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ABSTRACT
7KH FRQFHSW RI 6PDUW *ULG �6*� KDV FRPSUHKHQVLYHO\ RYHUKDXOHG
WKH VFHQH RI HOHFWULF SRZHU JULG DQG WKH LQWHJUDWLRQ RI 3URVXPHUV�
ZKHUH DQ HQWLW\ FDQ FRQVXPH DQG SURGXFH VLPXOWDQHRXVO\ H[WHPSR�
ULVHG LQ D FRPSOHWH SDUDGLJP VKLIW� 7KLV UHTXLUHV D GHWDLOHG NQRZO�
HGJH EDVH PRGHO DW HDFK HQWLW\ OHYHO WKDW FDQ UHDFW DFFRUGLQJ WR FRQ�
WH[WXDO FKDQJHV�
7KLV SDSHU RXWOLQHV D JHQHULF DQG OD\HUHG RQWRORJ\ GHVLJQ IRU VXFK
FRPSOH[ 3URVXPHU RULHQWHG 6*� ZKLFK HQDEOHV WKH DXWRQRPRXV LQ�
WHJUDWLRQ DQG UHDO�WLPH PDQDJHPHQW RI GLVWULEXWHG DQG KHWHURJH�
QHRXV VRXUFHV� ,W GHWDLOV WKH UHOHYDQW OD\HU WR WKH ULJKW JUDQXODULW\
ZLWK NHHQ LQVLJKW LQWR GLVWULEXWHG FR�RUGLQDWLRQ DQG VHPDQWLF KHW�
HURJHQHLW\� ,W DOVR SUHVHQWV DQ LQGXFWLYH EDVHG UHDVRQLQJ RQ VXFK
RQWRORJ\ WR PDNH LW WKRURXJKO\ HOXFLGDWLYH�

Categories and Subject Descriptors
+�� >,QIRUPDWLRQ 6\VWHPV $SSOLFDWLRQV@� 0LVFHOODQHRXV

Keywords
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1. INTRODUCTION
(OHFWULFDO *ULG KDV HYROYHG VXUSULVLQJO\ OHVV RYHU WKH SDVW ��

\HDUV� ZKLOH WKH SRSXODWLRQ DQG HOHFWULFLW\ GHPDQG KDV JURZQ FRQ�
VLGHUDEO\� 7KH FXUUHQW YHUVLRQ RI HOHFWULFDO JULG VXIIHUV IURP QXP�
EHU RI SUREOHPV LQFOXGLQJ� LQHIILFLHQF\� XQUHOLDELOLW\ LQ GHPDQG UH�
VSRQVH� LOO�HTXLSSHG WR KDQGOH LQWHJUDWLRQ RI UHQHZDEOH VRXUFHV DQG
UHO\LQJ RQ XQLQIRUPHG LQIUDVWUXFWXUH WR HGXFDWH XVHUV UHJDUGLQJ WKHLU
XVDJH OHYHO DW DQ\ JLYHQ WLPH� 7KH WHUP 6PDUW *ULG �6*� FDQ EH
LOOXVWUDWHG DV DFFRUGLQJ WR WKH GHVFULSWLRQ RI (QHUJ\ ,QGHSHQGHQFH
DQG 6HFXULW\ $FW RI ���� � CC6PDUW *ULG UHIHUV WR WKH PRGHUQL]DWLRQ
RI HOHFWULFLW\ GHOLYHU\ V\VWHP WKDW FDQ PRQLWRU� SURWHFWV DQG DXWR�
PDWLFDOO\ RSWLPL]HV WKH RSHUDWLRQV RI LWV LQWHUFRQQHFWHG HOHPHQWV�

�KWWS���HQHUJ\�JRY�HHUH�IHPS�DUWLFOHV�HQHUJ\�LQGHSHQGHQFH�DQG�
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)LJXUH �� 3URVXPHU 2ULHQWHG 6PDUW *ULG�

,W VWDUWV IURP FHQWUDO DQG GLVWULEXWLRQ JHQHUDWLRQ� WKURXJK WKH RU�
JDQL]DWLRQ RI V\VWHP� WR WKH HQG XVHU
V �UHVLGHQWLDO� LQGXVWULDO� DX�
WRPDWLRQ� HOHFWULFLW\ VWRUDJH DQG KRXVHKROG GHYLFHV

� +HQFH� 6* LV
FKDUDFWHUL]HG E\ GLVWULEXWHG IORZ RI HQHUJ\ DQG LQIRUPDWLRQ WR FUH�
DWH DQ LQWHOOLJHQW HQHUJ\ GHOLYHU\ V\VWHP�
7KLV SDUDGLJP VKLIW LQWURGXFHV DQ LQWULJXLQJ FRQFHSW RI 3URVXPHUV�
DQ HQWLW\ WKDW EOXUV WKH GLVWLQFWLRQ EHWZHHQ WKH FRQVXPHU DQG SUR�
GXFHU DV GHSLFWHG LQ )LJXUH �� 6XFK GRFLOH FRPELQDWLRQ DOORZV
D EL�GLUHFWLRQDO IORZ RI HQHUJ\ DQG LQIRUPDWLRQ� ZKHUH HYHQ WKH
FRQVXPHUV �UHVLGHQWLDO� LQGXVWULDO� FDQ SURGXFH DQG WUDGH XQXVHG
HQHUJ\� 7KH FHQWUDOL]HG JULG LQ�FKDUJH RI GLVWULEXWLRQ FDQ XWLOL]H
WKLV UHYHUVH IORZ RI HQHUJ\ E\ KHUGLQJ LW WRZDUGV SRZHU FULWLFDO
XVHUV� 0RUHRYHU� JHRJUDSKLFDO ORFDOL]HG 3URVXPHUV FDQ FRQIRUP
D 6PDUW PLFUR JULG WR VKDUH RYHU�KDUYHVWHG HQHUJ\� 7KLV DFFUXHV
V\VWHPDWLF UHOLDELOLW\ RI 6* DQG GHFUHDVHV WKH FRVW� ZKLOH HVFKHZ�
LQJCO2 HPLVVLRQV E\ HPSOR\LQJ UHQHZDEOH HQHUJ\ VRXUFHV DW 3UR�
VXPHU SUHPLVHV� 7KLV FRKHVLRQ RI HIILFLHQF\ E\ VXFK V\VWHP FDQ EH
UHJDUGHG DV SDVVLYH PDQRHXYUH E\ HQJDJLQJ D FRQVLVWHQW FRQVXPS�
WLRQ PRGHO� ZKLOH 3URVXPHU RULHQWHG 6* WULJJHUV DQ DFWLYH SODQ E\
PDQLIHVWDWLRQ RI 'HPDQG5HVSRQVH �'5�� WKXV DOORZLQJ WKH SURGXF�
WLRQ RI HQHUJ\ RQ WKH EDVLV RI PHWLFXORXV GHPDQG� ZKLFK LQ UHWXUQ
PLWLJDWH WKH HQHUJ\ ORVVHV�
(QJLQHHULQJ DQ LQWHOOLJHQW 3URVXPHU RULHQWHG 6* UHTXLUHV REVHTXLR�
XV PRGHOOLQJ RI LQIRUPDWLRQ DFTXLUHG IURP GLVWULEXWHG VHQVRUV� ZKL�
OH FRQVLGHULQJ WKH UHDOP RI ERWK SURGXFHUV DQG FRQVXPHUV� $O�
WKRXJK� WKH PDLQ FKDOOHQJH LQ WKLV FDVH LV� KRZ WR FROOHFW GDWD IURP

�KWWS���ZZZ�JUHHQPDQXIDFWXUHU�QHW�DUWLFOH�PDFKLQHU\�DQG�
HTXLSPHQW�GHPDQG�UHVSRQVH�WKH�SRZHU�SURJUDP�WKDW�SD\V�
\RX�EDFN
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HDFK HQHUJ\ VRXUFH DW LQGLYLGXDO OHYHO� FRQVLGHULQJ WKH SUHVHQFH
RI YDULRXV WHFKQLTXHV DQG GDWD PRGHOV� 7KH WZR LQGLJHQRXV DS�
SURDFKHV XVHG WR DFTXLUH VXFK GDWD DUH 'LUHFW 6HQVLQJ DQG 6LQJOH
3RLQW 6HQVLQJ >�@� 'LUHFW 6HQVLQJ HPSOR\V HDFK GHYLFH ZLWK D GLV�
WDQW VHQVRU� ZKLOH 6LQJOH 3RLQW 6HQVLQJ� XVHV RQH VHQVRU WR GLVDP�
ELJXDWH DOO WKH DSSOLDQFHV ZLWK WRWDO YROWDJH PHDVXUHPHQW DV HYHQWV
>�@� 6LQFH 3URVXPHU RULHQWHG FRQFHSW RI 6* LQYROYHV LQ SURIRXQG
UROH FKDQJH RI V\VWHP�ZLGH VWDNHKROGHUV �&RQVXPHUV� 3URGXFHUV�
3URVXPHUV�� WKHUH LV D FRPSHOOLQJ QHHG RI KDQGOLQJ� VWRULQJ DQG H[�
WUDFWLQJ NQRZOHGJH RXW RI GDWD UHFHLYHG IURP KHWHURJHQHRXV VRXUFHV�
6HPDQWLF ZHE RIIHUV VXFK IXQFWLRQDOLW\ E\ DOORZLQJ 6PDUW *ULG WR
LPEXH ZLWK LQWHOOLJHQFH� ORJLFDO DQG GRPDLQ VSHFLILF UHDVRQLQJ DQG
PHWLFXORXV PDSSLQJ EHWZHHQ HQWLWLHV� 7KXV� D JHQHULF DQG OD\HUHG
RQWRORJ\ SOD\V D YLWDO UROH LQ HPEHGGLQJ HIILFLHQW NQRZOHGJH UHD�
VRQLQJ DQG PDQDJHPHQW RI EL�GLUHFWLRQDO IORZ RI LQIRUPDWLRQ�
7KH UHVW RI WKH SDSHU LV GLVWULEXWHG LQWR WZR VHFWLRQV� 6HFWLRQ �
GLVFXVVHV WKH GHVLJQ DQG UHTXLUHPHQWV IRU JHQHULF DQG OD\HUHG RQ�
WRORJ\ DQG 6HFWLRQ � H[DPLQHV WKH UXOH�EDVHG LQGXFWLYH UHDVRQLQJ
RQ GRPDLQ RQWRORJ\�

2. ONTOLOGY MODELLING
$Q RSWLPL]HG RQWRORJ\ LV FKDUDFWHUL]HG E\ HQFDSVXODWLQJ HQWLUH

GRPDLQ FRQFHSWV WR WKH ULJKW JUDQXODULW\� 6LQFH PRGHUQ V\VWHPV
HYROYH FRQWLQXRXVO\ ZLWK WLPH DQG 6* LV VWLOO IDU IURP LWV VWDQ�
GDUGL]HG PRGHO� WKXV LW IDFHV QXPEHU RI LVVXHV� VXFK DV FRPSOH[�
LW\ RI QHWZRUN� ODUJH QXPEHU RI HQWLWLHV� GLYHUVLW\ LQ DUFKLWHFWXUH
DQG KLJKO\ IOH[LEOH UHTXLUHPHQWV� 7KLV VROLFLWV D JHQHULF NQRZOHGJH
EDVH GHVLJQ� ZKHUH DOO WKH SDUWLFLSDQWV RI WKH V\VWHP DUH PRGHOOHG
DQG OLQNHG WR WKH ULJKW JUDQXODULW\� 7KH LGHD RI G\QDPLF RQWRORJ\
LQWHJUDWLRQ >�@ PD\ EH DSSOLFDEOH WR VXFK FRQWH[W� ZKHUH GLIIHUHQW
YHUVLRQLQJ WHFKQLTXHV DUH XVHG WR IRFXV WKH LPSDFW RI FKDQJHV RQ
ORJLFDO FRQVLVWHQF\ RI RQWRORJ\� $OWKRXJK� LQ WKH FRQWH[W RI FRP�
SOH[ 6PDUW *ULG� ZKHUH FXUUHQW DQG KLVWRULFDO LQIRUPDWLRQ DUH ERWK
H[SHGLHQW DQG V\VWHP FRPSULVHG RI ODUJH QXPEHU RI KHWHURJHQHRXV
DQG GLVWULEXWHG VRXUFHV� VXFK WHFKQLTXHV ZRQ
W VXIILFH WR VROYH VH�
PDQWLF KHWHURJHQHLW\ >�@� )RU LQVWDQFH D PHGLD SOD\HU FRXOG EH D
VLPSOH VWHUHR V\VWHP RU D SURIHVVLRQDO VRXQG V\VWHP� 7KLV KRZ�
HYHU� HQOLJKWHQV WKH SUHVVLQJ QHHG RI D JHQHULF DQG OD\HUHG RQWRORJ\
GHVLJQ� ZKHUH WKHVH GLYHUVH HQWLWLHV VKRXOG EH PDSSHG DFFRUGLQJ WR
WKHLU FRQWH[W� 7KH DFFHSWDEOH UHTXLUHPHQWV RI VXFK V\VWHP DUH WZR
IROGHG� )LUVWO\� WKH NQRZOHGJH EDVH GDWD PRGHO VKRXOG HQFDSVXODWH
DOO WKH LQIRUPDWLRQ DW ULJKW JUDQXODULW\ �JHQHUDOLW\�� 6HFRQGO\� LW
VKRXOG HQWHUWDLQ DQ\ HYROYHG FRQWH[W ZLWKRXW GLVWXUELQJ WKH RYHUDOO
VWUXFWXUH RI NQRZOHGJH EDVH �OD\HUHG�� 7KHUHIRUH� LW UHTXLUHV DQ RQ�
WRORJ\ GHVLJQ WKDW FDQ DGDSW DFFRUGLQJ WR D QHZ FRQFHSW� VXFK DV LI
D QHZ GHYLFH LV DGGHG DW FRQVXPHU SUHPLVHV WKDW LV QRW \HW GHILQHG
LQ GRPDLQ RQWRORJ\� )XUWKHUPRUH� WKH V\VWHP VKRXOG HPSOR\ D OD\�
HUHG RQWRORJ\� ZKHUH FODVVLILHG FRQFHSWV FRXOG EH PRGLILHG ZLWKRXW
DIIHFWLQJ WKH ZKROHPRGHO� )RU LQVWDQFH� LI D QHZ W\SH RI SRZHU JHQ�
HUDWRU LV DGGHG WR WKH V\VWHP� LW VKRXOG RQO\ UHTXLUH WKH DGGLWLRQ RI
QHZ FRQFHSW LQ ULJKW FODVV ZLWKRXW PRGLI\LQJ DQ\ OLQN LQ GRPDLQ
RQWRORJ\� 7KH LQWHJUDWLRQ RI 3URVXPHUV WR VXFK FRPSOH[ V\VWHP�
ZKHUH LQGLYLGXDO HQWLWLHV FR�RSHUDWH ZLWK HDFK RWKHU DFFRUGLQJ WR
WKHLU JRDOV DQG JHRJUDSKLFDO ORFDWLRQ� EHJHWV LW PRUH FKDOOHQJLQJ WR
DQQRWDWH DYDLODEOH GDWD ZLWK ZHOO�GHILQHG UHODWLRQVKLSV WKDW SURYLGH
WKH DFFXUDWH FRQWH[W RI WKHLU XVH�

2.1 Use Cases
,Q RUGHU WR FRQVROLGDWH DQG H[FLWH WKH LGHD RI PRGHOOLQJ PXOWL�

GRPDLQ DQG IOH[LEOH RQWRORJ\� ZH SUHVHQW VRPH XVH FDVHV DV IROORZ�
LQJ� 7KLV LV QRW DQ H[KDXVWLYH OLVW� EXW D FURVV�VHFWLRQ RI LQWHUHVWLQJ
XVH FDVHV�

$G�KRF %DVHG �

$�8& � )LQG D UHVLGHQWLDO VHFWRU ZLWK KLJKHVW SRZHU FRQVXPS�
WLRQ UDWHV DQG DGYLVH WKH V\VWHP UHJDUGLQJ WKH W\SH DQG
QXPEHU RI QHZ VWRUDJH RU UHQHZDEOH VRXUFHV WKDW VKRXOG
EH DGGHG LQ RUGHU WR VDWLVI\ LWV GHPDQGV DQG UHGXFH HQ�
HUJ\ FRVW �PLFUR JULG FRPSRVLWLRQ��

$�8& � 'HWHUPLQH WKH PRVW HFRQRPLFDO� UHOLDEOH DQG HQYLURQ�
PHQWDO IULHQGO\ HQHUJ\ SURGXFHU LQ D FHUWDLQ FLW\� :KDW
NLQG RI HQHUJ\ LV SURGXFHG E\ VXFK VRXUFH DQG FRP�
SDUH WKH FKDQJH LQ WKHLU SURGXFWLRQ FDSDFLW\ ZLWK FRUUH�
VSRQGLQJ ZHDWKHU FRQGLWLRQV"

$�8& � 'HWHUPLQH WKH QXPEHU RI FRQVXPHUV FRQQHFWHG WR D VSH�
FLILF SURGXFHU DQG OLVW WKHLU LQIUDVWUXFWXUH W\SH� HQHUJ\
FODVVHV DQG WRWDO UHYHQXH JHQHUDWHG VLQFH ODVW � PRQWKV�

$�8& � &RPSDUH DOO WKH SRZHU VRXUFHV XVHG E\ D FHUWDLQ SUHPL�
VHV IRU WKH ODVW � PRQWKV DV DFFRUGLQJ WR WKHLU UHOLDELOLW\�
FRVWV DQG HQYLURQPHQWDO HIIHFWV�

$GYLFH %DVHG �

$%�8& � :KDW LV WKH WRWDO SRZHU FRQVXPSWLRQ IRU DSSOLDQFHVZLWK
SRZHU UDWLQJ JUHDWHU WKDQ ����:DWW LQ D FHUWDLQ SUHPLVHV
DQG GHVFULEH WKHLU XVDJH SDWWHUQV IRU WKH ODVW PRQWK DW
WKH WHPSHUDWXUH UDQJH RI ����� &� $GGLWLRQDOO\� DGYLVH
DERXW EHWWHU VFKHGXOLQJ WR UHGXFH WKH FRVW RI HOHFWULFLW\"

$%�8& � /LVW IHDVLEOH GDWHV DQG WLPHV� ZKLFKZRXOG EH FRVW HIIHF�
WLYH WR RSHUDWH DZDVKLQJPDFKLQH LQ FHUWDLQ SUHPLVHV E\
FRPSDULQJ SDVW FRQVXPSWLRQ SDWWHUQV�

(YHQW %DVHG �

(�8& � ,Q DQ HYHQW RI SRZHU IDLOXUH RU VKRUWDJH IURP D FHUWDLQ
JHQHUDWLRQ VRXUFH� VZLWFK WR EDFN�XS HQHUJ\ VWRUDJH RU
RWKHU DYDLODEOH SRZHU VRXUFHV�

(�8& � ,I WKH JHQHUDWRU SRZHU VRXUFH UDWLQJ LV �.:DWW IRU ODVW
� KRXUV GXULQJ SHDN WLPH ZLWK SULFH CC3�

 DQG RQO\ ORZ
YROWDJH �������:DWW� DSSOLDQFHV DUH RSHUDWLRQDO DW FXU�
UHQW WLPH� WKHQ FKHFN WKH VWDWXV RI DWWDFKHG SRZHU VWRU�
DJH XQLW� LI LW
V PRUH WKDQ ��� FKDUJHG WKHQ VKLIW WKH
ORDG IURP WKH PDLQ SRZHU VRXUFH WR VWRUDJH VRXUFH�

7KH IROORZLQJ VHFWLRQ LOOXVWUDWHV RXU RQWRORJ\ GHVLJQ IRU 3URVXPHU
RULHQWHG 6*� 2XU RQWRORJ\� LV GLYLGHG LQWR HLJKW FRQVSLFXRXV OD\HUV
DV GHSLFWHG LQ )LJXUH ��

2.2 Infrastructure Type
7KH SRZHU FRQVXPSWLRQ SDWWHUQV GLUHFWO\ FRUUHODWH ZLWK LQIUDV�

WUXFWXUH
V RSHUDWLRQDO W\SH� WLPH DQG JHRJUDSKLFDO ORFDWLRQ� ZKLFK
HYRFDWHV WKH UHTXLUHPHQW RI VXFK FODVVLILFDWLRQV� )RU LQVWDQFH D
UHVLGHQWLDO KRXVH ZLOO FRQVXPH PRUH HQHUJ\ DW QLJKW RU ZHHNHQGV�
ZKLOH FRQVXPSWLRQ GHPDQG RI DQ RIILFH YDULHV DFFRUGLQJ WR ZRUNLQJ
KRXUV� $GGLWLRQDOO\� WKHVH SUHPLVHV EDVHG FODVVLILFDWLRQ FDQ LGHQ�
WLI\ HDFK HQWLW\ LQ WKH V\VWHP E\ XVLQJ WKH DGGUHVV SURSHUW\ DQG DW�
WULEXWHV LW DV QRUPDO RU SRZHU FULWLFDO� H�J� D KRVSLWDO UHTXLUHV PRUH
UHOLDEOH HQHUJ\ VRXUFH DV FRPSDUH WR UHVLGHQWLDO SURSHUW\� 7KHVH
GLVWULEXWLRQV DUH LQIOXHQFHG E\ 8. SURSHUW\ FODVVLILFDWLRQV� DQG DUH
DV IROORZLQJ�
&RPPHUFLDO 3UHPLVHV (QWLWLHV LQ WKLV FODVV FRQVLVW RI FRPPHUFLDO

SUHPLVHV� VXFK DV UHWDLOLQJ VKRSV� IRRG UHVWDXUDQWV� FLQHPDV
HWF� ZLWK YDU\LQJ RSHUDWLQJ WLPHV GHSHQGLQJ RQ WKH W\SH�

�

�KWWS���ZZZ�OHJLVODWLRQ�JRY�XN�XNVL������ ����DUWLFOH���PDGH
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xsd:string

)LJXUH �� 3URVXPHU�RULHQWHG 6* 2QWRORJ\ 'HVLJQ

%XVLQHVV 5HODWHG 3UHPLVHV 7KLV FODVV FRQVWLWXWHV YDULRXV EXVLQHVV
UHODWHG HQWLWLHV� 7KHVH SUHPLVHV XVXDOO\ RSHUDWH GXULQJ RIILFH
WLPHV� WKXV LW ZRXOG SHUPLW WR SRVWXODWH WKHLU FRQVXPSWLRQ EH�
KDYLRXUV DQG EHWWHU VFKHGXOLQJ DOJRULWKPV�

5HVLGHQWLDO 3UHPLVHV 7KLV FODVV GHDOV ZLWK UHVLGHQWLDO SUHPLVHV D�
QG SOD\V D YLWDO UROH WR GHWHUPLQH WKH RYHUDOO FRQVXPSWLRQ
RI WKH 6*� DV LW FRQVWLWXWHV RI QHDUO\ TXDUWHU RI WRWDO HQHUJ\
FRQVXPSWLRQ� DGGLWLRQDOO\� UHVLGHQWLDO FRQVXPSWLRQ SDWWHUQV
DUH DJLWDWHG EHIRUH DQG DIWHU RIILFH KRXUV�

1RQ�UHVLGHQWLDO ,QVWLWXWLRQV 7KLV FODVV FRQVLVWV RI QRQ�UHVLGHQWLDO
LQVWLWXWHV VXFK DV KRVSLWDOV� VFKRROV� OLEUDULHV HWF� 7KHVH SUHP�
LVHV DFFRUG DV SRZHU FULWLFDO RQHV DQG UHTXLUH D KLJKHU SULRU�
LW\�

,QGXVWULDO 3UHPLVHV 7KLV FODVV GHILQHV WKH LQGXVWULDO LQIUDVWUXFWXUH�
ZKHUH LQGXVWULHV GHPDQG DQ XQLQWHUUXSWHG DQG UHOLDEOH SRZHU
VRXUFH� WKXV PRGHOOLQJ VXFK HQWLW\ SRUWUD\V WKH FRQVXPSWLRQ
SDWWHUQ RI SRZHU FULWLFDO VRXUFHV DQG DLGV LQ DVVLJQLQJ SRZHU
VRXUFHV�

7KH LPSRUWDQFH RI VXFK GLVWULEXWLRQ FDQ EH FRQFOXGHG IURP $�8& � �
+HQFH� LQ RUGHU WR DFFXUDWHO\ DGYLVH D FRQVXPHU UHDGLQJ VWRUDJH
FKRLFH� LQIUDVWUXFWXUH W\SH VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ EH�
FDXVH UHVLGHQWLDO SUHPLVHV FDQ
W DIIRUG DQ LQGXVWULDO W\SH VWRUDJH XQLW
DQG LWV SUHIHUUHG FKRLFH VKRXOG KDYH IDVW FKDUJLQJ DQG GLVFKDUJLQJ
UHVSRQVH� )XUWKHUPRUH� PLFUR JULG FRPSRVLWLRQ LV PRUH IHDVLEOH LQ
UHVLGHQWLDO VHFWRU DV FRPSDUHG WR LQGXVWULDO RQH� 6XFK LQIRUPDWLRQ
FRPIRUW WKH FRPSRVLWLRQ RI VPDUW PLFUR JULG� EHWWHU VFKHGXOLQJ WR
UHGXFH FRQVXPSWLRQ FRVWV DQG SULRULWLVH WKH SRZHU GLVWULEXWLRQ DF�
FRUGLQJO\�

2.3 Electrical Appliances
7KH HIILFLHQW PDQDJHPHQW RI KHWHURJHQHRXV HOHFWULFDO DSSOLDQFHV

UHVLGLQJ LQ GLIIHUHQW HQWLWLHV UHTXLUH DXWRPDWLF FROOHFWLRQ RI GDWD
IURP SRZHU FRQVXPHUV� 'LUHFW VHQVLQJ SURPLVHV DQ H[DFW FRQVXPS�
WLRQ DQG WHPSRUDO GDWD� ZKLOH VLQJOH SRLQW VHQVLQJ UHDVRQHG IRU D
PRUH SUDFWLFDO VROXWLRQ E\ XVLQJ D VLQJOH VHQVRU WR GLVDPELJXDWH
GLIIHUHQW DSSOLDQFHV� 7KLV GHPDQGV D JHQHULF GDWD VWUXFWXUH WKDW
FDQ DFFRPPRGDWH ERWK GLUHFW DQG VLQJOH SRLQW VHQVLQJ� $GGLWLRQ�
DOO\� WKHUH FRXOG EH QXPHURXV QRYHO GHYLFHV WXQLQJ LQ WR WKH V\VWHP
WKDW ZRXOG UHTXLUH D IOH[LEOH GDWD VWUXFWXUH� 7KLV OHDGV XV WR FODVVLI\
WKHVH GHYLFHV LQ D WZR OD\HUHG DUFKLWHFWXUH� ZKHUH ILUVW OD\HU GLYLGHV
WKH FRQVXPHU GHYLFHV DFFRUGLQJ WR WKHLU SRZHU UDWLQJV� ZKLOH VHFRQG

OD\HU FODVVLILHV WKHP DFFRUGLQJ WR WKHLU H[DFW W\SH �PLQLQJ DSSURSUL�
DWH ,(& &,0 � GHILQHG GHYLFHV�� 7KLV HQDEOHV WKH RQWRORJ\ WR JUDVS
WKH G\QDPLF QDWXUH RI 6*�
7KH JUDYLW\ RI WKLV GLVWULEXWLRQ FDQ EH MXGJHG IURP $%�8& � �
:KHUH DSSOLDQFHV ZLWK KLJKHU RU PLG�OHYHO SRZHU FRQVXPSWLRQ UH�
TXLUHV EHWWHU VFKHGXOLQJ DQG PRVW RI WKHVH DSSOLDQFHV �ZDVKLQJ PD�
FKLQHV� ZDWHU KHDWHUV� GHPRQVWUDWH UHSHDWDEOH VZLWFKLQJ SDWWHUQ DOR�
QJ FHUWDLQ WLPH SHULRGV� ZKLOH DSSOLDQFHV ZLWK ORZHU OHYHOV SHUPLW
WR FRQWLQXRXV FRQVXPSWLRQ SDWWHUQ� &RQVHTXHQWO\� WKHVH FODVVLILFD�
WLRQV ZLOO DLG LQ LPSOHPHQWLQJ LQGXFWLYH LQIHUHQFH WR GLVWULEXWH DS�
SOLDQFHV DFFRUGLQJ WR WKHLU RSHUDWLRQDO�FRQVXPSWLRQ SDWWHUQV� 7KLV
DVVRUWPHQW RI DSSOLDQFHV DUH FRPSULVHG RI ����:DWWV RI EDVLF KRXVH�
KROG DQG RIILFH DSSOLDQFH ZLWK ORZHU SULRULW\ RI VFKHGXOLQJ� ������
:DWWV RI PLG UDQJH DSSOLDQFHV DQG RYHU ���� :DWWV RI KLJKHU SRZ�
HUHG DQG SULRULW\ GHYLFHV�

2.4 Electrical Generation System
6PDUW *ULG HQFRPSDVVHV D YDVW QXPEHU RI GLYHUVLILHG� GLVWULEXWHG

DQG YDULDEOH HQHUJ\ VRXUFHV� ZKLFK HQGHDYRXU WR PRGHO WKHVH HQ�
HUJ\ VRXUFHV ZLWKLQ WKH GRPDLQ RQWRORJ\� $GGLWLRQDOO\� WKH FRPHOL�
QHVV RI 6PDUW *ULG UHVLGHV ZLWK LWV IOH[LEOH DUFKLWHFWXUH WKDW DOORZV
WKH LQWHJUDWLRQ RI UHQHZDEOH HQHUJ\ VRXUFHV� ZKLOH PLWLJDWLQJ WKH
FOLPDWH HIIHFWV� 7KLV YHU\ SRLQW UHVWHG D FRPSHOOLQJ FDVH WR FODVVLI\
HDFK SRZHU VRXUFH QRW RQO\ DFFRUGLQJ WR LWV RSHUDWLRQDO W\SH EXW
DOVR UHJDUGLQJ WKH W\SH RI SURGXFHG HQHUJ\� 7KLV FODVVLILFDWLRQ ZLOO
SURYLGH DQ RPQLVFLHQW YLHZ RI WKH V\VWHP� ZKLOH RIIHULQJ YDOXDEOH
LQIRUPDWLRQ WR WKH HQG XVHUV� 2XU RQWRORJ\ FDSWXUHV WKHVH FODVVLIL�
FDWLRQV DV IROORZLQJ�
1RQ�5HQHZDEOH (QHUJ\ 1RQ�UHQHZDEOH HQHUJ\ VRXUFHV HQFRP�

SDVV DOO NLQGV RI IRVVLO IXHO DQG LWV FODVVLILFDWLRQ LV EDVHG RQ
WKHLU FDUERQ IRRWSULQW� ZKLOH FRQVLGHULQJ ERWK GLUHFW � DULVLQJ
GXULQJ RSHUDWLRQDO SRZHU SODQW DQG LQGLUHFW � DULVLQJ GXULQJ
WKH QRQ�RSHUDWLRQDO SKDVHV RI SURGXFWLRQ OLIH F\FOH �FUDGOH�
WR�JUDYH��

5HQHZDEOH (QHUJ\ 5HQHZDEOH HQHUJ\ H[LVWV SHUSHWXDOO\� LQH[KDX�
VWLEOH DQG PRUH LPSRUWDQWO\ D FOHDQ DOWHUQDWLYH WR QRQ�UHQHZ�
DEOH VRXUFHV� $OWKRXJK LW LV UHJDUGHG DV JUHHQ HQHUJ\� EXW ,WV
UHOLDQFH RQ ZHDWKHU FRQGLWLRQV GHPDQGV WKH FODVVLILFDWLRQ RI
UHQHZDEOH VRXUFHV DFFRUGLQJ WR WKHLU RSHUDWLRQDO W\SHV� )RU
H[DPSOH ZLQG� VRODU�

�KWWS���ZZZ�LHF�FK�VPDUWJULG�VWDQGDUGV�
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7KH FODVVLILFDWLRQ RI VXFK SRZHU VRXUFHV FDQ EH UHJDUGHG DV DQ LP�
SRUWDQW SDUW RI WKH RQWRORJ\ DQG LWV DEVHQFH ZRXOG LPSHGH HIILFLHQW
PDQDJHPHQW RI HQHUJ\ VRXUFHV� $�8& � HQOLJKWHQV LWV LPSRU�
WDQFH� )RU LQVWDQFH� D FRPSHWHQW HQHUJ\ VRXUFH VKRXOG EH UHOLDEOH
DQG HQYLURQPHQWDO IULHQGO\� ZKHUH IRVVLO IXHO SURGXFHG HQHUJ\ LV UH�
JDUGHG DV UHOLDEOH ZLWK KXJHCO2 IRRWSULQW� ZKLOH UHQHZDEOH HQHUJ\
VRXUFHV DUH PXFK PRUH FOHDQHU EXW LWV UHOLDELOLW\ YDULHV DFFRUGLQJ WR
JHRJUDSKLFDO ORFDWLRQV DQG ZHDWKHU FRQGLWLRQV�

2.5 Power Storage System
3RZHU 6WRUDJH V\VWHPV SURYLGH WKUHH FUXFLDO VHUYLFHV� ILUVWO\ LW

GHSOHWHV WKH HOHFWULFLW\ FRVW E\ VWRULQJ LW GXULQJ WKH RII�SHDN WLPHV�
VHFRQGO\� LW LPSURYHV WKH UHOLDELOLW\ RI WKH V\VWHP LQ FDVH RI SRZHU
QHWZRUN IDLOXUH� $QG ILQDOO\ WR PDLQWDLQ DQG LPSURYH WKH SRZHU
TXDOLW\� IUHTXHQF\ DQG YROWDJH� $GGLWLRQDOO\� UHQHZDEOH HQHUJ\
VRXUFHV FDQ PD[LPLVH WKHLU SURGXFWLRQ HIILFLHQF\ ZKHQ SDLUHG ZLWK
DQ HQHUJ\ VWRUDJH V\VWHP� 7KHVH VWRUDJH V\VWHPV DUH FODVVLILHG DF�
FRUGLQJ WR W\SH� SURGXFHG SRZHU� FKDUJH�DQG�GLVFKDUJH HIILFLHQF\�
FRVW SHU .+: >�@� 6XFK DWWULEXWHV FDQ JXLGH WKH FRQVXPHU UHJDUG�
LQJ HFRQRPLFV DQG UHOLDELOLW\ RI D VWRUDJH V\VWHP� 7KHUH DUH WZR
SULQFLSOH FULWHULD WR FODVVLI\ YDULRXV VWRUDJH V\VWHPV� IXQFWLRQDO DQG
IRUPV� DV WKH FRQWH[W RI 6* GHPDQGV PRUH RI IXQFWLRQDO DWWULEXWHV�
FRQVHTXHQWO\ PRGHOOLQJ VXFK EHKDYLRXUV DW NQRZOHGJH OHYHO UHV�
RQDWHV ZHOO ZLWK ORDG EDODQFLQJ DQG VFKHGXOLQJ RI SRZHU VWRUDJH
V\VWHPV�
(QHUJ\ 0DQDJHPHQW 7KHVH W\SHV RI VWRUDJH VROXWLRQV DUH XVX�

DOO\ HTXLSSHG ZLWK ODUJH�VFDOH HQWLWLHV GUDZLQJ SRZHU XS WR
���0:� +HQFH� WKH\ FDQ EH UHJDUGHG DV VROH SRZHU JHQHUD�
WRU VRXUFHV DQG PRVW RI WKH LQGXVWULDO EDVHG UHQHZDEOH HQHUJ\
VRXUFHV DUH FRQQHFWHG WR VXFK VWRUDJH XQLWV� 7KLV FODVV RI GH�
YLFHV LV DWWULEXWHG ZLWK KLJKHU FKDUJLQJ DQG GLVFKDUJLQJ WLPH
SHULRGV�

3RZHU 4XDOLW\ 6WRUDJH GHYLFHV RI WKLV FODVV DUH XWLOL]HG IRU SRZHU
TXDOLW\� VXFK DV LQVWDQWDQHRXV YROWDJH GURS� IOLFNHU PLWLJD�
WLRQ DQG VKRUW GXUDWLRQ XQLQWHUUXSWHG SRZHU VXSSO\� 7KH\ DUH
HTXLSSHG DW UHODWLYHO\ ORZHU SRZHU FRQVXPHUV �UHVLGHQWLDO�
DQG KDYH ORZHU FKDUJLQJ DQG GLVFKDUJLQJ WLPH SHULRGV�

%ULGJLQJ 3RZHU 7KHVH DUH PRUH UHVSRQVLYH W\SH RI VWRUDJH GH�
YLFHV ZLWK UHODWLYHO\ IDVW UHVSRQVH DQG ORQJ GLVFKDUJLQJ WLPH�
7KHVH DUH XVXDOO\ LQVWDOOHG DW UHVLGHQWLDO UHQHZDEOH VRXUFHV
ZLWK SRZHU UDWLQJ RI DERXW ����.:���0:��

7KLV GLVWULEXWLRQ UHFRPPHQGV DQ HIILFLHQW VFKHGXOLQJ RI SRZHU JHQ�
HUDWRU DQG VWRUDJH VRXUFHV DQG $�8& � LV LQIOXHQFHG E\ WKH ULJKW
FKDUDFWHULVDWLRQ RI WKHVH VWRUDJH VRXUFHV� $V WKH ULJKW IXQFWLRQDO
W\SH RI WKHVH VRXUFHV GHWHUPLQHV LI D SUHPLVH LV XVLQJ LW PHUHO\ DV D
HQHUJ\ VRXUFH RU DV D GLV�SDWFKDEOH JHQHUDWLRQ VRXUFH WR DFFRUG IRU
SRZHU VKRUWDJH DQG WR PLWLJDWH IUHTXHQF\ SUREOHPV� )XUWKHUPRUH�
E\ GHWHUPLQLQJ ZHDWKHU FRQGLWLRQV� LQIUDVWUXFWXUH W\SH DQG UHTXLUHG
FKDUDFWHULVWLF RI DQ HQWLW\� V\VWHP FDQ SUHGLFW D EHWWHU FKRLFH RI VWRU�
DJH XQLW� 7KLV FRQVWLWXWH D VWURQJ FDVH IRU EHKDYLRXUDO GLVWULEXWLRQ
RI VWRUDJH XQLWV UDWKHU WKDQ MXVW DFFRUGLQJ WR WKHLU VWRUDJH FDSDFLW\�

2.6 Weather Report
:HDWKHU DQG WHPSHUDWXUH DUH LPSRUWDQW GULYHUV RI HOHFWULFLW\ FRQ�

VXPSWLRQ DQG SURGXFWLRQ SDWWHUQV DQG PHWLFXORXV IRUHFDVW RI HQ�
HUJ\ SURGXFWLRQ UHOLHV RQ DFFXUDWH PHDVXUHPHQW DQG PRGHOOLQJ RI
ZHDWKHU GDWD� $%�8& � DQG $�8& � VWUDLJKWHQ RXW WKH LPSRU�
WDQFH RI VXFK LQIRUPDWLRQ� $V FKDQJH LQ ZHDWKHU FRQGLWLRQV OHDGV WR
WKH XVH RI KLJK SRZHU DSSOLDQFHV �DLU�FRQ LQ VXPPHU� KHDWHU LQ ZLQ�
WHU� DQG LQ RUGHU WR DYRLG SRZHU VKRUWDJH GXULQJ WKHVH SHULRGV� WKH
V\VWHP VKRXOG EXLOG IRUHFDVWLQJ PRGHOV IRU FRQVXPSWLRQ SDWWHUQV
DQG VFKHGXOH WKHVH VRXUFHV LQ DFFHSWDEOH DQG HIILFLHQW PDQQHU� )XU�
WKHUPRUH� WKH SURGXFWLRQ RI DOWHUQDWH RU UHQHZDEOH HQHUJ\ GLUHFWO\

UHODWHV WR ILFNOH ZHDWKHU FRQGLWLRQV DQG UHOLDELOLW\ RI WKHVH VRXUFHV
FDQ EH SUHGLFWHG E\ PRGHOOLQJ ZHDWKHU UHODWHG LQIRUPDWLRQ� 7KHUH
DUH YDULRXV RQWRORJLHV DYDLODEOH IRU PRGHOOLQJ VXFK IXQFWLRQDOLWLHV�
VXFK DV 11(: � DQG 661 ��

2.7 Events
6PDUW *ULG GHDOV ZLWK UHDO�WLPH PRQLWRULQJ DQG PDQDJHPHQW RI

LQWHUFRQQHFWHG HQWLWLHV� WKLV HPDQDWHV D V\VWHP HTXLSSHG ZLWK &RP�
SOH[ (YHQW 3URFHVVLQJ �&(3� >�@ WKDW LV DEOH WR GHWHFW RFFXUUHQFH RI
VSHFLILHG SDWWHUQV RI HYHQWV DQG UHVSRQG DFFRUGLQJO\� 7KXV� IDEUL�
FDWLQJ HYHQWV EHFRPHV D OHJLWLPDWH REMHFWLYH RI RQWRORJ\� ZKHUH LW
PXVW EH FDSDEOH RI DFFRXQWLQJ IRU VSDWLDO UHODWLRQ ERWK V\QFKURQ�
LFDOO\ DQG GLDFKURQLFDOO\� 6XFK IXQFWLRQDOLW\ FDQ EH HPEHGGHG WR
RQWRORJ\ E\ FODVVLI\LQJ HDFK HYHQW W\SH� WHPSRUDO DQQRWDWLRQ DQG
WKHLU UHODWLRQVKLS ZLWK GRPDLQ HQWLWLHV� 7KLV GLVWLQFWLRQ LV EDVHG RQ
WKH IDFW WKDW DQ HYHQW PD\ LQYROYH ZLWK QXPEHU RI SURFHVVHV� (�J� D
FKDQJH LQ WKH FRQVXPSWLRQ SRZHU RI DQ HQWLW\ PLJKW LQYROYH LQ WXUQ�
LQJ D ZDVKLQJ PDFKLQH RII RU WXUQLQJ RQ D KRYHU� 7KLV UHTXLUHV DQ
H[DFW UHODWLRQVKLS RI DQ HYHQW ZLWK FRUUHVSRQGLQJ VXE�HQWLW\� 2XU
RQWRORJ\ VHJUHJDWHV HYHQWV LQWR IROORZLQJ IRXU W\SHV�
(OHFWULFDO $SSOLDQFH (YHQWV 7KHVH HYHQWV DUH FRLQHG WR WKH HOHF�

WULFDO DSSOLDQFH DQG WULJJHU WKH FKDQJH LQ WKH FRQVXPSWLRQ
SDWWHUQ� ZKLFK LQ UHVXOW SURPSW WKH SURFHVV RI ORDG VFKHGXO�
LQJ RU FKDQJH LQ GHPDQG UHVSRQVH�

:HDWKHU (YHQW 7KHVH HYHQWV FDSWXUH WKH FRQWH[W RI GUDVWLF FKDQJH
LQ ZHDWKHU� DV SRZHU FRQVXPSWLRQ DQG SURGXFWLRQ LV GLUHFWO\
UHODWHG WR ZHDWKHU FRQGLWLRQ� WKXV PLQLQJ WKRVH HYHQWV OD\
GRZQ WKH JURXQG IRU SUHGLFWLQJ FRQVXPSWLRQ DQG SURGXFWLRQ
EHKDYLRXUV�

6WRUDJH (YHQWV 7KH DQWLFLSDWHG SURGXFWLRQ FDSDELOLW\ RI D VWRU�
DJH V\VWHP LV KLJKO\ GHSHQGHQW RQ LWV WHPSRUDO DVSHFWV� VXFK
DV� SHUIRUPDQFH RI D VWRUDJH XQLW LV GLUHFWO\ SURSRUWLRQDO WR
LWV FKDUJLQJ DQG GLVFKDUJLQJ WLPH DQG FRPSO\LQJ ZLWK VXFK
HYHQWV DLG LQ DUWLFXODWLQJ WKH UHOLDELOLW\ RI FHUWDLQ SUHPLVHV�

*HQHUDWRU (YHQWV 7KHVH HYHQWV GHDO ZLWK WKH SRZHU SURGXFWLRQ
FDSDELOLWLHV RI SURGXFHUV� )RU LQVWDQFH� LI WKHUH LV D FKDQJH LQ
WKH SURGXFWLRQ FDSDELOLWLHV RU IDLOXUH RI D JHQHUDWRU�

&RQVHTXHQWO\� WKH QRWLRQ RI 3URVXPHUV FRQVROLGDWHG ZLWK UHQHZ�
DEOH HQHUJ\ VRXUFHV SRUWUD\ D PRUH FRPSOH[ JOLPSVH RI WKH V\VWHP
DV GHSLFWHG LQ (�8& � DQG (�8& � � ZKHUH ZLWK IUHTXHQW QHJR�
WLDWLRQV EHWZHHQ DYDLODEOH SURGXFHUV FUDYH WR FDSWXUH WKH FXUUHQW
UHODWLRQVKLS EHWZHHQ FRQVXPHUV DQG SURGXFHUV� )XUWKHUPRUH� LQ RU�
GHU WR SUHGLFW WKH UHOLDELOLW\ RI VXFK SURGXFWLRQ IDFLOLW\ WKH WHPSRUDO
HYHQWV OLQNHG WR WKH FRUUHVSRQGLQJ VRXUFHV PXVW EH DGGHG WR WKH
GRPDLQ RQWRORJ\�

2.8 Service Contracts Ontology
6HUYLFH FRQWUDFWV RU DJUHHPHQWV DUH OHJDOO\ HQIRUFHDEOH SURPLVH

RU XQGHUWDNLQJ DORQJ�ZLWK DVVRFLDWHG FRQGLWLRQV� ,Q FDVH RI 3UR�
VXPHUV� WKHVH FRQWUDFWV ZLOO EH EHWZHHQ WZR SDUWLHV� RQH ZKR SUR�
GXFHG HOHFWULFLW\ �VHOOHU� DQG RQH ZKR ZLOO OLNH WR FRQVXPH HOHFWULF�
LW\ �EX\HU�� &RQWUDFWXDO LQIRUPDWLRQ LV TXLWH FRJHQW IRU FRPPXQL�
FDWLRQ EHWZHHQ SURGXFHU DQG FRQVXPHU GRPDLQV DV LQ D FRPSHWLWLYH
PDUNHW� WKLV LQIRUPDWLRQ ZLOO GLUHFWO\ FDMROH WKH GHFLVLRQ DQG SUHI�
HUHQFH RI ERWK SDUWLHV� 0RGHOOLQJ VXFK LQIRUPDWLRQ ZLOO HQDEOH WKH
FRQVXPHU WR FKRRVH D VHUYLFH SURYLGHU HQWDLOLQJ EHWWHU HFRQRPLFDO
GHDOV DQG ZLOO JXLGH SURGXFHU WR RIIHU OXFUDWLYH GHDOV LQ RUGHU WR
DWWUDFW PD[LPXP QXPEHU RI FXVWRPHUV� 7KH YDULRXV SURSHUWLHV DV�
VRFLDWHG ZLWK WKLV FODVV RI RQWRORJ\ LQFOXGHV� WKH QDPH RI VHUYLFH
SURYLGHU� 6WDUW 'DWH�(QG 'DWH RI FRQWUDFW� 3URILOH &ODVVHV� RI FRQ�
�KWWSV���ZLNL�XFDU�HGX�GLVSOD\�11(:'�
�KWWS���ZZZ�Z��RUJ������,QFXEDWRU�VVQ�VVQ[�ZHDWKHU�VWDWLRQ�
�KWWS���ZZZ��DGHPH�IU
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QHFWHG FRQVXPHU� W\SH RI SD\PHQW VFKHPH IRU WKH FRQQHFWLRQ� HDUO\
FRQWUDFW WHUPLQDWLRQ FKDUJHV DQG SHU XQLW SULFH RI HOHFWULFLW\�
7KLV SDUW RI RQWRORJ\ GUDZV D FRPSUHKHQVLYH DWWHQWLRQ WRZDUGV FRP�
SHWLWLYH HQHUJ\ PDUNHW� &RQVHTXHQWO\� ZLWK WKH LQWHJUDWLRQ RI 3UR�
VXPHUV� HDFK HQWLW\ ZLOO SUHIHU D IOH[LEOH HQHUJ\ SDFNDJH DQG VXFK
SURSHUWLHV LQ GRPDLQ RQWRORJ\ QRW RQO\ DVVLVW FRQVXPHU WR GHWHU�
PLQH WKH ULJKW FRQQHFWLYLW\ W\SH EXW DOVR DGYRFDWH D SURGXFHU WR
SUHGLFW WKH DSSUR[LPDWH HQHUJ\ GHPDQG RI D FRQVXPHU DFFRUGLQJ WR
GHVFULEHG FRQVXPHU SURILOHV DQG WKXV� FDOFXODWH WRWDO UHYHQXH JHQ�
HUDWHG IURP VXFK FRQVXPHUV DV GHSLFWHG LQ $�8& � � )RU H[DPSOH�
DQ HQHUJ\ SURYLGHU FDQ FODVVLI\ D FLW\ DFFRUGLQJ WR FRQVXPSWLRQ
FODVVHV RI FXVWRPHUV ZKLOH FDOFXODWLQJ UHYHQXH LQ HDFK VHFWRU DQG
SULRULWLVH RU LQFUHDVH WKH SURGXFWLRQ IDFLOLWLHV WR DUHDV ZLWK KLJKHU
UHYHQXHV RU SUHGLFWHG HQHUJ\ FRQVXPSWLRQ�

2.9 Component Connectivity
7KH PRYHPHQW WRZDUGV UHQHZDEOH HQHUJ\ UHVRXUFHV DQG WKH DS�

SDUHQW DZDUHQHVV RI HQHUJ\ FRQVXPSWLRQ OHDG WR QHZ FKDOOHQJHV LQ
WKH GLVWULEXWLRQ JULG DQG HQHUJ\ SURGXFWLRQ� 7KLV GLVWULEXWHG DQG
GHFHQWUDOL]HG SRZHU JHQHUDWLRQ OHDGV WR WKH FRQFHSW RI VPDUW PL�
FURJULG� ZKHUH D JURXS RI ORDGV DQG HQHUJ\ VRXUFHV DUH DJJUHJDWHG
WRJHWKHU WR DSSHDU DV D VLQJOH DVVHW LQ D ORFDOL]HG ZD\� 7KLV IRU�
PDWLRQ UHTXLUHV WKH FRUUHFW ORFDWLRQ RI FRQQHFWHG VRXUFHV� WKXV WKLV
SDUW RI WKH RQWRORJ\ IRFXVHG RQ GHILQLQJ WKH H[DFW FRQQHFWLYLW\ UH�
ODWLRQVKLSV EHWZHHQ SURGXFHUV DQG FRQVXPHUV� )XUWKHUPRUH� WKHVH
SURSHUWLHV FDQ DOVR EH XVHG WR GHWHUPLQH WKH HIILFLHQF\ DQG H[SHFWHG
ORDG RI FRQVXPHU HQWLWLHV� $Q HQWLW\ FRLQHG DV D SRZHU VRXUFH FODV�
VLILHV FRQVXPHUV DFFRUGLQJ WR WKHLU WRWDO FRQVXPHG SRZHU DQG DQ
HQWLW\ XQGHU FRQVXPSWLRQ
V WXWHODJH UHFRUG WKH W\SH RI HQHUJ\ SUR�
GXFHG E\ WKH SRZHU VRXUFH DQG WRWDO SRZHU FRQVXPHG IURP VXFK
VRXUFHV� ZKLOH LQKHULWLQJ DOO WKH W\SHV GLVFXVVHG LQ 3RZHU JHQHUD�
WLRQ DQG 6WRUDJH V\VWHP� &RPSRQHQW FRQQHFWLYLW\ DGYRFDWHV PXFK
RI WKH PRUDO PRWLYDWLRQV RI D FRQVXPHU� 6LQFH FRQVXPHU GHFLGHV
LWV HQHUJ\ VRXUFH DFFRUGLQJ WR LWV UHOLDELOLW\ DQG SURGXFHG FDUERQ
IRRWSULQW� $V GHSLFWHG LQ $�8& � � WKH FRQQHFWLYLW\ LQIRUPDWLRQ RI
WKHVH GLVWULEXWHG VRXUFHV DQG VLQNV LV TXLWH HVVHQWLDO WR FRPSDUH WKH
RYHUDOO SHUIRUPDQFH� VXFK LQIRUPDWLRQ DVVLVW LQ UHDVRQLQJ WKH XVHU
V
SUHIHUUHG HQHUJ\ W\SH� DV HQYLURQPHQWDO DZDUH FRQVXPHUV ZLOO SUH�
IHU DOWHUQDWH HQHUJ\� ZKLOH LQGXVWULDO XVHUV ZLOO SUHIHU PRUH UHOLDEOH
HQHUJ\ VRXUFH OLNH QXFOHDU RU IRVVLO IXHO�

3. RULES BASED INDUCTIVE INFERENCE
,QGXFWLYH LQIHUHQFH LQYROYHV LQ ORRNLQJ YDULRXV SDWWHUQV�WUHQGV

DQG FODVVLI\LQJ WKHP DFFRUGLQJ WR WKHLU SURSHUWLHV� ,WV MXGJHPHQW
SURFHVV LV LQIOXHQFHG E\ KHXULVWLFV DQG UXOHV WKDW WDS LQWR DVVRFLD�
WLYH LQIRUPDWLRQ DERXW FRQWH[W DQG VLPLODULW\� 7KLV� KRZHYHU LV
PRUH QRQ�PRQRWRQLF LQ QDWXUH� ZKHUH WKH FRQFOXVLRQ RI SUHPLVHV
DUH GUDZQ PXFK GXH WR WKH SUHVHQFH RU DEVHQFH RI WKHP DQG DUH
ERXQG WR FKDQJH� ZKHQ PRUH NQRZOHGJH LV DFTXLUHG DQG SUHYLRXVO\
GUDZQ FRQFOXVLRQ PD\ KDYH QXOOLILHG� DV WKH UXOHV RI LQIHUHQFH WKDW
OHG WR WKHP PD\ QR ORQJHU EH DFWLYH� 6XFK LQIHUHQFH SURFHVV FRQ�
VLVW RI WZR PDLQ DSSURDFKHV� ZKHUH WKH ILUVW RQH PHUHO\ GUDZV VWD�
WLVWLFDO FRQFOXVLRQ EDVHG RQ KLVWRULFDO GDWD� ZKLOH WKH ODWHU GHDOV
ZLWK SUHGLFWLQJ IXWXUH YDOXHV E\ XWLOLVLQJ SUREDELOLVWLF PRGHOV� VXFK
DV %D\HVLDQ LQIHUHQFH >�@� /HW CC;

 LV D VHW RI REVHUYHG FKDUDF�
WHULVWLFV IURP GDWD DQG CC<

 LV D VHW RI SUHGLFWHG RXWFRPHV WKHQ�
� = (X � Y )�� ZKHUH � LV D VHW RI FRQFOXGHG VWDWHV DQG FDQ
EH QDUURZ GRZQHG WR WKH ULJKW JUDQXODULW\ E\ HPSOR\LQJ %D\HVLDQ
PRGHO >�@� ,Q WKH FRQWH[W RI 6*� ZKHUH HIILFLHQW VFKHGXOLQJ DQG
PDQDJHPHQW RI HQHUJ\ VRXUFHV PDNHV TXLWH WKH FDVH� WKHVH LQIHUUHG
LQFUHPHQWDO SDUW RI RQWRORJ\ GULYHV WKH HIIHFWLYH UHDVRQLQJ DQG DQ�
DO\WLFDO MRE� 7KH WKUHH PDLQ W\SHV RI WKHVH LQFUHPHQWDO RQWRORJLHV
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rdf:type

)LJXUH �� ,QGXFWLYH 2QWRORJ\ IRU $SSOLDQFH &RQVXPSWLRQ 3DW�
WHUQV

WKDW H[�FRJLWDWH IURP LQGXFWLYH LQIHUHQFH DUH DV IROORZLQJ�

3.1 Appliance Consumption Patterns
7KH HIILFLHQW PDQDJHPHQW RI HOHFWULFLW\ UHTXLUHV FODVVLILFDWLRQ

RI FRQVXPHU DSSOLDQFHV DFFRUGLQJ WR WKHLU RSHUDWLRQDO SDWWHUQV DQG
SURYLGH WKH UHTXLUHG IOH[LELOLW\ LQ FRQWUROOLQJ HOHFWULFLW\ FRVWV� 6XFK
PHWKRGV RI FRQWUROOLQJ HOHFWULFLW\ FRQVXPSWLRQ DUH GLUHFWO\ UHODWHG
WR GHPDQG UHVSRQVH� ZKLFK UHOLHV RQ YDU\LQJ SULFH RI HOHFWULFLW\ WR
UHGXFH SHDN GHPDQG� )RU LQVWDQFH� D ZDVKLQJ PDFKLQH HOHFWULFLW\
FRQVXPSWLRQ SDWWHUQ LV XVXDOO\ ZHHNO\� KHQFH LW FDQ EH VFKHGXOHG WR
RSHUDWH DW QLJKW GXULQJ ZHHNGD\V � $%�8& � �� )XUWKHUPRUH� FRQ�
VXPHU HQWLW\ FRXOG HQWDLO WKH SURGXFWLRQ DWWULEXWH� WKXV LW FDQ VHOO LWV
SURGXFHG SRZHU DFFRUGLQJ WR WKH FRQVXPSWLRQ SDWWHUQV RI LWV DSSOL�
DQFH� &RQVXPHU DSSOLDQFH FDQ EH FODVVLILHG DFFRUGLQJ WR DVVLJQHG
UXOHV LQWR WKUHH PDLQ W\SHV� GHSHQGLQJ RQ WKHLU FRQVXPSWLRQ SDW�
WHUQV >��@ >�@� DV GHSLFWHG LQ )LJXUH ��
)LQLWH 6WDWH 0DFKLQHV RU 0XOWL 6WDWH 'HYLFHV 7KLV FDWHJRU\ LQF�

OXGHV WKH GHYLFHV WKDW KDYH UHSHDWDEOH VZLWFKLQJ SDWWHUQV� 7K�
XV� WKH VZLWFKLQJ F\FOH FRXOG EH UHSHDWHG GDLO\� ZHHNO\ RU
PRQWKO\� ([DPSOHV DUH ZDVKLQJ PDFKLQHV� GU\HUV DQG ODZQ
PRZHUV�

2Q�2II 'HYLFHV 7KLV LQFOXGHV WKH PRVW KRXVHKROG GHYLFHV WKDW DUH
WXUQHG RQ DQG RII LQ IUHTXHQW PDQQHU� VXFK DV WRDVWHU� OLJKW
EXOE� ZDWHU SXPSV HWF�

3HUPDQHQW &RQVXPHU $SSOLDQFHV 7KLV FDWHJRU\ LQFOX�GHV WKH DS�
SOLDQFHV WKDW UHPDLQ RSHUDWLYH IRU DOO WKH WLPH ���[��� ([�
DPSOH LQFOXGHV KDUG�ZLUHG VPRNLQJ DODUPV DQG VRPH SRZHU
VXSSOLHV�

&RQWLQXRXVO\ 9DULDEOH &RQVXPHU 'HYLFHV 7KLV FDWHJRU\ LQFOXG�
HV WKH GHYLFHV ZLWK YDULDEOH VWDWHV DQG GUDZ SRZHU UDQGRPO\
ZLWKRXW DQ\ VSHFLILF SDWWHUQ� (�J� 3RZHU WRROV� GLPPHU OLJKWV�

7KHVH FODVVLILFDWLRQV IROORZ WKH QRQ�PRQRWRQLF SULQFLSOH DQG WKH\
UHYLVHG LWVHOI ZLWK FKDQJH LQ QHZO\ DFTXLUHG GDWD� )XUWKHUPRUH� DV
DFFRUGLQJ WR $%�8& � DQG $%�8& � � H[WUDFWLQJPHDQLQJIXO DS�
SOLDQFH SDWWHUQV FDQ QRW RQO\ DVVLVW WKH XVHUV ZLWK XQGHUVWDQGLQJ
WKHLU EHKDYLRXUV EXW DOVR WR PDNH MXGJHPHQW LQ UHODWLRQ WR EHWWHU
VFKHGXOLQJ RI DSSOLDQFHV GXULQJ SHDN KRXUV LQ RUGHU WR UHGXFH WKH
RYHUDOO FRVW RI HOHFWULFLW\�

3.2 Alternate Energy Production Patterns
(QHUJ\ SURGXFHG E\ DOPRVW DOO UHQHZDEOH HQHUJ\ WHFKQRORJLHV LV

ZKROO\ GHSHQGHQW RQ WKH ZHDWKHU� :LQG DQG ZDYH SRZHU GHSHQG RQ
WKH VSHHG� GLUHFWLRQ DQG GXUDWLRQ RI WKH ZLQG� 6RODU SRZHU� ZKHWKHU
SKRWRYROWDLF RU WKHUPDO� GHSHQGV RQ WKH LQWHQVLW\ DQG GXUDWLRQ RI
VRODU LUUDGLDWLRQ� &RQVHTXHQWO\� ZHDWKHU DQG FOLPDWH LV D FRPPRQ
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GHQRPLQDWRU IRU DOO RI WKHVH LQFUHDVLQJO\ LPSRUWDQW VRXUFHV RI UH�
QHZDEOH HQHUJ\� 7R GHWHUPLQH WKH H[SHFWHG HQHUJ\ \LHOG RI D UH�
QHZDEOH SRZHU VRXUFH� LQGXFWLYH UHDVRQLQJ FDQ PDWFK WKH SDVW SDW�
WHUQV �SURGXFWLRQ DQG ZHDWKHU� DQG SUHGLFW WKH IXWXUH SURGXFWLRQ
DFFRUGLQJO\� (PEHGGLQJ WKLV LQIRUPDWLRQ LQ WKH RQWRORJ\ ZLOO HQ�
DEOH WKH FRQVXPHU WR SUHGLFW WKH UHOLDELOLW\ RI WKH HQHUJ\ VRXUFH DQG
DOVR KHOSV LQ GLVWULEXWLQJ ORDG RI FRQVXPHU DSSOLDQFHV� ,%0
V � QHZ
DGYDQFHG SRZHU DQG ZHDWKHU PRGHOOLQJ WHFKQRORJ\ VKRZFDVHV WKH
LPSRUWDQFH RI VXFK LQIRUPDWLRQ�

3.3 Producer’s Performance Patterns
7KH SHUIRUPDQFH RI DQ HQHUJ\ SURGXFHU FDQ EH MXGJHG IURP LWV

HIILFLHQF\� HFRQRPLFDO RSHUDWLRQV DQG LPSDFW RQ WKH HQYLURQPHQW�
6* QRW RQO\ SURPLVHV D PRUH HIILFLHQW DQG UHOLDEOH V\VWHP EXW DOVR
HPSKDVLV RQ WKH UHGXFWLRQ RI JUHHQKRXVH JDVHV �*+*�� ZKLFK HP�
SKDVLV RQ UHOLDEOH DXGLW RI HQHUJ\ SURGXFHU� +HQFH� HDFK FRQVXPHU
FDQ LQIHU WKH UHOLDELOLW\ RI LWV SURGXFHU E\ DSSO\LQJ LQGXFWLYH UHDVRQ�
LQJ RQ LWV SDVW SDWWHUQV� $V SHUIRUPDQFH FULWLFDO HQWLWLHV� IRU LQVWDQFH
KRVSLWDOV DQG LQGXVWULHV ZLOO SUHIHU D PRUH UHOLDEOH VRXUFH� )XUWKHU�
PRUH� LQ RUGHU WR DFFXUDWHO\ FRPSDUH FDUERQ IRRWSULQWV RI WKHVH GLI�
IHUHQW WHFKQRORJLHV� WKH WRWDO CO2 HPLWWHG WKURXJK WKH SURGXFWLRQ
F\FOH PXVW EH FDOFXODWHG� 7KLV PHDVXUHPHQW ZLOO LQIOXHQFH WKH FRQ�
VXPHUV WR SULRULWLHV WKH FKRLFH RQ WKH EDVHV RI UHOLDELOLW\ DQG�RU HQYL�
URQPHQW IULHQGO\ FRQVXPHUV� 7KH FDUERQ IRRWSULQW RI HDFK SURGXFHU
HQWLW\ FDQ EH FDOFXODWHG E\ FRPSDULQJ WKH W\SH RI WKH SRZHU SODQW
DQG SURGXFHG SRZHU�

4. RELATED WORK
7KHUH DUH YDULRXV LQGXVWULDO VWDQGDUGV WKDW FR�H[LVW IRU 6*PRGHO�

H�J� ,(& &,0 DQG 1(0$��� EXW WKHVH VWDQGDUGV DUH QRW GLYHUVLILHG�
DQG GHWDLOHG HQRXJK WR HPEHG LQWR 3URVXPHU RULHQWHG 6*� $OWKRXJK
DSSOLDQFH GHVFULSWLRQ DV PHQWLRQHG LQ ,(& &,0 �DV GLVFXVVHG LQ
6HFWLRQ ���� LV TXLWH LQWHUHVWLQJ DQG RXU PRGHO H[WUDFWV DQG H[WHQGV
WKHVH XVHIXO FRQFHSWV DQG H[SORLWV WKHP IRU ORZ�OHYHO DSSOLDQFH GH�
VFULSWLRQ�
6HPDQWLF EDVHG PRGHOOLQJ GLVFXVVHG LQ >�@ RIIHUV FHUWDLQ GHVLJQ
JXLGHOLQHV WR HIIHFWLYHO\ LQWHJUDWH VPDUW JULG WR WKH KRXVHKROG DS�
SOLDQFH� ,W HPSKDVLV RQ KHWHURJHQHRXV GDWD DFTXLVLWLRQ DQG KRZ LW
FRXOG EH XVHG WR SURYLGH YDOXH DGGHG VHUYLFHV WR XVHUV� %XW� ZLWK
WKH LQWHJUDWLRQ RI GLVWULEXWHG DOWHUQDWH HQHUJ\ UHVRXUFHV DQG 3UR�
VXPHUV� WKH PRGHO UHTXLUHV WR FDWHU WKLV XVHIXO LQIRUPDWLRQ WR KDU�
QHVV WKH HIIHFWLYH HQHUJ\ H[FKDQJH EHWZHHQ YDULRXV HQWLWLHV� >��@
GHVFULEHV DQ LQWHUHVWLQJ RQWRORJ\ IRU PDSSLQJ KRXVHKROG GHYLFHV E\
LQWHJUDWHG YDULRXV DYDLODEOH RQWRORJLHV� ,W DOVR RXWOLQHV DQ LQWHUHVW�
LQJ HYHQW SURFHVVLQJ DUFKLWHFWXUH FRQVLGHULQJ WKH FRQWH[W RI 6PDUW
*ULG� 7KH PDLQ GUDZEDFNV WKDW FDQ EH LQIHUUHG IURP VXFK WHFK�
QLTXHV DUH LWV UHOLDQFH RQ GLUHFW VHQVLQJ DQG IDLOXUH WR FDSWXUH UHDO
ZRUOG VFHQDULRV� ,WV RQWRORJ\ LV TXLWH GHWDLOHG LQ QDWXUH E\ LQWHJUDW�
LQJ ,(& &,0 FRQFHSWV� ZKHUH VXFK LQIRUPDWLRQ FDQQRW EH H[WUDFWHG
IURP HDFK DQG HYHU\ KRXVHKROG� )XUWKHUPRUH� QRWKLQJ VXVWDLQDEOH
KDV EHHQ GLVFXVVHG UHJDUGLQJ WKH FRPSDWLELOLW\ RI WKHVH LQWHJUDWHG
RQWRORJLHV DQG SUHVHQWHG RQWRORJ\ LV VWLOO LQ FRQFHSWXDO VWDJH ZLWK�
RXW DQ\ LPSOHPHQWHG YHUVLRQ� >�@ GHVFULEHV D VHPDQWLFDOO\ ULFK HQ�
HUJ\ PDQDJHPHQW V\VWHP� ZKHUH RQWRORJLHV DUH XVHG WR UHSUHVHQW
HDFK FXVWRPHU LQ D UHOHYDQW GRPDLQ� IRFXVLQJ RQ LWV HQHUJ\ XVDJH
DQG HQYLURQPHQW� 7KHVH IDFWV DUH WKHQ UHDVRQHG WR LQIHU WKH UHOH�
YDQW WLSV IRU FXVWRPHUV� 7KLV ZRUN GRHVQ
W GHWDLO DQ\ LQIRUPDWLRQ
UHJDUGLQJ WKH DFTXLVLWLRQ RI GDWD DQG WKH FRQFHSWXDO RQWRORJ\ DQG
UHDVRQLQJ LV SHUIRUPHG RQ D VWDWLF VHW RI WULSOH VWRUH UDWKHU SURFHVV�
LQJ DQ\ UHDO WLPH HYHQWV� +RZHYHU� $�ER[ DQG 7�ER[ DVVHUWLRQ IURP
�KWWS���ZZZ�LEP�FRP�SUHVV�XV�HQ�SUHVVUHOHDVH�������ZVV
��KWWS���ZZZ�QHPD�RUJ�SDJHV�GHIDXOW�DVS[

FXVWRPHU GDWD PLPLFV WKH XVHIXOQHVV RI H[WHQGLQJ RQWRORJ\ LQ WKH
FRQWH[W RI HQHUJ\ PDQDJHPHQW V\VWHPV� ,Q D ZKROH� VWDWH RI DUW
RQWRORJLHV IRU 6PDUW *ULG DUH XQDEOH WR FDSWXUH WKH UHDO ZRUOG VFH�
QDULRV RU YDULRXV KHWHURJHQHRXV GRPDLQV �JHQHUDWLRQ� VWRUDJH� WKLV
OHDGV WR DQ DEVWUDFW RQWRORJLHV WKDW GRHVQ
W FDWHU HDFK GRPDLQ OHYHO
LQ GHWDLO�

5. CONCLUSION AND FUTURE WORK
,Q WKLV SDSHU ZH SUHVHQW D PXOWL�GLPHQVLRQDO DQG JHQHULF RQWRO�

RJ\ PRGHO HTXLSSHG ZLWK LQGXFWLYH EDVHG UHDVRQLQJ DQG FRPSOH[
HYHQW SURFHVVLQJ� E\ DWWULEXWLQJ HDFK GRPDLQ RI LQWHUHVW ZLWK UHOH�
YDQW UHODWLRQV� 7KHVH UHODWLRQV DQG UHTXLUHPHQWV� DV GHSLFWHG LQ RXU
RQWRORJ\ DUH UDWLILHG WKURXJK RXU XVH FDVHV� ZKLOH FRQVLGHULQJ WKH
FRQWH[W RI 3URVXPHU RULHQWHG 6*� 2XU IXWXUH HQGHDYRXUV LQYROYH LQ
LQWHJUDWLRQ RI SURSRVHG RQWRORJ\ ZLWK 6($6 SURMHFW �� DQG UHJUHVV
WHVWLQJ ZLWK YDULRXV 6* EDVHG VLPXODWRUV� )XUWKHUPRUH� ZH LQWHQG
WR GHYHORS DQ RSHQ VRXUFH HQJLQH IRU FRPSOH[ HYHQW SURFHVVLQJ XV�
LQJ GLVWULEXWHG PXOWL�DJHQWV SDUDGLJP LQ WKH FRQWH[W RI 3URVXPHU
RULHQWHG 6*�
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