFXVVLRQ�3DSHU VHULHV� LV� LQWHQGHG�WR�GLVVHPLQDWH�SUH�SULQWV�DQG�UHVHDUFK�UHSRUWV�RUJDQL]HG�
RU�DXWKRUHG�E\�PHPEHUV�RI�WKH�,QWHUQDWLRQDO�(QHUJ\�,QLWLDWLYH �/DWLQ�$PHULFDQ�2IILFH��DQG�LWV�DVVRFLDWHV�
ZLWK�WKH�SXUSRVH�WR�VWLPXODWH�WKH�GHEDWH�RQ�FXUUHQW�HQHUJ\�WRSLFV�DQG�VXVWDLQDEOH�GHYHORSPHQW��
$Q\�FRPPHQWV�RU�VXJJHVWLRQV�DUH�ZHOFRPH�DQG�VKRXOG�EH�DGGUHVVHG�WR�WKH�DXWKRUV�IRU�FRQVLGHUDWLRQ��
*LOEHUWR�0��-DQQX]]L
'LUHWRU��/DWLQ�$PHULFD�
,QWHUQDWLRQDO�(QHUJ\�,QLWLDWLYH

$SUHVHQWDomR
$� VpULH�(QHUJ\�'LVFXVVLRQ�3DSHU WHP� R�REMHWLYR�GH� GLVVHPLQDU� RV� DUWLJRV� H� UHODWyULRV� SUHSDUDGRV� SHORV�
PHPEURV�RX�DVVRFLDGRV�GR�HVFULWyULR�UHJLRQDO�GD�,QWHUQDWLRQDO�(QHUJ\�,QLWLDWLYH��$�LQWHQomR�p�HVWLPXODU�R�
GHEDWH�VREUH�WHPDV�FRUUHQWHV�QD�iUHD�GH�HQHUJLD�H�GHVHQYROYLPHQWR�VXVWHQWiYHO�
&RPHQWiULRV� H� VXJHVW}HV� VmR� EHP�YLQGRV� H� GHYHP� VHU� HQFDPLQKDGRV� GLUHWDPHQWH� DRV� DXWRUHV�� SDUD�
FRQVLGHUDomR�H�HYHQWXDLV�UHYLV}HV�
*LOEHUWR�0��-DQQX]]L
'LUHWRU��/DWLQ�$PHULFD�
,QWHUQDWLRQDO�(QHUJ\�,QLWLDWLYH
9HQGUXVFXOR��(GVRQ�$��
7HFKQLFDO�LPSURYHPHQW�RI�UHVLGHQWLDO�UHIULJHUDWRU�LQ�%UD]LO��HQHUJ\�HIILFLHQF\�DQDO\VLV���

(GVRQ�$��9HQGUXVFXOR��*XLOKHUPH�GH�&��4XHLUR]��*LOEHUWR�'H�0DUWLQR�-DQQX]]L��1DWKDQ�
0HQGHV��7KRPD]�%RUJHV�H�-RVp�$��3RPLOLR��± &DPSLQDV��63��(QHUJ\�'LVFXVVLRQ�3DSHU�1��
������������������

���5HIULJHUDWRU����(QHUJ\�(IILFLHQF\
7KH�LGHDV�DQG�RSLQLRQV�H[SUHVVHG�LQ�WKH�SDSHU�GR�QRW�UHSUHVHQW��QRU�DUH�QHFHVVDULO\�HQGRUVHG�E\�WKH�
,QWHUQDWLRQDO�(QHUJ\�,QLWLDWLYH�DQG�LWV�%RDUG�RI�'LUHFWRUV��
5HSURGXFWLRQ�RI�WKH�FRQWHQWV�LV�SHUPLWWHG ZDUUDQWHG�WKDW�WKH�VRXUFH�LV�PHQWLRQHG�DFFRUGLQJO\�
$WHQomR
$V�LGpLDV�DSUHVHQWDGDV�QHVWH�GRFXPHQWR�QmR�UHSUHVHQWDP�QHFHVVDULDPHQWH�DV�RSLQL}HV�GR�,QWHUQDWLRQDO�
(QHUJ\�,QLWLDWLYH�H�VHX�&RQVHOKR�GH�'LUHWRUHV��
5HSURGXomR�QR�WRGR�RX�SDUWH�GR�PDWHULDO�DSUHVHQWDGR�p�SHUPLWLGD�GHVGH�TXH�FLWDGD�D�IRQWH�
�
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$EVWUDFW
5HFHQW� WHFKQRORJLFDO� UHVXOWV� LQ� WKH� ILHOG�RI� UHIULJHUDWLRQ� V\VWHPV��HPEHGGHG�HOHFWURQLFV��
DQG� QHZ�PDWHULDOV� LQ JHQHUDO� KDYH� EHHQ� LQFRUSRUDWHG� LQ�PRGHUQ� KRXVHKROG� JRRGV��7KH�
XVH� RI� WKHVH� WHFKQRORJLFDO� LPSURYHPHQWV� LQFUHDVHV� FRQVXPHU¶V� FRPIRUW� DQG� FUHDWH�
RSSRUWXQLWLHV� IRU�PDQXIDFWXUHUV� LQ� WKH� UHWDLO� PDUNHW�� 1HYHUWKHOHVV�� WKH� LW� LV� SRVVLEOH� WR�
VSHHG�XS� WHFKQRORJLFDO� LQQRYDWLRQ�DQG�FRQWULEXWH� WR� UHGXFH�HOHFWULFLW\�FRQVXPSWLRQ�DQG�
HQYLURQPHQWDO� LPSDFWV� DVVRFLDWHG� ZLWK� HOHFWULFLW\� SURGXFWLRQ�� ,Q� WKLV� FRQWH[W�� HQHUJ\�
HIILFLHQF\�ODEHOV�DQG�VWDQGDUGV�IRU�KRXVHKROG�DSSOLDQFHV�KDYH�EHHQ�PRUH�ZLGHO\�DGRSWHG��
,Q� %UD]LO� XQWLO� UHFHQWO\� WKH� HQHUJ\� FRQVXPSWLRQ� ODEHOV�ZHUH� XVHG� RQ� D� YROXQWDU\� EDVLV��
+RZHYHU�� WKH�%UD]LOLDQ� JRYHUQPHQW� KDV� LQWURGXFHG� FRPSXOVRU\� OHJLVODWLRQ� WR� LQWURGXFH�
PLQLPXP�HIILFLHQF\�VWDQGDUGV��ZKLFK�VKRXOG�EH�PDQGDWRU\�LQ�WKH�QH[W�\HDUV��
7KH� PDLQ� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� SURYLGH� WHFKQLFDO� EDFNJURXQG� WR� VXSSRUW� WKH�
HVWDEOLVKPHQW� RI� HQHUJ\� HIILFLHQF\� VWDQGDUGV� IRU� UHIULJHUDWRUV�� 7KH� WHFKQLFDO�
LPSURYHPHQWV� VXJJHVWHG� LQ� WKH� SUHVHQW� VWXG\� ZHUH� HYDOXDWHG� LQ� DQ� H[SHULPHQWDO� VHWXS�
DYDLODEOH�LQ�D�VSHFLDOL]HG�UHIULJHUDWLRQ�ODERUDWRU\��
$OVR� WKH� VWXG\�FRQVLGHUV� WKH�DGGLWLRQDO�PDQXIDFWXUHU�FRVWV� IRU�SURGXFLQJ�PRUH�HIILFLHQW�
UHIULJHUDWRUV��WKH�FRVW�IRU�WKH�HQG�XVHU�DQG�WKH�UHGXFHG�HQYLURQPHQWDO�LPSDFWV�GXH�WR�WKH�
ORZHU� GHPDQG� E\� SRZHU� SODQWV� EDVHG� RQ� EXUQLQJ� QDWXUDO� JDV�� 7KH� SUHVHQW� DQDO\VLV� LV�
EDVHG� RQ� /LIH�&\FOH� &RVW� $QDO\VLV� �/&&$�� PHWKRGRORJ\� WKDW� FRQVLVWV� RI� DSSO\LQJ�
VWDWLVWLFDO�DQG�HFRQRPLF�HQJLQHHULQJ�DSSURDFKHV�WR�DQDO\]H�HQYLURQPHQWDO�DQG�HFRQRPLF�
RYHUDOO� LPSDFWV�� ,QLWLDOO\� WHVWV� ZHUH� SHUIRUPHG� WR� JHW� EDVLF� LQIRUPDWLRQ� DERXW� D�
UHIULJHUDWRU�ZLWK� ����OLWHU� RI� DGMXVWHG� YROXPH��� D� SRSXODU�PRGHO� IRXQG� LQ� WKH�%UD]LOLDQ�
PDUNHW�� � 7HFKQLFDO� YDULDEOHV� UHODWHG� WR� WKH� UHIULJHUDWLRQ� V\VWHP� ZHUH� PRQLWRUHG� DQG�
UHFRUGHG��$V�D�UHVXOW��WKH�GDWDVHW�REWDLQHG�FRXOG�EH�FRQIURQWHG�ZLWK UHVXOWV�REWDLQHG�IURP�
WKH�VLPXODWLRQ�RI�WKH�UHIULJHUDWRU¶V�PDWKHPDWLFDO�PRGHO��
6XEVHTXHQWO\�� WKH� HQHUJ\� SHUIRUPDQFH� RI� WKH� UHIULJHUDWLRQ� V\VWHP� ZDV� DQDO\]HG� LQ� WKH�
ODERUDWRU\� DFFRUGLQJ� WR� VRPH� RWKHU� LQQRYDWLRQV�� QDPHO\� WKH� XVH� RI� D� PRUH� HQHUJ\�
HIILFLHQW FRPSUHVVRU��D�EHWWHU�VXFWLRQ�OLQH�LQVXODWLRQ�DQG�SDUWLDOO\�PRYLQJ�WKH�FRQGHQVHU�
DZD\�RI�WKH�UHIULJHUDWRU�UHDU��
���/LIH�&\FOH�&RVW�$QDO\VLV�0HWKRGRORJ\��/&&$�
7KH� HQYLURQPHQWDO� GHJUDGDWLRQ� LV� RQH� RI� WKH� FRQFHUQV� RI� LQGXVWULDOL]HG� DQG�GHYHORSLQJ�
FRXQWULHV� DOLNH�� 7KHUHIRUH�� WHFKQLFDO� LQQRYDWLRQV� IRU� GHFUHDVLQJ� HQHUJ\� FRQVXPSWLRQ� LQ�
KRXVHKROG�DSSOLDQFHV�KHOS�WR�UHGXFH�WKH�LPSDFWV�RI�JUHDWHU�HOHFWULFLW\�JHQHUDWLRQ�DQG�DOVR�
� $GMXVWHG�YROXPH� �5HIULJHUDWRU�9ROXPH��������&RQJHODGRU 9ROXPH��&RQJHODGRU�LV�D�VPDOO�IUHH]HU�
FRPSDUWPHQW�SODFHG�LQVLGH�WKH�UHIULJHUDWRU�DQG�SUHVHQW�LQ�%UD]LOLDQ�RQH�GRRU�PRGHOV�
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FRQWULEXWH�WR�GHFUHDVH�FXVWRPHUV��HQHUJ\�ELOO��2QH�ZD\�WR�ORRN�IRU�WHFKQLFDO�RSSRUWXQL WLHV�
WR� UHGXFH� DSSOLDQFH� HQHUJ\� FRQVXPSWLRQ� LV� WKURXJK� WKH� /&&$�SD\EDFN� DQDO\VLV�� 7KLV�
DQDO\VLV� DOORZV� WKH� HVWLPDWLRQ� RI� WKH� FRQVXPHU� SD\EDFN� SHULRG� IRU� DFTXLVLWLRQ� RI�PRUH�
HQHUJ\�HIILFLHQW�DQG�PRUH�H[SHQVLYH�GHYLFH�WDNLQJ�LQWR�DFFRXQW�WKH�GHYLFH�OLIHWLPH�DQG�LWV�
HQYLURQPHQWDO� LPSDFW�� 7KH� /&&$� PHWKRGRORJ\�� SURSRVHG� LQ� &/$63� ������� PDQXDO��
FKDSWHU���± ³$QDO\]LQJ�DQG�6HWWLQJ�6WDQGDUGV´��KDV�EHHQ�FRQVLGHUHG�KHUH�IRU�HYDOXDWLQJ�
VRPH� SRVVLEOH� WHFKQLFDO� LQQRYDWLRQV� ZLWK� UHJDUGV� WR� WKHLU� LPSDFWV� LQ� WKH� HFRQRP\� DQG
HQYLURQPHQW�>�@��
$V� DQ� H[DPSOH�� VRPH� UHVXOWV� UHODWHG� WR� LPSURYLQJ� HQHUJ\� HIILFLHQF\� LQ� D� %UD]LOLDQ�
UHIULJHUDWRU� REWDLQHG� XVLQJ� /&&$� PHWKRGRORJ\� DUH� SUHVHQWHG� LQ� )LJXUH� ��� 7KHVH� GDWD�
ZHUH� LQ� SDUW� WDNHQ� IURP� WKH� UHIHUHQFH� >�@�� ,Q� WKLV� DQDO\VLV�� WKH� VHFRQG PRVW� VROG�
UHIULJHUDWRU�LV�WKH�����/�FDSDFLW\�RQH��)LJXUH���DOVR�VKRZV�UHWDLO�SULFH�DQG�PDQXIDFWXUHU�
FRVW� LQFUHDVLQJ�GXH� WR� WKH� WHFKQLFDO� LQQRYDWLRQV��7KH�FDVHV�$�DQG�%� UHSUHVHQW�GLIIHUHQW�
SDUWLFLSDWLRQ� RI� WKH� HIILFLHQW� PRGHO� LQ� WKH� UHWDLO� PDUNHW� �VHH� UHI�� ���� 7KH� WHFKQLFDO�
LQQRYDWLRQV�FRQVLGHUHG�LQ�)LJ����DUH�GHVFULEHG�LQ�DSSHQGL[����
(YLGHQWO\�� WKH� DSSOLDQFH� HQHUJ\� FRQVXPSWLRQ� �N:K�\HDU�� GHFUHDVHV� DV� ORQJ� DV� PRUH�
LQQRYDWLRQV� DUH� LQFRUSRUDWHG� LQ� WKH� UHIULJHUDWRU��2Q� WKH� RWKHU� KDQG�� WKH� UHWDLO� SULFH� DQG�
PDQXIDFWXUHU�FRVW�LQFUHDVH�DV�ZHOO�VR�WKDW�VRPH�FRVW�OLPLW�LV�UHDOL]HG��,Q�VXFK�D�FDVH��WKH�
/&&$�LV�LPSRUWDQW�VLQFH�LW�VXJJHVWV�WKH�WUDGH�RII�EHWZHHQ�PD[LPXP�HIILFLHQF\�DQG�FRVW�
LQFUHDVLQJ�� 7KH� XSSHU� FXUYH� LQ� )LJXUH� �� VKRZV� WKDW� WKH�PLQLPXP� HQHUJ\� SHUIRUPDQFH�
VWDQGDUG��0(36��LV�HVWDEOLVKHG�IRU�LQQRYDWLRQ�&��LQ�FDVH�$��7KH�0(36�LQGH[�LV�UHODWHG�
WR� WKH� ORZHVW� FRVW� WR� FRQVXPHUV� DQG�� LQ� WKLV� H[DPSOH�� SRLQWV� WR� D� SD\EDFN� SHULRG� RI� ��
\HDUV�
7KH�/&&$�PHWKRGRORJ\�LV�DOVR�XVHIXO�WR�HVWLPDWH�WKH�HQYLURQPHQWDO�LPSDFW� DV�VKRZQ�LQ�
7DEOH� �� WKURXJK� WKH�&2� FRQVHUYDWLRQ� DFFRXQWHG� IRU� WKH� UHVXOWLQJ� UHGXFHG� HPLVVLRQ� LQ�
WKHUPRHOHFWULF� SODQW�� 7DEOH� �� VXPPDUL]HV� WKH� UHVXOWV� IURP� WHFKQLFDO� LQQRYDWLRQV� LQ�
SRSXODU�%UD]LOLDQ�UHIULJHUDWRUV�>�@�

7DEOH����5HVXOWV�VXPPDU\�
Indicators Case A
Mandatory Standards (energy reduction) 43% (year 2005) (*)
Payback Period 7 years
Improvements Voluntary Procel label A like a mandatory standard, new 

compressor, increase of the door and walls insulating 
thermal thickness - ½”.

Energy saved (TWh) 12 (until year 2010) 80 (until year 2020)
CO2 Conservation (Gg) 38,160
Billion R$ saved on the electricity bill 12
1RWHV�� ,W�ZDV�DVVXPHG�D�FRHIILFLHQW������NJ�&2��N:K��HPLVVLRQ�IURP�1DWXUDO�JDV� IXHOOHG� WKHUPRHOHFWULF�
SODQW���$OO�YDOXHV�ZHUH�FDOFXODWHG�LQ�5�����������
��FRPSDUHG�WR�WKH������UHIULJHUDWRU�PRGHO�
� &DVH�$�VFHQDULR�DVVXPHV�WKDW�DOO�UHIULJHUDWRUV�VROG�LQ�WKH�FRXQWU\�DUH�VDPH�DV�WKH�UHIULJHUDWRU�PRGHO�ZLWK�
����RI�VHOOLQJ�LQ�WKH�FXUUHQW�PDUNHW��&DVH�%�VFHQDULR�DVVXPHV�WKDW�WHFKQLFDO�LPSURYHPHQWV�DUH�DSSOLFDEOH�
RQO\� WR� ����RI� WKH� FRPPHUFLDOL]HG� UHIULJHUDWRUV�� VLQFH� WKH� RWKHUV� ����RI� WKH�PDUNHW� VKDUH� LV� ILOOHG�E\�D�
PRGHO�WKDW�LV�FXUUHQWO\�WKH�OHDGHU�DQG�DOUHDG\�LV�TXLWH�WHFKQRORJLFDOO\�DGYDQFHG��
� 7DEOH�SDUWLDOO\�UHSURGXFHG�IURP�UHIHUHQFH�>�@�
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)LJ�����/LIH�&\FOH�&RVW�$QDO\VLV�IRU�SRSXODU�UHIULJHUDWRUV�>�@ �

7KH�PDLQ�UHVXOWV�FRQFHUQHG�ZLWK�WKLV�GLVFXVVLRQ�DUH�KLJKOLJKWHG�XVLQJ�EROGIDFH�DQG�LWDOLF�
IRQWV��7KH�WHFKQLFDO�LQQRYDWLRQV�FRQVLGHUHG�LQ�WKLV�H[DPSOH�DUH�WKH�XVH�RI�D�PRUH�HIILFLHQW�
FRPSUHVVRU� DQG� WKH� LQFUHDVH� E\� ò´� �����FP�� RI� WKH� GRRU� DQG� ZDOO� LQVXODWLQJ� WKHUPDO�
WKLFNQHVV�� &HUWDLQO\�� WKHVH� UHVXOWV� IRPHQW� WKH� WHFKQLFDO� LQQRYDWLRQV� WR� EH� DGRSWHG� DV�
HYLGHQFHG�E\�WKH���7:K�RI�VDYHG�HOHFWULFDO�HQHUJ\�DQG�WKH�UHGXFHG�&2��HPLVVLRQ�RI����
*J��
���&KDUDFWHUL]LQJ�WKH�EDVH �FDVH�UHIULJHUDWRU
)RU�WKLV�VWXG\�WKH�EDVH�FDVH�UHIULJHUDWRU�LV�D�RQH�GRRU�PRGHO�DYDLODEOH�LQ�WKH�UHWDLO�PDUNHW��
UHFHLYLQJ� WKH� RQH� VWDU� FODVVLILFDWLRQ��� 7KLV� PRGHO� SUHVHQWV� WKH� ORZ�WHPSHUDWXUH�
FRPSDUWPHQW� ORFDWHG� LQVLGH� WKH� FDELQHW� DQG� LW� LV� GHQRPLQDWHG� FRQJHODGRU�� ,Q� IDFW�� WKH�

� 7KH�SURILWDEOH�UHVXOWV�JRW�IURP�WKH�/&&$�PHWKRG�ZHUH�WKH�PDLQ�PRWLYDWLRQ�IRU�SHUIRUPLQJ�WKH�WHFKQLFDO�
H[SHULPHQW�GLVFORVHG�LQ�WKLV�ZRUN�
� 5HIULJHUDWRUV�DUH�FODVVLILHG�DFFRUGLQJ�WR�7HFKQLFDO�6WDQGDUG�,62�����>�@�DV������RU���VWDU�UHIULJHUDWRU��
DFFRUGLQJ�WR�WKH�WHPSHUDWXUH�LQVLGH�WKH�UHIULJHUDWRU�FDELQHW�DQG�LQ�WKH�ORZ�WHPSHUDWXUH�FRPSDUWPHQW��
0RGHOV�ZLWK�ORZHU�WHPSHUDWXUHV�UHFHLYH�JUHDWHU�QXPEHU�RI�VWDUV�

/LIH� &\FOH�&RVW� �/&&��� UHWDLO� DQG� PDQXIDFWXUHU�
FRVWV�� SRSXODU�UHIULJHUDWRU�LQ�%UD]LO�
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FRQJHODGRU LV� URXJKO\� UHIHUHQFHG� WR� D� WHFKQLFDO� SDUW� RI� WKH� UHIULJHUDWLRQ� V\VWHP� FDOOHG�
HYDSRUDWRU��
��� 5HIULJHUDWRU�EDVLF�RSHUDWLRQ
)LJXUH� �� VKRZV� WKH� HOHPHQWV� RI� D� UHIULJHUDWLRQ� V\VWHP� RI� D� RQH�GRRU� UHIULJHUDWRU�
FRPPHUFLDOO\� DYDLODEOH� LQ� WKH� %UD]LOLDQ� PDUNHW�� 7KH� V\VWHP� LV� PDGH� XS� RI� ILYH� PDLQ�
HOHPHQWV�� HOHFWULF� �PRWRU��� FRPSUHVVRU�� HYDSRUDWRU�� KHDW� H[FKDQJHU�� FDSLOODU\� WXEH� RU�
H[SDQVLRQ�YDOYH�DQG�FRQGHQVHU�

)LJ�����2QH�GRRU�%UD]LOLDQ�UHIULJHUDWRU�����������)LJ�����3RSXODU�UHIULJHUDWRU��QDWXUDO�
DLUIORZ�PRGHO��UHIULJHUDWLRQ�V\VWHP����������������������������LQVLGH�D�SRSXODU�UHIULJHUDWRU�
FDELQHW��&RXUWHV\�RI�(PEUD FR�,QF��
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RPSUHVVRU�
RXWVLGH�
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LV� WKH� FRPSUHVVRU�� ZKLFK� LV� VXSSOLHG� E\� DQ�
JHUDQW�IOXLG��5���D��WR�IORZ�DORQJ�WKH�ZKROH�
RUEHG� E\� WKH� HYDSRUDWRU� IURP� DLU� LQVLGH� WKH�
�WKH�FRQGHQVHU��



�

(DFK�RI�WKH�PDLQ�UHIULJHUDWRU�FRPSRQHQWV�KDV�WKH�IROORZLQJ�IXQFWLRQV�LQ�WKH�UHIULJHUDWLRQ�
F\FOH�

�� 7KH�FRPSUHVVRU� UHFHLYHV� WKH� IOXLG� LQ� WKH�JDVHRXV� VWDWH�DQG�SXPSV� LW� LQWR� WKH�
FRQGHQVHU�� ,W� JRHV� WKURXJK� WKH� FRPSUHVVRU� DQG� WKH�JDV� WHPSHUDWXUH� LV�KLJKO\�
LQFUHDVHG�DV�ZHOO�LWV�SUHVVXUH�

�� 7KH� FRQGHQVHU� �ORFDWHG� DW� WKH� FDELQHW� UHDU�� LQ� FRQWDFW� ZLWK� WKH� H[WHUQDO� DLU�
UHOHDVHV�ERWK�WKH�KHDW�DEVRUEHG�E\�WKH� HYDSRUDWRU�DQG�WKH�FRPSUHVVRU�SRZHU��
ZKLFK�FRROV�GRZQ�WKH�UHIULJHUDQW�IOXLG�LQ�WKH�JDVHRXV�SKDVH�DQG�WKHQ�OLTXHILHV�
LW�

�� $IWHU�WKDW��WKH�OLTXLG�IOXLG�IORZV�WKURXJK�WKH�H[SDQVLRQ�YDOYH�RU�FDSLOODU\�WXEH��
ZKLFK� LV� UHVSRQVLEOH�ZLWK� WKH� FRPSUHVVRU� IRU� WKH�PDVV� IORZ�� 7KH� ORZHU� WKH�
SUHVVXUH� ORVV� LQ� WKH� H[SDQVLRQ� GHYLFH� WKH� ORZHU� WKH� HYDSRUDWLRQ� WHPSHUDWXUH�
DQG�WKH�ORZHU�WKH�PDVV�IORZ�

�� )LQDOO\�� WKH� FROG� OLTXLG� IOXLG� �ZLWK� VRPH� IODVK� JDV�� UHDFKHV� WKH� HYDSRUDWRU�
ZKHUH� LW� FRPHV� EDFN� WR� WKH� JDVHRXV� VWDWH� E\� DEVRUELQJ� KHDW� IURP� WKH�
UHIULJHUDWHG�IOXLG��LQWHUQDO�DLU���

0HFKDQLFDOO\�� KLJK�SUHVVXUH� FRQGLWLRQ� H[LVWV� LQ� WKH� FRQGHQVHU� DV� LW� LV� FRQQHFWHG� WR� WKH�
RXWSXW� RI� WKH� FRPSUHVVRU� DQG�D� ORZ�SUHVVXUH� LV�GHWHFWHG� LQ� WKH�HYDSRUDWRU�FRQQHFWHG� WR�
WKH�H[SDQVLRQ�GHYLFH�RXWSXW��
7KH�SHFXOLDULW\�RI�WKLV�NLQG�RI�UHIULJHUDWRU�LV�RXWOLQHG�E\�LWV�LQWHUQDO�FRROLQJ�SURFHVV��$V�
GHVFULEHG� HDUOLHU�� WKH� FRQJHODGRU �HYDSRUDWRU�� SURGXFHV� FROG� DLU��ZKLFK� IORZV� QDWXUDOO\�
GRZQ�� ZKLOH� ZDUPHU� DLU� IORZV� XS� GXH� WR� EXR\DQF\� IRUFHV�� 1HYHUWKHOHVV�� WKHUH LV� QR�
DGGLWLRQDO�HOHPHQW�WR�SURYLGH�D�KRPRJHQHRXV�WHPSHUDWXUH�GLVWULEXWLRQ��,W�LPSOLHV�WKDW�WKH�
KRPRJHQHRXV� FRROLQJ� FDSDFLW\� GHSHQGV� RQ� WKH� LQWHUQDO� DLU� FRQYHFWLRQ� KHDW� WUDQVIHU��
ZKLFK� LV� VWURQJO\� UHODWHG� WR� WKH� LQWHUQDO� DLUIORZ� YHORFLW\� ILHOGV�� &RQVHTXHQWO\�� WKH�
HYDSRUDWRU� VXUIDFH� WHPSHUDWXUH� LV� WKH� FRQWUROOHG� YDULDEOH�� ZKLFK� LV� NHSW� ZLWKLQ� D�
GHWHUPLQHG�UDQJH��
8VXDOO\��PRUH�VRSKLVWLFDWHG�PRGHOV�LQFOXGH�D�PHFKDQLFDO�IDQ�IRU�FLUFXODWLQJ�LQWHUQDO�DLU��
)LJXUH� �� LOOXVWUDWHV� D� ��'� VHFWLRQ� IRU� YLVXDOL]LQJ� WKH� LQWHUQDO� DLUIORZ�YHORFLW\� ILHOG� LQ� D�
SRSXODU� UHIULJHUDWRU� REWDLQHG� E\� XVLQJ� WKH� &);��� FRPPHUFLDO� SDFNDJH� �&RPSXWDWLRQDO�
)OXLG� '\QDPLFV� 6RIWZDUH�� ,W� DOORZV� GHWHUPLQLQJ� WKH� WHPSHUDWXUH� JUDGLHQW� DW� VHYHUDO�
SRLQWV�LQVLGH�WKH�FDELQHW�WRR��,Q�WKH�)LJXUH���UHIULJHUDWRU��WKHUH�LV�D�PDLQ�IORZ�RI�FROG�DLU�
DV� VKRZHG� LQ�)LJXUH���� ,Q�VXFK�FDVH�� WKH�JUDGLHQW� WHPSHUDWXUH� LV�QRW�XQLIRUP��DV�FDQ�EH�
VHHQ� EHORZ� WKH� PHDW� WUD\� DQG� DW� WKH� ERWWRP�� ZKHUH� XVXDOO\� WKHUH� LV� YHJHWDEOH�
FRPSDUWPHQW�
��� 5HIULJHUDWRU�WHPSHUDWXUH�FRQWURO
7KH� FRPSUHVVRU� LV� SHULRGLFDOO\� WXUQHG� RQ� DQG� RII� LQ� RUGHU� WR� NHHS� WKH� UHIULJHUDWRU�
WHPSHUDWXUH�ZLWKLQ�D�GHWHUPLQHG�UDQJH��&RPPDQGV�IRU�FRPSUHVVRU�FRQWURO�DUH�GHOLYHUHG�
E\� D� WKHUPRVWDW� �D� WHPSHUDWXUH� VHQVRU� W\SH�� WKDW� LV� GLVSRVHG� RYHU� WKH� HYDSRUDWRU�
JXDUDQWHHLQJ�LWV�LQWHUQDO�ORZ�WHPSHUDWXUH��7HFKQLFDOO\��LW�LV�FDOOHG�21�2))�FRQWURO�VLQFH�
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SRSXODU� UHIULJHUDWLRQ� V\VWHPV� DUH� FRPSOHWHO\� WXUQHG� RII� ZKHQ� D� PLQLPXP� WHPSHUDWXUH�
OLPLW�LV�UHDFKHG�
��� 7HFKQLFDO�FKDUDFWHULVWLFV�RI�WKH�EDVH�FDVH�UHIULJHUDWRU
5HSUHVHQWDWLYH� UHVXOWV� IRU�%UD]LOLDQ�PDUNHW� DUH� H[SHFWHG� VLQFH� WKH� WHVWV� DUH� GRQH� LQ� WKH�
PRVW�VROG�GHYLFH�LQ�WKH�%UD]LOLDQ�PDUNHW��7KH�EDVH�FDVH�ILOOV�WKH�VWDQGDUG�FDSDFLW\�RI�����
OLWHUV�� ZKLFK� LV� D� UHIHUHQFH� YDOXH� IRU� PDQXIDFWXULQJ�� DQG� KDV� ��� OLWHUV� RI� IUHH� YROXPH�
ZLWKLQ� WKH� FRQJHODGRU �HYDSRUDWRU��� 7KH� �R&� QHJDWLYH� WHPSHUDWXUH� LV� VHQVHG� LQVLGH� WKH�
HYDSRUDWRU�DQG�D�PD[LPXP�RI��R&�SRVLWLYH� WHPSHUDWXUH� LV� DOORZHG� LQ� WKH�FDELQHW�VSDFH�
DFFRUGLQJ�WR�WKH�WHFKQLFDO�VWDQGDUGV�IRU���VWDU�UHIULJHUDWRUV��6RPH�SK\VLFDO�GLPHQVLRQV�RI�
WKH� FDVH�EDVH� DUH� ����� PP� KHLJKW�� ���� PP� ZLGWK� DQG� ���� PP� GHSWK�� $� KHUPHWLF�
FRPSUHVVRU� LV�XVHG�ZKLFK�KDV�D�FRROLQJ�FDSDFLW\�RI�����%WX�K�����:���GLVSODFHPHQW�RI�
����� FF�UHY� DQG� HQHUJ\� HIILFLHQF\� UDWH� �((5��RI������NFDO�:K�� DVVHPEOHG� IRU� ORZ�EDFN�
SUHVVXUH� �/%3��DSSOLFDWLRQV��7KH�HOHFWULFDO�VSHFLILFDWLRQ�FRPSULVHV�DQ�RSHUDWLQJ�YROWDJH�
UDQJH�RI�������9�VXSSOLHG�E\�D�VLQJOH�SKDVH���+]�JULG�
���/DERUDWRU\�)DFLOLW\�
7KH� WHFKQLFDO� VWDQGDUG� IRU� PHDVXULQJ� WKH� UHIULJHUDWRU� HIILFLHQF\� UHTXLUHV� FRQWUROOHG
FRQGLWLRQV��7KHUHIRUH�� WKH�7KHUPDO�6\VWHP�/DERUDWRU\� �/67� ± ZZZ�SXFSU�EU�/67��ZDV�
FKRVHQ� VLQFH� LW� PHW� WKH� WHFKQLFDO� VWDQGDUG� UHTXLUHPHQWV�� 5HOHYDQW� FKDUDFWHULVWLFV� DQG�
DSSDUDWXV� DYDLODEOH� LQ� /67�PDNHV� XVH� RI� D� �������%WX�K� �����N:�� WHVW� FKDPEHU� DQG� D�
FRPSOHPHQWDU\� VHW� RI� HTXLSPHQW� WKDW� DOORZV� VLPXODWLQJ� DQG� PRQLWRULQJ� DQ� DUWLILFLDO�
HQYLURQPHQW� ZLWK� FRQWUROOHG� FRQGLWLRQV� RI� � UHODWLYH� KXPLGLW\� DQG� WHPSHUDWXUH�� 7KLV�
LQIUDVWUXFWXUH� DOVR� DOORZV� HYDOXDWLQJ� WKH� WKHUPDO�HQHUJHWLF� SHUIRUPDQFH� RI� WKHUPDO�
V\VWHPV� VXFK� DV� UHIULJHUDWRUV�� IUHH]HUV�� FRPSUHVVRUV� DQG� KHDW�H[FKDQJHUV�� 7KH� WHVW�
FKDPEHU� PDNHV� SRVVLEOH� WKH� FRQWURO� RI� WHPSHUDWXUH� DQG� DLU� UHODWLYH� KXPLGLW\� LQ�
DFFRUGDQFH�ZLWK�WKH�,62�WHFKQLFDO�VWDQGDUGV��WKDW�LV���R &�DQG������UHVSHFWLYHO\��$�GDWD�
DFTXLVLWLRQ� V\VWHP�QDPHG�9;,� �PDQXIDFWXUHG�E\�7HNWURQL[��ZLWK����� LQSXW�FKDQQHOV� LV�
XVHG�IRU�PHDVXULQJ�D�ZLGH�VHW�RI�YDULDEOH�VXFK�DV��WHPSHUDWXUH��SRZHU��KXPLGLW\��SUHVVXUH�
DQG� RWKHU� SK\VLFDO� YDULDEOHV�� $GGLWLRQDO� LQIRUPDWLRQ� RQ� WKH� /67� WHVW� DSSDUDWXV� ZDV�
SUHVHQWHG�E\�0HQGHV�HW�DO��>�@�
���7HFKQLFDO�UHVXOWV�IRU�WKH�EDVH �FDVH�UHIULJHUDWRU
7KH� H[SHULPHQWDO� UHVXOWV� SHUIRUPHG� WR� FKDUDFWHUL]H� WKH� UHIULJHUDWLRQ� V\VWHP� DUH� VKRZQ�
EHORZ��7KH�RYHUDOO�UHIULJHUDWLRQ�V\VWHP�LV�GHVFULEHG�EDVHG�RQ�WKHUPDO�PRGHOLQJ�DQG�WKH�
WHPSHUDWXUHV DUH� WKH� YDULDEOHV� XQGHU� HYDOXDWLRQ� XVLQJ� D� FRPSXWHU� VLPXODWLRQ� PRGHO��
7KHUHIRUH�� WKH� H[SHULPHQWDO� LQYHVWLJDWLRQ� DOORZV� VNHWFKLQJ� D� WKHUPDO� PDS� RI� WKH�
UHIULJHUDWLRQ� V\VWHP�� ZKLFK� PD\� EH� FRPSDUHG� WR� UHVXOWV� REWDLQHG� IURP� WKH� FRPSXWHU�
VLPXODWLRQ��7KH�LQVWUXPHQWDWLRQ�VHWXS�LQFOXGHV�WKH�YDULDEOHV�PHDVXUHPHQW�LQ�WKH�HOHPHQWV�
RI�WKH�V\VWHPV�DV�DSSRLQWHG�LQ�)LJXUH����7KH�PDLQ�SRLQWV�DUH�WKH�WHPSHUDWXUH�DW�WKH�LQSXW�
DQG�RXWSXW�RI�FRPSUHVVRU��FRQGHQVHU�DQG�HYDSRUDWRU��



$Q� DYHUDJH� YDOXH� IRU� HDFK� PHDVXUHG� SRLQW� LV� VKRZQ� LQ� )LJXUH� ��� +RZHYHU�� VLQFH� WKH�
WHPSHUDWXUH� FRQWURO� LV� EDVHG� RQ�21�2))� VWUDWHJLHV� DOO� YDULDEOHV� DUH� VXEMHFW� WR� D� ULSSOH�
RYHUOD\LQJ�WKH�DYHUDJH�YDOXH��,Q�DJUHHPHQW�ZLWK�WKH�WHFKQLFDO�VWDQGDUGV��WKH�WHVW�GHPDQGV�
GXULQJ� D� SHULRG� RI� ��KRXUV� UHJLVWHULQJ� VWDELOL]HG� WHPSHUDWXUH� DW� WKH� ZDUPHVW� WKHUPDO�
SDFNDJHG�SODFH�ZLWKLQ�WKH�HYDSRUDWRU�DQG�LQ�WKH�UHIULJHUDWRU�FRPSDUWPHQW��
7KH�FRPSUHVVRU�LV�RQ�IRU�DSSUR[LPDWHO\������PLQXWHV�DQG�RII�IRU�RWKHU�������PLQXWHV��,W�
LPSOLHV� LQ� D� F\FOLF� ZD\� RI� GULYLQJ� DV� LQGLFDWHG� E\� WKH� ULSSOH� VKRZHG� LQ� WHPSHUDWXUH�
ZDYHIRUP��&RQVLGHULQJ� WKH�RQ�DQG�RII� WLPHV�SHULRG��RQH�FDQ�VD\� WKDW� WKH�FRPSUHVVRU� LV�
SHULRGLFDOO\�GULYHQ�DW�HDFK�������PLQXWHV�DQG�WKH�GXW\�F\FOH�LV��������WKH�UDWLR�EHWZHHQ�
WKH�RQ� WLPH�DQG� WKH� F\FOH�SHULRG�� L�H��� WKH� UXQQLQJ� WLPH���$V�D� UHVXOW�� WKH�FRPSUHVVRU� LV�
WXUQHG�RQ������WLPHV�SHU�KRXU�
)LJ�����,QVWUXPHQWDWLRQ�VHWXS��WKHUPDO��� )LJ�����2QH �GRRU�%UD]LOLDQ�UHIULJHUDWRU��
YDULDEOHV��PHDVXUHG�DYHUDJH����������������������������LQVWUXPHQWDWLRQ�IRU�HOHFWULFDO �HQHUJ\
WHPSHUDWXUH�LV�LQGLFDWHG�����������������������������������FRQVXPSWLRQ�H[SHULPHQW��

(YDSRUDWRU�
�FRQJHODGRU�

7HPSHUD�
WXUH VHQVRUV��
7KH� WHFKQLFDO� VWDQG
UHJLVWHULQJ� HOHFWULFD
FODVVLILFDWLRQ��6SHFL
DW� WZR�FRPSDUWPHQ
IRRG�FRPSDUWPHQW�D
WKDQ� ±�R&� DQG� �
FRPSDUWPHQW�� 7KH�

XSSHU �WKHUPDO�

PLGGOH SDFNHWV�

ORZHU
DUG� DOVR� UHTXLUHV� VHWWLQJ� WKH�
O� HQHUJ\� FRQVXPSWLRQ� LQ� UHIU
ILFDOO\�WR�WKH�%UD]LOLDQ�RQH�GR
WV�VKRXOG�EH�FRQVLGHUHG�� LW�PH
V�VKRZQ�LQ�)LJXUH����,Q�WKH�IR
R&� LV� WKH� PD[LPXP� DFFHS
HYDSRUDWRU� FRPSDUWPHQW� WHP

XSSHU

PLGGOH
,QWHUQDO
DLU�
WHPSHUD�

LQVLGH�
WKH�
HYDSRUDWRU
)UHVK
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FRPSDUW�
ORZHU W H�
�

DLU� WHPSHUDWXUH� LQVLGH� WKH� FDELQHW� IRU�
LJHUDWLRQ� DSSOLDQFHV� UHFHLYLQJ� RQH�VWDU�
RU�UHIULJHUDWRU��WKH�LQWHUQDO�WHPSHUDWXUH�
DQV�� LQ� WKH�HYDSRUDWRU�DQG� LQ� WKH� IUHVK�
UPHU��WKH�WHPSHUDWXUH�PXVW�EH�QR�KRWWHU�
WHG� WHPSHUDWXUH� IRU� WKH� IUHVK� IRRG�
SHUDWXUH� LV� PHDVXUHG� LQ� WKUHH� GLVWLQFW�



�

WKHUPDO� SDFNDJHV� RUGHUO\� DUUDQJHG�ZLWKLQ� HYDSRUDWRU�� 7KH� SDFNDJHV� UHSUHVHQW� WKHUPDO�
ORDGV� DQG� WKH\� DUH� PDQXIDFWXUHG� XVLQJ� VXEVWDQFHV� ZLWK� SHFXOLDU� WKHUPDO� SURSHUWLHV��
5HJDUGLQJ�WKH�IUHVK�IRRG�FRPSDUWPHQW��QR�SDFNDJH�LV�XVHG�VR�WKDW�WKH�DLU�WHPSHUDWXUH�LV�
GLUHFWO\�PHDVXUHG�
���7HFKQRORJLFDO�LPSURYHPHQWV�IRU�UHGXFLQJ�HQHUJ\�FRQVXPSWLRQ
7HFKQLFDO� LPSURYHPHQWV�PD\� EH� GRQH� LQ� WKH�RYHUDOO� UHIULJHUDWRU� WR� UHGXFH� LWV� HOHFWULFDO�
HQHUJ\� FRQVXPSWLRQ��:KHUHDV� VRPH� FKDQJHV�PD\�EH� UHDGLO\�GRQH LQ� D� ODERUDWRU\�RWKHU�
VKRXOG� EH� WLPH� GHPDQGLQJ� VLQFH� LVRODWHG� SDUWV� RI� WKH� UHIULJHUDWRU� FRXOG� EH� FRPSOHWHO\�
UHGHVLJQHG� DQG� UHSODFHG�� ,Q� WKLV� FRQWH[W�� LW� LV� DVVXUHG� WKH� XVH� RI� VSHFLDO� VRIWZDUH� IRU�
UHIULJHUDWLRQ� V\VWHPV� FDOOHG� (5$ �(�3�$�� 5HIULJHUDWLRQ� $QDO\VLV��� GLVWULEXWHG� E\� WKH�
(QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\� ± 86$�� 7KH� VRIWZDUH� YDOLGDWLRQ� ZDV� EDVHG� RQ� WKH�
UHVXOWV�REWDLQHG�IURP�WKH�EDVH�FDVH�FKDUDFWHUL]DWLRQ��
��� %DVH�FDVH�VLPXODWLRQ
9HU\�GHWDLOHG�GDWD�DUH�QHFHVVDU\� IRU� VLPXODWLQJ�DQ\� UHIULJHUDWLRQ�SURFHVV�� ,Q� WKH�FDVH�RI�
WKH� UHIULJHUDWRU�� WKH� GDWD� DUH� UHODWHG� WR� WKH� RYHUDOO� FDELQHW� GLPHQVLRQV� DQG� WR� WKH�PDLQ�
HOHPHQWV� FRPSRVLQJ� WKH� UHIULJHUDWLRQ� V\VWHP� VXFK� DV�� HYDSRUDWRU�� FRQGHQVHU� DQG�
FRPSUHVVRU�� (OHFWULFLW\� FRQVXPSWLRQ� UHVXOWV �� 7KH� VLPXODWHG� HQHUJ\ FRQVXPSWLRQ� ZDV�
�����N:K�PRQWK�� ,W� LV� FORVH� WR� WKH� ����N:K�PRQWK� ODEHOHG� E\� PDQXIDFWXUHU� DQG�
�����N:K�PRQWK� UHFRUGHG� LQ� WKH� H[SHULPHQWDO� VHWXS�� ,Q� FRQVHTXHQFH� RI� WKHVH� DFFXUDWH�
UHVXOWV��WKH�(5$�VRIWZDUH�ZDV�XVHG�WR�VLPXODWH�RWKHU�WHFKQRORJLFDO�LPSURYHPHQWV�UHODWHG�
WR� HQHUJ\� FRQVXPSWLRQ�� 6RIWZDUH� WRROV� DUH� LQWHUHVWLQJ� VLQFH� WKH� HIIHFWV� RI� WHFKQLFDO�
FKDQJHV� PD\� EH� TXLFNO\� YHULILHG� DQG� SUHVHQW� ORZ� FRVWV� FRPSDUHG� WR� H[SHULPHQWDO�
SURFHGXUHV�� 2Q� WKH� RWKHU� KDQG�� VLQFH� (5$� GRHV� QRW� DOORZ� WKH� VLPXODWLRQ� RI� RWKHU�
WHFKQLFDO� LPSURYHPHQWV� WKDW� DUH� UHOHYDQW� WR� WKH� %UD]LOLDQ� EDVH�FDVH� PRGHO�� 7KHUHIRUH��
ERWK�SUDFWLFDO�DQG�VLPXODWHG�UHVXOWV�DUH�SUHVHQWHG��DFFRUGLQJ�WR�WKH�IHDVLELOLW\��$LPLQJ�WR�
UHGXFH�WKH�HOHFWULFDO�FRQVXPSWLRQ�WKUHH�WHFKQLFDO�FKDQJHV�ZHUH�GRQH�LQ�WKH�UHIULJHUDWRU�
��� ,QQRYDWLRQ�$��6XFWLRQ�OLQH�LQVXODWLRQ
7KH�GXFW�FRQQHFWLQJ� WKH�HYDSRUDWRU�DQG� WKH�FRPSUHVVRU� LV�FDOOHG�VXFWLRQ� OLQH�� ,Q�VXFK�D�
GXFW��WKH�UHIULJHUDQW�IOXLG�DEVRUEV�KHDW��ZKLFK�LQFUHDVHV�LWV�VSHFLILF�YROXPH��$W�WKLV�SRLQW��
LW� LV� LPSRUWDQW� WR�PHQWLRQ�WKDW� WKH�KLJKHU�WKH�VSHFLILF�YROXPH�WKH�KLJKHU�WKH�FRPSUHVVRU�
SRZHU� IRU� WKH� VDPH� LQOHW� DQG�RXWOHW� WKHUPRG\QDPLFV� VWDWHV��7KLV� LQQRYDWLRQ� FRQVLVWV� RI�
LQVXODWLQJ�WKH�VXFWLRQ�OLQH�E\�XVLQJ�D� WKHUPDO�FDVH� WR�UHGXFH�WKH�KHDW�DEVRUEHG�IURP�WKH�
H[WHUQDO� DLU�� &RQVXPSWLRQ� UHVXOW�� 7KH� UHJLVWHUHG� FRQVXPSWLRQ� ZDV� �����N:K�PRQWK��
ZKLFK� PHDQV� D� UHGXFWLRQ� RI� ����� LQ� UHODWLRQ� WR� WKH� H[SHULPHQWDO� EDVH�FDVH�
FRQVXPSWLRQ��7KLV�LQQRYDWLRQ�ILWV�LQ�WKH�(5$�VRIWZDUH�VR�WKDW�WKH�VLPXODWHG�FRQVXPSWLRQ�
ZDV������N:K�PRQWK��7KH H[SHULPHQWDO�UHVXOWV�DUH�SUHIHUHQWLDOO\�DGRSWHG��

� 3DFNDJHV�DUH�SURSHUO\�PDQXIDFWXUHG�XVLQJ�VSHFLILF�WKHUPDO�PDWHULDO��7KH�SDFNDJHV�SURYLGH�VRPH�LQHUWLD�WR�
WKH�WHPSHUDWXUH�FKDQJLQJ�LQVLGH�WKH�FDELQHW�>�@�
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��� ,QQRYDWLRQ�%��6XFWLRQ�OLQH�LQVXODWLRQ�DQG�FRQGHQVHU�SDUWLDOO\�PRYHG�DZD\
7KH�HIIHFW�RI�WKLV�LQQRYDWLRQ�LV�FXPXODWLYH�RYHU�WKH�ILUVW�RQH��3ULPDULO\��LW�LV�LQWHUHVWLQJ�WR�
UHPLQG�WKDW�WKH�FRQGHQVHU�ZRUNV�WDNLQJ�KHDW�RXW�RI�WKH�UHIULJHUDWLRQ�V\VWHP�E\�QDWXUDO�DLU�
FRQYHFWLRQ��7KHUHIRUH��LW� LV�LPSHUDWLYH�WKDW�FRQGHQVHU�WHPSHUDWXUH�VKRXOG�EH�KLJKHU�WKDQ�
WKH� URRP� DLU�� ZKLFK� LV� WUXH� VLQFH� WKH� FRPSUHVVRU� LQFUHDVHV� WKH� IOXLG� WHPSHUDWXUH� DQG�
GHOLYHUV� LW� XS� WR� WKH� FRQGHQVHU�� 7KLV� LQQRYDWLRQ� FRQVLVWV� RI� LPSURYLQJ� WKH� FRQGHQVHU�
FRROLQJ� WKURXJK� PRYLQJ� DZD\� WKH� FRQGHQVHU� XSSHU� SDUW� IURP� WKH� UHIULJHUDWRU� UHDU� E\�
��FP�� &RQVXPSWLRQ� UHVXOW�� $� UHGXFWLRQ� RI� ������ ZDV� REVHUYHG�� FRPSDUHG� WR� WKH�
H[SHULPHQWDO� EDVH�FDVH� FRQVXPSWLRQ�� IRU� D� FRUUHVSRQGLQJ� HOHFWULFDO� HQHUJ\� GHPDQG� RI�
������N:K�PRQWK�WR�H[SHULPHQWDO�WHVWV�DQG������N:K�PRQWK�WR�(5$��,W�PHDQV�D�������
UHGXFWLRQ�GXH�WR�RQO\�WKH�FRQGHQVHU�LWVHOI�
��� ,QQRYDWLRQ�%��6XFWLRQ�OLQH�LQVXODWLRQ��FRQGHQVHU�SDUWLDOO\�PRYHG�DZD\�DQG�PRUH�
HIILFLHQW�FRPSUHVVRU
7KLV� LQQRYDWLRQ� DGGV� PRUH� HIILFLHQW� FRPSUHVVRU� LQ� D� FXPXODWLYH� ZD\� WR� WKH� WZR�
LQQRYDWLRQV� DIRUHPHQWLRQHG�� &RPSUHVVRU� HIILFLHQF\� PD\� EH� IRXQG� LQ� WKH� FRPSUHVVRU�
GDWDVKHHW�� VXSSOLHG� E\� WKH� PDQXIDFWXUHU�� WKURXJK� WKH� ((5� �(QHUJ\� (IILFLHQF\� 5DWH��
DFURQ\P�� 7KH� RULJLQDO� FRPSUHVVRU� IRXQG� LQ� WKH� EDVH�FDVH� UHIULJHUDWRU� KDV� ((5 �����
%WX�:K��ZKHUHDV� WKH�PRUH� HIILFLHQW� KDV� ((5 �����%WX�:K�� UHSUHVHQWLQJ� DQ� HIILFLHQF\�
LQFUHDVLQJ�E\���������7KHUHIRUH��LW�LV�D�UHDVRQDEOH�LQIHUHQFH�WKDW�WKH�UHIULJHUDWLRQ�V\VWHP�
HIILFLHQF\� ZRXOG� EH� FRQVLGHUDEO\� LQFUHDVHG� WR� WKH� PRUH� HIILFLHQW� FRPSUHVVRU��
&RQVXPSWLRQ� UHVXOW� 7KH� RYHUDOO� UHIULJHUDWLRQ�V\VWHP� HIILFLHQF\� ZDV� LQFUHDVHG� RI�
�������� ZKLFK� PHDQV� DQ� HQHUJ\� FRQVXPSWLRQ� RI� �����N:K�PRQWK� IURP� (5$�� 7KH�
H[SHULPHQW�LV�VWLOO�EHLQJ�SHUIRUPHG�VR�WKH�HIILFLHQF\�LQFUHDVLQJ�RI��������FRQVLGHUV�WKDW�
WKH� H[SHULPHQWDO� UHVXOWV�ZLOO�ZLWKLQ� WKH�(5$�RQH��7KHVH� UHVXOWV� DUH� UHODWHG� WR� WKH�21�
2))� FRQWURO� VWUDWHJ\�� 1HYHUWKHOHVV�� QHZ� GHYHORSPHQWV� LQYROYLQJ� FRPSUHVVRU� GULYLQJ�
LQGLFDWHV� WR� D� QHZ� VWUDWHJ\� LQ� ZKLFK� WKH� VSHHG� FRQWUROOLQJ� LV� GRQH� DFFRUGLQJ� WR� WKH�
WKHUPDO� ORDG�YDULDWLRQ�LQVLGH�WKH�FDELQHW��6XFK�D�VWUDWHJ\�DOORZV�D�KLJKHU�HIILFLHQF\�DQG�
DYRLGV� WKH� F\FOLFDO� WXUQLQJ�RQ� DQG�RII�SURFHVV�� ,W� LV�ZRUWK� WR�PHQWLRQ� WKDW� WKH�21�2))�
FRQWURO�GHFOLQHV�WKH�SRZHU�TXDOLW\��PHDQLQJ�WKDW�WKH�YROWDJH�DW�WKH�RXWOHW�LV�GLVWRUWHG�
���&RQFOXVLRQV
7KH� UHGXFHG�FRQVXPSWLRQ�GXH� WR� WKH�DSSOLHG� WHFKQLFDO� LPSURYHPHQWV�DIRUHPHQWLRQHG� LV�
VNHWFKHG� LQ� )LJXUH� ��� 7KH� EDVH�FDVH� FRQVXPSWLRQ� RI� ����N:K�PRQWK� LV� EROGIDFHG�� WKH�
H[SHULPHQWDO� YDOXHV� DUH� LQGLFDWHG� WKURXJK� FLUFOHV� DQG� WKH� (5$� UHVXOWV� �LQ� LWDOLF�� DUH�
ZLWKLQ� WKH� FRQWLQXRXV� OLQH�� 7KH� YDOXHV� �SHUFHQWDJH�� LQGLFDWH� WKH� HQHUJ\� HIILFLHQF\�
LQFUHDVLQJ�
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,Q� FRQFOXVLRQ�� WKHVH� HIILFLHQF\� YDOXHV� �LQ� ��� LQGLFDWH� SRVVLELOLWLHV� RI� GHYHORSLQJ�
DSSOLDQFHV� WKDW� DUH� HYHQ�PRUH� HIILFLHQW��+RZHYHU�� LW� LV� QHFHVVDU\� WR� H[DPLQH� WKH� DGGHG�
FRVW�WR�WKH�PDQXIDFWXULQJ�SURFHVV�DQG�IRU�WKH�HQG�XVHU�DV�ZHOO�
7KH� RYHUDOO� FRVW� DVVRFLDWHG� WR� HDFK� LQQRYDWLRQ� PD\� EH� HYDOXDWHG� XVLQJ� WKH� /LIH�&\FOH�
&RVW� $QDO\VLV� �/&&$�� PHWKRGRORJ\� DV� SUHYLRXVO\� PHQWLRQHG� LQ� VHFWLRQ� ��� )RU� WKH�
WHFKQLFDO�LPSURYHPHQWV�VXPPDUL]HG�LQ�)LJXUH���WKH�/&&$�ZDV�QRW�SHUIRUPHG�RQ�WLPH�RI�
ZULWLQJ�WKLV�DUWLFOH��VLQFH�DQ\�SLHFH�RI�LQIRUPDWLRQ�DERXW�FRVW�UHTXLUHV�WKH�DVVLVWDQFH�IURP�
ORFDO�PDQXIDFWXUHUV��2Q�DSSO\LQJ�/&&$�VRPH�EDVLF�GDWD�DERXW�PDQXIDFWXULQJ�FRVWV�DUH�
QHFHVVDU\� VXFK� DV� WKH� FRVW� IRU� FKDQJLQJ� WKH� IDFWRU\� VHWXS� XS� LQ� RUGHU� WR� SURGXFH�PRUH�
HQHUJ\� HIILFLHQF\� UHIULJHUDWRUV� DQG� WKH� PDUNXS� IDFWRU�� 7KH� ODWWHU� LV� GHILQHG� DV� WKH� UDWH�
EHWZHHQ�FRQVXPHU�FRVW�DQG�PDQXIDFWXUHU�FRVW�RI�UHIULJHUDWRUV��)RU�D�ZKLOH��LW�LV�ZRUWK�WR�
PHQWLRQ�WKDW�QR�JRYHUQPHQW�SROLF\�LV�KDQGOHG�LQ�%UD]LO�WR�UHTXLUH�PDQXIDFWXUHUV�WR�PDNH�
SXEOLF�WKHVH�HFRQRPLF�GDWD��2WKHU�QHFHVVDU\�GDWD�DUH�RSHUDWLQJ�FRVWV��DV�HOHFWULFLW\�WDULII���
UHDO�GLVFRXQW�UDWH��FRQVXPHUV���OLIH�WLPH��LQ�\HDUV��DQG�RSHUDWLQJ�H[SHQVHV��
���%LEOLRJUDSK\�
$�OLIH�F\FOH�FRVW� DQDO\VLV� �/&&$��IRU�VHWWLQJ�HQHUJ\�HIILFLHQF\�VWDQGDUGV� LQ�%UD]LO��7KH��FDVH�RI�UHVLGHQWLDO�UHIULJHUDWRUV�������$&(((�6XPPHU�6WXG\�RQ�(QHUJ\�(IILFLHQF\�LQ�,QGXVWU\��-XO\��1HZ�<RUN��86$�&/$63� ������ (QHUJ\�(IILFLHQF\� /DEHOV� DQG� 6WDQGDUGV�� $� *XLGHERRN� IRU� $SSOLDQFHV��(TXLSPHQW�� DQG� /LJKWLQJ�� /HDG� DXWKRUV�� 6WHSKHQ�:LHO� DQG� -DPHV� (��0F0DKRQ��&ROODERUDWLYH� /DEHOLQJ� DQG� $SSOLDQFH� 6WDQGDUGV� 3URJUDP� �&/$63��� ���S��)HEUXDU\�,62� ����� �+RXVHKROG� UHIULJHUDWLQJ� DSSOLDQFHV� � 5HIULJHUDWRUV� ZLWK� RU� ZLWKRXW� ORZ�WHPSHUDWXUH�FRPSDUWPHQW�� &KDUDFWHULVWLFV�DQG�WHVWV�PHWKRGV��0(1'(6�� 1��� 0285$�� /�� 0��� 6$1726�� /�� $��� 7(2'252�� )�� $�� ������� 6LVWHPD�,QWHJUDGR� SDUD� $QiOLVH� GH� 'HVHPSHQKR� 7pUPLFR�� &RQJUHVVR� %UDVLOHLUR� GH�(QJHQKDULD�0HFkQLFD�± &2%(0��������0HUULDQ�� 9HURQH� 	� )HQJ� �� (3$� UHIULJHUDWRU� $QDO\VLV� �(5$�� SURJUDP�� 8VHU
V� PDQXDO��YHUVLRQ����(��&DPEULGJH��0DVV��$UWKXU�'��/LWWOH��,QF�
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���$SSHQGL[����7HFKQLFDO�LPSURYHPHQWV�IRU�%UD]LOLDQ�UHIULJHUDWRUV
7DEOH����(IILFLHQF\��FRQVXPSWLRQ��VWDQGDUG�DQG�FRVW�RI�WKH�WHFKQRORJLFDO�LQQRYDWLR QV
Description of thecnical innovation %Energy 

saving (case A)
Cost (R$)

%DVH�FDVH��&��� ([LVWLQJ�YROXQWDU\�3URFHO�ODEHO�$�VHW�DV�D�0DQGDWRU\��
(IILFLHQF\�6WDQGDUG

����� �
,QQRYDWLRQ����&��� %DVH�FDVH���PRUH�HIILFLHQW�FRPSUHVVRU ������ ��
,QQRYDWLRQ����&��� ,QQRYDWLRQ�����LQFUHDVH�RI�WKH�GRRU�LQVXODWLQJ�WKHUPDO�

WKLFNQHVV�� ����FP
����� ��

,QQRYDWLRQ����&��� ,QQRYDWLRQ�����LQFUHDVH�RI�WKH�ZDOO�LQVXODWLQJ�WKHUPDO�
WKLFNQHVV�� ����FP�

������ ��

,QQRYDWLRQ����&��� ,QQRYDWLRQ�����LQFUHDVH�RI�WKH�GRRU�LQVXODWLQJ�WKHUPDO�
WKLFNQHVV�� ����FP�

����� ��
,QQRYDWLRQ����&��� ,QQRYDWLRQ�����LQFUHDVH�RI�WKH�ZDOO�LQVXODWLQJ�WKHUPDO�

WKLFNQHVV�� ����FP
������ ��

6RXUFH�� LQQRYDWLRQV� FRVWV� LQ� GROODUV� XVLQJ� WKH� H[FKDQJH� RI� ���DXJXVW������ 86�� �����  � 5�� ����� �'2(�
������� (IILFLHQF\� YDOXHV� ZHUH� HVWLPDWHG� XVLQJ� WKH� VLPXODWLRQ� VRIWZDUH� (5$�(3$� �0HUULDQ�� 9HURQH� 	�
)HQJ��>�@�



:KDW�LV�,(,"
x $�6RXWKHUQ�FRQFHLYHG��6RXWKHUQ�OHG�DQG�6RXWKHUQ�ORFDWHG�6RXWK�6RXWK�1RUWK�SDUWQHUVKLS�
x $�VPDOO��LQGHSHQGHQW��LQWHUQDWLRQDO�QRQ�JRYHUQPHQWDO�SXEOLF�SXUSRVH�RUJDQL]DWLRQ��OHG�E\�

LQWHUQDWLRQDOO\�UHFRJQL]HG�HQHUJ\�H[SHUWV��DQG�ZLWK�UHJLRQDO�RIILFHV��VWDII�DQG�SURJUDPPHV�LQ�
/DWLQ�$PHULFD��$IULFD�DQG�$VLD�

:KDW�LV�,(,
V�0LVVLRQ"�
x 7R�EXLOG�ORFDO�FDSDFLW\�DQG�DQDO\VLV��DQG�WR�HQJDJH�ORFDOO\�DQG�JOREDOO\��VR�DV�WR�SURPRWH�HQHUJ\�

IRU�VXVWDLQDEOH�GHYHORSPHQW�

:KDW�LV�,(,
V�VWUDWHJ\"
x )RFXVLQJ�RQ�GHYHORSLQJ�FRXQWULHV�
x GLVVHPLQDWLQJ�DQ�DSSURDFK�WR�HQHUJ\��LQ�ZKLFK�WKH�OHYHO�DQG�TXDOLW\�RI�HQHUJ\�VHUYLFHV LV�WDNHQ�DV�

WKH�PHDVXUH�RI�GHYHORSPHQW��UDWKHU�WKDQ�WKH�PDJQLWXGH�RI�HQHUJ\�FRQVXPSWLRQ�DQG�VXSSO\
x LPSURYLQJ�HQHUJ\�VHUYLFHV�WKURXJK�HQG�XVH�HIILFLHQF\�PHDVXUHV�DQG�WKH�LQFUHDVHG��XVH�RI�

HQYLURQPHQWDOO\�FOHDQHU�QHZ�DQG�UHQHZDEOH�HQHUJ\�WHFKQRORJLHV
x HQVXULQJ�WKDW�PDUNHW�UHVWUXFWXULQJ�DQG�RU�OLEHUDOL]DWLRQ�LQ�WKH�HOHFWULFLW\�DQG�SHWUROHXP�LQGXVWULHV�

IRFXVHV�RQ�PHDVXUHV�WKDW�H[SDQG�WKH�SURYLVLRQ�RI�SXEOLF�EHQHILWV
x DGGUHVVLQJ�SROLFLHV��UHJXODWLRQ��LQVWLWXWLRQV��ILQDQFLQJ�DQG�PDQDJHPHQW�LVVXHV�WR�SURPRWH�

VXVWDLQDEOH�HQHUJ\�SUDFWLFHV
x LQLWLDWLQJ�DQG�VWUHQJWKHQLQJ�FDSDELOLW\�LQ�HQHUJ\�DQDO\VLV��LQIRUPDWLRQ��DGYRFDF\��DQG�

LPSOHPHQWDWLRQ�LQ�GHYHORSLQJ�FRXQWULHV

,(,�5HJLRQDO�2IILFHV
$IULFD�
3URI�$QWRQ�(EHUKDUG
8QLYHUVLW\�RI��&DSH�7RZQ�
3ULYDWH�%DJ�5RQGHERVFK�������6RXWK�$IULFD
>7HO�������������������)D[�����������������@
(�PDLO��HEHUKDUG#JVE�XFW�DF�]D

,QGLD
$QWRQHWWH�'¶6D
�����%RUHEDQN�5RDG��%HQVRQ�7RZQ��
%DQJDORUH���������,QGLD
>7HO�)D[�����������������@
(PDLO��LHLEOU#YVQO�FRP

/DWLQ�$PHULFD
3URI�*LOEHUWR�-DQQX]]L
8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV�� 81,&$03
&�3�������������������&DPSLQDV�63�%5$=,/
>WHO�ID[��������������������
ID[�DQV�PDFK����������������������@
(�PDLO���MDQQX]]L#IHP�XQLFDPS�EU����
��
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