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Abstract 
4EB�"RFIAFKD�PB@QLO�FP�OBPMLKPF?IB�CLO�>�PFDKFCF@>KQ�M>OQ�LC�QEB�TLOIATFAB�BKBODV�@LKPRJMQFLK�
>KA�QEB�@LKPBNRBKQ�@>O?LK�BJFPPFLKP��4EBFO�BKBODV�@LKPRJMQFLK�ABMBKAP�LK�PBSBO>I�C>@QLOP��
PR@E� >P� QEBFO� EB>QFKD�� SBKQFI>QFLK� >KA� >FO@LKAFQFLKFKD� �(6!#	� @LKCFDRO>QFLK� >KA� ABPFDK�
@E>O>@QBOFPQF@P��$RB�QL�QEB�BKBODV� QO>KPFQFLK�>KA�CL@RP�LK�PRPQ>FK>?FIFQV�� QEB�?RFIAFKD�PB@QLO�
E>P�BSLISBA�TFQE�PBSBO>I�?RFIAFKD�QVMBP�LC�AFCCBOBKQ�>QQOF?RQBP�JBKQFLKBA�FK�QEB�IFQBO>QROB��-LPQ�
LC� QEBPB� QVMBP� >OB� @LKPFABOBA� QL� TLOH� FK� PVKBODV� TFQE� QEB� DOFA�� OBIFBSFKD� MOBPPROB� LK� QEB�
FKCO>PQOR@QROB�� 3J>OQ� 'OFA� /MQFJFPBA� "RFIAFKDP� �3'/"P	� >OB� CRIIVBIB@QOF@� >KA� @LKPQFQRQB� >�
KLSBI� @LK@BMQ� >@@LOAFKD� QL� TEF@E� ?RFIAFKDP� JRPQ� ?B� FK� @ILPB� OBI>QFLKPEFM� TFQE� QEB� DOFA��
OBPMLKAFKD�QL�FQP�KLQFCF@>QFLKP�>KA�RPFKD�QEBFO�FKQBDO>QBA�PVPQBJP�PR@E�>P�?>QQBOV�PQLO>DB�QL�
MBOCLOJ�PMB@FCF@�PBOSF@BP��PR@E�>P�>O?FQO>DB�>KA�BUMLOQFKD�BU@BPP�BIB@QOF@FQV�?>@H�QL�QEB�DOFA��
7EFIB�QEB�J>GLOFQV�LC�QEB�OBPB>O@E�>KA�QEB�IFQBO>QROB�E>SB�CL@RPBA�LK�BFQEBO�I>ODBP@>IB�BKBODV�
PQLO>DB�QLT>OAP�QEB�J>UFJFP>QFLK�LC�QEB�OBSBKRB�PQOB>JP�LO�LK�PJ>IIP@>IB�?RFIAFKD�FKQBDO>QBA�
PQLO>DB�FK�@LJ?FK>QFLK�TFQE�OBKBT>?IBP��QEBOB�FP�>�PFDKFCF@>KQ�OBPB>O@E�D>M�LK�QEB�RQFIFP>QFLK�
LC� ?>QQBOV� PQLO>DB� FK� ?RFIAFKDP� >KA� QEB� FJM>@Q� QEBFO� ABPFDK� @E>O>@QBOFPQF@P� E>SB� LK� QEBFO�
>O?FQO>DB�MBOCLOJ>K@B��4EFP�MOLGB@Q�PRDDBPQP�QEOBB�LMBO>QFLK>I�AFPM>Q@E�PQO>QBDFBP�CLO�?>QQBOV
BK>?IBA� ?RFIAFKD� >O?FQO>DB� RKABO� OB>IQFJB� BIB@QOF@FQV� MOF@BP�� FJMIBJBKQBA� FK� -!4,!"��
#LJJBO@F>I� ?RFIAFKDP� TFQE� AFCCBOBKQ� ABPFDK� @E>O>@QBOFPQF@P� >OB� PFJRI>QBA�
�$BPFDK"RFIABO�%KBODV0IRP	� >KA� RPBA� >P� FKMRQ� LC� QEB� -!4,!"�JLABI� QL� FKSBPQFD>QB� QEBFO�
PRFQ>?FIFQV�QL�M>OQF@FM>QB�FK�QEB�>O?FQO>DB�P@EBJB��)K�QBOJP�LC�QEB�MBO@BKQ>DB�LC�QEB�MB>H�IL>AP�
shifted, the fabric’s energy efficiency was proved to have the highest impact on the building’s 

>O?FQO>DB�� CLIILTBA�?V� QEB� SBKQFI>QFLK� PQO>QBDV� >KA� QEB�TFKALTQLT>II� O>QFL� �DI>WFKD	��#LPQ
?BKBCFQ�>K>IVPFP�T>P�MBOCLOJBA�CLO�>���VB>O�MBOFLA��FK@IRAFKD�>�CFK>K@F>I�OBT>OA�JB@E>KFPJ�
QL�J>HB�QEB�>O?FQO>DB�P@EBJB�>P�@LPQBCCB@QFSB�>P�QEB�KL�PQLO>DB�P@BK>OFL��QEB�>SBO>DB�OBT>OA�
T>P�@>I@RI>QBA� QL�?B������M�H7E�PEFCQBA�TEBK�BUMLOQP� Q>HB�MI>@B�>KA������M�H7E�PEFCQBA�
TFQELRQ�BUMLOQP��
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1. Introduction 

1.1 Background and motivation 
"RFIAFKDP�@LKPRJB�BKLOJLRP�>JLRKQP�LC�BKBODV�TLOIATFAB�>KA�QEBOBCLOB�>OB�OBPMLKPF?IB�CLO�
>� PFDKFCF@>KQ� MOLMLOQFLK� LC� @>O?LK� BJFPPFLKP� >KA� QEB� @LKPBNRBKQ� O>JFCF@>QFLKP� CLO� QEB�
BKSFOLKJBKQ�� 4EB� BKBODV� @LKPRJBA� FK� ?RFIAFKDP� FP� BFQEBO� MOLAR@BA� IL@>IIV� LO� QO>KPCBOOBA�
QEOLRDE�QEB�BIB@QOF@>I�DOFA�>KA�EB>Q�KBQTLOH�;�<��!P�QEBOB�E>P�?BBK�>K�FJMLOQ>KQ�PEFCQ�QLT>OAP�
PRPQ>FK>?FIFQV� FK� QEB� OB@BKQ�VB>OP��>�KRJ?BO�LC�BJBODFKD�>KA� FKKLS>QFSB� QB@EKLILDFBP�E>SB�
OB@BFSBA�AFCCBOBKQ�?RQ�FK@OB>PFKD�>JLRKQP�LC�MLMRI>OFQV�>KA�ABMILVJBKQ��@LKQOF?RQFKD�QLT>OAP�
QEB�PL@>IIBA�BKBODV�QO>KPFQFLK�>KA�QEB�OBIBS>KQ�@E>IIBKDBP��)Q� FP� FKBSFQ>?IB� QE>Q� QEB�?RFIAFKD�
PB@QLO�E>P�QL�BSLISB�>P�TBII�FK�LOABO�CLO�QEB�QO>KPFQFLK�QL�?B�BSBKQR>IIV�@LJMIBQB�;�<��

Despite having a largely passive role in today’s energy network, buildings are expected to 

DO>AR>IIV�?B@LJB�MOLPRJBOP�?V�?LQE�MOLAR@FKD�>KA�@LKPRJFKD�BKBODV��Q>HFKD�>AS>KQ>DB�LC�
IL@>I�BKBODV�DBKBO>QFLK�>KA�PQLO>DB��4EBOBCLOB��QEBV�TFII�E>SB�>�@ILPB�?FAFOB@QFLK>I�FKQBO>@QFSB�
OBI>QFLKPEFM�TFQE� QEB� CRQROB� PJ>OQ� DOFA� ;�<�� 4EFP� OBPB>O@E� CL@RPBP� LK� >�?RFIAFKD� QVMB�TEF@E�
@LKPQFQRQBP�>�KLSBI�@LK@BMQ�� QEB�3J>OQ�'OFA�/MQFJFPBA�"RFIAFKD��3'/"	��!K�3'/"�@>K�?B�
QELRDEQ�LC�>P�JBBQFKD�FQP�PBOSF@B�L?IFD>QFLKP�QL�FQP�L@@RM>KQP�>KA�JFKFJFPFKD�FQP�LMBO>QFLK>I�
@LPQ�>KA� CLLQMOFKQ� QL� FQP�LTKBO�TEFIB�>@QFSBIV�BKD>DFKD�TFQE� QEB�BIB@QOF@FQV�MOLSFABO�BK>?IFKD�
?BPQ�RPB�LC�QEB�>S>FI>?IB�OBPLRO@BP��2B@BFSFKD�FKCLOJ>QFLK�>KA�MOLJMQP�COLJ�QEB�DOFA�KBQTLOH��
QEB�3'/"�@>K�ABQBOJFKB�QEB�>MMOLMOF>QB�IBSBI�LC�M>OQF@FM>QFLK�?>PBA�LK�QEB�FKQBIIFDBK@B�LC�QEB�
BJ?BAABA�PVPQBJP�>KA�QEB�PBOSF@B�L?IFD>QFLKP�FQ�E>P�QL�FQP�PQ>HBELIABOP�;�<��;�<��

5KALR?QBAIV��BIB@QOF@FQV�FP�LKB�LC�QEB�JLPQ�FJMLOQ>KQ�CRBIP�CLO�QEB�?RFIAFKD�PB@QLO��)K�QEB�5KFQBA�
+FKDALJ� �5+	�� QEB� LSBO>II� BIB@QOF@>I� ABJ>KA� E>P� CIR@QR>QBA� QEOLRDE� QEB� VB>OP� >KA� FQP�
PFDKFCF@>K@B�FP�BUMB@QBA�QL�FK@OB>PB�TFQE�QEB�BIB@QOFCF@>QFLK�LC�EB>Q�QE>Q�TFII�>IPL�FK@OB>PB�QEB�
MOBPPROB� LK� QEB� BUFPQFKD� FKCO>PQOR@QROB� ;�<�� ;�<�� ;�<�� (LTBSBO�� QEB� LMQFLKP� MOLSFABA� QL�JLPQ�
?RFIAFKD�QVMBP�>OB�IFJFQBA�TEBK�FQ�@LJBP�QL�BIB@QOF@FQV�Q>OFCCP�>P�?RFIAFKDP�AL�KLQ�E>SB�>@@BPP�
QL�QEB�TELIBP>IB�J>OHBQ��)K�QEB�5+��?LQE�QEB�PQ>KAFKD�@E>ODB��Y�A>V	�>KA�QEB�OBQ>FI�BIB@QOF@FQV�
MOF@B��Y�H7E	�LCCBOBA�?V�BIB@QOF@FQV�PRMMIFBOP�>OB�@LKPQ>KQ�TFQE�LKIV�LKB�@EB>MBO�Q>OFCC�LCCBOBA�
AROFKD�QEB�KFDEQ�MBOFLA�;�<��)K�������/@QLMRP�%KBODV�?B@>JB�QEB�CFOPQ�BKBODV�PRMMIFBO�QL�LCCBO�
PJ>OQ�QFJBLCRPB��4L5	�Q>OFCCP�TFQE�/@QLMRP�!DFIB��>�?BQ>�MOLAR@Q� QE>Q�>IILTP�@RPQLJBOP�QL�
@EB@H�QEB�E>ICELROIV�BKBODV�MOF@BP�CLO�QEB�CLIILTFKD�A>V��QFBA�QL�QEB�TELIBP>IB�MOF@BP��FK�LOABO�
QL� FABKQFCV� QEB�@EB>MBPQ�QFJB�PILQP��>AGRPQ� QEBFO�@LKPRJMQFLK�>KA�>SLFA�QEB�BUMBKPFSB�MB>H�
ELROP�LC�QEB�A>V�;��<��;��<��

/KB�LC�QEB�BJBODFKD�QB@EKLILDFBP��JBKQFLKBA�>?LSB��FP�BKBODV�PQLO>DB�TEF@E�FP�?>PBA�FK�>�
OBI>QFSBIV�PFJMIB� FAB>�>KA�@>K�?B�ABMILVBA�>Q� QEB�?RFIAFKD�P@>IB��%KBODV�3QLO>DB�3VPQBJP�
�%33	�>OB�@E>ODBA�TEBK�QB@EKLB@LKLJF@�@LKAFQFLKP�>IILT�FQ��CLO�BU>JMIB�TEBK�@EB>M�BKBODV�
FP�>@@BPPF?IB��>KA�FQP�BKBODV�@LKQBKQ�@>K�?B�I>QBO�AFP@E>ODBA�QL�JBBQ�IL@>I�?RFIAFKD�IL>AP�LO�
?>I>K@B� QEB� COBNRBK@V� LC� QEB� BIB@QOF@>I� DOFA�� 0RJMBA� EVAOL�� @LJMOBPPBA>FO�� ?>QQBOFBP��
PRMBO@>M>@FQLOP�>KA�CIVTEBBIP�>OB�PLJB�LC�QEB�%33�RPBA�CLO�>MMIF@>QFLKP�LC�AFCCBOBKQ�P@>IBP�
;��<��

!P�PVPQBJP�PTFQ@E�COLJ�I>ODBP@>IB�@LKSBKQFLK>I�BKBODV�PLRO@BP�QL�PJ>IIBO�P@>IB�OBKBT>?IBP�
LC�FKQBOJFQQBKQ�K>QROB��QEB�PVPQBJ�@LKPFPQP�LC�@LJMLKBKQP�TFQE�@LKCIF@QFKD�MOLMBOQFBP�>KA�FQ�FP�
FK@OB>PFKD�@LJMIF@>QBA�QL�ORK� FQ�BCCB@QFSBIV��%KBODV�PQLO>DB�@>K�BK>?IB�?RFIAFKDP� QL�MOLSFAB�
PBOSF@BP�QL�QEB�BIB@QOF@>I�DOFA�QEOLRDE�QEB�>AGRPQJBKQ�LC�QEB�?RFIAFKD�IL>AP�QE>Q�@>K�?B�BFQEBO�
FK@OB>PBA� LO� OBAR@BA� CLO� >� @BOQ>FK� KRJ?BO� LC� ELROP� MBO� A>V�� )K� QEFP� T>V�� ABJ>KA� PFAB�
J>K>DBJBKQ��$3-	�@>K�OBIFBSB�MOBPPROB�LK�QEB�FKCO>PQOR@QROB�>KA�OBAR@B�QEB�MB>H�BIB@QOF@>I�
IL>AP�TEF@E�OBPRIQ�FK�BUQO>�@LPQP�CLO�QEB�BKBODV�MOLSFABO��>SLFAFKD�QEB�KBBA�CLO�BUM>KPFLK�>KA�
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OBFKCLO@BJBKQ� LC� QEB� BIB@QOF@>I� KBQTLOH� QE>Q� TLRIA� OBNRFOB� PR?PQ>KQF>I� KBQTLOH� >KA�
FKCO>PQOR@QROB� FKSBPQJBKQP�� 4EB� CRII� QB@EKF@>I� MLQBKQF>I� LC�$3-� FP� FKEBOBKQIV� RK@BOQ>FK� >P� FQ�
OBIFBP�LK�QEB�?RFIAFKD�ABPFDK�@E>O>@QBOFPQF@P�>KA�QEB�QBJMBO>QROB�O>KDB�TFQEFK�TEF@E�IFBP�QEB�
QEBOJ>I�@LJCLOQ�LC�QEB�L@@RM>KQP�;��<��;��<��;��<��

4EBOB� >OB� PBSBO>I� MOLGB@QP� QE>Q� E>SB� FKSBPQFD>QBA� QEB� ABJ>KA� PFAB� OBPMLKPB� �$32	�
@>M>?FIFQFBP�LC�@LJJBO@F>I�?RFIAFKDP�?V�BFQEBO�@E>KDFKD�QEB�(6!#�@LKCFDRO>QFLK�LO�?V�RQFIFPFKD�
BKBODV�PQLO>DB�>KA�OBKBT>?IB�BKBODV�PLRO@BP��2%3	�;��<��;��<��(LTBSBO��QEB�?RFIAFKD�ABPFDK�
@E>O>@QBOFPQF@P� E>SB� KLQ� ?BBK� BU>JFKBA� FK� @LJ?FK>QFLK�TFQE� BKBODV� PQLO>DB�>KA� OB>IQFJB�
MOF@FKD��240	�QL�RKABOPQ>KA�TEF@E�?RFIAFKDP�>OB�JLOB�PRFQ>?IB�QL�MOLSFAB�PR@E�>�PBOSF@B�QL�QEB�
JLABOK�BIB@QOF@>I�DFA�>KA�QEB�CRQROB�PJ>OQ�DOFA��"BPFABP�QEB�(6!#�PVPQBJ��ABPFDK�FK@IRABP�
QEB� @LKPQOR@QFLK� J>QBOF>IP� QE>Q� QEB� ?RFIAFKD� BKSBILMB� @LKPFPQP� LC� >P� TBII� >P� QEB� ?RFIAFKD�
DBLJBQOV��

!P�QEB�3J>OQ�'OFA�@OB>QBP�>K�LMMLOQRKFQV�FK�TEF@E�?LQE�@ROOBKQ�>KA�CRQROB�?RFIAFKDP�@>K�?B�
FK@BKQFSFPBA�QL�LMBO>QB�TFQEFK�K>QFLK>I�DOFA>IFDKBA�AOFSBOP��?RFIAFKDFKQBDO>QBA�PQLO>DB�@>K�?B�
RPBA�QL�J>UFJFPB�QEB�?BKBCFQP�COLJ�QEBPB�FK@BKQFSBP��4EFP�TLRIA�>IILT�?RFIAFKDP�QL�BKQBO�QEB�
BIB@QOF@FQV�J>OHBQ�>P�BKBODV�PQLO>DB�SB@QLOP�>KA�@LKQOF?RQB�QL�QEB�BKBODV�QO>KPFQFLK�;�<��;�<��

4EFP�QEBPFP�CL@RPBP�LK�QEB�RQFIFP>QFLK�LC�?>QQBOV�PQLO>DB�PVPQBJP��"33	�FK�?RFIAFKDP�LC�AFCCBOBKQ�
ABPFDK�@E>O>@QBOFPQF@P��KLQ�LKIV�CLO�QEB�?RFIAFKDP�QL�JBBQ�QEBFO�IL@>I�?RFIAFKD�IL>AP�QEOLRDE�QFJB
PEFCQFKD�?RQ�>IPL�QL�BUMLOQ�BIB@QOF@FQV�?>@H�QL�QEB�DOFA��!P�AFCCBOBKQ�LMBO>QFLKP�@>K�?B�CLIILTBA��
QEOBB�LMBO>QFLK>I�AFPM>Q@E�PQO>QBDFBP�E>SB�?BBK�>ALMQBA�>KA�@LKPBNRBKQIV�FJMIBJBKQBA��4EB�
ILKDQBOJ� CFK>K@F>I� FJMIF@>QFLKP�>OB�>IPL�LC� @OFQF@>I� FJMLOQ>K@B�>KA�E>SB�?BBK�BU>JFKBA� FK�
ABQ>FI��

�

1.2�Scope and Aim of the Thesis 
4EB�@ROOBKQ�QEBPFP�FKSLISBP�KLKALJBPQF@�?RFIAFKDP�TELPB�BKBODV�ABJ>KA�FP�JBQ�BU@IRPFSBIV�
?V�BIB@QOF@FQV��4EBOBCLOB��OBPFABKQF>I�?RFIAFKDP�>KA�BKBODV�PVPQBJP�TEF@E�ORK�LK�CLPPFI�CRBI��B�D��
K>QRO>I� D>P� ?LFIBOP	� >OB� LRQPFAB� QEB� P@LMB� LC� QEB� QEBPFP�� %IB@QOF@>I� PQLO>DB� PVPQBJP� >OB�
@LKPFABOBA�CLO�QEB�KBBAP�LC�QEB�MOLGB@Q�>KA�JLOB�PMB@FCF@>IIV��?>QQBOV�PQLO>DB�E>P�?BBK�@ELPBK�
ARB�QL�FQP�EFDE�BKBODV�@LKQBKQ�>KA�QEBFO�?RFIAFKDTFPB�PFWB�PRFQ>?FIFQV���

4EB� >FJ� LC� QEFP� OBPB>O@E� FP� QL� FKSBPQFD>QB�� BS>IR>QB� >KA� @LJM>OB� QEB� FJM>@Q� LC� >� DOFA
connected building’s design characteristics on its ability to participate in energy arbitrage 

P@EBJBP� ?V� RPFKD� ?>QQBOV� PQLO>DB�� RKABO� 240� @LKAFQFLKP�� 4EB� QEBPFP� E>P� QEB� CLIILTFKD�
L?GB@QFSBP��

�
��� $BSBILM� >� QB@EKLB@LKLJF@� ?>QQBOV� PQLO>DB� >O?FQO>DB� JLABI� CLO� KLKALJBPQF@�
?RFIAFKDP�QE>Q�TFII�BK>?IB�QEBJ�QL�OBPMLKA�AVK>JF@>IIV�QL�OB>IQFJB�BIB@QOF@FQV�MOF@BP��
PEFCQ�QEBFO�IL>AP�>KA�BUMLOQ�BIB@QOF@FQV�?>@H�QL�QEB�DOFA��
�

��� )KSBPQFD>QB� ELT� QEB� >O?FQO>DB� LMBO>QFLK� LC� ?RFIAFKDP� FP� >CCB@QBA� ?V� QEBFO� ABPFDK�
M>O>JBQBOP� >KA� ABCFKB� QEB� JLPQ� >MMOLMOF>QB� ?RFIAFKD� ABPFDK� CLO� "33BK>?IBA�
>O?FQO>DB��
�

��� #LKAR@Q�>�@LPQ?BKBCFQ�>K>IVPFP��#"!	�QL�>PPBPP�B@LKLJF@>IIV�QEB�@LPQBCCB@QFSBKBPP�
LC� QEB� PRDDBPQBA� P@EBJB�� @LKPFABOFKD� ?LQE� @ROOBKQ� >KA� CRQROB� @>MFQ>I� @LPQP�� >KA�
PRDDBPQ� >� CFK>K@F>I� JB@E>KFPJ� QL� OBT>OA� ?RFIAFKDP� CLO� QEBFO� M>OQF@FM>QFLK� FKQL� QEB�
P@EBJB��
�



��
�

1.3 Thesis outline 
4EB�@ROOBKQ� @E>MQBO� MOLSFABP� PLJB�?>@HDOLRKA� FKCLOJ>QFLK�>KA� QEB�JLQFS>QFLK�?BEFKA� QEB�
MOLGB@Q�>P�TBII�>P�FQP�>FJ�>KA�L?GB@QFSBP��4EB�OBJ>FKABO�LC�QEB�QEBPFP�FP�PQOR@QROBA�>P�CLIILTP��

Chapter 2 -��,FQBO>QROB�2BSFBT�

4EFP� @E>MQBO� @LKPFPQP� LC� CLRO� PR?@E>MQBOP� >KA� MOLSFABP� >� IFQBO>QROB� OBSFBT� >KA�
?>@HDOLRKA�FKCLOJ>QFLK�LK�QEB�BKBODV�KBQTLOH��QEB�BIB@QOF@>I�DOFA��BKBODV�PQLO>DB�>KA�
CFK>IIV�BKBODV�FK�QEB�?RFIAFKD�PB@QLO���

Chapter 3�–�-BQELALILDV�

4EB�JBQELALILDV�@E>MQBO�MOBPBKQP�ABQ>FIBA�FKCLOJ>QFLK��AL@RJBKQ>QFLK��>PPRJMQFLKP�
>KA�CLOJRI>B�RPBA�CLO�QEB�@OB>QFLK�LC�QEB�?RFIAFKD�JLABIP��OB>IQFJB�BIB@QOF@FQV�MOF@BP�
>KA�QEB�PQLO>DB�>O?FQO>DB�>IDLOFQEJ��!AAFQFLK>IIV��FQ�BUMI>FKP�QEB�@OFQBOF>�?>PBA�LK�TEF@E�
PBIB@QBA� ?RFIAFKDP� >OB� @ELPBK� CLO� CROQEBO� FKSBPQFD>QFLK� >KA� FK@IRABP� QEB� PBKPFQFSFQV�
>K>IVPFP�M>O>JBQBOP��

Chapter 4�–�"RFIAFKD�3FJRI>QFLK�2BPRIQP�

)K�QEFP�@E>MQBO��QEB�OBPRIQP�COLJ�QEB�?RFIAFKD�BKBODV�PFJRI>QFLKP�>OB�MOBPBKQBA�FK�QBOJP�
LC� QEBFO� BIB@QOF@>I� IL>AP� >KA� QEBOJ>I� @LJCLOQ� >CQBO� >� ?OFBC� ABJLKPQO>QFLK� LC� QEB�
PFJRI>QFLKP�LRQMRQ��

Chapter 5�–�!O?FQO>DB�2BPRIQP�

4EB�>O?FQO>DB�OBPRIQP�>OB�MOBPBKQBA��RPFKD������240�BIB@QOF@FQV�A>Q>��CL@RPFKD�LK�QEB�
FJM>@Q�LC�QEB�FKAFSFAR>I�?RFIAFKD�ABPFDK�@E>O>@QBOFPQF@P�LK�QEB�>O?FQO>DB�MBOCLOJ>K@B��
!CQBO� >� PRJJ>OV� LC� QEB� @E>MQBO�� QEB� PBIB@QFLK� LC� QEB� ?RFIAFKD� @>PBP� QL� ?B� RPBA� FK�
#E>MQBO���FP�AFP@RPPBA��

Chapter 6�–�3BKPFQFSFQV�!K>IVPFP�

!� QLQ>I� LC� �� M>O>JBQBOP� >OB� FKSBPQFD>QBA� FK� QEB� PBKPFQFSFQV� >K>IVPFP� QL� BS>IR>QB� QEBFO�
FJM>@Q�LK�QEB�>O?FQO>DB�OBPRIQP�LC�QEB�MOBSFLRP�@E>MQBO��4EBPB�FK@IRAB�PBSBO>I�?>QQBOV�
>KA�FKSBOQBO�@>M>@FQV�PFWBP��240�A>Q>�CLO�������AFCCBOBKQ�TB>QEBO�A>Q>�BQ@��

Chapter 7�–�#LPQ"BKBCFQ�!K>IVPFP�

4EFP�@E>MQBO�FKSBPQFD>QBP�QEB�@LPQBCCB@QFSBKBPP�LC�QEB�>O?FQO>DB�P@EBJBP�CLO�>���VB>O�
MBOFLA�TEFIB�MOLMLPFKD�>�CFK>K@F>I�OBT>OA�CLO�QEB�?RFIAFKDP��CLO�>���VB>O�MBOFLA��!�@>PB�
PQRAV�FP�FK@IRABA�@LJM>OFKD�QEB�B@LKLJF@P�?BQTBBK�>���VB>O�>KA�>���VB>O�MBOFLA��

Chapter 8�–�3RJJ>OV�>KA�#LK@IRPFLKP�

4EFP�@E>MQBO�PRJJ>OFPBP�QEB�QEBPFP��MOBPBKQP�FQP�@LK@IRPFLKP�>KA�J>HBP�PRDDBPQFLKP�
CLO�CROQEBO�TLOH��

�

�
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2. Literature Review 

2.1 Energy Network Challenges 
������#ROOBKQ�PQ>QRP�FK�%ROLMB�
%KBODV�FP�LC�CRKA>JBKQ>I�FJMLOQ>K@B�CLO�QEB�TBII?BFKD�LC�PL@FBQV��FKARPQOV�>KA�B@LKLJV�>KA�
QEBOBCLOB� JRPQ� ?B� P>CB�� PB@ROB�� PRPQ>FK>?IB� >KA� >CCLOA>?IB�� !@@LOAFKD� QL� QEB� %ROLMB>K�
#LJJFPPFLK�� QEB� BUFPQFKD� BKBODV� PVPQBJP� FK� %ROLMB�TFII� OBNRFOB� AB@>ABP� FK� LOABO� QL� PEFCQ�
QLT>OAP� EFDEBO� IBSBIP� LC� PRPQ>FK>?FIFQV� >KA� PB@ROFQV� ;��<�� 'IL?>I� T>OJFKD� >KA� QEB�
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FP�DOLTFKD�>KA�BKBODV�ABJ>KA�FP�BUMB@QBA�QL�FK@OB>PB�;��<��FQ�?B@LJBP�FK@OB>PFKDIV�AFCCF@RIQ�
>KA�BUMBKPFSB�QL�FABKQFCV�>KA�BUMILFQ�@LKSBKQFLK>I�BKBODV�PLRO@BP�QE>Q�BUFPQ�FK�IFJFQBA�>JLRKQP�
>KA�RKOB>@E>?IB�IL@>QFLKP��)K�QEFP�AFOB@QFLK��2%3�>OB�@LKPFABOBA�QL�MI>V�>�J>GLO�OLIB�FK�QEB�
BKBODV�MLIF@V�LC� QEB�%ROLMB>K�5KFLK��%5	�>P�QEBV�E>SB�QEB�@>M>@FQV�QL�@LSBO�>K� FJMLOQ>KQ�
M>OQ�LC�QEB�%ROLMB>K�BKBODV�ABJ>KA��OBAR@B�QEB�ABMBKABK@B�LK�CLPPFI�CRBIP��PR@E�>P�@L>I��LFI�
>KA�K>QRO>I�D>P	�>KA�ABSBILM�>�PRPQ>FK>?IB�BKBODV�PB@QLO�>KA� QEB�B@LKLJV� FK�DBKBO>I��!�
@LJJLK�MLIF@V�>KA�SFPFLK�OBD>OAFKD�QEB�%5�BKBODV�PRMMIV�FP�LC�CRKA>JBKQ>I� FJMLOQ>K@B�QL�
>@EFBSB�QEB�QO>KPFQFLK�QL�>K�BKBODV�PVPQBJ�TFQE�>�EFDEBO�2%3�MOLMLOQFLK��CLO�>II�JBJ?BO�PQ>QBP�
;��<��

!@@LOAFKD� QL� %ROLPQ>Q� ;��<� >KA� OBD>OAFKD� QEB� CFK>I� BKBODV� @LKPRJMQFLK� ?V� CRBI� FK� %5����
?BQTBBK� ����� >KA� ������ %5� @LRKQOFBP� >OB� DO>AR>IIV� >?>KALKFKD� PLIFA� CLPPFI� CRBIP� TELPB�
RP>DB�AOLMMBA�COLJ�������QL�������-QLB��?BQTBBK������>KA�������&LO�QEB�P>JB�VB>OP��LFI�
>KA�MBQOLIBRJ�MOLAR@QP�P>T�MBOFLAP�LC�?LQE�FK@OB>PFKD�>KA�AB@OB>PFKD�RP>DB��?RQ�QEBV�TBOB�
OBAR@BA� COLJ�������� QL� �������-QLB��/K� QEB�LQEBO� E>KA�� BIB@QOF@FQV� OB@BFSBA� >� PFDKFCF@>KQ�
FK@OB>PB�COLJ��������QL��������-QLB��@LKPQFQRQFKD�QEB�PB@LKA�JLPQ�@LKPRJBA�CRBI�>CQBO�LFI�
>KA�MBQOLIBRJ�MOLAR@QP��.>QRO>I�D>P�OBJ>FKBA�>K�FJMLOQ>KQ�CRBI�QEOLRDELRQ�QEB�VB>OP��?RQ�FQP�
RP>DB�AOLMMBA�?BQTBBK������–������>KA�KLT�L@@RMFBP�J>ODFK>IIV�QEB�QEFOA�MI>@B��&FK>IIV��>P�
OBKBT>?IBP�>KA�?FLCRBIP�E>SB�?B@LJB�JLOB�MLMRI>O��QEBFO�PE>OB�FK@OB>PBA�PFDKFCF@>KQIV�COLJ�
������QL��������-QLB��)Q�PELRIA�?B�KLQBA�QE>Q�QEB�MOBSFLRPIV�JBKQFLKBA�CFDROBP�AL�KLQ�FK@IRAB�
KR@IB>O�BKBODV�TEF@E�FP�@LKPFABOBA�QL�?B�M>OQ�LC�QEB�QLQ>I�BKBODV�PRMMIV��>IPL�HKLTK�>P�MOFJ>OV�
BKBODV��

#LK@BOKFKD�QEB�FKPQ>IIBA�BIB@QOF@>I�@>M>@FQV�MBO�CRBI�FK�QEB�%5����QEOBB�J>FK�L?PBOS>QFLKP�@>K�
?B�J>AB�RPFKD�A>Q>�COLJ�;��<���

•� 4EB�QLQ>I�FKPQ>IIBA�BIB@QOF@>I�@>M>@FQV�DOBT�COLJ��������QL��������'7�?BQTBBK������
>KA� ������ >K� FK@OB>PB� LC� >MMOLUFJ>QBIV� ����� 4EFP� ABJLKPQO>QBP� QEB� DOLTFKD�
FJMLOQ>K@B�LC�QEB�BIB@QOF@FQV�FKCO>PQOR@QROB�>KA�QEBOBCLOB�BIB@QOF@FQV�>P�>�CRBI��
�

•� )K�PMFQB�LC�>�@LKQFKRLRP� FK@OB>PB� CLO����VB>OP�>KA�E>SFKD� OB>@EBA�>�MB>H�S>IRB�LC�
������� '7� FK� ������ QEB� @>M>@FQV� LC� QEB� @LKSBKQFLK>I� @LJ?RPQF?IB� CRBIP� E>P� ?BBK�
DBKBO>IIV�AB@OB>PFKD�PFK@B�QEBK��OB>@EFKD��������'7�FK�������
�

•� 4EB�2%3�@>M>@FQV�LC�QEB�BIB@QOF@>I�KBQTLOH�DOBT�RKFKQBOORMQBAIV�COLJ��������'7�FK�
����� QL� �������'7� FK� ������ 4EBFO� OB@BKQ� MLMRI>OFQV� @>K� ?B� PBBK�JLOB� @IB>OIV� ?V�
@LJM>OFKD�QEBFO�OBPMB@QFSB�@>M>@FQFBP�?BQTBBK������>KA�������-LOB�PMB@FCF@>IIV��CLO�
QEB�MBOFLA�FK�NRBPQFLK��QEB�@>M>@FQV�LC�TFKA�MLTBO�FK@OB>PBA�PFDKFCF@>KQIV�COLJ�������QL�
�������'7�TEFIB�PLI>O�MELQLSLIQ>F@�MLTBO�TBKQ�RM�COLJ������'7�QL��������'7��
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4EB�5+�DLSBOKJBKQ�MOBPBKQP� QEB�BKBODV�@LKPRJMQFLK�LC� QEB�@LRKQOV�MBO�PB@QLO��MOLSFAFKD�
A>Q>�CLO�QEB�ALJBPQF@��PBOSF@BP��FKARPQOF>I�>KA�QEB�QO>KPMLOQ�PB@QLO��7EFIB�JLPQ�LC�QEB�>OB>P�
@LSBOBA�>OB�PBICABCFKFKD��FQ�PELRIA�?B�KLQBA�QE>Q�PBOSF@BP�FK@IRAB�QEOBB�PR?PB@QLOP�>KA�JLOB�
PMB@FCF@>IIV�@LJJBO@F>I��MR?IF@�>AJFKFPQO>QFLK�>KA�>DOF@RIQROB��&FDROB�����T>P�@LJMFIBA�RPFKD�
A>Q>�MOLSFABA�?V�QEB�$BM>OQJBKQ�CLO�"RPFKBPP��%KBODV�>KA�)KARPQOF>I�3QO>QBDV��$"%)3	��4EB�
QLQ>I� CFK>I�BKBODV�@LKPRJMQFLK�AB@OB>PBA�COLJ���������QL��������-QLB�?BQTBBK������>KA�
������)K�?LQE�QEB�VB>OP������>KA�������QEB�JLPQ�MLMRI>O�CRBIP�TBOB�MBQOLIBRJ��K>QRO>I�D>P�
>KA�BIB@QOF@FQV�FK�ABP@BKAFKD�LOABO��E>SFKD�E>A�OB@BFSBA�CIR@QR>QFLKP�AROFKD�QE>Q�MBOFLA�;��<��
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Figure 2.1�–�5+�&FK>I�%KBODV�#LKPRJMQFLK�������–�����	�

)Q�FP�@IB>O�QE>Q�?BQTBBK������>KA�������QEB�FKARPQOF>I�PB@QLO�E>P�PBBK�>�PFDKFCF@>KQ�AB@IFKB�COLJ�
������ QL� ������ -QLB�� @LKPRJFKD� KLT� GRPQ� ����� -QLB� JLOB� QE>K� PBOSF@BP�� 4EFP� @IB>OIV�
ABJLKPQO>QBP�>�PFDKFCF@>KQ�PEFCQ� FK� QEB�5+�B@LKLJV�COLJ�QEB� FKARPQOV� QLT>OAP� QEB�PBOSF@BP�
PB@QLO�� .>QRO>I� D>P� RP>DB� E>P� OBJ>FKBA� OBI>QFSBIV� @LKPQ>KQ� FK� QEB� ALJBPQF@� >KA� PBOSF@BP�
PB@QLOP�TFQE�LKIV�>�JFKLO�FK@OB>PB�TEFIB�BIB@QOF@FQV�>IPL�OB@BFSBA�>�PJ>II�OFPB��COLJ������QL������
-QLB�FK�QEB�ALJBPQF@�PB@QLO�>KA�COLJ������QL������-QLB�FK�PBOSF@BP��)Q�PELRIA�?B�MLFKQBA�LRQ�
QE>Q�FK�������BIB@QOF@FQV�T>P�QEB�PB@LKA�JLPQ�RPBA�CRBI�FK�>II�PB@QLOP�?RQ�QO>KPMLOQ��!P�FQP�RP>DB�
FP�FKPFDKFCF@>KQ�FK�QO>KPMLOQ��TEBK�@LJM>OBA�QL�MBQOLIBRJ��FQ�L@@RMFBP�QEB�MLPFQFLK�LC�QEB�QEFOA�
JLPQ�RPBA�CRBI��LSBO>II�;��<��

2BD>OAFKD�QEB�BIB@QOF@>I�@>M>@FQV�LC�QEB�5+�>KA�QEB�K>QROB�LC�FQP�@LJMLKBKQP�?BQTBBK������–�
������TEFIB�QEB�QLQ>I�@>M>@FQV�E>P�CIR@QR>QBA�QEOLRDELRQ�QEB�VB>OP�>KA�OB>@EBA�>�MB>H�S>IRB�
LC�������'7�FK�������QEBOB�E>SB�?BBK�PLJB�CIR@QR>QFLKP�PFK@B��OB>@EFKD�������'7�FK�������
4EB� @LKSBKQFLK>I� PQB>J� PQ>QFLKP� E>SB� PBBK� QEBFO� MLMRI>OFQV� PFDKFCF@>KQIV� AB@OB>PFKD� COLJ�
37,058 to 16,334 MW, clearly signalling the country’s shift away from traditional fossilCRBI�
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MLTBOBA� PQB>J� QRO?FKBP�� !Q� QEB� P>JB� QFJB�� TFKA�� PLI>O� >KA� LQEBO� OBKBT>?IBP� E>SB� ?BBK�
FK@OB>PFKD�QEBFO�@LKQOF?RQFLK�PFDKFCF@>KQIV��>ILKD�TFQE�QEB�@LJ?FKBA�@V@IB�D>P�QRO?FKB�PQ>QFLKP��
(VAOLBIB@QOF@��MRJMBA�EVAOL�>KA�KR@IB>O�MLTBO�PQ>QFLKP�E>SB�J>FKQ>FKBA�QEBFO�MLPFQFLK�FK�QEB�
BKBODV�JFU�TFQELRQ�>KV�J>GLO�@E>KDBP��/K�QEB�LQEBO�E>KA��TFKA�>KA�PLI>O�BKBODV�J>K>DBA�
QL�E>SB�>�@LJ?FKBA�@>M>@FQV�LC�JLOB�QE>K���'7��CLO�QEB�CFOPQ�QFJB��FK�������4TBISB�VB>OP�I>QBO��
QEBFO�@>M>@FQV�PFDKFCF@>KQIV�FK@OB>PBA�QL�������'7��4EB�@>M>@FQV�LC�LQEBO�OBKBT>?IB�PLRO@BP�
�?FLBKBODV��T>SB�>KA�QFA>I	�>IPL�TBKQ�RM�PFDKFCF@>KQIV��COLJ������'7�FK������QL������'7��FK�
�����;��<��

)Q�FP�QEBOBCLOB�@IB>O�QE>Q�TEFIB�QEB�BU>@Q�KRJ?BOP�S>OV��QEBOB�>OB�PFJFI>OFQFBP�FK�QEB�%ROLMB>K�
>KA�5+�BKBODV�PVPQBJ��0BQOLIBRJ�ALJFK>QBP�QEB�QO>KPMLOQ�PB@QLO��BIB@QOF@FQV�>KA�K>QRO>I�D>P�
@LKPQFQRQB�QEB�JLPQ�MLMRI>O�CRBIP�CLO�QEB�OBPQ�LC�QEB�PB@QLOP��!Q�QEB�P>JB�QFJB��2%3�MI>V�>K�
FK@OB>PFKDIV�FJMLOQ>KQ�OLIB�>P�M>OQ�LC�QEB�BIB@QOF@>I�DOFA�TFQE�PLIFA�CLPPFI�CRBIP�?BFKD�DO>AR>IIV�
ME>PBA�LRQ��!Q�QEB�%ROLMB>K�IBSBI��BIB@QOF@FQV�FP�KLT�QEB�PB@LKA�JLPQ�RPBA�CRBI�LSBO>II��>CQBO�
@>Q@EFKD�RM�TFQE�K>QRO>I�D>P��

������,BDFPI>QFLK�
!J?FQFLRP�MLIF@V�AB@FPFLKP�>OB�SFQ>I�QL�>@EFBSB�>�CRK@QFLKFKD�>KA�@LJMBQFQFSB�BKBODV�J>OHBQ�FK�
%ROLMB��4EB�BKBODV�MLIF@V�LC�QEB�%5�BPQ>?IFPEBA�QEB�@LKQFKRLRP�MEVPF@>I�>S>FI>?FIFQV�LC�BKBODV�
MOLAR@QP�>KA�PBOSF@BP��>Q�>K�>CCLOA>?IB�MOF@B��>P�>�@LJJLK�L?GB@QFSB�LC�FQP�JBJ?BO�PQ>QBP��
4EB�PFDKFCF@>K@B�LC�BKBODV�OBI>QBA�BJFPPFLKP�FP�>IPL�EFDEIFDEQBA�;��<���

!Q�QEB�P>JB�QFJB��QEB�?>PF@�BKBODV�MLIF@V�DL>IP�FK@IRAB�PB@ROFQV�LC�PRMMIV��@LJMBQFQFSBKBPP�
>KA�PRPQ>FK>?FIFQV�>P�JBKQFLKBA�FK�QEB�,FP?LK�4OB>QV�QE>Q�BKQBOBA�FKQL�CLO@B�LK������;��<��4EB�
QOB>QV�>IPL�MOLJLQBP�QEB�FKQBO@LKKB@QFLK�LC�BKBODV�KBQTLOHP��BKBODV�BCCF@FBK@V�>KA�P>SFKDP�
>P� TBII� >P� QEB� RQFIFP>QFLK� LC� 2%3�� 4EFP� BKBODV� MLIF@V� FP� OBCIB@QBA� FK� %ROLMB>K� >KA� "OFQFPE�
IBDFPI>QFLK�TEF@E�>ALMQBA�BKBODV�>KA�@IFJ>QB�@E>KDB�L?GB@QFSBP��

•� 7FQE�QEB�#IFJ>QB�#E>KDB�!@Q�������QEB�5+�?B@>JB�QEB�CFOPQ�PQ>QB�FK�QEB�TLOIA�QL�PBQ�
IBD>IIV� ?FKAFKD� Q>ODBQP� QL� @LJ?>Q� @IFJ>QB� @E>KDB�� -LOB� PMB@FCF@>IIV�� QEB� 5+�
'LSBOKJBKQ�E>P�QL�BKPROB�QE>Q�QEB�KBQ�BJFPPFLKP�LC�DOBBKELRPB�D>PBP��'('	�CLO�QEB�
VB>O������>OB�>Q�IB>PQ������ILTBO�QE>K�QEB������?>PBIFKBP�;��<��;��<��
�

•� 4EB�2BKBT>?IB�%KBODV�$FOB@QFSB���������%#�MOLJLQBA�QEB�RPB�LC�2%3�?V�PBQQFKD�>�
J>KA>QLOV� Q>ODBQ� LC� ���� LC� BKBODV� LOFDFK>QFKD� COLJ� 2%3� FK� QEB� QLQ>I� %5� BKBODV�
@LKPRJMQFLK� >KA� >� ���� Q>ODBQ� FK� QEB� QO>KPMLOQ� PB@QLO�� ?V� ������ !@@LOAFKD� QL� QEB�
AFOB@QFSB��PRMMLOQ�JRPQ�?B�DFSBK�QL�AB@BKQO>IFPBA�2%3�QB@EKLILDFBP�>KA�IL@>I�BKBODV�
PB@ROFQV�TEFIB�QEB�ABSBILMJBKQ�LC�OBKBT>?IB�BKBODV�>KA�FK@OB>PBA�BKBODV�BCCF@FBK@V�
PELRIA� @LKPQFQRQB� QTL� FKQBO@LKKB@QBA� M>O>JBQBOP� ;��<�� 5KABO� QEB� OBSFPBA� AFOB@QFSB�
����������%5��>�EFDEBO�?FKAFKD�OBKBT>?IB�BKBODV�Q>ODBQ�LC�����RKQFI������@>JB�FKQL�
BCCB@Q�;��<��
�

•� 4EB� %ROLMB>K� AFOB@QFSB� LK� QEB� BKBODV� MBOCLOJ>K@B� LC� ?RFIAFKDP� ���������%5	�
OB@LDKFPBA�QEB�FJMLOQ>K@B�LC�QEB�BUM>KAFKD�?RFIAFKD�PB@QLO�>P�FQ�@LKPRJBA�����LC�QEB�
QLQ>I� BKBODV� @LKPRJMQFLK� FK� QEB� 5KFLK�� 0OFLOFQV� T>P� DFSBK� QLT>OAP� OBAR@FKD� >KA�
J>K>DFKD� ?RFIAFKD� ABJ>KA� TEFIPQ� IL@>I� >KA� @IFJ>QF@� @LKAFQFLKP� TBOB� Q>HBK� FKQL�
@LKPFABO>QFLK��4EB�FKAFSFAR>I�JBJ?BO�PQ>QBP�>OB�OBPMLKPF?IB�LC�PBQQFKD�QEB�JFKFJRJ�
OBNRFOBJBKQP�CLO�QEB�BKBODV�MBOCLOJ>K@B�LC�?LQE�KBT�>KA�BUFPQFKD�?RFIAFKDP�;��<��
�

•� 4EB�%KBODV�%CCF@FBK@V�$FOB@QFSB���������%5�FKQOLAR@BA�>�IBD>IIV�?FKAFKD�Q>ODBQ�LC������
OBD>OAFKD�QEB�BKBODV�BCCF@FBK@V�FJMOLSBJBKQ�LC�QEB�%5�JBJ?BO�PQ>QBP�?V�������4EB�
JB>PROBP� QL� >@EFBSB� QEB� J>KA>QLOV� Q>ODBQ� FK@IRABA� ?RFIAFKD� OBKLS>QFLK�� BKBODV�
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BCCF@FBK@V�L?IFD>QFLK�P@EBJBP��BKBODV�>RAFQP�>KA�BKBODV�J>K>DBJBKQ��&ROQEBOJLOB��
PMB@F>I�CL@RP�T>P�DFSBK�LK�EB>QFKD�>KA�@LLIFKD�BCCF@FBK@V��?RFIAFKD�OBKLS>QFLK��BKBODV�
QO>KPCLOJ>QFLK�>P�TBII�>P�QO>KPJFPPFLK�>KA�AFPQOF?RQFLK�;��<��;��<��

������"RFIAFKDP�
4EB� ?RFIAFKDP� >KA� @LKPQOR@QFLK� PB@QLO� TBOB� OBPMLKPF?IB� CLO� ���� LC� QEB� CFK>I� BKBODV�
@LKPRJMQFLK�>KA�����LC�BKBODV�>KA�MOL@BPPOBI>QBA�#/��BJFPPFLKP��FK�������&ROQEBOJLOB��
QEB�TLOIATFAB�BJFPPFLKP�COLJ�QEB�?RFIAFKD�PB@QLO�OB>@EBA�>�OB@LOA�S>IRB�FK�QEB�P>JB�VB>O��
���EFDEBO�QE>K������;��<��2BD>OAFKD�QEB�?OB>HALTK�LC�?RFIAFKDP�>KA�QEB�@LKPQOR@QFLK�PB@QLO�
FK� QBOJP� LC� QEB� CFK>I� BKBODV� @LKPRJMQFLK�� OBPFABKQF>I� >KA� KLKOBPFABKQF>I� ?RFIAFKDP� TBOB�
OBPMLKPF?IB�CLO�����>KA����LC�QEB�PB@QLO��OBPMB@QFSBIV��QO>KPMLOQ�>@@LRKQBA�CLO�����>KA�QEB�
@LKPQOR@QFLK� FKARPQOV� FQPBIC� E>A� >� ��� @LKQOF?RQFLK�� FK� ������ 4EB� BKBODV� RPB� LC� ?RFIAFKDP�
OB>@EBA�QEB�����%*�JFIBPQLKB�S>IRB�FK������>KA�E>P�?BBK�@LKQFKRLRPIV�FK@OB>PFKD�PFK@B�QEBK��
&ROQEBOJLOB��BIB@QOF@FQV�E>P�?BBK�QEB�JLPQ�MLMRI>O�CRBI�QEOLRDELRQ�QEB�MBOFLA�FK�NRBPQFLK��RPBA�
CLO� >MMOLUFJ>QBIV� ���� LC� QEB� ����� BKBODV� @LKPRJMQFLK� >KA� CLIILTBA� ?V� K>QRO>I� D>P� >KA�
?FLJ>PP��-FKLO�CRBI�M>OQF@FM>QFLKP�@>K�>IPL�?B�PBBK�CLO�OBKBT>?IBP��@LJJBO@F>I�EB>Q�>KA�@L>I��
%CCLOQP�QL�FK@OB>PB�BKBODV�BCCF@FBK@V�FK�?RFIAFKDP�E>SB�?BBK�@LKQFKRLRP��ELTBSBO��QEBV�E>SB�
KLQ� ?BBK� PRCCF@FBKQ� >P� QEB� MLMRI>QFLK� E>P� ?BBK� FK@OB>PFKD� >P� TBII�� IB>AFKD� FK� CILLO� >OB>�
BUM>KPFLK�KBBAP�>KA�QEBOBCLOB�FK�>�EFDEBO�LSBO>II�BKBODV�ABJ>KA��3Q>QBP�>OLRKA�QEB�TLOIA�
E>SB� ?BBK� FKQOLAR@FKD� KBT� MLIF@FBP� FK� >K� BCCLOQ� QL� FKKLS>QB�� CROQEBO� FJMOLSB� QEB� BKBODV�
BCCF@FBK@V�LC�QEB�PB@QLO�>KA�?OFKD�QEB�BJFPPFLKP�ALTK�;��<��

�

Figure 2.2�–�5+�&FK>I�%KBODV�#LKPRJMQFLK�?V�PB@QLO�?BQTBBK�����������!A>MQBA�COLJ�
;��<	�

#LK@BOKFKD�QEB�BKBODV�@LKPRJMQFLK�LC�?RFIAFKDP�FK�QEB�5+��$"%)3�AL�KLQ�@I>PPFCV�?RFIAFKDP�
>P�>�PBM>O>QB�PB@QLO��-LOB�PMB@FCF@>IIV��PQ>QFPQF@P�>OB�OBIB>PBA�BSBOV�VB>O�CLO�QEB�$LJBPQF@��
4O>KPMLOQ��)KARPQOV�>KA�3BOSF@BP�PB@QLOP��4EBOBCLOB��OBPFABKQF>I�?RFIAFKDP�@>K�?B�CLRKA�FK�QEB�
ALJBPQF@�PB@QLO�TEFIB�PBOSF@BP�FK@IRAB�@LJJBO@F>I�>KA�MR?IF@�>AJFKFPQO>QFLK�?RFIAFKDP�>P�TBII�
>P� >DOF@RIQROB�� 4EB� CFK>I� BKBODV� @LKPRJMQFLK� ?V� PB@QLO� FK� QEB�5+� FP� PELTK� FK� &FDROB� �����
?BQTBBK�����������)Q�FP�@IB>O�QE>Q�QO>KPMLOQ�E>P�?BBK�IB>AFKD�QEB�@E>OQP�TFQE�QEB�ALJBPQF@�
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PB@QLO� CLIILTFKD� PB@LKA�� E>SFKD� E>A� OB@BFSBA� PBSBO>I� S>OF>QFLKP� QEOLRDELRQ� QEB� VB>OP��
!AAFQFLK>IIV��QEB�BKBODV�@LKPRJMQFLK�FK�QEB�FKARPQOF>I�PB@QLO�E>P�AB@IFKBA�PFDKFCF@>KQIV��COLJ�
������-QLB�FK������QL�������-QLB�FK�������FKAF@>QFKD�QE>Q�QEB�5+�B@LKLJV�E>P�PEFCQBA�>T>V�
COLJ�QEB�FKARPQOV�QL�>�PBOSF@BP?>PBA�B@LKLJV��TFQE�?LQE�PB@QLOP�@LKPRJFKD�>MMOLUFJ>QBIV�
��� -QLB�� FK� ������ #LK@BOKFKD� @LJJBO@F>I� ?RFIAFKDP�� BIB@QOF@FQV� E>P� OB@BFSBA� >� DOLTFKD�
MLMRI>OFQV��ABPMFQB�PLJB�JFKLO�OBAR@QFLKP�QE>Q�E>SB�Q>HBK�MI>@B�PFK@B�������>KA�OBJ>FKP�QEB�
JLPQ�MLMRI>O�CRBI�>CQBO�PROM>PPFKD�K>QRO>I�D>P�FK�������4EB�OBSBOPB�QOBKAP�@>K�?B�CLRKA�CLO�
QEB� MR?IF@� >AJFKFPQO>QFLK� PR?PB@QLO� TFQE� K>QRO>I� D>P� IB>AFKD� QEB� CFDROBP� PFK@B� ����� >KA�
BIB@QOF@FQV� CLIILTFKD� PB@LKA�� PFK@B� PROM>PPFKD� MBQOLIBRJ� FK� ������ &FK>IIV�� OBD>OAFKD� QEB�
ALJBPQF@�PB@QLO��K>QRO>I�D>P�FP�@LKPFABOBA�QEB�RKAFPMRQBA�IB>ABO�TFQE�>�@LKPRJMQFLK�LC��������
HQLB�����	� FK������TEFIB�������HQLB�����	�TBOB�>QQOF?RQBA� QL�BIB@QOF@FQV�� CLO� QEB�P>JB�VB>O�
;��<��;��<��

$FCCBOBKQ�KRJ?BOP�@>K�?B�CLRKA�FK�QEB�IFQBO>QROB�CLO�QEB�BKBODVOBI>QBA�>@QFSFQFBP�LC�QEB�?RFIAFKD�
PB@QLO��!@@LOAFKD�QL� ;��<�� QEB�PB@QLO� FP� OBPMLKPF?IB� CLO� QEB����–�����LC�QEB�MOFJ>OV�BKBODV�
@LKPRJMQFLK�FK�ABSBILMBA�@LRKQOFBP�TEFIB�QEB�OBPMB@QFSB�S>IRBP�CLO�ABSBILMFKD�@LRKQOFBP�AOLM�
QL����–������)K�QEB�5KFQBA�PQ>QBP�LC�!JBOF@>��53!	��?RFIAFKDP�>@@LRKQ�CLO�����LC�QEB�MOFJ>OV�
BKBODV�@LKPRJMQFLK�>KA�@LKPBNRBKQIV�CLO�����LC�QEB�QLQ>I�@>O?LK�AFLUFAB�BJFPPFLKP��E>IC�LC�
TEF@E�Q>HB�MI>@B�FK�QEB�ALJBPQF@�PB@QLO������>KA������OBPMB@QFSBIV	���

!P�EFDEIFDEQBA�?V�;��<�>KA�JBKQFLKBA�>?LSB��OBD>OAFKD�QEBFO�@I>PPFCF@>QFLK�?V�$"%)3��?RFIAFKDP�
>OB�KLQ�RPR>IIV�OB@LDKFPBA�>P�>�PBM>O>QB�PB@QLO�?V�BKBODV�>DBK@FBP�>KA�LOD>KFP>QFLKP�>KA�
QEBOBCLOB�QEBFO�BKBODV�@LKPRJMQFLK�@>K�?B�>MMOLUFJ>QBA�?V�>DDOBD>QFKD�@BOQ>FK�PR?PB@QLOP��
7EFIB� QEFP� JBQELALILDF@>I� LAAFQV� E>P� OBPRIQBA� FK� FK>@@RO>QB� BPQFJ>QFLKP� QLT>OAP� QEB�
quantification of the buildings’ final energy consumption, it is clear that buildings and their 

PBSBO>I� QVMBP�>OB� OBPMLKPF?IB� CLO�>�J>GLO�PIF@B�� FK� QEB�BKBODV�@LKPRJMQFLK�MFB�� )K� QEB�%5��
BKBODV�@LKPRJMQFLK�LC�QEB�?RFIAFKD�PB@QLO�E>P�FK@OB>PBA�LSBO>II�?V����MBO�>KKRJ�PFK@B������
>KA�JLOB�PMB@FCF@>IIV�������MBO�>KKRJ�CLO�KLKOBPFABKQF>I�?RFIAFKDP�>KA������CLO�ATBIIFKDP��
#LJJBO@F>I� ?RFIAFKDP� FK� QEB� 53!� are responsible for 46% of the entire sector’s energy 

@LKPRJMQFLK��TFQE�����LC�QEFP�@LKPRJMQFLK�LOFDFK>QFKD�COLJ�BIB@QOF@FQV��)Q�FP�>IPL�MLFKQBA�LRQ�
QE>Q�BKARPBP�LC�BKBODV�FK�@LJJBO@F>I�?RFIAFKDP�S>OV�PFDKFCF@>KQIV�ABMBKAFKD�LK�QEB�IL@>QFLK��
B�D��FK�#EFK>��QEBOB�FP�>�CL@RP�LK�IFDEQFKD�>KA�LCCF@B�BNRFMJBKQ�IL>AP�TEFIB�EB>QFKD��SBKQFI>QFLK�
>KA� >FO@LKAFQFLKFKD� �(6!#	� >MMIF@>QFLKP�� BPMB@F>IIV� PM>@B� EB>QFKD� >KA� @LLIFKD�� >OB�JLOB�
FJMLOQ>KQ�FK�QEB�53!��

)Q�FP�BPQFJ>QBA�QE>Q�KLKALJBPQF@�?RFIAFKDP�@LKQOF?RQB�QLT>OAP�����LC�QEB�%ROLMB>K�?RFIAFKD�
stock’s energy consumption while the wide variety of the activities taking place result in a 

EFDEIV�EBQBOLDBKBLRP�?RFIAFKD�PB@QLO��BPMB@F>IIV�TEBK�@LJM>OBA�TFQE� QEB�ALJBPQF@�PB@QLO��
!AAFQFLK>IIV��QEBV�@LKPRJB�����JLOB�BIB@QOF@FQV�FK�H7E�J��QE>K�ALJBPQF@�?RFIAFKDP�TFQE�QEB�
MBO@BKQ>DB�S>OVFKD�DBLDO>MEF@>IIV�>P�AFCCBOBKQ�S>IRBP�@>K�?B�CLRKA�FK�%5�@LRKQOFBP�;�<��

,F� BQ� >I�� ;��<� EFDEIFDEQBA� QEB� PFDKFCF@>K@B�LC� QEB�?RFIAFKD� PB@QLO� >P�>�HBV� @LJMLKBKQ�LC� QEB�
energy system and the total energy use, globally. The sector’s final energy consumption is 

BPQFJ>QBA�>OLRKA�����TLOIATFAB��TFQE�MBO@BKQ>DBP�S>OVFKD�OBDFLK>IIV�?BQTBBK����>KA������
@OB>QFKD� @E>IIBKDBP� CLO� PRPQ>FK>?IB� ABSBILMJBKQ� >P� >� OBPRIQ� LC� QEB� FK@OB>PFKD� >JLRKQ� LC�
BJFPPFLKP� >KA�>FO� MLIIRQFLK��!Q� QEB� P>JB� QFJB�� QEB� O>MFA� O>QBP� LC� RO?>KFP>QFLK� >KA� @IFJ>QB�
change have led to a constant growth of the sector’s energy consumption, esMB@F>IIV�QEOLRDE�
QEB�FK@OB>PFKD�QBJMBO>QROBP��BUQOBJB�TB>QEBO�BSBKQP�>KA�QEB�RO?>K�EB>Q�FPI>KA�BCCB@Q��4EB�
authors highlighted the need for a better understanding of buildings’ energy spatiotemporal 

M>QQBOKP� >KA� BKSFOLKJBKQ>I� FJM>@QP�� M>OQF@RI>OIV� CLO� P@FBKQFPQP� >KA� M>OQFBP� FKSLISBA� FK� QEB�
AB@FPFLKmaking process. Moreover, a variety of factors affect the sector’s energy 



��
�

@LKPRJMQFLK�� FK@IRAFKD� >J?FBKQ� QBJMBO>QROB�� ?RFIAFKD� ABPFDK�� L@@RM>KQ� ?BE>SFLRO� >KA�
MBOCLOJ>K@B�LC�QEB�BJ?BAABA�PVPQBJP��PR@E�>P�(6!#�>KA�IFDEQFKD��

(>OMRQIRDFI�BQ�>I��;��<�CL@RPBA�LK�QEB�FKQBO>@QFLK�?BQTBBK�?RFIAFKDP�>KA�L@@RM>KQP�PRMMLOQFKD�
QE>Q�>P�>K�FK@OB>PFKD�>JLRKQ�LC�MBLMIB�PMBKA�QEBFO�QFJB�FKALLOP��QEB�KBBA�QL�OBAR@B�QEB�BKBODV�
ABJ>KA�LC�QEB�?RFIAFKD�PQL@H�FP�getting stronger. It is quoted that “contrary to general belief, 
buildings do not consume energy: people do”, pointing out that occupant behaviour is often 

BFQEBO�FDKLOBA�LO�KLQ�TBIIRKABOPQLLA�>P�>K�BIBJBKQ�LC�QEB�?RFIQ�BKSFOLKJBKQ��4EFP�FP�LC�@OFQF@>I�
importance, especially since occupants can have a significant impact on a building’s energy 

CLLQMOFKQ�QEOLRDE�QEB�(6!#�PVPQBJ�>KA�@LKPBNRBKQIV�>CCB@Q�FQP�QEBOJ>I�MBOCLOJ>K@B��

&FK>IIV��>@@LOAFKD�QL�;��<��@LJJBO@F>I�>KA�FKPQFQRQFLK>I�?RFIAFKDP�>IPL�@>OOV�>�PVJ?LIF@�JB>KFKD�
?V� OBMOBPBKQFKD� QEB� PL@FLB@LKLJF@� PQ>QRP�LC� >KV� @LRKQOV��"BPFABP�?BFKD� OBPMLKPF?IB� CLO� >�
PFDKFCF@>KQ� MLOQFLK� LC� QEB� BKBODV� @LKPRJMQFLK� >KA� QEB� @LKPBNRBKQ� @>O?LK� BJFPPFLKP�� QEB�
?RFIAFKD�PB@QLO�>IPL�@LKPRJBP�����LC�T>QBO�>KA�����LC�QEB�TLOIA�OBPLRO@BP��4EBOBCLOB��FQ�FP�
SFQ>I�QL�FJMOLSB�QEB�BKBODV�BCCF@FBK@V�LC�BUFPQFKD�LMBO>QFLK>I�?RFIAFKDP�>P�>�T>V�QL�JFQFD>QB�QEBFO�
BKSFOLKJBKQ>I� FJM>@Q��)K�QEFP�T>V��QEB�>JLRKQ�LC�MOFJ>OV�BKBODV�OBNRFOBA� FP�OBAR@BA�>ILKD�
TFQE� QEB�#/��emissions. The idea behind improving buildings’ energy efficiency is simple: 

RQFIFPB� PJ>IIBO� >JLRKQP� LC� BKBODV� CLO� QEB� P>JB� LMBO>QFLKP�� PR@E� >P� IFDEQFKD�� EB>QFKD� >KA�
@LLIFKD��TFQELRQ�@LJMOLJFPFKD�QEB�QEBOJ>I�@LJCLOQ�LC�QEB�L@@RM>KQP��,BDFPI>QFLK�>KA�?RFIAFKD�
PQ>KA>OAP� E>SB� CL@RPBA� LK� QEB� @LKPQOR@QFLK� LC� BKBODV� BCCF@FBKQ� >KA� PRPQ>FK>?IB� ?RFIAFKDP��
ELTBSBO��>P�KBT�?RFIAFKDP�@LKPQFQRQB�LKIV�>�PJ>II�MBO@BKQ>DB�LC�QEB�BKQFOB�PB@QLO��M>OQF@RI>OIV�
FK�ABSBILMBA�@LRKQOFBP��FJMOLSFKD�BUFPQFKD�?RFIAFKDP�FP�LC�M>O>JLRKQ�FJMLOQ>K@B��

������%KBODV�4OFIBJJ>�
">@H�FK�������QEB�%ROLMB>K�#LJJFPPFLK�E>A�FABKQFCFBA�FK�FQP�'OBBK�0>MBO�QEB�FJMLOQ>K@B�LC�
>� @LJJLK� %ROLMB>K� BKBODV� PQO>QBDV� QE>Q� PELRIA� E>SB� QEB� QEOBB� J>FK� L?GB@QFSBP� LC�
PRPQ>FK>?FIFQV�� @LJMBQFQFSBKBPP� >KA� PB@ROFQV� LC� PRMMIV�� !Q� QEB� P>JB� QFJB�� QEB� %5�JBJ?BO�
PQ>QBP� TBOB� RODBA� QL� Q>HB� >II� QEB� KB@BPP>OV� >@QFLKP� >P� >� @LKPFABO>?IB� >JLRKQ� LC� QFJB� FP�
OBNRFOBA�QL�?OFKD�FKKLS>QFLK�FK�QEB�BKBODV�PB@QLO�QEOLRDE�>�ILKDQBOJ�@LJJFQJBKQ�;��<��

4LA>V�� BKBODV� PRPQ>FK>?FIFQV� FP� ?>PBA� LK� QEOBB�J>FK� M>O>JBQBOP� >KA�JLOB� PMB@FCF@>IIV� LK�
BKBODV� PB@ROFQV�� BKBODV� BNRFQV� >KA� BKSFOLKJBKQ>I� PRPQ>FK>?FIFQV�� !@@LOAFKD� QL� QEB� 7LOIA�
%KBODV�#LRK@FI��QEBPB�QEOBB�M>O>JBQBOP�@LKPQFQRQB�QEB�BKBODV�QOFIBJJ>��>P�FIIRPQO>QBA�FK�&FDROB�
����� !@EFBSFKD� >II� QEB� BKBODV� QOFIBJJ>� @LJMLKBKQP� FP� >� @LJMIF@>QBA� MOL@BPP� TFQE�
FKQBO@LKKB@QBA� IFKHP� QE>Q� FKSLISB�>�PFDKFCF@>KQ� KRJ?BO�LC� M>OQF@FM>KQP�� FK@IRAFKD�MOFS>QB�>KA�
MR?IF@� BKQFQFBP�� >AJFKFPQO>QFLKP�� OBDRI>QLOP�� PL@FLB@LKLJF@� C>@QLOP� >KA� BKSFOLKJBKQ>I�
@LK@BOKP�� )Q� PELRIA� ?B� Q>HBK� FKQL� @LKPFABO>QFLK� QE>Q� AB@>O?LKFP>QFLK�� AFDFQ>IFP>QFLK� >KA�
AB@BKQO>IFP>QFLK�>OB�QEB�J>FK�QEOBB�AOFSBOP�LC�QEB�BKBODV�PB@QLO�QO>KPCLOJ>QFLK��LCCBOFKD�KBT�
LMMLOQRKFQFBP�QL�>AS>K@B�LK�QEB�BKBODV�QOFIBJJ>�;��<��

!P�;��<�PRMMLOQBA���QEB�QEOBB�BKBODV�QOFIBJJ>�@LJMBQFKD�CLO@BP�OBMOBPBKQ�AFCCBOBKQ�AFP@FMIFKBP�
>KA� JLOB� PMB@FCF@>IIV� MLIFQF@P�� PL@FBQV� >KA� QEB� BKSFOLKJBKQ�� OBPMB@QFSBIV�� 4EB� >RQELOP�
OB@LDKFPBA� QE>Q� QEBOB� FP�KL�MBOCB@Q�PLIRQFLK� CLO�PLISFKD� QEB�BKBODV� QOFIBJJ>�BNR>QFLK�TEFIB�
PL@FBQV� PELRIA� CL@RP� LK� ?>I>K@FKD� QEBPB� QEOBB� >PMB@QP� LC� QEB� BKBODV� MLIF@V� FKPQB>A� LC�
MOFLOFQFPFKD�B@LKLJF@P�LSBO�QEB�BKSFOLKJBKQ>I�FJM>@QP��>�@LJJLK�MO>@QF@B�FK�J>KV�@LRKQOFBP��
!� OBSFPBA� SBOPFLK� LC� QEB� %KBODV� 4OFIBJJ>�T>P� MOBPBKQBA� ?V� ;��<� >KA� FK@IRABP� >� QOF>KDIB�
@LKPFPQFKD�LC�CLRO�PJ>IIBO�QOF>KDIBP�QE>Q�OBMOBPBKQ�BKBODV�CFK>K@B��BKBODV�I>T���MLIF@V��BKBODV�
PB@ROFQV�>KA�QEB�BKSFOLKJBKQ��
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Figure 2.3�–�4EB�%KBODV�4OFIBJJ>�

�

%KBODV� I>T� >KA� MLIF@V� FP� MI>@BA� FK� QEB� @BKQOB� LC� QEB� I>ODBO� QOF>KDIB� TFQE� QEB� OBJ>FKFKD�
@LJMLKBKQP�@LKPQFQRQFKD�QEB�QEOBB�SBOQF@BP��)K�QEFP�T>V��QEB�@LJMIBUFQV�LC�QEB�FPPRB�>KA�QEB�
FKQBO@LKKB@QFLK�LC�>II�QEB�AFCCBOBKQ�S>OF>?IBP�FP�EFDEIFDEQBA��!@@LOAFKD�QL�;��<��>AAOBPPFKD�QEB�
BKBODV�QOFIBJJ>�TLRIA�>CCB@Q�AFOB@QIV�QEB�BCCB@QFSBKBPP�LC�@IFJ>QB�@E>KDB�JFQFD>QFLK�FKFQF>QFSBP�
?RQ�QEFP�TFII�Q>HB�MI>@B�FK�>�AFCCBOBKQ�T>V�>KA�RKABO�RKFNRB�@LKAFQFLKP��COLJ�@LRKQOV�QL�@LRKQOV��
%KBODV�MLSBOQV�FP�LCQBK�BU>JFKBA�>P�>�PBM>O>QB�CFBIA�LC�PQRAV�>ILKD�TFQE�BKBODV�>CCLOA>?FIFQV��

0OLDOBPP� LK� >� PRFQ>?IB� BKBODV� MLIF@V� FP� LCQBK� FJMBABA� ?V� @LJMIBU� OBDRI>QFLKP� TEFIB� >KV�
PRDDBPQBA�@E>KDBP�DBKBO>QB�AFCCF@RIQ�KBDLQF>QFLKP�>JLKDPQ�PBSBO>I�M>OQFBP��PR@E�>P�BKBODV�
DBKBO>QLOP��AFPQOF?RQLOP�>KA�MLIFQF@F>KP���4EB�@FO@RJPQ>K@BP�>KA�@E>IIBKDBP�AFCCBO�COLJ�@LRKQOV�
QL�@LRKQOV��?RQ�QEB�@LJJLK�MOL?IBJ�IFBP�FKABBA�>OLRKA�?>I>K@FKD�QEB�BKBODV�QOFIBJJ>�;��<��
&LO� BU>JMIB�� LK� QEB�%KBODV�4OFIBJJ>� )KABU� ������ QEB� QLM� CFSB� @LRKQOFBP�TFQE� QEB� EFDEBPQ�
LSBO>II� FKABU�>KA�?>I>K@B�P@LOB�TBOB�3TBABK��3TFQWBOI>KA��$BKJ>OH��&FKI>KA�>KA�QEB�5+��
(LTBSBO��>�EFDE�LSBO>II�FKABU�FP�KLQ�KB@BPP>OFIV�QO>KPI>QBA�QL�EFDE�MBOCLOJ>K@B�P@LOBP�LC�QEB�
QEOBB�PMB@F>IFPBA�FKAF@BP��It is noted that the UK’s energy system highly depends on natural 

D>P�?RQ�FQP�BKBODV�PB@ROFQV�FP�KLQ�>CCB@QBA�ARB�QL�QEB�I>@H�LC�OBIF>K@B�LK�2RPPF>K�FJMLOQP�;��<��

4EB� QEOBB� AFJBKPFLKP� LC� QEB� BKBODV� QOFIBJJ>� >OB� LC� AFCCBOBKQ� >KA� @LKQO>AF@QLOV� K>QROB��
ELTBSBO��FK�LOABO�QL�JBBQ�QEB�AFSBOPB�BKBODV�@E>IIBKDBP�FK�AFCCBOBKQ�@LRKQOFBP��FQ�FP�BPPBKQF>I�
QL�BUB@RQB�QEOLRDE�QEBPB�AFJBKPFLKP��!P�;��<�MLFKQBA�LRQ��''the improvement rate in trilemma 
achievement generally increases along with energy transition improvements in all three 
dimensions����4EB�BKBODV�QO>KPFQFLK�FP�?OFKDFKD�CLO�QEB�CFOPQ�QFJB�@E>KDBP�LC�>�PFDKFCF@>KQ�ABDOBB��
LK�>�TLOIATFAB�P@>IB��CLO�QEB�BKBODV�KBQTLOH��

������%KBODV�4O>KPFQFLK�
4EB� AB@>O?LKFP>QFLK� LC� JLABOK� PL@FBQV� >KA� FQP� B@LKLJF@� DOLTQE� ABMBKAP� LK� FKKLS>QFSB�
BKBODV� QB@EKLILDFBP��4EFP�T>P� OB@LDKFPBA�?V� QEB�BPQ>?IFPEJBKQ�LC� QEB�%ROLMB>K�3QO>QBDF@�
4B@EKLILDV� 0I>K� �3%40I>K	� TEF@E� >FJBA� >Q� MOLJLQFKD� @BOQ>FK� ILT� @>O?LK� QB@EKLILDFBP��
?LLPQFKD�OBIBS>KQ�OBPB>O@E�>KA�ABSBILMJBKQ��2�$	�>KA�ABJLKPQO>QFLK�MOLGB@QP�>KA�MRPEFKD�
FK�QEFP�T>V�QLT>OAP�QEBFO�O>MFA�@LJJBO@F>IFP>QFLK��4L�>@EFBSB�>�PRPQ>FK>?IB�%ROLMB>K�BKBODV�
PVPQBJ� ?V� ������ QEB� FJMLOQ>K@B� LC� PBSBO>I� BKBODV� QB@EKLILDFBP� FP� OB@LDKFPBA�� PR@E� >P�
MELQLSLIQ>F@� PLI>O� BIB@QOF@FQV�� TFKA� BKBODV�� ?FLJ>PP� MLTBO� DBKBO>QFLK�� @>O?LK� @>MQROB� ��
PQLO>DB��##3	��J>OFKB�BKBODV��CRBI�@BIIP���EVAOLDBK�>KA�BIB@QOF@FQV�PQLO>DB�QB@EKLILDFBP��!P�
QEB� %5� L?GB@QFSBP� FK@IRAB� QEB� OBAR@QFLK� LC� QEB� '('� BJFPPFLKP� ?V� ������ ?V� ������ >�



���
�

PFDKFCF@>KQ� QO>KPCLOJ>QFLK�LC� QEB�BKBODV�PVPQBJ�QEOLRDELRQ�%ROLMB� FP�KB@BPP>OV��BPMB@F>IIV�
QEB�MLTBO�PB@QLO�TFQE�J>GLO�PQOR@QRO>I�OBCLOJP�OBNRFOBA�;��<��

!P� ;��<�PRMMLOQBA��>CQBO� QEB�0>OFP�>DOBBJBKQ�MOFLOFQV�PELRIA�?B�PEFCQBA�COLJ�O>FPFKD�@IFJ>QB�
@E>KDB�OBI>QBA�>T>OBKBPP�QLT>OAP�CLOJFKD�>�PRPQ>FK>?FIFQV� QO>KPFQFLK�CLO�>�ABPFO>?IB�CRQROB��
4EB�>RQELOP�EFDEIFDEQBA�QEB�KBBA�QL�QO>KPFQFLK�COLJ�CLPPFI�CRBI�QL�OBKBT>?IB�BKBODV�>KA�>�ILT�
@>O?LK�TLOIA�TEFIB� FQ� FP�MLFKQBA�LRQ� QE>Q�PRPQ>FK>?FIFQV� QO>KPFQFLK� FP�>�KLQFLK� OBCBOOFKD� QL� QEB�
BKBODV�QO>KPFQFLK�JB@E>KFPJP�>Q�MI>V��)K�QEFP�AFOB@QFLK��QO>KPFQFLK�J>K>DBJBKQ�FP�>�@LJJLK�
MBOPMB@QFSB�FK�QEB�PRPQ>FK>?FIFQV�QO>KPFQFLK�AB?>QB��!@@LOAFKD�QL�;��<��QEB�OBI>QFLKPEFM�?BQTBBK�
QB@EKLILDF@>I�>KA�OBDRI>QLOV�>AS>K@BJBKQP�TFII�?B�@OFQF@>I�CLO�QEB�BKBODV�QO>KPFQFLK�FK�%ROLMB�
TEFIB�>KV�>DOBBA�MOFK@FMIBP�E>SB�QL�?B�FJMIBJBKQBA�FK�QEOBB�AFCCBOBKQ�IBSBIP�LC�DLSBOK>K@B��
>KA�JLOB�PMB@FCF@>IIV�QEB�K>QFLK>I�IBSBI��QEB�@OLPPK>QFLK>I�IBSBI�QE>Q�FKSLISBP�QEB�@LLMBO>QFLK�
JB@E>KFPJP�LC�>�@BOQ>FK�KRJ?BO�LC�JBJ?BO�PQ>QBP��>KA�QEB�%5�IBSBI����

)K�������;��<�OBMLOQBA�QE>Q�PBSBO>I�BKBODV�PB@QLOP�>OLRKA�QEB�DIL?B�TBOB�>Q�>�@OFQF@>I�GRK@QROB��
LK�>�M>QE� QLT>OAP�>�PRPQ>FK>?IB� CRQROB��4EBOB� FP�>IPL� QEB�JBKQFLK�LC� QEB� OBIBS>KQ� QOFIBJJ>�
>JLKDPQ�PRPQ>FK>?IB��>CCLOA>?IB�>KA�PB@ROB�BKBODV��MOBSFLRPIV�JBKQFLKBA�FK�PB@QFLK��������)K�
>AAFQFLK��QB@EKLILDV�FP�@LKPFABOBA�>P�QEB�HBV�AOFSBO�LC�QEB�QO>KPFQFLK�QL�>�ILT�@>O?LK�BKBODV�
PVPQBJ�� %IB@QOF@� BKBODV� PQLO>DB� FP� EFDEIFDEQBA� >P� >K� BJBODFKD� >KA� MOLJFPFKD� QB@EKLILDV�
@>M>?IB�LC�FKQBDO>QFKD�OBKBT>?IB�>KA�@LKSBKQFLK>I�BKBODV�PLRO@BP�FKQL�QEB�P>JB�PVPQBJ�?V�
OBJLSFKD�>KV�QBJMLO>I�@LKPQO>FKQP�?BQTBBK�BKBODV�MOLAR@QFLK�>KA�@LKPRJMQFLK��/K�QEB�LQEBO�
E>KA��QEBOB�>OB�EFDE�@LPQP�>PPL@F>QBA�TFQE�QEB�QB@EKLILDV�>KA�QEBOBCLOB�>�MOLMBO�>PPBPPJBKQ�
FP�KBBABA�QL�FABKQFCV�QEB�B@LKLJF@�?BKBCFQP�LC�FQP�RQFIFP>QFLK��&FK>IIV��CLO�>�PR@@BPPCRI�BKBODV�
QO>KPFQFLK�� QEB�BKBODV�J>OHBQP�>KA�QEB�OBPMB@QFSB� OBDRI>QLOV� CO>JBTLOH�>KA�BKBODVOBI>QBA�
MLIF@FBP� TFII� E>SB� QL� OB>@Q� QL� QEB� BKBODV� @E>IIBKDBP� ?V� @E>KDFKD�� BSLISFKD� >KA� >A>MQFKD��
>@@LOAFKDIV�;��<��

!@@LOAFKD� QL� ;��<�� QEB� BKBODV� QO>KPFQFLK� E>P� ?BBK� IB>AFKD� QL� >K� BKBODV� PVPQBJ�TFQE� ILTBO�
@>O?LK�BJFPPFLKP�TEFIB�QEB�MOBPPROB�LK�QEB�BIB@QOF@�MLTBO�PVPQBJP��>KA�QEB�BIB@QOF@�PB@QLO�FK�
DBKBO>I��FK�%ROLMB��>KA�FK�PBSBO>I�LQEBO�M>OQP�LC�QEB�TLOIA��E>P�?BBK�PFDKFCF@>KQIV�FK@OB>PFKD��
)KPQB>A� LC� QEB� @LKSBKQFLK>I� I>ODB� MLTBO� MI>KQP� ?>PBA� LK� CLPPFI� CRBIP� QE>Q� QO>KPJFQ� BKBODV�
QEOLRDE� ILKD� IFKBP� >KA�EFDE� SLIQ>DB�� QEB� CRQROB�DOFA� FP� BUMB@QBA� QL� CL@RP� LK� AB@BKQO>IFPBA�
BKBODV�DBKBO>QFLK�PR@E�>P�TFKA�>KA�PLI>O�MLTBO��>P�TBII�>P�BKBODV�PQLO>DB��4EB�>RQELOP�
MLFKQBA�LRQ�QE>Q�EBOB�FP�DLFKD�QL�?B�>�DOLTFKD�FKQBOIFKH�LC�QEB�BIB@QOF@FQV�PB@QLO�TFQE�LQEBO�@OFQF@>I�
M>OQP�LC�QEB�FKCO>PQOR@QROB�>KA�QEB�BKBODV�PVPQBJ��OBKABOFKD�BIB@QOF@FQV�JR@E�JLOB�FJMLOQ>KQ�
CLO�JLABOK� >KA� CRQROB� B@LKLJFBP�� 4EFP� FKQBOIFKH� @>K� ?B� >@EFBSBA� QEOLRDE� QEB� >MMOLMOF>QB�
)KCLOJ>QFLK�>KA�#LJJRKF@>QFLK�4B@EKLILDFBP��)#4	�QL�BK>?IB�>K�BCCF@FBKQ�>KA�>Q� QEB�P>JB�
QFJB�FKQBIIFDBKQ�RQFIFP>QFLK�LC�BKBODV��

������4EB�&RQROB�%KBODV�3VPQBJ�
)Q�FP�@IB>O�QE>Q�QEB�CRQROB�BKBODV�PVPQBJ�TFII�?B�CRKA>JBKQ>IIV�AFCCBOBKQ��$BPMFQB�QE>Q�QEBOB�>OB�
PQFII�>�ILQ�LC�RK@BOQ>FKQFBP�>OLRKA�QEB�KB@BPP>OV�@E>KDBP��AB@>O?LKFP>QFLK�FP�BUMB@QBA�QL�?B�
>@EFBSBA� QEOLRDE� QEB� FK@IRPFLK� LC� I>ODB� >JLRKQP� LC� FKQBOJFQQBKQ� OBKBT>?IB� BKBODV� FKQL� QEB�
BKBODV�KBQTLOH��4EB�3J>OQ�%KBODV�3VPQBJ��>�@LK@BMQ� QLT>OAP�>������OBKBT>?IB�BKBODV�
P@BK>OFL�FK�QEB�%5�?V�������MOLMLPBP�QEB�FKQBDO>QFLK�LC�>II�BKBODVOBI>QBA�PB@QLOP�FK�LOABO�QL�
FKQOLAR@B�CIBUF?FIFQV�QE>Q�FP�KLQ�OBIF>KQ�LK�CLPPFI�CRBI��&FDROB�����ABJLKPQO>QBP�QEB�3J>OQ�%KBODV�
3VPQBJ�>MMOL>@E��>KA�>II�QEB�FKQBO>@QFLKP�MOBPBKQ�>JLKD�OBPLRO@BP��BKBODV�@LKSBOPFLK�>KA�
QEB�BKARPB�BKBODV�ABJ>KA��7FKA��PLI>O�BKBODV�>KA�?FLBKBODV�>OB�LC�CRKA>JBKQ>I�FJMLOQ>K@B�
TEFIB�BIB@QOF@>I�>KA�QEBOJ>I�PQLO>DB�>OB�OBNRFOBA�FK�LOABO�QL�JFQFD>QB�QEB�FPPRBP�LC�CIR@QR>QFKD�
BIB@QOF@FQV�>KA�EB>Q��!AAFQFLK>IIV��BIB@QOF@�SBEF@IBP�>OB�MOBPBKQ�>P�M>OQ�LC�QEB�QO>KPMLOQ�PB@QLO�
TEFIB�EB>Q�MRJMP�MI>V�>�J>GLO�OLIB�QLT>OAP�QEB�BIB@QOFCF@>QFLK�LC�EB>QFKD�>KA�@LLIFKD�;��<���



���
�

!�PFDKFCF@>KQ�M>OQ�LC�QEB�QO>KPMLOQ�PB@QLO�FP�BUMB@QBA�QL�?B�BIB@QOFCFBA��(LTBSBO��BKBODVABKPB�
CRBIP�TFII�PQFII�?B�OBNRFOBA�CLO�?FDDBO�SBEF@IBP�PR@E�>P�>FOMI>KBP��PEFMP�>KA�ILOOFBP��"FLCRBIP�@LRIA�
CFII�QE>Q�M>OQF@RI>O�D>M�?RQ�>Q�QEB�P>JB�QFJB�FQ�FP�BUQOBJBIV�FJMLOQ>KQ�QL�BKPROB�QE>Q�PRCCF@FBKQ�
>JLRKQP�LC�?FLJ>PP�>OB�>S>FI>?IB��)K�QEFP�AFOB@QFLK��OBKBT>?IB�PVKQEBQF@�CRBIP��BIB@QOLCRBIP��>OB�
RQFIFPBA�;��<���

#LKKLIIV�BQ�>I��;��<�BUMB@QBA�KR@IB>O�MLTBO�MI>KQP�QL�?B�OBJLSBA�COLJ�QEB�BKBODV�JFU��FK�QEB�
ILKD�QBOJ��?B@>RPB�LC�QEB�>PPL@F>QBA�MLIFQF@>I��BKSFOLKJBKQ>I��CFK>K@F>I�>KA�PB@ROFQV�@LK@BOKP�
>P�TBII�>P�QEB�KR@IB>O�T>PQB�FPPRB��)Q�FP�MLFKQBA�LRQ�QE>K�>K�BKBODV�PVPQBJ�I>ODBIV�?>PBA�LK�
OBKBT>?IBP�@>KKLQ�?B�B>PFIV�@LJ?FKBA�TFQE�KR@IB>O�MLTBO�ARB�QL�FQP�I>@H�LC�CIBUF?FIFQV��&FK>IIV��
QEB�>RQELOP�>IPL�EFDEIFDEQBA�QE>Q�QEB�PQOR@QROB�LC�QEB�MOBPBKQ�BKBODV�PVPQBJ�FP�OBI>QFSBIV�PFJMIBO�
TFQE� >� ILTBO� KRJ?BO� LC� FKQBO>@QFLKP� ?BQTBBK� QEB� AFCCBOBKQ� PB@QLOP� >KA� PBDOBD>QBA� BKBODV�
?O>K@EBP��4EB�CRQROB�PJ>OQ�BKBODV�PVPQBJ�TFII�FKQOLAR@B�RKFNRB�?BKBCFQP�COLJ�QEB�FKQBDO>QFLK�
LC�>II� QEB�AFCCBOBKQ�PB@QLOP��>P�MOBPBKQBA�>KA�AFP@RPPBA�>?LSB��)K�?LQE�PQRAFBP��QEB�>RQELOP�
>@HKLTIBADB� QEB� C>@Q� QEB� CRQROB� 3J>OQ� %KBODV� 3VPQBJ� @>K� AFCCBO� COLJ� &FDROB� ���� ARB� QL�
B@LKLJF@� RK@BOQ>FKQFBP�� QB@EKLILDF@>I� ?>OOFBOP�� FJMIBJBKQ>QFLK� @E>IIBKDBP� >KA� LQEBO�
FJMLOQ>KQ�IFJFQ>QFLKP��>IT>VP�MOBPBKQ�TEBK�JLABIIFKD�FK�QEB�ILKDQBOJ�>KA�BPMB@F>IIV�RM�QL�QEB�
VB>O�������

�

�

Figure 2.4�–�)KQBO>@QFLKP�?BQTBBK�PB@QLOP�>KA�QB@EKLILDFBP�FK�>�CRQROB�3J>OQ�%KBODV�
3VPQBJ��!A>MQBA�COLJ�;��<	�

2BD>OAFKD�QEB�%ROLMB>K�QO>KPFQFLK�LC�QEB�CRQROB�BKBODV�PVPQBJ��QEB�BIB@QOF@FQV�PVPQBJ�JRPQ�?B�
MOBM>OBA�CLO�QEB�FKQBDO>QFLK�LC�>K�FK@OB>PFKD�KRJ?BO�LC�OBKBT>?IBP��4EB�%ROLMB>K�BIB@QOF@>I�
DOFA�FP�@ILPB�FK�>@@LJMIFPEFKD�>�PQOR@QRO>I�@E>KDB�QE>Q�FK@IRABP�EFDEBO�IBSBIP�LC�AFDFQFP>QFLK�>KA�
AB@BKQO>IFP>QFLK��&ROQEBO�TLOH�FP�KBBABA�QL�>@EFBSB�QEFP�Q>ODBQ�>Q�QEB�AFPQOF?RQFLK�P@>IB�TFQE�>�
JRIQFIBSBI�>O@EFQB@QROB�CLO�A>Q>�BU@E>KDB�>KA�MLTBO�CILTP�>KA�PR@@BPPCRIIV�FKQBDO>QB�AFCCBOBKQ�
M>OQP� LC� QEB� KBQTLOH�� M>OQF@RI>OIV� QO>KPJFPPFLK�� AFPQOF?RQFLK�� PJ>OQ� ?RFIAFKDP� >KA�JF@OLDOFAP�
;��<��

!AAFQFLK>IIV�� QEB� %5� PELRIA� FKSBPQ� FK� ILT@>O?LK� QB@EKLILDFBP� QLT>OAP� DOLTQE� >KA� QEB�
AB@>O?LKFP>QFLK� LC� QEB� B@LKLJV�� BPMB@F>IIV� FK� OBKBT>?IB� BKBODV�� BKBODV� PQLO>DB��##3�LO�
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@>O?LK�@>MQROB���RQFIFP>QFLK��##5	��BKBODV�BCCF@FBK@V�FK�QEB�?RFIAFKD�>KA�QEB�FKARPQOV�PB@QLOP��
4EB� BKBODV� PVPQBJ� PELRIA� ?B� @LKPFABOBA� >P� >� TELIB� TEFIB� CL@RP� JRPQ� ?B� DFSBK� LK� QEB�
FKQBDO>QFLK�LC�FQP�@LJMLKBKQP�QEOLRDE�PJ>OQ�DOFA�PVPQBJP�>KA�PJ>OQ�PLIRQFLKP��4EB�KBBA�CLO�
CROQEBO�FKKLS>QFLK�>KA�OBPB>O@E�LK�?>QQBOFBP��?FLBKBODV�>KA�OBKBT>?IB�CRBIP�FP�EFDEIFDEQBA�?V�
;��<�� 4EB� MOLJLQFLK� LC� MLIF@FBP� CLO� QEB� AB@>O?LKFP>QFLK� LC� QEB� FKARPQOV� >KA� ?RFIAFKDP� FP�
KB@BPP>OV�TEFIB�OB@LDKFPFKD�QE>Q�QEBOB�>OB�PFDKFCF@>KQ�@E>IIBKDBP�QLT>OAP�QE>Q�AFOB@QFLK��4EB�
FKARPQOV�FP�>IOB>AV�@LKPFABOBA�QL�?B�>JLKD�QEB�JLPQ�BCCF@FBKQ�BKBODV�PB@QLOP��C>@FKD�JLPQIV�
QB@EKF@>I�@E>IIBKDBP�>KA�MOL@BPP�KLKBKBODV�BJFPPFLKP��3LIRQFLKP�@LRIA� FK@IRAB�BKE>K@BA�
OB@V@IFKD�LC�J>QBOF>IP�>KA�DR>O>KQBBFKD�@>O?LK�MOF@BP�CLO�PMB@FCF@�FKARPQOFBP��2BD>OAFKD�QEB�
?RFIAFKD�PB@QLO��BCCF@FBK@V�Q>ODBQP�E>SB�MOLSBK�QL�?B�AFCCF@RIQ�QL�>@EFBSB��"RFIAFKDP�KBBA�QL�?B�
OBCRO?FPEBA� >Q� >� C>PQBO� O>QB� TEFIB� OBCRO?FPEJBKQP� PELRIA� PMB@FCF@>IIV� Q>ODBQ� ABBM� BKBODV�
ABJ>KA�OBAR@QFLKP�;��<��

2BD>OAFKD�QEB�5+��;��<�PRMMLOQBA�QE>Q�RK@BOQ>FKQFBP�>OLRKA�KR@IB>O�MLTBO��##3��?FLBKBODV��
BIB@QOF@FQV� DBKBO>QBA� COLJ� OBKBT>?IB� PLRO@BP� >KA� ABJ>KAPFAB� @E>KDBP� TLRIA� E>SB� >�
PFDKFCF@>KQ� FJM>@Q�LK� ILKDQBOJ�AB@>O?LKFP>QFLK�M>QET>VP�LC� QEB� CRQROB�BKBODV�PVPQBJ�� )Q� FP�
@I>FJBA�QE>Q�K>QRO>I�D>P�E>P�>�SBOV�?OL>A�O>KDB�LC�ABJ>KA�>@OLPP�>II�QEB�AFCCBOBKQ�P@BK>OFLP�
TEFIB�QEBOB�>OB�@LPQBCCB@QFSB�PLIRQFLKP�QL�OBMI>@B�QEB�5+�KR@IB>O�MLTBO�PB@QLO�TFQE�LQEBO�ILT
@>O?LK�BIB@QOF@FQV�DBKBO>QFLK�PVPQBJP��4EB�>S>FI>?FIFQV�>KA�RQFIFP>QFLK�LC�@BOQ>FK�QB@EKLILDFBP�
TFII�>IPL�E>SB�>K�BCCB@Q�LK�LQEBO�QB@EKLILDF@>I�LMQFLKP��>�JB@E>KFPJ�@LFKBA�?V�QEB�>RQELOP�>P�
“complementarity and substitutability of technologies”.�

3FJFI>OIV��;��<�investigated the technical interdependency in the UK’s transition to a low@>O?LK�
BKBODV�PVPQBJ��&LO�QEB�?RFIAFKD�PB@QLO��BIB@QOFCF@>QFLK�TFII�?B�@LJMBQFQFSB�TFQE�AFPQOF@Q�EB>QFKD�
>KA�QFBA�QL�?RFIAFKD�OBQOLCFQ�>KA�QEBOJ>I�PQLO>DB�FK�LOABO�QL�AB>I�TFQE�MB>H�ABJ>KA�>KA�QEB�
FKQBOJFQQBKQ�K>QROB�LC�QEB�MLTBO�PRMMIV��

&FK>IIV�� QEB� QO>KPFQFLK� LC� QEB� MLTBO� KBQTLOHP� COLJ� CLPPFI� CRBIP� QL� ILT@>O?LK� QB@EKLILDFBP��
BPMB@F>IIV�2%3��TFII�BSBKQR>IIV�IB>A�QL�EB>Q�>KA�QO>KPMLOQ�BIB@QOFCF@>QFLK�?V�������$BPMFQB�QEB�
C>@Q�QE>Q�TFKA�>KA�PLI>O�MELQLSLIQ>F@�MLTBO�PVPQBJP�@>K�>IOB>AV�@LJMIBQB�B@LKLJF@>IIV�TFQE�
@LKSBKQFLK>I�CRBIP�>KA�QEB�>PPL@F>QBA�@LPQP��QEBFO�MLTBO�LRQMRQ�FP�ABMBKABKQ�LK�QEB�TB>QEBO�
@LKAFQFLKP�>KA�QEBOBCLOB�QEBFO�@LKQOF?RQFLK�LC�BIB@QOF@FQV�FKQL�QEB�MLTBO�KBQTLOH�JFDEQ�S>OV�LSBO�
QFJB�>KA�COLJ�OBDFLK�QL�OBDFLK�IB>AFKD�QL�FKQBOJFQQBK@V�LC�MLTBO�PRMMIV�;��<��)Q�FP�>ODRBA�QE>Q�
>�CRQROB�5+�MLTBO�KBQTLOH�?>PBA�BU@IRPFSBIV�LK�2%3�@LRIA�BUMBOFBK@B�FJMLOQ>KQ�LMBO>QFLK>I�
FPPRBP�TFQE�FJ?>I>K@BP�?BQTBBK�PRMMIV�>KA�ABJ>KA�>KA�@LKPBNRBKQIV�PQ>?FIFP>QFLK�FPPRBP�LK�
QEB� KBQTLOH� COBNRBK@V�� &ROQEBOJLOB�� >K� FK@OB>PFKD� BIB@QOF@FQV� @LKPRJMQFLK� TLRIA� E>SB�
RK@BOQ>FK� O>JFCF@>QFLKP� CLO� QEB� PQ>?FIFQV� LC� QEB� KBQTLOH� >KA� TLRIA� MLQBKQF>IIV� OBNRFOB� >K�
BUM>KPFLK�LC�QEB�BIB@QOF@>I�KBQTLOH�FKCO>PQOR@QROB��3FDKFCF@>KQ�OBPB>O@E�FP�@ROOBKQIV�@LKAR@QBA�
QE>Q�CLIILT�JRIQFSB@QLO�BKBODV�KBQTLOH�>KA�)KQBDO>QBA�%KBODV�3VPQBJ�>MMOL>@EBP�QL�>AAOBPP�
QEB� OFPFKD� @E>IIBKDBP� ;��<�� -LABIIFKD� QEB� CRQROB� BKBODV� PVPQBJ� OBNRFOBP� @E>IIBKDFKD�
FKQBOAFP@FMIFK>OV�OBPB>O@E� QE>Q�@>K�?B�@LJMIF@>QBA�>KA�JBPPV��RODFKD� CLO�MO>DJ>QFPJ�QL�?B�
FK@IRABA�FK�FKKLS>QFSB�BKBODV�B@LKLJV�JLABIP�;��<��
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2.2 The Electrical Grid: Present and Future  
������)KQOLAR@QFLK�
4EB�JLABOK�BIB@QOF@>I�DOFA�FP�?>PBA�LK�>IQBOK>QFKD�@ROOBKQ��!#	�QE>Q�FP�RPBA�QL�@LKSBV�BIB@QOF@FQV�
LSBO� ILKD� AFPQ>K@BP� ?V� FK@OB>PFKD� QEB� SLIQ>DB� IBSBIP� QEOLRDE� QO>KPCLOJBOP�� 4EB� BIB@QOF@>I�
KBQTLOH�T>P�LOFDFK>IIV�ABPFDKBA�>KA�?RFIQ�?BQTBBK�QEB�����P�>KA�QEB�����P�>KA�FQ�PQFII�OBIFBP�
LK�>DBA�MLTBO�BNRFMJBKQ�>KA�FKCO>PQOR@QROB��(LTBSBO��FQ�KLT�@LKPQFQRQBP�QEB�I>ODBPQ�PFKDIB�
KBQTLOH�FK�QEB�TLOIA��FK@LOMLO>QFKD�S>OFLRP�IBSBIP�LC�@LJMIBUFQV�>KA�ABPFDKBA�QL�?B�LKBT>V�
PVPQBJP� QE>Q� ABIFSBO� !#� MLTBO� COLJ� I>ODB� MLTBO� PQ>QFLKP� QL� IL>A� @BKQOBP�� )KCO>PQOR@QROB�
BUM>KPFLKP�E>SB�DO>AR>IIV�PQLMMBA�FK�QEB�TBPQBOK�TLOIA�>KA�ABSBILMBA�B@LKLJFBP�PFK@B�QEB�
����P��ELTBSBO��AROFKD�QEB�P>JB�QFJB��PFDKFCF@>KQ�DOFA�FKSBPQJBKQP�QLLH�MI>@B�FK�ABSBILMFKD�
@LRKQOFBP��PR@E�>P�#EFK>�>KA�)KAF>�;��<��

!IPL�� FK� QEB�OB@BKQ�VB>OP��>K� FK@OB>PFKD�>JLRKQ�LC� OBKBT>?IBP��AFPQOF?RQBA�MLTBO�KBQTLOHP�
>KA� JF@OLDOFAP� E>SB� MBKBQO>QBA� QEB� >DFKD� !#� MLTBO� DOFA�� -LOB� QE>K� >� @BKQROV� >CQBO� FQP�
ALJFK>QFLK� FK� QEB� MLTBO� PB@QLO�� !#� KLT� C>@BP� PBOFLRP� AB@>O?LKFP>QFLK� @E>IIBKDBP� >KA�
OBKBTBA�@LJMBQFQFLK�COLJ�AFOB@Q�@ROOBKQ��$#	�LSBO�ILKDBO�AFPQ>K@BP�;��<��4EB�BIB@QOF@>I�DOFA�
E>P� ?B@LJB� >K� FK@OB>PFKDIV� @LJMIBU� PVPQBJ� FK� TEF@E� QEB� BIB@QOF@FQV� ABJ>KA� E>P� ?BBK�
@LKQFKRLRPIV�DOLTFKD��OBPRIQFKD�FK�DOFA�OBIF>?FIFQV��PRPQ>FK>?FIFQV�>KA�BKSFOLKJBKQ>I�FPPRBP��!II�
QEBPB�OBFKCLO@B�QEB�KBBA�CLO�QEB�QO>KPFQFLK�QL�>K�FKQBIIFDBKQ�DOFA��@LJJLKIV�HKLTK�>P�QEB�PJ>OQ�
DOFA�� TEF@E� FP� @>M>?IB� LC� J>HFKD� @LJMIBU� AB@FPFLKP� >KA� CRK@QFLKFKD� >A>MQFSBIV� >KA�
FKQBO>@QFSBIV�TFQE�>II�QEB�DOFA�BIBJBKQP��4EFP�FP�FK�@LKQO>PQ�TFQE�QEB�QO>AFQFLK>I�JLKLAFOB@QFLK>I�
>MMOL>@E�TEBOB�@BKQO>IFPBA�DBKBO>QFLK�FP�CLIILTBA�?V�BIB@QOF@FQV�QO>KPJFPPFLK�>KA�AFPQOF?RQFLK�
RM�QL�QEB�BKA�RPBO�;��<��!�ABQ>FIBA�@LJM>OFPLK�?BQTBBK�QEB�@ROOBKQ�@LKSBKQFLK>I�>KA�QEB�CRQROB�
PJ>OQ�DOFA�TFII�CLIILT��I>QBO�FK�QEFP�@E>MQBO��)K�QEB�KBT�0LPQ�#>O?LK�3L@FBQV��QEB�CLRO�KB@BPP>OV�
MFII>OP�LC�BKBODV�PVPQBJP�>OB��

•� 2BKBT>?IB�%KBODV�
•� "RFIAFKDP�>P�MLTBO�MI>KQP�
•� %KBODV�PQLO>DB�
•� 3J>OQ�DOFAP�>KA�MIRDFK�SBEF@IBP��

)Q� FP�@IB>O� QE>Q� QEB� QO>KPCLOJ>QFLK�LC� QEB�@ROOBKQ� FKCIBUF?IB�@LKSBKQFLK>I�BIB@QOF@>I�DOFA� QL� QEB�
CRQROB�PJ>OQ�DOFA�TFII�?B�?LQE�>�OBNRFOBJBKQ�>KA�>�@E>O>@QBOFPQF@�LC�QEB�CRQROB�BKBODV�PVPQBJ��
>P�MOBSFLRPIV�JBKQFLKBA��.BSBOQEBIBPP��FQ�FP�FJMLOQ>KQ�QL�MLFKQ�LRQ�QEB�SBOV�@ILPB�OBI>QFLKPEFM��
@LABMBKABK@B�>KA�FKQBOABMBKABK@B�LC�QEBPB�CLRO�MFII>OP�TEF@E�TFII�OBNRFOB�CFK>K@F>I��MLIFQF@>I�
>KA�MR?IF@�PRMMLOQ�>P�TBII�>P�QB@EKLILDF@>I��PL@FBQ>I�>KA�?BE>SFLRO>I�@E>KDBP�;��<��4EBOBCLOB��
QEB� BIB@QOF@>I� DOFA� KBBAP� QL� CRIIV� FKQBDO>QB� OBKBT>?IB� BKBODV�� ?RFIAFKDP� >KA�MIRDFK� BIB@QOF@�
SBEF@IBP��%KBODV�PQLO>DB�>IPL�E>P�QL�?B�FKQBDO>QBA�FKQL�QEB�PVPQBJ��ELTBSBO��>Q�QEB�P>JB�QFJB��
FQ�>@QP�JLOB�QE>K�>�PFJMIB�KBQTLOH�@LJMLKBKQ�?V�EBIMFKD�QLT>OAP�QEB�FKQBDO>QFLK�LC�LQEBO�M>OQP�
LC�QEB�KBQTLOH�FKQL�QEB�PJ>OQ�DOFA��

������2BKBT>?IB�%KBODV�3LRO@BP�>KA�)KQBOJFQQBK@V�
4O>AFQFLK>I� ?>PB� IL>AMLTBO� COLJ� @LKSBKQFLK>I� CLPPFI� CRBI�� KR@IB>O� MLTBO� PQ>QFLKP� >KA�
DBLQEBOJ>I�BKBODV�FKQOLAR@BP�FKCIBUF?FIFQV�>KA�ALBP�KLQ�>IILT�QEB�PVPQBJ�QL�>A>MQ�QL�>KV�IL>A�
S>OF>QFLKP��!P�JBKQFLKBA�>?LSB��QEB�BIB@QOF@>I�DOFA�T>P�KLQ�?RFIQ�QL�FK@LOMLO>QB�EFDE�>JLRKQP�
LC� FKQBOJFQQBKQ� >KA� S>OF>?IB� BIB@QOF@FQV� PLRO@BP� IFHB� PLI>O�� TFKA� >KA� T>SB� MLTBO� ;��<�� 4EB�
FKQBOJFQQBK@V� FPPRB� FP� SBOV� @E>IIBKDFKD� ARB� QL� QEB� C>@Q� QE>Q� OBKBT>?IB� BKBODV� FP� @ROOBKQIV�
@LKPFABOBA�LKB�QEB�JLPQ�>QQO>@QFSB�LMQFLKP�QLT>OAP�>@EFBSFKD�PRPQ>FK>?FIFQV��BKBODV�PB@ROFQV�
>KA�AB@>O?LKFP>QFLK���

"B@>RPB� LC� QEBFO� PQL@E>PQF@� K>QROB� >KA� @LKPBNRBKQ� RK@BOQ>FKQV� >OLRKA� QEBFO� QBJMLO>I� >KA�
PM>QF>I�LRQMRQ�@E>O>@QBOFPQF@P��QEB�DOFA�LMBO>QLOP�>OB�KLQ�>?IB�QL�@LKQOLI�QEB�LRQMRQ�LOFDFK>QFKD�



���
�

COLJ�2%3�>KA�QEBOBCLOB�P@EBARIFKD�>KA�AFPQOF?RQFKD�QEBFO�BKBODV�FP�KLQ�>P�CIBUF?IB�>P�TFQE�QEB�
QO>AFQFLK>I� BIB@QOF@� DBKBO>QLOP� PR@E�>P� QEBOJ>I� MLTBO�MI>KQP�>KA�EVAOLMLTBO��!P� QEFP�2%3�
DBKBO>QFLK�FP�O>KALJ�>KA�@>KKLQ�?B�@LKQOLIIBA�LO�P@EBARIBA��FQ�E>P�QEB�MLQBKQF>I�QL�FKQOLAR@B�
COBNRBK@V�>KA�SLIQ>DB�CIR@QR>QFLKP�TEF@E�@>K�@LKPBNRBKQIV�>CCB@Q�QEB�?>I>K@B�>KA�QEB�PQ>?FIFQV�
LC�QEB�KBQTLOH��4EFP�FP�QEB�OB>PLK�QE>Q�OBKBT>?IB�CIBUF?IB�@>M>@FQV�FP�LC�@OFQF@>I�FJMLOQ>K@B�;��<��
-LOB�PMB@FCF@>IIV��SLIQ>DB�CIR@QR>QFLKP�>OB�>K�FJMLOQ>KQ�FPPRB�>P�QEBV�>CCB@Q�QEB�LSBO>II�MLTBO�
NR>IFQV��BPMB@F>IIV�FK�EFDE�MBKBQO>QFLK�IBSBIP�LC�OBKBT>?IB�PLRO@BP��&LO�BU>JMIB��TEBK�>�I>ODB�
TFKA�QRO?FKB�FP�@LKKB@QBA�QL�>�TB>H�AFPQOF?RQFLK�KBQTLOH��SLIQ>DB�S>OF>QFLKP�JFDEQ�Q>HB�MI>@B��
BPMB@F>IIV�AROFKD�QEB�PQ>OQFKD�>KA�PQLMMFKD�MOL@BPP�;��<��

:>MM>�BQ�>I��;��<�MLFKQBA�LRQ�QE>Q�>�MLTBO�PVPQBJ�?>PBA�LK������OBKBT>?IBP�FP�KLQ�CB>PF?IB�
BSBK�TEBK�2%3�PRMMIV�FP�ABMILVBA�>Q�PRCCF@FBKQ�>JLRKQP�?B@>RPB�LC�QEBFO�FKQBOJFQQBK@V�>KA�
S>OF>?IB�LRQMRQ�QE>Q�@>K�MLQBKQF>IIV�IB>A�QL�FJ?>I>K@BP�?BQTBBK�BIB@QOF@>I�ABJ>KA�>KA�PRMMIV��
>�MOL?IBJ�KLQ�BK@LRKQBOBA� FK�PVPQBJP�?>PBA�LK�@LKSBKQFLK>I� CLPPFI� CRBI��!K�BIB@QOF@>I�DOFA�
@LKPFPQFKD�LKIV�LC������2%3�JRPQ�RPB�AFPM>Q@E>?IB�OBKBT>?IB�QB@EKLILDFBP��PR@E�>P�EVAOL��
DBLQEBOJ>I��?FLBIB@QOF@FQV�>P�TBII�>P�BKBODV�PQLO>DB��FK�LOABO�QL�OB@QFCV�QEFP�FPPRB�>KA�P>QFPCV�
>KV�RKJBQ�ABJ>KA��!Q�QEB�P>JB�QFJB��QEBOB�>OB�IFJFQ>QFLKP�?LQE�FK�QEB�PELOQ�>KA�QEB�ILKD�QBOJ�
QE>Q�E>SB�QL�?B�Q>HBK�FKQL�>@@LRKQ��2BD>OAFKD�QEB�CFOPQ�@>QBDLOV��QEBPB�AFPM>Q@E>?IB�2%3�@LJB�
TFQE�QB@EKF@>I�@LKPQO>FKQP�QE>Q�>CCB@Q�QEBFO�OB>@QFLK�QFJB��QEBOBCLOB��QEBV�JFDEQ�KLQ�?B�>?IB�QL�
MOLSFAB�PRMMIV�TFQEFK�QEB�OBNRFOBA�QFJB�CO>JB�QL�HBBM�QEB�PVPQBJ�?>I>K@BA��)K�QEB�ILKD�QBOJ��
FQ�JRPQ�?B�>@HKLTIBADBA�QE>Q�S>OF>?IB�2%3��BPMB@F>IIV�TFKA�>KA�PLI>O��@>KKLQ�DBKBO>QB�QEB�
P>JB�>JLRKQ�LC�BIB@QOF@FQV�>KKR>IIV��#LKPBNRBKQIV��>K�>PPBPPJBKQ�QLT>OAP�ABPFDKFKD�>������
2%3� PVPQBJ�JRPQ� >AAOBPP� ?LQE� QEB� PELOQ� >KA� QEB� ILKDQBOJ� OBIF>?FIFQV� FPPRBP�� )Q� FP� TLOQE�
mentioning the definition of the grid reliability as adopted by the authors: ‘’the ability of the 
power system to deliver electrical energy to all points of utilisation within acceptable standards 
and in the amounts desired’’. 

/K� QEB�LQEBO�E>KA�� ;��<� >ODRBA� QE>Q� QEB�BUFPQFKD�BIB@QOF@FQV� DBKBO>QFLK�>KA�BKBODV�PQLO>DB�
QB@EKLILDFBP�@>K�?B�PR@@BPPCRIIV�RPBA�CLO�>K�RKFKQBOORMQBA�LMBO>QFLK�LC�QEB�MLTBO�KBQTLOH��
4EB�PQL@E>PQF@�K>QROB�LC�2%3�FP�BUMB@QBA�QL�@OB>QB�@E>IIBKDBP�CLO�QEB�PQ>?FIFQV�LC�QEB�PVPQBJ�
ARB� QL� QEB� LSBO>II� ��ILTBO� MEVPF@>I� FKBOQF>��� >KA� MLQBKQF>I� AFCCBOBK@BP� ?BQTBBK� PRMMIV� >KA�
ABJ>KA�� .BSBOQEBIBPP�� QEFP� @>K� ?B� OBPLISBA� ?V� FKQBDO>QFKD� PVKQEBQF@� FKBOQF>� QEOLRDE� QEB�
FJMIBJBKQ>QFLK�LC�QEB�>MMOLMOF>QB�MLTBO�>IDLOFQEJP�TEF@E�PELRIA�Q>HB�FKQL�>@@LRKQ�QEB�2%3�
MLTBO�LRQMRQ�>KA� QEB�>S>FI>?FIFQV�LC�BKBODV�PQLO>DB��4EB�>RQELOP� FK@IRABA�>�KRJ?BO�LC�HBV�
QB@EKLILDFBP�QE>Q�@LRIA�MI>V�>�J>GLO�OLIB�FK�>@EFBSFKD�>������OBKBT>?IB�BIB@QOF@FQV�PVPQBJ�?V�
������3LI>O� MELQLSLIQ>F@P��TFKA� QRO?FKBP�� EVAOL�� DBLQEBOJ>I� >KA� ?FLJ>PP� >OB� FK@IRABA� CLO�
MLTBO�DBKBO>QFLK�TEFIB�PLI>O� QEBOJ>I��BIB@QOF@>I�EB>QFKD�>KA�EB>Q�MRJMP�>OB�JBKQFLKBA�CLO�
EB>QFKD�MROMLPBP��#LK@BOKFKD�PQLO>DB��QEBOB�>OB�CLRO�?>QQBOV�QVMBP�@LKPFABOBA�?>PBA�LK�QEBFO�
PFWB�� RQFIFQVP@>IB�� OBPFABKQF>I�� @LJJBO@F>I� >KA� FKARPQOF>I�TFQE� >II� ?RQ� QEB� CFOPQ� ?BFKD� RPBA� QL�
BK>?IB� @LJMLKBKQP� LC� QEB� KBQTLOH� QL� ?B@LJB� MOLPRJBOP�� 0RJMBA� EVAOL� >KA� EVAOLDBK�
PQLO>DB�>OB�>IPL�JBKQFLKBA��

4EBOB�>OB�JFUBA�LMFKFLKP�OBD>OAFKD�EVAOLDBK�>KA�FQP�CRQROB�>P�M>OQ�LC�QEB�BIB@QOF@>I�DOFA�FK�QEB�
@LKQBUQ� LC� FKQBDO>QFKD� 2%3� >KA� >P� >K� BKBODV� PQLO>DB� PLIRQFLK�� FK� DBKBO>I�� 3QLOFKD� I>ODB�
>JLRKQP�LC�MLTBO�TFQE�EVAOLDBK�@LRIA�?B�MOL?IBJ>QF@�DFSBK�QEB�OBI>QFSBIV�JBAFL@OB�BCCF@FBK@V�
TEBK�MOLAR@FKD�EVAOLDBK�COLJ�BIB@QOF@FQV��X���	��7EBK�Q>HFKD�FKQL�>@@LRKQ�QEB�BKBODV�ILPPBP�
>PPL@F>QBA� TFQE� QEB� @LJMOBPPFLK�� MRJMFKD�Q>KHFKD�� PQLO>DB� >KA� I>QBO� RQFIFP>QFLK� LC� QEB�
EVAOLDBK��LKIV�����LC�QEB�FKFQF>I�BKBODV�@>K�?B�RPBA�B�D��?V�>�CRBI@BII�MLTBOBA�SBEF@IB��)K�
C>@Q�� QEFP� CFDROB� @LRIA�?B� @LKPFABOBA� QL�?B�EFDE�>KA� FK�MO>@QF@B� QEB� OB>I� S>IRB� @LRIA� OB>@E�
BCCF@FBK@FBP�LC�>OLRKA�����;��<���
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/K�QEB�LQEBO�E>KA��;��<�>ODRBA�QE>Q�PBSBO>I�PR@@BPPCRI�EVAOLDBKOBI>QBA�@>PB�PQRAFBP�E>SB�
Q>HBK�MI>@B��EFDEIFDEQFKD�QE>Q�MLTBOQLMLTBO�EVAOLDBK�PQLO>DB�MOLSBA�QL�?B�IBPP�BUMBKPFSB�
QE>K�?>QQBOFBP�FK�>������OBKBT>?IB�#>IFCLOKF>K�BIB@QOF@�MLTBO�PR?PVPQBJ��)Q�T>P�ABJLKPQO>QBA�
QE>Q�OBPFABKQF>I�?RFIAFKDP�TFQE�EFDE�BKBODV�BCCF@FBK@V�@LRIA�?B@LJB�PBICPRCCF@FBKQ�?V�RQFIFPFKD�
PLI>O�M>KBIP�>KA�EV?OFA�EVAOLDBK�ELJB�PQLO>DB�PVPQBJP��OBAR@FKD�QEB�>KKR>IFPBA�@LPQP�?V�
RM� QL� ����TEBK� @LJM>OBA� QL� IFQEFRJFLK� �,FFLK	� ?>QQBOFBP� IB>AFKD� QL� >� @LPQBCCB@QFSB� >KA�
AB@BKQO>IFPBA�BKBODV�>RQLKLJV���

&ROQEBOJLOB�� MLTBO� QL� EVAOLDBK� �0�(	� FP� JBKQFLKBA� >P� >KLQEBO� PLIRQFLK� TFQE� PFDKFCF@>KQ�
MLQBKQF>I��Q>HFKD�>AS>KQ>DB�LC�>KV�BU@BPP�BIB@QOF@FQV�DBKBO>QBA�?V�OBKBT>?IBP�PR@E�>P�TFKA�
QRO?FKBP�>KA�@LKSBOQFKD�FQ�QL�EVAOLDBK�QELRDE�BIB@QOLIVPFP��)K�QEFP�T>V��0�(�@LRIA�?B�RPBA�QL�
@LKQOLI� QEB� ABJ>KA� MOLCFIB� >KA� @LKQOF?RQB� QLT>OAP� QEB� PQ>?FIFQV� LC� QEB� BIB@QOF@>I� KBQTLOH��
(LTBSBO��QEBOB�FP�RK@BOQ>FKQV�OBD>OAFKD�PBSBO>I�M>O>JBQBOP�LC�QEB�FKSLISBA�BKBODV�PVPQBJP�
J>HFKD� AFCCF@RIQ� QL� @LKAR@Q� >� OFPH� >K>IVPFP�� QEBOBCLOB�� PBSBO>I� JBQELALILDFBP� E>SB� ?BBK�
MOLMLPBA�;��<��

!P�FK@OB>PFKD�>JLRKQP�LC�S>OF>?IB�2%3�>OB�ABMILVBA�>KA�?B@LJB�FK@OB>PFKDIV�>�PFDKFCF@>KQ�
M>OQ�LC�QEB�DOFA��?>I>K@FKD�PRMMIV�>KA�ABJ>KA�TFII�?B�ABMBKABKQ�LK�ABJ>KA�OBPMLKPB��$2	�
>KA�BKBODV�PQLO>DB��)K�QEFP�AFOB@QFLK��>KV�CB>PF?FIFQV�PQRAFBP�LK�CRQROB�DOFAP�JRPQ�FK@IRAB�$2�
TEFIB�RQFIFQV�PQLO>DB�>KA�CIBUF?IB�DBKBO>QFLK�TFII�?B�@OFQF@>I�QLT>OAP�>@EFBSFKD�>�?>I>K@BA�DOFA��
$FPQOF?RQBA� DBKBO>QFLK� PR@E� >P� OLLCQLM� MELQLSLIQ>F@P� @LJ?FKBA� TFQE� PJ>IIP@>IB� ?>QQBOV�
PQLO>DB�>OB�BUMB@QBA�QL�?B�MLMRI>O�FK�CRQROB�MLTBO�PVPQBJP�;��<��

3FJFI>OIV��;��<�FKSBPQFD>QBA�QEB�OLIB�LC�OBKBT>?IB�BKBODV�FK�QEB�DIL?>I�BKBODV�QO>KPCLOJ>QFLK�
>KA� EFDEIFDEQBA� QE>Q� CRQROB� MLTBO� PVPQBJP� @LKPFPQFKD� LC� ���� 2%3� TFII� FK@IRAB� PFDKFCF@>KQ�
>JLRKQP�LC�FKQBOJFQQBKQ�PLRO@BP��BPMB@F>IIV�MELQLSLIQ>F@P�>KA�TFKA��J>HFKD�QEB�RQFIFP>QFLK�LC�
CIBUF?IB�AFPM>Q@E>?IB�MLTBO��QO>KPJFPPFLK�FKQBO@LKKB@QFLKP��BKBODV�PQLO>DB�>KA�ABJ>KAPFAB�
J>K>DBJBKQ�KB@BPP>OV�CLO�QEB�PQ>?FIFQV�LC�QEB�KBQTLOH��4EB�ABMILVJBKQ�LC�QEB�PJ>OQ�DOFA�>KA�
FQP� FKKLS>QFSB� AFDFQ>I� QB@EKLILDFBP� TFII� ?B� @OR@F>I� >KA� >AAFQFLK>I� JB>PROBP� TFII� ?B� KBBABA��
FK@IRAFKD� J>OHBQ� OBCLOJ�� KBT� ?RPFKBPP� JLABIP� >KA� LMBO>QFLK>I� MO>@QF@BP�� 4EB� >RQELOP�
@LK@IRABA� QE>Q� QEB� CLRO� FKKLS>QFLK� QOBKAP� CLO� QEB� CRQROB� MLTBO� PVPQBJ� >OB� AFDFQ>IFP>QFLK��
AB@BKQO>IFP>QFLK��CIBUF?FIFQV�>KA�BIB@QOFCF@>QFLK�LC�BKA�RPB��%IB@QOFCF@>QFLK�FP�BUMB@QBA�QL�?B�>K�
FJMLOQ>KQ�>OB>�QE>Q�TFII�MOLSFAB�PVKBODFBP�?BQTBBK�2%3�>KA�BKBODV�BCCF@FBK@V�TEFIB�FQ�E>P�QEB�
MLQBKQF>I�LC�@LRMIFKD�QEB�QTL�PB@QLOP��BK>?IFKD�CROQEBO�QEB�FKQBDO>QFLK�LC�OBKBT>?IB�BKBODV�FK�
QEB�BIB@QOF@>I�DOFA��

!@@LOAFKD� QL� ;��<�� ARB� QL� QEB� FKQBOJFQQBKQ� MOLMBOQFBP� LC� OBKBT>?IB� DBKBO>QFLK� >KA� JLOB�
PMB@FCF@>IIV�QEB�S>OF>QFLK�LC�PLI>O�O>AF>QFLK�>KA�TFKA�PMBBA��QEBFO�M>OQF@FM>QFLK�FK�QEB�BIB@QOF@FQV�
KBQTLOH�TFII� FK@OB>PB�RK@BOQ>FKQV�� QEBOBCLOB��PMB@FCF@�JB>PROBP�KBBA� QL�?B� Q>HBK� FK�PVPQBJ�
ABPFDK�>KA�FKPQ>II>QFLK��4EB�>RQELOP�EFDEIFDEQBA�QTL�PLIRQFLKP�FK�LOABO�QL�?>I>K@B�QEB�KBQTLOH��
PQ>KA?V� MLTBO� DBKBO>QFLK� MI>KQP� ?>PBA� LK� QO>AFQFLK>I� CLPPFI� CRBI� >KA� BIB@QOF@FQV� PQLO>DB��
(LTBSBO��?LQE�LMQFLKP�E>SB�AFP>AS>KQ>DBP�>P�CLPPFI�CRBI�MI>KQP�>OB�FKBCCF@FBKQ�TEBK�LMBO>QFKD�
LK�S>OFLRP�@>M>@FQFBP�QE>Q�AFCCBO�COLJ�QEBFO�OBDRI>O�LMBO>QFKD�MLFKQ�TEFIB�BIB@QOF@>I�PQLO>DB�FP�
BUMBKPFSB��>KA�ILPPBP�Q>HB�MI>@B�?B@>RPB�LC�QEB�OLRKAQOFM�BCCF@FBK@V��!@>ABJF@�>KA�FKARPQOF>I�
OBPB>O@E�@>K�?B�AFSFABA�FK�QTL�@>QBDLOFBP�TEBK�FQ�@LJBP�QL�QEBFO�>MMOL>@E�CLO�QEB�FKQBDO>QFLK�
LC�2%3�FKQL�QEB�DOFA��4EB�CFOPQ�@>QBDLOV�CL@RPBP�LK�QEB�ABPFDK�>KA�PQOR@QROB�LC�QEB�BIB@QOF@>I�
DOFA��M>OQF@RI>OIV�LK�QEB�IL@>QFLKP�LC�HBV�M>O>JBQBOP�PR@E�>P�DBKBO>QLOP��BKBODV�PQLO>DB�>KA�
QEBFO�FKQBO@LKKB@QFKD�QO>KPJFPPFLK�KBQTLOH��4EB�PB@LKA�LKB�@LKPFABOP�QEB�ABPFDK�LC�QEB�DOFA�
QL�?B�CFUBA�TEFIB�CL@RPFKD�LK�LMQFJFPFKD�QEB�LMBO>QFLK>I�AB@FPFLKP�LC�QEB�KBQTLOH�QE>Q�FKSLISB�
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QO>AFQFLK>I�DOFA�QL�QEB�CRQROB�PJ>OQ�DOFA��

������%IB@QOFCF@>QFLK�LC�(B>Q�
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MROMLPBP��BFQEBO�CLO�?RFIAFKDP�LO�QEB�FKARPQOF>I�PB@QLO��4EBOBCLOB��QEB�QO>KPCLOJ>QFLK�LC�?RFIAFKD
IBSBI�>KA�FKARPQOF>I�EB>Q�FP�>�OBNRFOBJBKQ�QLT>OAP�>@EFBSFKD�EFDE�IBSBIP�LC�AB@>O?LKFP>QFLK��>P�
PBQ�LRQ�FK�QEB�5+�#IFJ>QB�#E>KDB�!@Q������;��<��&LO�QEB�?RFIAFKD�PB@QLO��FQ�FP�BPPBKQF>I�CLO�QEB�
EB>Q�ABJ>KA�QL�?B�OBAR@BA�TEFIB�MOLJLQFKD�BKBODV�BCCF@FBK@V�>KA�AB@>O?LKFP>QFLK�LC�EB>QFKD�
>KA�@LLIFKD�PRMMIV��/MQFLKP�FK@IRAB�FJMOLSFKD�QEB�?RFIAFKDP��QEBOJ>I�BCCF@FBK@V�QEOLRDE�QEBOJ>I�
FKPRI>QFLK�>KA�OBMI>@FKD�CLPPFICRBI�MLTBOBA�?LFIBOP�TFQE�>IQBOK>QFSB�QB@EKLILDFBP��PR@E�>P�EB>Q�
MRJMP��PLI>O�QEBOJ>I�>KA�?FLJ>PP�?LFIBOP��(B>Q�MRJMP�TFII�@LKPQFQRQB�>K�FK@OB>PFKDIV�BCCB@QFSB�
>KA�@LKSBKFBKQ�JBQELA�QLT>OAP�AB@>O?LKFPFKD�QEB�EB>Q�PRMMIV��?LQE�CLO�EB>QFKD�>KA�@LLIFKD�
MROMLPBP��!P�EB>Q�MRJMP�RQFIFPB�EB>Q�LOFDFK>QFKD�COLJ�QEB�BKSFOLKJBKQ��QEBV�>OB�@LKPFABOBA�
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FP�JBQ�?V�CLPPFI�CRBIP��!AAFQFLK>IIV��FK�������LKIV�����LC�QEB�DIL?>I�EB>Q�ABJ>KA�T>P�@LSBOBA�
?V� OBKBT>?IBP�� .BSBOQEBIBPP�� >P� FK@OB>PFKD� >JLRKQP� LC� 2%3� >OB� RPBA� CLO� BIB@QOF@FQV�
DBKBO>QFLK��OBKBT>?IB�BIB@QOF@FQV�FP�>�OBIF>?IB�LMQFLK�TFQE�DOB>Q�MLQBKQF>I�CLO�AB@>O?LKFPFKD�QEB�
EB>QFKD� PB@QLO�� )K� QEFP� AFOB@QFLK�� EB>Q� MRJMP� >KA� LQEBO� ABSF@BP� @>K� ?B� RPBA� QLT>OAP� QEB�
BIB@QOFCF@>QFLK� LC� EB>QFKD��(B>Q� MRJMP� RQFIFPB� BIB@QOF@FQV� QL� @LKSBOQ� BKBODV� COLJ�>�S>OFBQV� LC�
PLRO@BP��PR@E�>P�>FO��T>QBO�>KA�QEB�DOLRKA��QL�EB>Q�QE>Q�@>K�?B�RPBA�CLO�PM>@B�EB>QFKD�>P�TBII�
>P� ELQ� T>QBO� PRMMIV�� FK� ?LQE� ALJBPQF@� >KA� @LJJBO@F>I� ?RFIAFKDP�� 4EBV� @>K� PR@@BPPCRIIV�
FKQBDO>QB�FKQBOJFQQBKQ�2%3�FKQL�QEB�BIB@QOF@>I�DOFA�>KA�>OB�@LKPFABOBA�QL�?B�>JLKD�QEB�JLPQ�
BKBODV� BCCF@FBKQ� >KA� BKSFOLKJBKQ>IIV� COFBKAIV� QB@EKLILDFBP�� )K� ������ EB>Q� MRJMP� TBOB�
OBPMLKPF?IB� CLO� GRPQ� ��� LC� QEB� QLQ>I� ?RFIAFKD� EB>QFKD� ABJ>KA�� TLOIATFAB�� (LTBSBO�� QEBFO�
MLMRI>OFQV�E>P�FK@OB>PBA�PFDKFCF@>KQIV�FK�QEB�OB@BKQ�VB>OP�>P�FQ�FP�OB@LDKFPBA�QE>Q�QEBFO�RQFIFP>QFLK�
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@LKPRJMQFLK� MOLCFIBP�� 4EB� FK@OB>PFKD� >JLRKQP� LC� AFPQOF?RQBA� DBKBO>QFLK� COLJ� OBKBT>?IBP��
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�����H7E�� >MMOLUFJ>QBIV�� )K� ������ QEB� @LPQP� TBOB� ?BQTBBK� ����� –� ����H7E� TEFIB� FQ� FP�
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IFQBO>QROB�� @LKPRJBOP� >OB� TLOOFBA� >?LRQ� QEB� >S>FI>?FIFQV� LC� @E>ODFKD� FKCO>PQOR@QROB� >KA� QEB�
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COLJ�QEB�BIB@QOF@�SBEF@IB�CBBQ� FP�DLFKD� QL�OB>@E�����47E�RKABO� FQP�3Q>QBA�0LIF@FBP�3@BK>OFL�
TEFIB�QEB�OBPMB@QFSB�ABJ>KA�CLO�QEB�3RPQ>FK>?IB�$BSBILMJBKQ�3@BK>OFL�FP�BUMB@QBA�QL�?B�����
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QTL�CLOB@>PQP�S>IRB�TFQE�QEB������EFPQLOF@>I�DIL?>I�BIB@QOF@>I�%6�ABJ>KA��TEF@E�T>P�GRPQ����
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Figure 2.5 – )KQBDO>QFLK�LC�%IB@QOF@�6BEF@IBP�FK�QEB�%IB@QOF@>I�'OFA��"BKBCFQP�>KA�$O>T?>@HP�
�!A>MQBA�COLJ�;��<	�

2BD>OAFKD�QEB�FKQBDO>QFLK�LC�QEB�BIB@QOF@>I�DOFA�TFQE�BIB@QOF@�SBEF@IBP��RKQFI�OB@BKQIV��QEBFO�IFKH>DB�
T>P�FKPFDKFCF@>KQ��(LTBSBO��QEB�PFQR>QFLK�FP�O>MFAIV�@E>KDFKD��>KA�QEB�DOLTFKD�BIB@QOFCF@>QFLK�LC�
QEB�QO>KPMLOQ�PB@QLO�FP�KL�ILKDBO�@LJM>QF?IB�TFQE�QEB�QO>AFQFLK>I�?RPFKBPP�JLABIP�>ALMQBA�?V�
QEB�MLTBO�PB@QLO�� )K�C>@Q�� FQ�TFII�MRQ�MOBPPROB�LK�QEB�DOFA� FKCO>PQOR@QROB�>P�QEB�%6P�E>SB�QEB�
MLQBKQF>I� QL� >CCB@Q� QEB� KBQTLOH�P� IL>A� MOLCFIB�� &FDROB� ���� IFPQP� ?LQE� QEB� >AS>KQ>DBP� >KA�
AFP>AS>KQ>DBP�LC�QEB�%6�FKQBDO>QFLK�FK�QEB�BIB@QOF@>I�DOFA��)K�JLOB�ABQ>FI��TEBK�FQ�@LJBP�QL�QEB�
>AS>KQ>DBP��%6P�@>K�>PPFPQ�QLT>OAP�QEB�FKQBDO>QFLK�LC�2%3��>@QFKD�>P�BKBODV�PQLO>DB�ABSF@BP�
>KA�OBKBT>?IB�BKBODV�?RCCBO�QL�OBAR@B�BJFPPFLKP�>KA�@LPQP��4EOLRDE�P@EBARIBA�@E>ODFKD�>KA�
AFP@E>ODFKD��%6P�@>K� FJMOLSB�MLTBO�J>K>DBJBKQ�>KA�QEB�BIB@QOF@>I�MB>H�ABJ>KA�@>K�?B�
JBQ� ?V� P@EBARIBA� AFP@E>ODFKD� AROFKD� QEB� MB>H� ELROP�� !IPL�� QEBV� @>K� MOLSFAB� COBNRBK@V�
OBDRI>QFLK�?V�HBBMFKD�QEB�COBNRBK@V�LC�QEB�!#�DOFA�@LKPQ>KQ�>Q����LO����(W�>P�TBII�>P�SLIQ>DB�
OBDRI>QFLK�?V�BU@E>KDFKD�OB>@QFSB�MLTBO��/K�QEB�LQEBO�E>KA��QEBOB�>OB�@OFQF@>I�AO>T?>@HP�>KA�
@E>IIBKDBP�>P�FQ�E>P�?BBK�MOBSFLRPIV�JBKQFLKBA�QE>Q�QEB�TFAB�>A>MQ>QFLK�LC�%6�QB@EKLILDV�@>K�
IB>A�QL�>�PFDKFCF@>KQ�IL>A�ABJ>KA�FK@OB>PB�CLO�QEB�MLTBO�PB@QLO��&ROQEBOJLOB��>P�QEB�%6�IL>AP�
>OB�KLKIFKB>O�>KA�OBNRFOB� I>ODB�>JLRKQP�LC�BIB@QOF@FQV� FK�>�PELOQ� QFJB�MBOFLA�� QEBV�E>SB�QEB�
MLQBKQF>I� QL� IB>A� QL� MLTBO� FKPQ>?FIFQV�� (>OJLKF@P� FKGB@QFLK� @>K� >IPL� Q>HB� MI>@B� QEOLRDE� QEB�
DBKBO>QBA�E>OJLKF@P�?V�QEB�%6�chargers’ electronics�;��<��

4EBOB� FP� >K� FK@OB>PFKD� >JLRKQ� LC� FKQBOBPQ� OBD>OAFKD� %6P� >P� MOLJFPFKD� >IQBOK>QFSB� BKBODV�
PLRO@BP� CLO� PQ>QFLK>OV� >MMIF@>QFLKP�� )K�JLOB� ABQ>FI�� FQ� FP� PRMMLOQBA� QE>Q� QEBV� @>K� @LKPQFQRQB�
SFOQR>I�MLTBO�MI>KQP�FK�LOABO�QL�BFQEBO�@E>ODB�QEBFO�?>QQBOFBP�LO�PBII�>KV�BU@BPP�BIB@QOF@FQV�TEBK�
KLQ�FK�RPB��)K�QEFP�T>V��%6P�@>K�OBIF>?IV�MOLSFAB�MLTBO�PRMMIV�QL�@LKPRJBOP��PR@E�>P�?RFIAFKDP��
>KA�QEB�BIB@QOF@>I�DOFA��@LKQOF?RQFKD�QL�FQP�CIBUF?FIFQV��BCCF@FBK@V�>KA�?>I>K@B��6FOQR>I�MLTBO�MI>KQP�
@LKPFPQP�LC�PBSBO>I��DOFA@LKKB@QBA�AFPQOF?RQBA�MLTBO�DBKBO>QFLK�>KA�PQLO>DB�RKFQP��FK@IRAFKD�
2%3��!�MLQBKQF>I�FKQBDO>QFLK�LC�%6P�TFQE�SFOQR>I�MLTBO�MI>KQP�@LRIA�FKQOLAR@B�CIBUF?FIFQV�QL�QEB�
DOFA�� PRMMIV�>AAFQFLK>I� BIB@QOF@FQV� >KA� QEBOBCLOB� PQ>?FIFPB�ABJ>KA�� CLO� BU>JMIB�?V�MOLSFAFKD�
BIB@QOF@>I�BKBODV�>Q�QFJBP�LC�MB>H�ABJ>KA�FK�?RFIAFKDP�QEOLRDE�QEB�RQFIFP>QFLK�LC�?FAFOB@QFLK>I�
@LKSBOQBOP��4EBOBCLOB��FKQBDO>QFKD�%6P�QL�QEB�DOFA�@LRIA�?B�>�MO>DJ>QF@�B@LKLJF@>I�PQO>QBDV�
CLO�QEB�BKBODV�PB@QLO�>KA�QEB�DOFA�;��<��
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Figure 2.6�–�3J>OQ�@E>ODFKD�LC�BIB@QOF@�SBEF@IBP�FK�MLTBO�PVPQBJP��2BMOLAR@BA�TFQE�
MBOJFPPFLK�COLJ�;��<��#LMVOFDEQ�������%IPBSFBO��
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Figure 2.7�–�#E>IIBKDBP�OBI>QBA�QL�PJ>OQ�@E>ODFKD�LC�%6P��!A>MQBA�COLJ�;��<	�
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%6�?>QQBOFBP�@>K�?B�@LKPFABOBA�QL�?B� I>ODBP@>IB�AFPQOF?RQBA�BKBODV�PQLO>DB�>KA��QEBV�@>K�
?OFKD��PFDKFCF@>KQ�?BKBCFQP�QL�QEB�BIB@QOF@>I�KBQTLOH�QEOLRDE�PJ>OQ�@E>ODFKD��-LOB�PMB@FCF@>IIV��
QEBFO�MLQBKQF>I�OLIB�FP�ABJLKPQO>QBA�FK�&FDROB�����TEBOB�FQ�@>K�?B�PBBK�QE>Q�%6P�@>K�MOLSFAB�
PBOSF@BP�QL�QEB�DOFA��&LO�?FAFOB@QFLK>I�MLTBO�BU@E>KDBP�QL�?B�MLPPF?IB��SBEF@IBQLDOFA��6�'	�
>KA�DOFAQLSBEF@IB� �'�6	�ABQ>FIBA�AFPM>Q@E� PQO>QBDFBP�>OB� OBNRFOBA��6�'� OBCBOP� QL� QEB�%6P�
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MOLSFAFKD��>K@FII>OV	�PBOSF@BP�QL�QEB�BIB@QOF@>I�DOFA�B�D��AROFKD�ELROP�LC�MB>H�ABJ>KA��MB>H
PE>SFKD	�TEFIB�'�6�FP�>?LRQ�@E>ODFKD�%6�?>QQBOFBP�>KA�JBBQFKD�QEBFO�KBBAP�B�D��FK�QFJBP�LC�
ILT�ABJ>KA��IL>A�S>IIBV�CFIIFKD	��4EBPB�>OB�LKIV�>�@LRMIB�LC�PBOSF@BP�QE>Q�@>K�Q>HB�MI>@B�TFQE�
LQEBOP�?BFKD�SLIQ>DB�PRMMLOQ��OBAR@QFLK�LC�MLTBO�ILPPBP�BQ@��)Q�FP�TLOQE�EFDEIFDEQFKD�QE>Q�QEBOB�
>OB� PFDKFCF@>KQ� DOFAOBI>QBA� @E>IIBKDBP� LC� QB@EKF@>I�� B@LKLJF@� >KA� PL@F>I� K>QROB� QE>Q� >OB�
PRJJ>OFPBA� FK�&FDROB������#LK@BOKFKD�QEB�@OFQF@>I� QB@EKF@>I�@E>IIBKDBP�� FK@OB>PFKD�ABJ>KA�
>OFPFKD�COLJ�QEB�KBBA�QL�@E>ODB�>�DOLTFKD�KRJ?BO�LC�%6P�@LRIA�OBPRIQ�FKQL�BUMBKPFSB�MLTBO�
DBKBO>QFLK� PLIRQFLKP� PR@E� >P� D>P� QRO?FKBP� >KA� @LKDBPQFLK� LC� IFKBP� >KA� QO>KPCLOJBOP�TEFIB�
E>SFKD� >� KBD>QFSB� FJM>@Q� FK� QEB� LSBO>II� LMBO>QFLK� @LKQOLI� LC� QEB� KBQTLOH�� &ROQEBOJLOB�� >P�
@ROOBKQ�MLTBO�KBQTLOHP�>Q�QEB�AFPQOF?RQFLK�IBSBI�>OB�KLQ�ABPFDKBA�QL�?B�?FAFOB@QFLK>I��%6P�@LRIA�
MLQBKQF>IIV�?B�RPBA�QL�JBBQ�IL@>I�IL>AP��&FK>IIV��TEFIB�%6P�@LRIA�BKQBO�QEB�BIB@QOF@FQV�J>OHBQ�
TFQE�QEB�MLQBKQF>I�QL�AFSBOPFCV�QEBJ��PRFQ>?IB�CFK>K@F>I�JLQFSBP�TFII�?B�KBBABA�QL�@LKSFK@B�%6�
LTKBOP�>KA�RPBOP�QL�M>OQF@FM>QB�FK�MOF@B?>PBA�P@EBJBP��QEBOB�FP�>�@ROOBKQIV�>K�>?PLIRQB�I>@H�
LC�MLIF@V�LO�>KV�MOF@FKD�JB@E>KFPJ�;��<���

������%IB@QOF@FQV�->OHBQ�FK�%ROLMB�
%IB@QOF@FQV�@LKPQFQRQBP�LKB�LC�QEB�JLPQ�OBDRI>QBA�PB@QLOP�LC�QEB�B@LKLJV��FK@IRAFKD�LTKBOPEFM��
BKQOV�@LKAFQFLKP��Q>OFCCP�>KA�NR>IFQV�PQ>KA>OAP��(LTBSBO��QEBOB�E>P�?BBK�>�ERDB�IF?BO>IFP>QFLK�
MOL@BPP�CLO�QEB�I>PQ�QEFOQV�VB>OP��QO>KPCLOJFKD�QEB�BKQFOB�FKARPQOV�>KA�FKQOLAR@FKD�@LJMBQFQFLK�
>KA�FK@BKQFSBP�CLO�FKKLS>QFLK��$BOBDRI>QFLK�IBA�QL�MOFS>QFP>QFLK�LC�RQFIFQFBP��QEB�@OB>QFLK�LC�>K�
FKABMBKABKQ�OBDRI>QLOV�>RQELOFQV��QEFOAM>OQV�>@@BPP�QL�QO>KPJFPPFLK�>KA�AFPQOF?RQFLK�PVPQBJP�
FKCO>PQOR@QROB�>KA�KBT�@LJMBQFQLOP�BKQBOFKD� QEB�J>OHBQ��->OFKL�BQ�>I�� ;��<�PRMMLOQBA� QE>Q�>�
OBAR@QFLK� LK� ABOBDRI>QFLK� FKQBKPFQV� CLIILTFKD� J>GLO� OBCLOJP� E>P� >� KBD>QFSB� FJM>@Q� LK�
FKKLS>QFLK�TEFIB�QEB�J>FK�J>OHBQ�M>O>JBQBO�>CCB@QFKD�FKKLS>QFLK�FP�QEB�ABDOBB�LC�@LKQBPQ>?FIFQV��
QEB� AFCCF@RIQV� IBSBI� RKABO� TEF@E� >� CFOJ� @>K� BKQBO� LO� IB>SB� QEB� J>OHBQ�� #LRKQOFBP� >?IB� QL�
>@@BIBO>QB�QEBFO�IF?BO>IFP>QFLK�MOL@BPP�TFII�?BKBCFQ�COLJ�>K�FK@OB>PFKD�MOLAR@QFLK�BCCF@FBK@V�>P�
TBII�>P�MOF@B�OBAR@QFLKP��/K�QEB�LQEBO�E>KA��PQ>VFKD�?BEFKA�TFII�EFKABO�D>FKP�PQBJJFKD�COLJ�
FKKLS>QFLK�>KA�TFII�IB>A�QL�>�IBPP�BCCF@FBKQ�BIB@QOF@FQV�J>OHBQ��

)K�������%IB@QOF@FQV�2BDFLK>I�)KFQF>QFSB��%2)) were launched by the European Regulator’s Group 

CLO�%IB@QOF@FQV�>KA�'>P��%2'%'	��%2)��@LKPFPQFKD�LC�PBSBK�IL@>I�AFOB@QFSBP��T>P�@LK@BFSBA�>P�
>�T>V� QL�QO>KPFQFLK� QL�>�M>K%ROLMB>K�BIB@QOF@FQV�J>OHBQ��LCQBK�QBOJBA�>P�%IB@QOF@FQV�->OHBQ�
4>ODBQ�-LABI��%-4-	��%-4-�FP�?>PBA�LK�QEB�FAB>�LC�->OHBQ�#LRMIFKD�QE>Q�FK@IRABP�QTL�QVMBP�
LC� @LRMIFKD�� 6LIRJB� @LRMIFKD� FP� MLPPF?IB� ?V� QEB� 'coordinated utilisation of available 
interconnection capacity��TEFIB�MOF@B�@LRMIFKD�FP�JLOB�PLMEFPQF@>QBA�>P�?LQE�MOF@B�>KA�SLIRJB�
@LLOAFK>QFLK�?BQTBBK�AFCCBOBKQ�@LRKQOFBP�>OB� OBNRFOBA��4EB�J>GLOFQV�LC�%2)�J>AB� FJMLOQ>KQ�
MOLDOBPP� FK� FKQBDO>QFKD� BIB@QOF@FQV� J>OHBQP� QE>Q� TBOB� M>OQ� LC� B>@E� FKFQF>QFSB�� 4EB� JLPQ�
@E>O>@QBOFPQF@�BU>JMIB�T>P�QEB�%2)�CLO�.LOQEBOK�%ROLMB��.LOA�0LLI�3MLQ��QEB�CFOPQ�J>OHBQ�FK�
QEB�TLOIA�TEBOB�BIB@QOF@FQV�T>P�QO>ABA�FK������>JLKD�CLRO�3@>KAFK>SF>K�@LRKQOFBP��4EB�J>GLO�
TELIBP>IB�BIB@QOF@FQV�J>OHBQP�FK�%ROLMB�>OB�MOBPBKQBA�FK�4>?IB������)Q�FP�FKQBOBPQFKD�QL�MLFKQ�LRQ�
QE>Q�'OB>Q�"OFQ>FK� FP�QEB�LKIV�@LRKQOV� FK�QEB�@LKQFKBKQ�M>OQF@FM>QFKD� FK�QEOBB�MLTBO�BU@E>KDB�
J>OHBQP��08P	�TEFIB�QEB�OBPQ�LC�%ROLMB�E>P�>�J>UFJRJ�KRJ?BO�LC�QTL�08P��&FK>IIV��QEB�%0%8�
3MLQ�A>V>EB>A�>R@QFLKP�>IPL�FK@IRAB�!RPQOF>�>KA�3TFQWBOI>KA�;��<��

%2)� ABSBILMJBKQP� IBA� QL� J>OHBQ� JBODBOP� >KA� @LLMBO>QFLK� ?BQTBBK� AFCCBOBKQ� PQ>QBP�� &LO�
BU>JMIB��FK�������%0%8�30/4�>KA�!08�'OLRM�FKQBDO>QBA�QEBFO�?RPFKBPP�FK�LOABO�QL�@OB>QB�
QEB�0LTBO�%U@E>KDB�CLO�#BKQO>I�7BPQBOK�%ROLMB�>KA�QEB�5+��4EB�@LJM>KV�JBKQFLKBA�QE>Q�
QEB� FKQBDO>QFLK� FK�NRBPQFLK�TLRIA� CROQEBO�AB@OB>PB�L?PQ>@IBP� FK�MLTBO� QO>AFKD�?V�BKCLO@FKD�
@LJJLK� ORIBP� CLO� QEB� BKQFOB� OBDFLK�� @LJJLK� >AJFPPFLK� MOL@BPP� >KA� E>OJLKFPBA� QO>AFKD�
PVPQBJP� ;��<�� .LOA0LLI� FP� @ROOBKQIV� QEB� IB>AFKD� MLTBO�J>OHBQ� FK� %ROLMB�� >P� >�.LJFK>QBA�
%IB@QOF@FQV�->OHBQ�/MBO>QLO� �.%-/	� FK� ���%ROLMB>K� @LRKQOFBP�� FK@IRAFKD� QEB�5+��TFQE� ����
@LJM>KFBP� COLJ����@LRKQOFBP�@ROOBKQIV� QO>AFKD�LK� FQP�A>V>EB>A�>KA� FKQO>A>V�J>OHBQP�� )Q� FP�
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TLOQE�JBKQFLKFKD�QE>Q�����47E�LC�BIB@QOF@FQV�TBOB�QO>ABA�FK�QEB�5+�A>V>EB>A�J>OHBQ��LKIV�FK�
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Table 2.1�–�->GLO�TELIBP>IB�BIB@QOF@FQV�J>OHBQP�FK�%ROLMB�;��<�
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!AAFQFLK>IIV��KBT�%5�IBDFPI>QFLK�@>JB�FKQL�CLO@B��FK�������>KA�JLOB�PMB@FCF@>IIV�QEB�$FOB@QFSBP�
���������LK�QEB�FKQBOK>I�J>OHBQ�CLO�BIB@QOF@FQV�>KA����������LK�@LJJLK�ORIBP�CLO�QEB�FKQBOK>I�
J>OHBQ��!@@LOAFKD� QL� QEB�%ROLMB>K�#LJJFPPFLK�� QEB�AFOB@QFSBP�TFII�J>HB�QEB�%5�BIB@QOF@FQV�
J>OHBQ� CFQ� CLO� QEB� @IB>K�BKBODV� QO>KPFQFLK�� FK@OB>PB� @LKKB@QFSFQV� ?BQTBBK� QEB� K>QFLKPQ>QBP��
FKQBDO>QB�BKBODV�LOFDFK>QFKD�COLJ�2%3�>KA�BKE>K@B�@LKPRJBO�MOLQB@QFLK��%JME>PFP�FP�DFSBK�
QL�QEB�FKQOLAR@QFLK�LC�KBT�BJFPPFLK�IFJFQP�CLO�MLTBO�MI>KQP�OB@BFSFKD�PR?PFAFBP�>P�TBII�>P�DOFA�
CIBUF?FIFQV�>KA�OBPFIFBK@B�;��<��

->VBO�>KA�4Od@H� ;��<�MLFKQBA�LRQ� QE>Q�ARB� QL� QEB�@OB>QFLK�LC�TELIBP>IB�BIB@QOF@FQV�J>OHBQP��
BIB@QOF@FQV�?B@>JB�>� QVMB�LC�@LJJLAFQV� QE>Q�@LRIA�?B� QO>ABA��(LTBSBO�� FQP�>QQOF?RQBP�J>AB�
BIB@QOF@FQV�PFDKFCF@>KQIV�AFCCBOBKQ� QE>K�LQEBO�@LJJLAFQFBP�>KA�CFK>K@F>I�>PPBQP��J>HFKD� FK� QEFP�
T>V� QEB� BIB@QOF@FQV� PMLQ� J>OHBQ� RKFNRB� QL� >� @BOQ>FK� BUQBKQ�� BPMB@F>IIV� ?B@>RPB� LC� QEB�
OBNRFOBJBKQ�CLO�DBKBO>QFLK�>KA�@LKPRJMQFLK�QL�Q>HB�MI>@B�>Q�QEB�P>JB�QFJB��4EBOBCLOB��QEB�
J>OHBQ�TLRIA� ?B� PRP@BMQF?IB� QL� MOF@B� PMFHBP� >KA� EFDE� SLI>QFIFQV��J>HFKD� QEBFO� CLOB@>PQ� >KA�
JLABIIFKD� >� DOLTFKD� OBPB>O@E� CFBIA�� 4EB� I>ODBPQ� J>OHBQP� FK� %ROLMB� >OB� @LKPFABOBA� QL� ?B�
.LOA0LLI�CLO�QEB�3@>KAFK>SF>K�OBDFLK��%0%8�3MLQ�CLO�'BOJ>KV��&O>K@B�>KA�3TFQWBOI>KA�>KA�
!08�CLO� QEB�.BQEBOI>KAP�>KA�QEB�5+��$>V>EB>A�>R@QFLKP�@LKPQFQRQB� QEB�LIABPQ� QO>KP>@QFLK�
JB@E>KFPJ�TEFIB�FKQO>A>V�J>OHBQP�CLIILTBA�I>QBO��

4EB�>FJ�LC�QEB�OBIBS>KQ�IBDFPI>QFLK�FP�QL�FK@OB>PB�QEB�@LJMBQFQFLK�>KA�CRK@QFLK>IFQV�LC�QEB�%5�
BIB@QOF@FQV�J>OHBQ�>P�>�TELIB�O>QEBO�QE>K�QEB�CO>DJBKQBA�J>OHBQP�FQ�OBMI>@BA��!P�QEB�FKQBDO>QFLK�
LC�QEB�J>OHBQP�FK@OB>PBP��QEB�J>OHBQ�BCCF@FBK@V�FJMOLSBP��>KA�BIB@QOF@FQV�MOF@BP�>OB�OBAR@BA��)Q�
FP�FJMLOQ>KQ�QL�EFDEIFDEQ�QE>Q�QEB�FKCIRBK@B�LC�K>QFLK>I�JLKLMLIFBP�JRPQ�?B�OBAR@BA�FK�LOABO�QL�
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FJMOLSB�QEB�PQ>?FIFQV�LC�QEB�BIB@QOF@FQV�PB@QLO�>KA�FK@OB>PB�QEB�@LLOAFK>QFLK�?BQTBBK�AFCCBOBKQ�
PQ>QBP�QEOLRDE�FKQBO@LKKB@QLOP��,F?BO>IFP>QFLK�>KA�FKQBDO>QFLK�FP�KLQ�>K�LKBLCC�>@QFSFQV�?RQ�>�
AVK>JF@�MOL@BPP�QE>Q�OBNRFOBP�QEB�@LKQFKRLRP�M>OQF@FM>QFLK�LC�>II�QEB�HBV�MI>VBOP�>KA�OBDRI>QLOP�
;��<��

4EB�ABSBILMJBKQ� LC�%5� PFKDIB�J>OHBQ� FK� BIB@QOF@FQV� E>P� ?BBK� FJMOBPPFSB�TEBK� Q>HFKD� FKQL�
>@@LRKQ�>II�QEB�PQOR@QRO>I�>KA�FKPQFQRQFLK>I�@E>KDBP�QE>Q�E>SB�Q>HBK�MI>@B�PFK@B�������)K�QEFP�
AFOB@QFLK��QEB�%5�IBDFPI>QFLK�TFQE�FQP�AFOB@QFSBP�T>P�LC�CRKA>JBKQ>I�FJMLOQ>K@B��BPMB@F>IIV�TEBK�
considering the additional help of the European Commission’s competition authority to 

MOLJLQB� CROQEBO� OBCLOJP�� �2BDRI>QLOV� @LKSBODBK@B�� T>P� >@EFBSBA� FK� >� OBI>QFSBIV� EFDE� M>@B�
TEFIB�FQ�FP�OB>PLK>?IB�QL�>PPRJB�QE>Q�QEFP�TLRIA�KLQ�E>SB�?BBK�QEB�@>PB�FC�QEB�PFKDIB�J>OHBQ�
TBOB� >?PBKQ�� (LTBSBO�� FJMOLSBJBKQP� >OB� KBBABA� TFQE� QEB� %ROLMB>K� #LJJFPPFLK� FQPBIC�
>AJFQQFKD�QE>Q�QEB�%5�PFKDIB�BIB@QOF@FQV�J>OHBQ�FP�PQFII�>�TLOH�FK�MOLDOBPP�;��<��

2BD>OAFKD� QEB�AFCCBOBKQ� QFJBP@>IBP�LC� QEB�BIB@QOF@FQV�J>OHBQ��BIB@QOF@FQV�@>K�?B�QO>ABA�VB>OP��
JLKQEP�LO�TBBHP� FK�>AS>K@B�� LKB�A>V� FK�>AS>K@B� �A>V>EB>A	�� AROFKD� QEB� P>JB�A>V� QE>Q�
BKBODV�FP�KBBABA��FKQO>A>V	�>P�TBII�>P�FK�OB>I�QFJB��?>I>K@FKD	��)K�JLOB�ABQ>FI��CRQROB���CLOT>OA�
J>OHBQP�OBCBOP�QL�ILKD�QBOJ�@LKQO>@QP�TEF@E�AB>I�TFQE�>�PMB@FCF@�>JLRKQ�LC�BKBODV�QO>ABA�LK�>�
PMB@FCF@�MOF@B��!� CLOT>OA� FP�>�@LKQO>@Q�?BQTBBK� QTL�M>OQFBP�TEFIB�>� CRQROB�@LKQO>@Q� FK@IRABP�
PQ>KA>OAFPBA�MOLAR@Q�P	��LOFDFK>QFKD�COLJ�>K�LOD>KFPBA�J>OHBQ��&ROQEBOJLOB��FK�QEB�A>V>EB>A�
J>OHBQ��?FAP�>KA�LCCBOP�>OB�PR?JFQQBA�?V� QEB�J>OHBQ�M>OQF@FM>KQP�?BCLOB�>�ABPFDK>QBA�D>QB�
@ILPROB�QE>Q�J>V�S>OV�COLJ�@LRKQOV�QL�@LRKQOV��!CQBOT>OAP��QEB�PMLQ�MOF@B�FP�BPQ>?IFPEBA�?>PBA�
LK�QEB�PR?JFQQBA�?FAP�>KA�LCCBOP�QEOLRDE�>�MOF@B�@IB>OFKD�;���<��4EB�J>GLOFQV�LC�%ROLMB�FP�M>OQ�
LC� QEB� 3FKDIB� $>V!EB>A� #LRMIFKD� �3$!#	� JB@E>KFPJ� RKABO� TEF@E� TELIBP>IB� BIB@QOF@FQV�
J>OHBQP�COLJ�PBSBO>I�OBDFLKP�>OB�@LRMIBA��Q>HFKD�FKQL�>@@LRKQ�>KV�@OLPP?LOABO�QO>KPJFPPFLK�
IFJFQ>QFLKP��4EB�>FJ�LC�QEB�3$!#�P@EBJB�FP�QL�@reate a ‘pan-European cross-zonal day-ahead 
power market’ ;���<��$ROFKD�QEB�A>V��J>OHBQ�M>OQF@FM>KQP�@>K�JLAFCV�BUFPQFKD�>DOBBJBKQP�LO�
@OB>QB�KBT�@LKQO>@QP�QEOLRDE�MOLDO>J�AB@I>O>QFLKP��

3FJFI>OIV�QL�3$!#��QEB�3FKDIB�)KQO>A>V�#LRMIFKD��3)$#	�E>P�BPQ>?IFPEBA�>K�%5�@OLPPWLK>I�
FKQO>A>V�BIB@QOF@FQV�J>OHBQ�QL�BK>?IB�J>OHBQ�MI>VBOP�>@OLPP�QEB�5KFLK�QL�QO>AB�BIB@QOF@FQV�AROFKD�
QEB�A>V�QE>Q�FQ�FP�KBBABA�RKQFI�LKB�ELRO�?BCLOB�ABIFSBOV�QFJB��4EB�FJMLOQ>K@B�LC�QEB�FKQO>A>V�
J>OHBQ� E>P�?BBK� FK@OB>PFKD� FK� QEB� OB@BKQ�VB>OP�ARB� QL� QEB�EFDE�>JLRKQP�LC� S>OF>?IB�2%3�
FKSLISBA�FK�BIB@QOF@FQV�DBKBO>QFLK��3)$#�MOLJLQBP�@LJMBQFQFLK��FK@OB>PBP�IFNRFAFQV�>KA�>IILTP�
J>OHBQ� MI>VBOP� QL� NRF@HV� >AGRPQ� QL� RKBUMB@QBA� @E>KDBP� FK� BIB@QOF@FQV� @LKPRJMQFLK� ;���<��
&FK>IIV�� QEB� ?>I>K@FKD�J>OHBQ� >IILTP� OB>IQFJB� BIB@QOF@FQV� QO>AFKD� FK� LOABO� CLO� 4O>KPJFPPFLK�
3VPQBJ�/MBO>QLOP��43/P	�QL�HBBM�QEB�?>I>K@B�?BQTBBK�PRMMIV�>KA�ABJ>KA��!KV�AFCCBOBK@BP�
?BQTBBK�QEB�@LKQO>@QBA�>KA�QEB�>@QR>I�BIB@QOF@FQV�QO>ABA�FP�RPR>IIV�PBQQIBA�?BQTBBK�QEB�M>OQFBP�
FKSLISBA��QEB�A>V�>CQBO�ABIFSBOV�Q>HBP�MI>@B��4EB�QFJBIFKBP�LC�QEB�BIB@QOF@FQV�J>OHBQ�>OB�OBCIB@QBA�
?BILT��FK�&FDROB�����;���<��

!@@LOAFKD� QL� ;���<�� QTL� HBV� @E>O>@QBOFPQF@P� LC� QEB� %ROLMB>K� BIB@QOF@FQV� J>OHBQP� >OB� PBIC
AFPM>Q@E�>KA�?>I>K@FKD�OBPMLKPF?FIFQV��?LQE�LC�TEF@E�>OB�OBI>QBA�QL�QEB�KBBA�CLO�?>I>K@FKD�QEB�
DOFA��4EB�CLOJBO�?>PF@>IIV�>IILTP�QEB�J>OHBQ�>@QLOP�QL�AB@FAB�ELT�QL�RPB�QEBFO�DBKBO>QLOP�?RQ�
>Q� QEB� P>JB� QFJB� QEBV� E>SB� QEB� L?IFD>QFLK� QL� PR?JFQ� QEBFO� DBKBO>QFLK� >KA� @LKPRJMQFLK�
P@EBARIBP�FK�>AS>K@B��4EB�I>QQBO�OBCBOP�QL�QEB�CFK>K@F>I�OBPMLKPF?FIFQV�LC�QEB�J>OHBQ�M>OQF@FM>KQP�
ABOFSBA�COLJ�>KV�ABSF>QFLKP�COLJ�QEB�PR?JFQQBA�BKBODV�P@EBARIBP�>KA� QEB�@LKPBNRBKQ�DOFA�
FJ?>I>K@BP��!P� FQ� FP�KLOJ>I� CLO�ABSF>QFLKP� QL� Q>HB�MI>@B��J>OHBQ�>@QLOP�@>K�?FI>QBO>IIV� QO>AB�
BIB@QOF@FQV� FK� QEB� CLOT>OA�� A>V>EB>A� >KA� FKQO>A>V�J>OHBQP� >P� PLLK� >P� QEBV� E>SB� >�JLOB�
ABQ>FIBA�HKLTIBADB�LC�QEBFO�PRMMIV�>KA�ABJ>KA�OBNRFOBJBKQP��)K�C>@Q��QEBV�@>K�Q>HB�>AS>KQ>DB�
LC�PBSBO>I�LMMLOQRKFQFBP�QL�J>HB�QEB�KB@BPP>OV�@LOOB@QFLKP�>KA�BIFJFK>QB�>KV�CFK>K@F>I�OFPHP��
BPMB@F>IIV� @LKPFABOFKD� QEB� C>@Q� QE>Q� J>OHBQP� JFDEQ� E>SB� AFCCBOBKQ� D>QB� @ILPROB� QFJBP��
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.BSBOQEBIBPP��FJ?>I>K@BP�@>K�PQFII�Q>HB�MI>@B�RKABO�@BOQ>FK�@FO@RJPQ>K@BP��J>HFKD�QEB�KBBA�
CLO�>K�>AAFQFLK>I�J>OHBQ��@>IIBA�?>I>K@FKD�J>OHBQ��KB@BPP>OV�QLT>OAP�QEB�PQ>?FIFQV�LC�QEB�DOFA��
)K�QEFP�T>V��QEB�43/�E>P�QEB�@>M>@FQV�LC�FJMIBJBKQFKD�I>PQ�JFKRQB�@LOOB@QFLKP��RKABO�OB>IQFJB�
@LKAFQFLKP��
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Figure 2.8�–�%IB@QOF@FQV�J>OHBQP�>KA�QEBFO�QFJBP@>IBP�FK�%ROLMB��!A>MQBA�COLJ�;���<	�

(FOQE� >KA� :FBDBKE>DBK� ;���<� EFDEIFDEQBA� QEB� C>@Q� QE>Q� QEB� KBBA� CLO� ?>I>K@FKD� MLTBO� E>P�
FK@OB>PBA�ARB�QL�QEB�RQFIFP>QFLK�LC�S>OF>?IB�2%3�TELPB�LRQMRQ�ABMBKAP�LK�TB>QEBO�@LKAFQFLKP��
4EB�>RQELOP�BUMI>FKBA�QEB�FJMLOQ>K@B�LC�?>I>K@FKD�QEB�FKQBDO>QBA�MLTBO�PVPQBJP�LK�>�PELOQ�
QBJMLO>I� P@>IB�� RPR>IIV� COLJ� PB@LKAP� RM� QL� ELROP�� !P� QEB� O>JFCF@>QFLKP� COLJ� COBNRBK@V�
S>OF>QFLKP� @>K� ?B� ABS>PQ>QFKD�� PR@E� >P� QEB� ABPQOR@QFLK� LC� BIB@QOF@>I� J>@EFKBP� FK@IRAFKD�
DBKBO>QLOP��FQ�FP�SFQ>I�QL�HBBM�QEB�COBNRBK@V�LC�QEB�!#�DOFA�PQ>?IB�>Q����LO����(W��43/P�>OB�QEB�
?LAFBP�TEL�LMBO>QB� QEB� QO>KPJFPPFLK�KBQTLOH�>KA� QEBOBCLOB�J>K>DB� QEB�?>I>K@FKD�MLTBO��
4EBFO�J>FK�OBPMLKPF?FIFQFBP�FK�OBI>QFLK�QL�?>I>K@FKD�QEB�KBQTLOH�>OB�>P�CLIILTP��

•� )ABKQFCV�QEB�@>M>@FQV�>JLRKQ�KBBABA�QL�?B�OBPBOSBA�CLO�?>I>K@FKD�MLTBO�MROMLPBP�BU�
>KQB��

•� 0RO@E>PB�QE>Q�@>M>@FQV�>KA�PMB@FCV�FQP�MOF@B�>@@LOAFKDIV�BU�>KQB��
•� 5QFIFPB�QEB�?>I>K@FKD�MLTBO�>KA�ABQBOJFKB�QEB�FJ?>I>K@B�MOF@B�FK�OB>I�QFJB��
•� 2BPBQ�QEB�PVPQBJ�CFK>K@F>IIV�>KA�>IIL@>QB�@LPQP�QEOLRDE�FJ?>I>K@B�MOF@B�LO�DOFA�CBBP�
BU�MLPQ��

#LJJBKQFKD� LK� QEB� AFCCBOBK@BP� ?BQTBBK� ?>I>K@FKD� @>M>@FQV� >KA� ?>I>K@FKD� BKBODV�� ;���<�
KLQBA�QE>Q�QEB�L?GB@QFSB�LC�QEB�?>I>K@FKD�@>M>@FQV�J>OHBQ�FP�QL�OBPBOSB�>�PRCCF@FBKQ�>JLRKQ�LC�
MLTBO�CLO�FQP�CRQROB�>@QFS>QFLK��4EB�?>I>K@FKD�BKBODV�FP�I>QBO�>@QFS>QBA�FK�OB>I�QFJB�QL�?>I>K@B�
PRMMIV� >KA� ABJ>KA� RPFKD� >II� QEB� >S>FI>?IB� ?>I>K@FKD� OBPLRO@BP�� MOL@ROBA� >Q� QEB� MOBSFLRP�
PQ>DB��!@@LOAFKD�QL�QEB�%5�OBDRI>QFLKP�QE>Q�BPQ>?IFPEBA�>�DRFABIFKB�LK�BIB@QOF@FQV�?>I>K@FKD��
QEB� ?>I>K@FKD� BKBODV�J>OHBQ�JRPQ� ?B� AB@LRMIBA� COLJ� QEB� ?>I>K@FKD� @>M>@FQV�J>OHBQ�� QEFP�
>IILTP�>KV�?>I>K@FKD�BIB@QOF@FQV�?FAP�QL�?B�PR?JFQQBA�FK�>�PBM>O>QB�>R@QFLK��KB>O�QL�OB>I�QFJB��
4EB�>RQELOP�>IPL�MLFKQBA�LRQ� QE>Q� QEB�?>I>K@FKD�J>OHBQP�AFCCBO� COLJ�PMLQ�J>OHBQP��PR@E�>P�
CRQROB�>KA�A>V>EB>A��>P�QEB�43/�@LKPQFQRQBP�QEB�LKIV�?RVBO�LC�QEB�J>OHBQ��

!P�FK@OB>PFKD�AB@>O?LKFP>QFLK�LC�QEB�MLTBO�KBQTLOH�Q>HBP�MI>@B��;���<�>ODRBA�QE>Q�BCCB@QFSB�
MOLMLP>IP� LK� J>OHBQ� ABPFDK� >OB� KBBABA� QL� Q>@HIB� @ROOBKQ� FPPRBP�� 4EBOB� FP� >� @LKPBKPRP�
>JLKDPQ�QEB�%ROLMB>K�#LJJFPPFLK��QEB�FKARPQOV�>KA�OBDRI>QLOP�QE>Q�>�KBT�J>OHBQ�ABPFDK�FP�
KBBABA��ELTBSBO��QEB�AB?>QB�>OLRKA�QEFP�ABPFDK�FP�PQFII�LKDLFKD�TFQE�PBSBO>I�AFP>DOBBJBKQP�
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OBD>OAFKD� QEB�KBT�AFOB@QFLK��4EB�>RQELOP�EFDEIFDEQBA� QE>Q� QEB�ABPFDK�LC�BIB@QOF@FQV�J>OHBQP��
TEF@E� >OB� IF?BO>IFPBA�� AB@BKQO>IFPBA� >KA� FKQBO@LKKB@QBA�� E>P� >K� FJM>@Q� LK� QEB� J>OHBQ�
participants’ incentives and behaviour, forming dependencies between the desigK� LC� PR?
J>OHBQP��!IPL��QEB�QBOJFKLILDV�>OLRKA�J>OHBQ�ABPFDK�FP�LCQBK�KLQ�TBII�ABCFKBA�TFQE�OBPB>O@EBOP�
?BFKD�S>DRB�>KA�KLQ�PMB@FCVFKD� QEB�M>OQ�LC� QEB�BIB@QOF@FQV�J>OHBQ� QEBV�OBCBO� QL��4EB�PBSBO>I�
IBSBIP�LC�DLSBOK>K@B�>KA�QEB�AFCCBOBKQ�KBBAP�LC�B>@E�K>QFLKPQ>QB�E>SB�@OB>QBA�>�@LJMIF@>QBA�
J>OHBQ�ABPFDK�FK�%ROLMB��#LKPBNRBKQIV��>KV�PRDDBPQFLK�LK�FJMOLSFKD�QEB�J>OHBQ�ABPFDK�E>P�
QL�Q>HB�FKQL�>@@LRKQ�QEB�PVPQBJ�>PMB@Q�LC�QEB�BIB@QOF@FQV�J>OHBQP�>P�TBII�>P�QEBFO�@LJMIBU�K>QROB�
>KA�FKQBO>@QFLK�TFQE�B>@E�LQEBO��

!@@LOAFKD�QL�;���<��>PPBPPFKD�QEB�ABDOBB�LC� QEB�%ROLMB>K�->OHBQ� FKQBDO>QFLK�E>P�?BBK�QEB�
CL@RP� LC� QEB� BUFPQFKD� IFQBO>QROB�� 7FQE� FK@OB>PFKD� IF?BO>IFP>QFLK� >KA� @OLPP?LOABO� @>M>@FQFBP�
@LKPQFQRQFKD� QEB� QTL� M>O>IIBI� MLIF@FBP� LC� QEB� %5� PFK@B� ������ QEB� RK?RKAIFKD� LC� SBOQF@>IIV�
FKQBDO>QBA�JLKLMLIFBP�@OB>QBA�QEB�KB@BPP>OV�CLRKA>QFLKP�CLO�@LJMBQFQFLK�FK�DBKBO>QFLK�>KA�
PRMMIV�J>OHBQP��4EB�>RQELOP�KLQBA�QE>Q�RKABO�@BOQ>FK�@LKAFQFLKP��LTKBOPEFM�RK?RKAIFKD�@>K�
MLQBKQF>IIV�IB>A�QL�>�OBAR@QFLK�LC�FKSBPQJBKQP��>Q�QEB�QO>KPJFPPFLK�IBSBI��4EB�ABDOBB�LC�J>OHBQ�
FKQBDO>QFLK�DOBT�?BQTBBK������>KA�������ELTBSBO��ARB�QL�QEB�FK@OB>PFKD�J>OHBQ�MBKBQO>QFLK�
LC�FKQBOJFQQBKQ�2%3��QEB�J>OHBQ�FKQBDO>QFLK�T>P�QEBK�OBAR@BA�RKQFI�������$BPMFQB�QEB�@ROOBKQ�
ABDOBB� LC� J>OHBQ� FKQBDO>QFLK�� QEB� BCCB@QP� LC� K>QFLK>I� RKFI>QBO>I� FKFQF>QFSBP� PELRIA� KLQ� ?B�
RKABOBPQFJ>QBA�>P�>Q�QEB�BKA�LC�QEB�A>V��JBJ?BOPQ>QB�DLSBOKJBKQP�PQFII�E>SB�QL�CLIILT�QEBFO�
K>QFLK>I�BKBODV�MLIF@FBP�TEF@E�PLJBQFJBP�>OB�KLQ�FK�>@@LOA>K@B�TFQE�QEB�TFABO�%5�BCCLOQP�CLO�
CROQEBO�FKQBDO>QFLK��!�@E>O>@QBOFPQF@�BU>JMIB�FP�'BOJ>KV�P�BCCLOQ�QL�ME>PB�LRQ�KR@IB>O�MLTBO�
?V� MOLJLQFKD� S>OF>?IB� 2%3� QEOLRDE� CBBAFK� Q>OFCCP� �&)4P	�� IB>AFKD� QL� QEB� FK@OB>PB� LC� PMLQ�
BIB@QOF@FQV�MOF@BP�FK�KBFDE?LROFKD�@LRKQOFBP��

������%IB@QOF@FQV�FK�'OB>Q�"OFQ>FK�
4EB�QO>KPMLOQ>QFLK�KBQTLOH�CLO�BIB@QOF@FQV�@LKPFPQP�LC�QTL�HBV�JB@E>KFPJP��QO>KPJFPPFLK�>KA�
AFPQOF?RQFLK��4EB�QO>KPJFPPFLK�PVPQBJ�FP�>�SBOV�EFDE�SLIQ>DB�KBQTLOH��@>M>?IB�LC�@LKSBVFKD�
BIB@QOF@FQV�QEOLRDELRQ�QEB�BKQFOB�FPI>KA�LC�'OB>Q�"OFQ>FK��%KQFQFBP�TEF@E�OBNRFOB�EFDE�>JLRKQP�LC�
MLTBO�� PR@E� >P� FKARPQOF>I� @LKPRJBOP� �OBCFKBOFBP� BQ@�	�� >OB� @LKKB@QBA� QL� QEB� QO>KPJFPPFLK�
KBQTLOH��%IB@QOF@FQV�FP�DBKBO>QBA�FK�@BKQO>I�MI>KQP�QE>Q�>OB�MLTBOBA�?V�PBSBO>I�QVMBP�LC�CRBI��
FK@IRAFKD�K>QRO>I�D>P��@L>I�>KA�KR@IB>O�TEFIB�PJ>IIBO�P@>IB�OBKBT>?IB�BKBODV�PVPQBJP��B�D��
TFKA�QRO?FKBP	�@>K�>IPL�?B�@LKKB@QBA�QL�QEB�QO>KPJFPPFLK�KBQTLOH��4EB�J>FK�L?GB@QFSB�LC�QEB�
4O>KPJFPPFLK�3VPQBJ�FP�“to deliver generation to the distribution networks”��4EB�@LKKB@QFLK�
BPQ>?IFPEBA�?BQTBBK�4O>KPJFPPFLK� >KA�$FPQOF?RQFLK�3VPQBJP� FP� @>IIBA� >�'OFA�3RMMIV�0LFKQ�
�'30	��QEBOBCLOB��BSBOV�AFPQOF?RQFLK�PVPQBJ�FP�@LKPFABOBA�QL�?B�>�'30�'OLRM��3J>IIBO�P@>IB�
DBKBO>QFLK� PVPQBJP�� PR@E� >P� MELQLSLIQ>F@P� >KA� TFKA� QRO?FKBP�� @>K� ?B� @LKKB@QBA� QL� QEB�
$FPQOF?RQFLK� .BQTLOH� O>QEBO� QE>K� QEB� 4O>KPJFPPFLK� .BQTLOH� ARB� QL� QEBFO� ILTBO� LRQMRQ� >KA�
IL@>QFLK�>KA�>OB�HKLTK�>P�%J?BAABA�'BKBO>QFLK��)K�'OB>Q�"OFQ>FK��QEB�$FPQOF?RQFLK�.BQTLOH�
FP�AFSFABA�FK����PBM>O>QB�DBLDO>MEF@>I�>OB>P�TFQE�BIB@QOF@FQV�CILTFKD�COBBIV�?BQTBBK�QEBJ�>KA�
FQP� SLIRJB�?BFKD�JB>PROBA� QEOLRDE�JBQBOFKD�>Q� QEB� IFJFQP�LC� B>@E�>OB>� ;���<��!� PFJMIFCFBA�
PQOR@QROB�LC�QEB�QO>KPMLOQ>QFLK�KBQTLOH�RPBA�CLO�BIB@QOF@FQV�FK�'OB>Q�"OFQ>FK�FP�PELTK�?BILT��FK�
&FDROB������

.>QFLK>I�'OFA�LTKP�>KA�LMBO>QBP�QEB�EFDESLIQ>DB�4O>KPJFPPFLK�.BQTLOH�FK�%KDI>KA���7>IBP�
TEFIB�QEBOB�>OB�QTL�43/P�FK�3@LQI>KA��3@LQQFPE�0LTBO�%KBODV�.BQTLOHP�CLO�QEB�PLRQEBOK�M>OQ�
LC�QEB�@LRKQOV�>KA�3@LQQFPE���3LRQEBOK�%IB@QOF@FQV�.BQTLOHP�CLO�KLOQEBOK�3@LQI>KA��/SBO>II��QEB�
QO>KPJFPPFLK�KBQTLOH�FP�LMBO>QBA�>P�>�TELIB�?V�QEB�.>QFLK>I�'OFA�%IB@QOF@FQV�3VPQBJ�/MBO>QLO��
LCQBK� OBCBOOBA� QL� >P� .>QFLK>I� 'OFA� %3/�� TEF@E� FP� OBPMLKPF?IB� CLO� QEB� PQ>?IB� >KA� PB@ROB�
LMBO>QFLK�LC�QEB�BKQFOB�KBQTLOH�;���<��2BD>OAFKD�QEB�ILTBOSLIQ>DB�AFPQOF?RQFLK�KBQTLOH��QEBOB�
FP�>�QLQ>I�LC����IF@BKPBA�$FPQOF?RQFLK�.BQTLOH�/MBO>QLOP��$./P	�TEF@E�?BILKD�QL�QEB�CLIILTFKD�
PFU�PBM>O>QB�DOLRMP��.LOQEBOK�0LTBODOFA��3@LQQFPE���3LRQEBOK�%KBODV�.BQTLOHP��30�%KBODV�
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.BQTLOHP��5+�0LTBO�.BQTLOHP�>KA�7BPQBOK�0LTBO�$FPQOF?RQFLK��4EBOB� FP�>IPL�>�KRJ?BO�LC�
PJ>IIBO� IF@BKPBA� KBQTLOHP� TEF@E� >OB� LTKBA� >KA� J>K>DBA� ?V� )KABMBKABKQ� $FPQOF?RQFLK�
.BQTLOH�/MBO>QLOP��)$./P	��!P�?LQE�QEB�43/P�>KA�$./P�@LKPQFQRQB�K>QRO>I�JLKLMLIFBP��QEBV�
>OB� OBDRI>QBA�?V� QEB�/CCF@B�LC�'>P�>KA�%IB@QOF@FQV�->OHBQP� �/CDBJ	� FK�LOABO� QL�MOLQB@Q� QEB�
@LKPRJBOP�COLJ�>KV�MLQBKQF>I�MLTBO�>?RPB�;���<��

�

�

Figure 2.9�–�4O>KPMLOQ>QFLK�LC�BIB@QOF@FQV�QEOLRDE�QO>KPJFPPFLK�>KA�AFPQOF?RQFLK��"I>@H�>KA�
LO>KDB�QBUQ�OBCBO�QL�4O>KPJFPPFLK�>KA�$FPQOF?RQFLK�.BQTLOH�BIBJBKQP��OBPMB@QFSBIV��!A>MQBA�

COLJ�;���<	�

)Q�FP�SFQ>I�QL�MLFKQ�LRQ�QE>Q�>II�QEB�>?LSB�OBCBO�QL�QEB�BIB@QOF@FQV�KBQTLOH�LC�'OB>Q�"OFQ>FK�TEF@E�?V�
ABCFKFQFLK�ALBP�KLQ�FK@IRAB�.LOQEBOK�)OBI>KA��4EB�QTL�DBLDO>MEF@>I�OBDFLKP�E>SB�FKABMBKABKQ�
BIB@QOF@FQV�PVPQBJP�TEF@E�>OB�DLSBOKBA�>KA�OBDRI>QBA�PBM>O>QBIV��4EB�3FKDIB�%IB@QOF@FQV�->OHBQ�
of Ireland was established in 2007, to comply with the European Commission’s requirements 

CLO�%-4-��>P�>�@OLPP?LOABO�J>OHBQ�QE>Q�FK@IRABP�?LQE�.LOQEBOK�)OBI>KA��>�@LKPQFQRBKQ�@LRKQOV�
LC�QEB�5+��>KA�QEB�2BMR?IF@�LC�)OBI>KA�;���<��)K�.LOQEBOK�)OBI>KA��QEB�QO>KPJFPPFLK�KBQTLOH�FP�
LTKBA� >KA� LMBO>QBA� ?V� .LOQEBOK� )OBI>KA� %IB@QOF@FQV� .BQTLOHP� �.)%)	� TEF@E� >IPL� LTKP� QEB�
AFPQOF?RQFLK�KBQTLOH�LC�QEB�@LRKQOV��.)%)�FP�>K�>RQLKLJLRP�LOD>KFP>QFLK��OBDRI>QBA�PBM>O>QBIV�
?V�QEB�5QFIFQV�2BDRI>QLO�;���<��4EFP�OBPB>O@E�CL@RPBP�LK�QEB�BIB@QOF@FQV�KBQTLOH�LC�'OB>Q�"OFQ>FK�
>KA�QEBOBCLOB�>KV�OBCBOBK@BP�QL�QEB�5+�PELRIA�?B�Q>HBK�FKQL�>@@LRKQ��LKIV�FK�QEB�'"�@LKQBUQ�
>KA�FQP�DOFA��

!@@LOAFKD�QL�;���<�>KA�QEBFO�OBMLOQ�LK�QEB�OBPFIFBK@B�LC�QEB�BIB@QOF@>I�DOFA�FK�'OB>Q�"OFQ>FK��QEB�
EFDESLIQ>DB� ���� H6� QO>KPJFPPFLK� KBQTLOH� PRMMIFBP� BIB@QOF@FQV� QL� QEB� AFPQOF?RQFLK� KBQTLOHP�
where electricity’s voltage is significantly reduced, with 33 kV or 11 kV power beinD�MOLSFABA�
QL�QLTKP��ELPMFQ>IP��?RPFKBPPBP�LO�FKARPQOF>I�RPBOP�TEFIB�LKIV����H6�FP�RPBA�QLT>OAP�ALJBPQF@�
BIB@QOF@FQV�RP>DB� �����6	��#RPQLJBOP�MRO@E>PBP�BIB@QOF@FQV� COLJ�QEB� OBQ>FI�J>OHBQ� QEOLRDE�>�
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number of suppliers. The so called “big six” companies supply approximately 95% of the 

J>OHBQ�TFQE�QEB�OBPQ�LC�QEB�J>OHBQ�?BFKD�@LSBOBA�?V�PJ>IIBO�PRMMIFBOP�TEF@E�AL�KLQ�LTK�QEBFO�
LTK�DBKBO>QFLK�FKPQ>II>QFLKP��4EB�OBMLOQ�>IPL�EFDEIFDEQBA�QEB�FJMLOQ>K@B�LC�QEB�BKBODV�QOFIBJJ>�
TEBK�FQ�@LJBP�QL�BKBODV�MLIF@V�>KA�QEB�AB@>O?LKFP>QFLK�LC�QEB�BIB@QOF@>I�KBQTLOH��4EB�QOFIBJJ>�
was defined by the UK Government as “the challenge of keeping the lights on, at an affordable 
price, while decarbonising our power system” whFIB� QEB� .>QFLK>I� 'OFA� >ALMQBA� >� PFJMIBO�
definition of “supply, sustainability and affordability”.�
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Figure 2.10�–�&RQROB�%KBODV�3@BK>OFLP�CLO�'OB>Q�"OFQ>FK��!A>MQBA�COLJ�;�<	�

2B@LDKFPFKD� QEB� @LKQFKRLRP� @E>KDBP� >KA� QEB� KB@BPPFQV� LC� QEB� BKBODV� PVPQBJ� BSLIRQFLK��
.>QFLK>I�'OFA�%3/�OBIB>PBP�BSBOV�VB>O�FQP�CRQROB�BKBODV�P@BK>OFLP�CLO�'OB>Q�"OFQ>FK��MLFKQFKD�
LRQ�RODBKQ� FKSBPQJBKQP� QE>Q�KBBA� QL� Q>HB�MI>@B� OBD>OAFKD�BKBODV� FKCO>PQOR@QROB��PRMMLOQFKD�
BKBODV�MLIF@V�AB@FPFLKP�>KA� FKSBPQFD>QFKD� QEB� FJM>@Q� LC� BKBODV�@LKPRJMQFLK� @E>KDBP�RKQFI�
�����QL�OB>@E�QEB�KBQ�WBOL�BJFPPFLKP�Q>ODBQ��4EB������&RQROB�%KBODV�3@BK>OFLP�>OB�FIIRPQO>QBA��
FK�&FDROB�������>ILKD�TFQE�QEBFO�HBV�@E>O>@QBOFPQF@P�>KA�QEB�OBPMB@QFSB�PMBBA�LC�AB@>O?LKFP>QFLK�
>KA�IBSBI�LC�PL@FBQ>I�@E>KDB�OBNRFOBA��)K�JLOB�ABQ>FI��3QB>AV�0OLDOBPPFLK�>PPRJBP�QEB�PILTBPQ�
@OBAF?IB�PMBBA�LC�AB@>O?LKFP>QFLK�TFQE�JFKFJ>I�?BE>SFLRO>I�@E>KDBP�>KA�>II�PB@QLOP�?RQ�EB>Q�
AB@>O?LKFPBA��,B>AFKD�QEB�T>V�@LKPQFQRQBP�QEB�BU>@Q�LMMLPFQB�P@BK>OFL�TEBK�FQ�@LJBP�QL�QEB�
AB@>O?LKFP>QFLK�O>QB�>KA�QEB�?BE>SFLRO>I�@E>KDBP�>ALMQBA�?V�@LKPRJBOP�TEFIB�BIB@QOFCF@>QFLK�
>KA� EVAOLDBK� >OB� QEB� LMQFLKP� @ELPBK� CLO� QEB� AB@>O?LKFP>QFLK� LC� QEB� EB>QFKD� PB@QLO�� 4EB�
OBJ>FKFKD� QTL� P@BK>OFLP� ?LQE� OBNRFOB� >� JLABO>QB� AB@>O?LKFP>QFLK� PMBBA�� ?RQ� AFP@OBBQ�
AFCCBOBK@BP�@>K�?B�PBBK��4EB�#LKPRJBO�4O>KPCLOJ>QFLK�P@BK>OFL�OBNRFOBP�>�OBI>QFSBIV�EFDEBO�
IBSBI�LC�PL@FBQ>I�@E>KDB��BIB@QOFCFBA�EB>QFKD��ABJ>KA�PFAB�CIBUF?FIFQV�>KA�EFDE�BKBODV�BCCF@FBK@V��
/K� QEB� LQEBO� E>KA�� RKABO� 3VPQBJ� 4O>KPCLOJ>QFLK�� EVAOLDBK� FP� TFABIV� RPBA� CLO� EB>QFKD�
MROMLPBP�TEFIB�QEBOB�FP�ILTBO�BKBODV�BCCF@FBK@V�>KA�CIBUF?FIFQV�FP�KLT�MOBPBKQ�LK�QEB�PRMMIV�PFAB�
;�<��

7EBK�@LJM>OBA�TFQE�QEB������EFPQLOF@>I�A>Q>��CLO�QEB�VB>O�������FQ�@>K�?B�PBBK�QE>Q�QEB�>KKR>I�
BIB@QOF@FQV� ABJ>KA� >KA� MB>H� ABJ>KA� >OB� BUMB@QBA� QL� OBJ>FK� FK� QEB� P>JB� IBSBIP�� TFQE� >�
J>ODFK>I� FK@OB>PB�RKABO�#LKPRJBO�4O>KPCLOJ>QFLK�>KA�3QB>AV�0OLDOBPPFLK��/K� QEB�LQEBO�
E>KA��QEB�QLQ>I�FKPQ>IIBA�@>M>@FQV�LC�QEB�BIB@QOF@>I�KBQTLOH��FQP�ILT@>O?LK���OBKBT>?IB�@>M>@FQV�



���
�

>P� TBII� >P� FKQBO@LKKB@QLO� >KA� BKBODV� PQLO>DB� @>M>@FQFBP� >OB� MOBAF@QBA� QL� DOLT� TFQE� QEB�
FK@OB>PBP�?BFKD�JLOB�PFDKFCF@>KQ�CLO�#LKPRJBO�4O>KPCLOJ>QFLK�>KA�3QB>AV�0OLDOBPPFLK��!II�
P@BK>OFLP� PELT� >K� FJMLOQ>KQ� AB@OB>PB� OBD>OAFKD� QEB� >KKR>I� JB>K� @>O?LK� FKQBKPFQV� LC�
BIB@QOF@FQV��COLJ�����FK������QL�>�O>KDB�?BQTBBK���>KA����D�#/��B�H7E��;�<��

&FK>IIV�� CLO� QEB� VB>O� ������J>GLO� @E>KDBP� >OB� BUMB@QBA� CLO� QEB� BIB@QOF@>I� KBQTLOH�TFQE� QEB�
J>GLOFQV� LC� QEB� HBV� DOFA� M>O>JBQBOP� MOBAF@QBA� QL� FK@OB>PB� PFDKFCF@>KQIV�� )K�JLOB� ABQ>FI�� QEB�
BIB@QOF@FQV�ABJ>KA�FP�BUMB@QBA�QL�?B�?BQTBBK�����–�����47E�>KKRJ������47E�FK�����	��QEB�
QLQ>I�FKPQ>IIBA�@>M>@FQV�?BQTBBK�����–�����'7������'7�FK�����	�LRQ�LC�TEF@E�����–�����'7�
>OB�ILT@>O?LK���OBKBT>?IBP�����'7�FK�����	��&ROQEBOJLOB��FKQBO@LKKB@QLOP�>OB�RM�?BQTBBK�
���–����'7����'7�FK�����	�>KA�FKPQ>IIBA�BKBODV�PQLO>DB�@>M>@FQV�FP����–����'7���'7�FK�
����	��4EB�OBPQ�LC�QEB�HBV�BKBODV�M>O>JBQBOP��PR@E�>P�K>QRO>I�D>P��EVAOLDBK�>KA�?FLBKBODV�
CROQEBO� ABJLKPQO>QB� QEB� FKQBOABMBKABK@B� >KA� @LABMBKABK@B� LC� @BOQ>FK� QB@EKLILDFBP�� >P�
EFDEIFDEQBA�>Q�QEB�BKA�LC�#E>MQBO������)Q�FP�>IPL�TLOQE�JBKQFLKFKD�QE>Q�TEFIB�PLJB�P@BK>OFLP�
>PPRJB�>�TFAB�>A>MQ>QFLK�LC�LKB�PMB@FCF@�LMQFLK��B�D��BIB@QOF@�EB>QFKD��EVAOLDBK	�LQEBOP�Q>HB�
FKQL�>@@LRKQ�>�EV?OFA�>MMOL>@E�QE>Q�FK@IRABP�JLOB�QE>K�LKB�QB@EKLILDV��B�D��,B>AFKD�QEB�T>V	��

.>QFLK>I�'OFA�%3/�>P�QEB�PVPQBJ�LMBO>QLO�CLO�'OB>Q�"OFQ>FK�FP�OBPMLKPF?IB�CLO�BKPROFKD�QE>Q�
PRMMIV�>KA�ABJ>KA�LK� QEB� QO>KPJFPPFLK�KBQTLOH�>OB�?>I>K@BA��%SBOV�A>V� FP�AFSFABA� FK����
PBQQIBJBKQ�MBOFLAP�TFQE�>�ARO>QFLK�LC����JFKRQBP�B>@E��!MMOLUFJ>QBIV������LC�BIB@QOF@FQV�QO>ABP�
Q>HB�MI>@B�QEOLRDE�?FI>QBO>I�@LKQO>@QP�FK�CRQROB�>KA�CLOT>OA�J>OHBQP�TEFIB�>K�>AAFQFLK>I����FP�
KBDLQF>QBA�TFQEFK�MLTBO�BU@E>KDBP�RM�QL�QTL�A>VP�FK�>AS>K@B��4EB�KBQ�FJ?>I>K@B�QE>Q�KBBAP�
QL� ?B� OBPLISBA� RPR>IIV� OBMOBPBKQP� ���LC� QEB� QLQ>I� BIB@QOF@FQV� ABJ>KA�� 4EB� >@QFLKP� QE>Q� QEB�
.>QFLK>I�'OFA�@>K�Q>HB�QL�J>FKQ>FK�QEB�KBQTLOH�P�PQ>?FIFQV�>OB�QL�@E>KDB�QEB�DBKBO>QFLK�LRQMRQ�
LC� MLTBO� MI>KQP� QEOLRDE� QEB� ?>I>K@FKD�JB@E>KFPJ� LC� ?FAP� >KA� LCCBOP�� QL� OBAR@B� ABJ>KA�
QEOLRDE�@LKQO>@QP�TFQE�I>ODB�FKARPQOF>I�MLTBO�PQ>QFLKP�>KA�QL�JLABO>QBIV�OBAR@B�QEB�SLIQ>DB�CLO�
PELOQ�MBOFLAP�LC�QFJB��4EB�.>QFLK>I�'OFA�OB@LSBOP�QEB�QLQ>I�@LPQ�LC�?>I>K@FKD�PBOSF@BP�QEOLRDE�
>�">I>K@FKD�3BOSF@BP�5PB�LC�3VPQBJ��"35L3	�@E>ODB��'BKBO>QLOP�>KA�PRMMIFBOP�>OB�IF>?IB�CLO�
QEBPB�@E>ODBP�TEF@E�>OB�@>I@RI>QBA�>Q�>�A>FIV�?>PFP�>P�>�RKFCLOJ�Q>OFCC�CLO�>II�RPBOP��ABMBKAFKD�
LK�QEB�>JLRKQ�LC�BIB@QOF@FQV�>AABA�LO�OBJLSBA�COLJ�QEB�DOFA��&LO�BU>JMIB��QEB�O>KDB�LC�"35L3�
Q>OFCCP�T>P�Y��–���-7E��CLO�QEB�VB>O������–������;���<��

4EBOB�>OB� PBSBO>I� ?>I>K@FKD� PBOSF@BP� FK�'OB>Q�"OFQ>FK��TFQE�B>@E�PBOSF@B�E>SFKD� FQP� RKFNRB�
QB@EKF@>I�>KA�QBJMLO>I�OBNRFOBJBKQP��!P�MOBPBKQBA�?V�QEB�;���<��QEB�JLPQ�MOLJFKBKQ�?>I>K@FKD�
PBOSF@BP�>ILKD�TFQE�QEBFO�?OFBC�ABP@OFMQFLK�>OB��>P�CLIILT��

•� Frequency Response�� 4EBOB� >OB� QTL� QVMBP� LC� QEFP� PBOSF@B��->KA>QLOV�&OBNRBK@V�
2BPMLKPB��-&2	�>KA�&FOJ�&OBNRBK@V�2BPMLKPB��&&2	��4EB�QB@EKF@>I�@E>O>@QBOFPQF@P�
>OB�PFJFI>O��?RQ�TEFIB�&&2�FP�LMBK�QL�>KV�MOLSFABOP��-&2�FP�LMBK�QL�DBKBO>QLOP�LKIV��
MFR is described as “an automatic change in active power output in response to a 
frequency change” to keep the frequency close to 50 Hz. It is divided into three 

PR?@>QBDLOFBP� TFQE� FKAFSFAR>I� OBNRFOBJBKQP�� MOFJ>OV�� PB@LKA>OV� >KA� EFDE� �QBOQF>OV	�
COBNRBK@V�OBPMLKPB��4EB�CFOPQ� QTL�PR?@>QBDLOFBP�AB>I�TFQE� ILT�COBNRBK@V�@LKAFQFLKP�
TEFIB�EFDE� COBNRBK@V� OBPMLKPB� OBPQLOBP�>�EFDEBO� QE>K�KBBABA� COBNRBK@V�TFQEFK� QEB�
LMBO>QFLK>I�IFJFQP�;���<��
�

•� Enhanced Frequency Response��%&2�FP�MOBPBKQBA�>P�>K�FKKLS>QFLK�MOLGB@Q�TEF@E�
FK@IRABP� FK� QLQ>I� QTL�MOLAR@QP��,LT�&OBNRBK@V�3Q>QF@� �,&3	�>KA�$VK>JF@�,LT�(FDE�
�$,(	��MOL@ROBA�TBBHIV� QEOLRDE� QEB�%0%8�3MLQ�!R@QFLK�0I>QCLOJ��4EB�,&3�PBOSF@B�
E>P�>������(W�COBNRBK@V�QOFDDBO�TFQE�>�CRII�OBPMLKPB�OBNRFOBA�TFQEFK�LKB�PB@LKA�>KA�>�
ARO>QFLK�LC����JFKRQBP��$,(�E>P�PFJFI>OFQFBP�TFQE�QEB�&&2�AVK>JF@�PBOSF@B�?RQ�OBNRFOBP�
BNR>I�>JLRKQP�LC�MOFJ>OV��PB@LKA>OV�>KA�QBOQF>OV�COBNRBK@V�OBPMLKPB�;���<��



���
�

•� Black Start��4EFP�PBOSF@B�AFCCBOP�COLJ�QEB�MOBSFLRP�>P�FQ�FP�MOLSFABA�QLT>OAP�OB@LSBOV�
FK�QEB�@>PB�LC�>�M>OQF>I�LO�>�QLQ>I�PERQALTK�LC�QEB�K>QFLK>I�QO>KPJFPPFLK�KBQTLOH��4EBOB�
FP�>K�BUQBKPFSB�IFPQ�LC�QB@EKF@>I�OBNRFOBJBKQP��FK@IRAFKD�?>@HRM�CRBI�PRMMIFBP��>�EFDE�
MLTBO�LRQMRQ�LC������-7��>�COBNRBK@V�O>KDB�?BQTBBK������>KA����(W�CLO�>�ARO>QFLK�
LC�QEOBB�QL�PBSBK�A>VP�>KA�QEB�>?FIFQV�QL�MOLSFAB�>Q�IB>PQ�QEOBB�@LKPB@RQFSB�?I>@H�PQ>OQP�
;���<��
�

•� Fast Reserve.  4EFP�FP�QEB�MOLSFPFLK�LC�O>MFA�ABIFSBOV�LC�active power (≥ 25 MW/minute), 

CLO� >Q� IB>PQ� CFCQBBK�JFKRQBP� QEOLRDE� BFQEBO� FK@OB>PFKD� DBKBO>QFLK� LRQMRQ� LO� OBAR@FKD�
@LKPRJMQFLK�COLJ�ABJ>KA�PLRO@BP��)QP�L?GB@QFSB�FP�QL�@LKQOLI�COBNRBK@V�S>OF>QFLKP�COLJ�
RKMOBAF@Q>?IB� @E>KDBP� FK� DBKBO>QFLK� LO� ABJ>KA�� 4EB� PBOSF@B� FP� AFSFABA� FKQL� QEOBB�
PR?@>QBDLOFBP��&FOJ�&>PQ�2BPBOSB��/MQFLK>I�&>PQ�2BPBOSB�>KA�/MQFLK>I�3MFK�DBK�;���<��
�

•� Short-Term Operating Reserve (STOR)��34/2�FP�PFJFI>O�QL�&>PQ�2BPBOSB��MOLSFAFKD�
MLTBO�FK�@>PBP�LC�RKMOBAF@Q>?IB�@E>KDBP�LO�DBKBO>QFLK�RK>S>FI>?FIFQFBP��ELTBSBO�� FQP�
QB@EKF@>I�OBNRFOBJBKQP�>OB�IBPP�ABJ>KAFKD�TFQE�>Q�IB>PQ���-7�MOLSFABA�CLO�>�JFKFJRJ�
LC�QTL�ELROP��)AB>IIV��QEB�OBPMLKPB�QFJB�LC�QEB�34/2�MOLSFABO�PELRIA�?B�IBPP�QE>K����
JFKRQBP��?RQ�FK�>KV�@>PB��KLQ�EFDEBO�QE>K�����JFKRQBP��3J>IIBO�PBOSF@B�MOLSFABOP�@>K�
>IPL�M>OQF@FM>QB�QEOLRDE�>K�>DDOBD>QLO�;���<��
�

•� Demand Turn Up (DTU)�� $45� FP� ABPFDKBA� QL� BK@LRO>DB� RPBOP� >KA� DBKBO>QLOP� QL�
BFQEBO�FK@OB>PB�ABJ>KA�LO�OBAR@B�DBKBO>QFLK�AROFKD�QFJBP�LC�EFDE�S>OF>?IB�2%3�LRQMRQ�
>KA� ILT�K>QFLK>I�ABJ>KA��PR@E�>P�AROFKD� QEB�KFDEQ�>KA�TBBHBKA�>CQBOKLLKP� FK� QEB�
PRJJBO� MBOFLA�� )QP� OBPMLKPB� QFJB� >KA� ARO>QFLK� >OB� KLQ� PQ>KA>OAFPBA�� >P� FK� QEB�
MOBSFLRPIV� JBKQFLKBA� ?>I>K@FKD� PBOSF@BP�� .BSBOQEBIBPP�� FQP� QB@EKF@>I� OBNRFOBJBKQP�
PBBJ�QL�?B� QEB�JLPQ� CIBUF?IB� �JFKFJRJ�LC���-7	�>KA�?>PBA�LK� QEB������EFPQLOF@>I�
A>Q>��QEB�OBPMLKPB�QFJB�LC�>MMOLUFJ>QBIV���ELROP�OBNRFOBA�FP�OBI>QFSBIV�EFDE�;���<��
 

•� Balancing Mechanism (BM) Start Up. 4TL�BIBJBKQP�@LKPQFQRQB�QEFP�PBOSF@B��"-�3Q>OQ�
RM� >KA� ELQ� PQ>KA?V�� 4EB� CFOPQ� OBCBOP� QL� >II� QEB� PQBMP� OBNRFOBA� FK� LOABO� QL�J>HB� QEB�
DBKBO>QLO� OB>AV� QL� ?B� PVK@EOLKFPBA� TFQE� QEB� PVPQBJ�� TFQEFK� "-� QFJBP@>IBP� LC� ���
JFKRQBP��TEFIB�QEB�RKFQ� FP�BUMB@QBA�QL�?B�FK�>�PQ>QB�LC�OB>AFKBPP�AROFKD�ELQ�PQ>KA?V��
System constraints and the unit’s technical characteristics will be considered prior to 

QEB�"-�3Q>OQ�5M�FKPQOR@QFLK�TFQE�B@LKLJF@P�>KA�RKFQP�BCCF@FBK@FBP�>IPL�MI>VFKD�>�J>GLO�
OLIB� FK� QEB� AB@FPFLK� J>HFKD� MOL@BPP�� "-� 3Q>OQ� 5M� MOLSFABP� >AAFQFLK>I� LKQEBA>V�
DBKBO>QFLK�TEBK�ABBJBA�KB@BPP>OV������FKPQOR@QFLKP�CLO�QEB�PBOSF@B�TBOB�FPPRBA��FK�
�����;���<. 
 

•� System Operator to system operator. 3/�QL�3/�FK@IRABP�PBOSF@BP�QE>Q�>OB�LCCBOBA�
mutually with other TSOs that are connected to Great Britain’s transmission system 

QEOLRDE�FKQBO@LKKB@QLOP�TEF@E�>OB�@>M>?IB�LC�>AGRPQFKD�?LQE�QEB�CILT�>KA�QEB�SLIRJBP�
LC�BIB@QOF@FQV�?>PBA�LK�QEB�@FO@RJPQ>K@BP��4EFP�PBOSF@B�FP�FKPQOR@QBA�AVK>JF@>IIV�>KA�
KLQ�RPBA�OBDRI>OIV��>Q�JLPQ�LKB�QFJB�MBO�JLKQE�;���<� 
 

•� Demand Side Response (DSR).�%KBODV�RPBOP�@>K�FK@OB>PB��AB@OB>PB�LO�PEFCQ�QEBFO�
BIB@QOF@FQV�ABJ>KA�FK�OB>IQFJB�QEOLRDE�$32��,>ODB�FKARPQOF>I�>KA�@LJJBO@F>I�RPBOP��
PJ>II� QL�JBAFRJ�PFWB� @LJM>KFBP� >KA�>DDOBD>QLOP� >OB� BIFDF?IB� QL� M>OQF@FM>QB� FK� QEFP�
service which is “all about intelligent energy use”.�0>OQF@FM>QFLK�FK�$32�@>K�FK@OB>PB�
QEB�PB@ROFQV�LC�PRMMIV��OBAR@B�@LPQP�>KA�DFSB�JLOB�@LKQOLI�QL�QEB�@RPQLJBOP�;���<�



���
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Table 2.2�–�">I>K@FKD�3BOSF@BP�>KA�QEBFO�@E>O>@QBOFPQF@P�FK�'OB>Q�"OFQ>FK�;���<��;�<�

Service ->KA>QLOV�&FOJ�&OBNRBK@V�2BPMLKPB� "I>@H�3Q>OQ� 3ELOQ4BOJ�
/MBO>QFKD�
2BPBOSB�

$BJ>KA�4ROK�5M� &>PQ�2BPBOSB�

� 0OFJ>OV�
2BPMLKPB�

3B@LKA>OV�
2BPMLKPB�

(FDE�&OBNRBK@V�
2BPMLKPB�

� � � �

Response 
Time 

≤ 10 
PB@LKAP�

≤ 30 seconds� ≤ 10 seconds� ≤ 2 hours� ≤ 20 minutes�
�J>UFJRJ�LC�
����JFKRQBP	�

.LQ�PQ>KA>OA��
-B>K�S>IRB�CLO�
�����T>P���ELROP�
>KA���JFKRQBP��

≤ 2 minutes�

Duration ≤ 20 
PB@LKAP�

≤ 30 minutes� )KABCFKFQB� ��–���A>VP� ≥ 2 hours� .LQ�PQ>KA>OA��
-B>K�ARO>QFLK�CLO�
�����T>P���ELROP�
>KA����JFKRQBP��

≥ 15 minutes�

Power 
required 

'BKBO>IIV��������-7�LO�JLOB��$BMBKAP�LK�
QEB�PFWB�LC�QEB�MLTBO�MI>KQ�>KA�QEB�

4O>KPJFPPFLK�/MBO>QLO��

���–����-7�
!AAFQFLK>I�OBNRFOBJBKQP�

KBBABA��

≥ 3 MW�� ≥ 1 MW� ≥ 25 MW/minute�

Rewards &&2���!S>FI>?FIFQV�CBB��Y�E	�
.LJFK>QFLK��Y�E	�

7FKALT�)KFQF>QFLK��Y�TFKALT	�
4BKABOBA�7FKALT�2BSFPFLK��Y�E	�
2BPMLKPB�%KBODV�&BB��Y�-7E	�
-&2��(LIAFKD�0>VJBKQ��Y�E	�
2BPMLKPB�%KBODV�&BB��Y�-7E	�

•��!S>FI>?FIFQV�
�Y�PBQQIBJBKQ�MBOFLA	�

•��%UBO@FPB�0OF@B��Y�-7E	�
•�#LKQOF?RQFLK�PRJP�

•�!S>FI>?FIFQV�
�Y�-7�E	�
•�5QFIFP>QFLK�
�Y�-7E	�

•�!S>FI>?FIFQV�
�Y�-7�E	�
•�5QFIFP>QFLK�
�Y�-7E	�

•�!S>FI>?FIFQV��Y�ELRO	�
•�5QFIFP>QFLK��Y�-7E	�
•�.LJFK>QFLK��Y�ELRO	�

�

Comments &&2�FP�LMBK�QL�>KV�MOLSFABOP�QE>Q�@>K�JBBQ�
QEB�QB@EKF@>I�OBNRFOBJBKQP��FK@IRAFKD�

DBKBO>QLOP��BKBODV�PQLO>DB�>KA�>DDOBD>QBA�
ABJ>KA�PFAB�OBPMLKPB��-&2�FP�LMBK�QL�

DBKBO>QLOP�LKIV��

0OL@ROBA�COLJ�MLTBO�
PQ>QFLKP�QE>Q�@>K�PQ>OQ�
J>FK�?IL@HP�LC�DBKBO>QFLK�
LKPFQB��TFQELRQ�OBIF>K@B�LK�
BUQBOK>I�PRMMIFBP��

/MBK�QL�>KVLKB�
TFQE�QEB�

QB@EKLILDV�QL�
FK@OB>PB�

DBKBO>QFLK�LO�
OBAR@B�ABJ>KA�

)K@OB>PB�ABJ>KA�
LO�OBAR@B�
DBKBO>QFLK�>Q�

QFJBP�LC�EFDE�2%3�
LRQMRQ���ILT�
K>QFLK>I�ABJ>KA�

)K@OB>PFKD�LRQMRQ�COLJ�
DBKBO>QFLK�LO�OBAR@FKD�
@LKPRJMQFLK�COLJ�
ABJ>KA�PLRO@BP��



���
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4>?IB� ���� IFPQP� HBV� ?>I>K@FKD� PBOSF@BP� FK�'OB>Q�"OFQ>FK� >KA�T>P� @LJMFIBA� ?V� RPFKD� >II� QEB�
KB@BPP>OV�FKCLOJ>QFLK�MOLSFABA�?V�;���<��)Q�@>K�?B�KLQF@BA�QE>Q�QEBOB�FP�>�S>OFBQV�LC�M>VJBKQ�
JB@E>KFPJP�QE>Q�>OB�RPBA�QL�OBT>OA�QEB�MOLSFABOP�LC�QEB�?>I>K@FKD�PBOSF@BP��4EB�RQFIFP>QFLK�
CBB� �Y�-7E	�@LKPQFQRQBP� QEB�JLPQ�RPBA�M>VJBKQ�TEFIB�KLJFK>QFLK�>KA�>S>FI>?FIFQV� CBBP�>OB�
>IPL� @LJJLK�� M>FA� FK� >@@LOA>K@B�TFQE� QEB� >JLRKQP� LC� QFJB� AROFKD� TEF@E� >� MOLSFABO� T>P�
>S>FI>?IB�LO�>�@LJ?FK>QFLK�LC�QEB�QFJB�>KA�QEB�@>M>@FQV�LCCBOBA��Y�PBQQIBJBKQ�MBOFLA��Y�ELRO�LO�
Y�-7�ELRO	��!AAFQFLK>IIV��TEFIB�PLJB�PBOSF@BP�>OB�>S>FI>?IB�QL�>KV�RPBOP�TEF@E�@>K�QB@EKF@>IIV�
JBBQ�>II�QEB�IFPQBA�OBNRFOBJBKQP��LQEBOP�>OB�LKIV�>S>FI>?IB�QL�DBKBO>QLOP�LO�OBPQOF@QBA�QL�BFQEBO�
"-�LO�KLK"-�MOLSFABOP��/QEBO�?>I>K@FKD�PBOSF@BP�AL�BUFPQ��B�D��2B>@QFSB�MLTBO��FKQBOQOFMP	��
?RQ�QEBV�>OB�KLQ�ABP@OF?BA�FK�ABQ>FI�LO�JBKQFLKBA�>P�QEBFO�OLIB�FP�@LJM>O>QFSBIV�QOFSF>I��

4EBFO�OBPMLKPB�QFJBP�@>K�?B�PBBK��CLO�@LJM>OFPLK�MROMLPBP��FK�&FDROB�������-&2�>KA�&&2�
>OB�QEB�JLPQ�ABJ>KAFKD�PBOSF@BP�TFQE�>�OBPMLKPB�QFJB�LC�LKIV�����MOFJ>OV�>KA�QBOQF>OV	�LO����
PB@LKAP� �PB@LKA>OV	�� %&2� FP� KLQ� IFPQBA� >P� LKIV� LKB� M>OQ� LC� QEB� PBOSF@B� E>P� >� OBIBS>KQ�
OBNRFOBJBKQ��&LO�$45��QEB�>SBO>DB�OBPMLKPB�QFJB�S>IRB�CLO������FP�FK@IRABA�TEFIB�PBOSF@BP�
TFQELRQ�>�PMB@FCF@�OBPMLKPB�QFJB�>OB�>?PBKQ�COLJ�QEB�CFDROB��

)Q�FP�@OFQF@>I�QL�MLFKQ�LRQ�?OFBCIV�QEB�B@LKLJF@P�PROOLRKAFKD�QEB�?>I>K@FKD�PBOSF@BP��>P�MOBPBKQBA�
?V�QEB�.>QFLK>I�'OFA��FK�&FDROB�������MBO�@>QBDLOV��)K�'OB>Q�"OFQ>FK��QEB�QLQ>I�@LPQ�LC�?>I>K@FKD�
PBOSF@BP�T>P�Y�����?FIIFLK��CLO�QEB������@>IBKA>O�VB>O��4EB�BU>@Q�>JLRKQP�PMBKQ�MBO�?>I>K@FKD�
PBOSF@B� @>K� ?B� PBBK�� TFQE� #LKPQO>FKQP� �Y�������� JFIIFLK	� Q>HFKD� QEB� IB>A� >KA� 2BPMLKPB�
�Y������� JFIIFLK	� CLIILTFKD� PB@LKA�� !@@LOAFKD� QL� ;���<�� >@QFLKP� >OB� KBBABA� TFQEFK� QEB�
4O>KPJFPPFLK�.BQTLOH�QL�MOLQB@Q�BNRFMJBKQ�>KA�QEB�FKQBDOFQV�LC�PBSBO>I�M>OQP�LC�QEB�PVPQBJ��
TFQEFK� QEB� 3B@ROFQV� >KA� 1R>IFQV� LC� 3RMMIV� 3Q>KA>OA�� )K� QEFP� AFOB@QFLK�� DBKBO>QLOP� >OB�
L@@>PFLK>IIV�>PHBA�QL�@LKPQO>FK�QEBFO�BIB@QOF@FQV�LRQMRQ��(LTBSBO��>P�QEB�>JLRKQ�LC�BIB@QOF@FQV�
QE>Q�TLRIA�E>SB�?BBK�MOLAR@BA� FP�PQFII�KBBABA��>K�BNR>I�>JLRKQ� FP�MRO@E>PBA�?V� QEB�43/�
COLJ�>�AFCCBOBKQ�M>OQ�LC�QEB�KBQTLOH�QL�@LJMBKP>QB�CLO�QE>Q�AFCCBOBK@B��#LKPQO>FKQP�@LKPFPQ�LC�
QEOBB� J>FK� @>QBDLOFBP�� QO>KPJFPPFLK�� SLIQ>DB� >KA� O>QBLC@E>KDBLCCOBNRBK@V� �2/#/&	�
@LKPQO>FKQP��)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�@LKPQO>FKQP�>OB�AB>IQ�TFQE�>�S>OFBQV�LC�JB@E>KFPJP�
PR@E� >P� ?FAP��� LCCBOP�� @LKQO>@QP�� QO>AFKD� >P�TBII� >P� 3/� QL� 3/� PBOSF@BP�� &FK>IIV�� FQ� @>K� ?B�
L?PBOSBA�QE>Q�QEB�B@LKLJF@P�LC�?>I>K@FKD�PBOSF@BP�>OB�DOLRMBA�MOBPBKQBA�PIFDEQIV�AFCCBOBKQIV�
TEBK�@LJM>OBA�TFQE�QEBFO�LOFDFK>I�ABCFKFQFLKP�>KA�FKCLOJ>QFLK��>Q�QEB�.>QFLK>I�'OFA�TB?PFQB��
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Figure 2.11�–�2BPMLKPB�QFJB�OBNRFOBJBKQP�CLO�HBV�">I>K@FKD�3BOSF@BP�FK�'OB>Q�"OFQ>FK�
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Figure 2.12 –�4LQ>I�?>I>K@FKD�@LPQP��YJ	�FK�'OB>Q�"OFQ>FK�CLO�QEB������@>IBKA>O�VB>O�

/K���*>KR>OV�������>P�QEB�QO>KPFQFLK>I�MBOFLA�>CQBO�"OBUFQ�BKABA��'OB>Q�"OFQ>FK�IBCQ�%5�P�FKQBOK>I�
BKBODV�J>OHBQ��'OB>Q�"OFQ>FK�E>P�>�QLQ>I�LC�CLRO�FKQBO@LKKB@QLOP��@LKKB@QFKD�QEB�BKQFOB�FPI>KA�
TFQE�&O>K@B��QEB�.BQEBOI>KAP��"BIDFRJ��&O>K@B�>KA�.LOQEBOK�)OBI>KA��%IB@QOF@FQV�QO>ABP�>OB�KL�
ILKDBO�J>K>DBA�QEOLRDE�3FKDIB�->OHBQ�QLLIP��FK@IRAFKD�J>OHBQ�@LRMIFKD�TEF@E�LKIV�>MMIV�QL�
%5�-BJ?BO�3Q>QBP�>KA�>KV�QO>KP>@QFLKP�Q>HB�MI>@B�LK�QEFOA@LRKQOV�QBOJP��!@@LOAFKD�QL�QEB�
4O>AB�>KA�#LLMBO>QFLK�!DOBBJBKQ��PFDKBA�?V�%5�>KA�5+��?LQE�PFDK>QLOFBP�E>SB�>@@BMQBA�QL�
@OB>QB�>�KBT�BKBODV�>KA�@IFJ>QB�@E>KDB� CO>JBTLOH� CLO� QEBFO� CRQROB�@LLMBO>QFLK�TEF@E�TFII�
DR>O>KQBB�QEB�BCCF@FBK@V�LC�QEB�@OLPP?LOABO�QO>AFKD�>OO>KDBJBKQP�>KA�CRQROB�>@QFLKP�>D>FKPQ�
@IFJ>QB�@E>KDB��OBPMB@QFSBIV��4EB�>DOBBJBKQ�>IPL�FK@IRABP�QEB�MLPPF?FIFQV�CLO�CRQROB�PBM>O>QB�
>OO>KDBJBKQP�CLO�QO>AFKD�QEOLRDE�QEB�BUFPQFKD�FKQBO@LKKB@QLOP��>�@ILPB�OBI>QFLKPEFM�?BQTBBK�
QEB�%5�>KA�5+�43/P�>KA�BKBODV�OBDRI>QLOP�>P�TBII�>P�>�KBT�@LRMIFKD�JLABI��(LTBSBO�� FQ�
PELRIA�?B�MLFKted out that the model in question, referred to as “multi-region loose volume 
coupling” model, is different and expected to be less efficient than the previous system in 

MI>@B��!II�QEB�>?LSB�AL�KLQ�>MMIV�QL�.LOQEBOK�)OBI>KA�TEF@E�FP�PQFII�M>OQ�LC�QEB�3FKDIB�%IB@QOF@FQV�
->OHBQ�� &FK>IIV�� QEB�5+� FP� KL� ILKDBO� >� M>OQ� LC� QEB�%5�%JFPPFLKP� 4O>AFKD� 3VPQBJ� >KA� QEB�
%ROLMB>K� !QLJF@� %KBODV� #LJJRKFQV� �%RO>QLJ	� TEF@E� @LKPQFQRQBP� QEB� 3FKDIB� ->OHBQ� CLO�
QO>AFKD�KR@IB>O�J>QBOF>IP�>KA�QB@EKLILDV�;���<��

'BPHB�BQ�>I��;���<�FKSBPQFD>QBA�QEB�@LPQ�LC�?FI>QBO>IIV�RK@LRMIFKD�"OFQFPE%5�BIB@QOF@FQV�QO>AB�ARB�
to the UK’s exit from the EU Internal Energy Market (Elecxit). The authors pointed out the 

RKFNRB�@LJMIBUFQV�LC�KBDLQF>QFLKP�QE>Q�BUFPQP�FK�QEB�BIB@QOF@FQV�PB@QLO�>KA�QEB�C>@Q�QE>Q�QEB�BUFQ�
COLJ�%RO>QLJ�TFII�IB>A�QL�FKAFOB@Q�@LKPBNRBK@BP�CLO�QEB�BIB@QOF@FQV�PB@QLO�>P�TBII��"BPFABP�QEB�
market uncoupling that inevitably follows the new status of the UK as a “third country”, there 

FP�>IPL�QEB�MLQBKQF>I�CLO�FKQBO@LKKB@QLO�RQFIFP>QFLK�CBBP��!P�QEB�J>GLOFQV�LC�B@LKLJF@�CLOB@>PQP�
MOBAF@Q�QE>Q�"OBUFQ�TFII�OBAR@B�QEB�5+�DOLPP�ALJBPQF@�MOLAR@Q��'$0	��FQ�TFII�>IPL�E>SB�>K�FJM>@Q�
LK�QEB�IBSBI�LC�BIB@QOF@FQV�ABJ>KA�>KA�QEB�>JLRKQ�LC�DBKBO>QFLK�@>M>@FQV��IB>AFKD�QL�>�OBAR@QFLK�
LC�QEB�OBNRFOBA�FKSBPQJBKQP��4EFP�@>K�?B�@LKPFABOBA�>P�CLOQRK>QB��BPMB@F>IIV�FC�QEB�MLPQ"OBUFQ�
5+� ?B@LJBP� >� IBPP� >QQO>@QFSB� ABPQFK>QFLK� CLO� FKQBOK>QFLK>I� FKSBPQLOP�� /K� QEB� LQEBO� E>KA��
"OBUFQ�P�>ASL@>QBP�PRMMLOQ�QE>Q�QEB�@LRKQOV�TFII�?B�>?IB�QL�>QQO>@Q�JLOB�?RPFKBPPBP�?V�OBI>UFKD�
FQP�OBDRI>QFLKP��)Q�T>P�@LK@IRABA�QE>Q�>�IBPP�BCCF@FBKQ�J>OHBQ�>KA�QEB�@>K@BII>QFLK�LC�MOBSFLRPIV�
planned interconnectors could potentially lead to an increase of €700 million per year, for 

DBKBO>QLO�@LPQP��4EB�>AAFQFLK>I�@LPQP�ABMBKA�LK�QEB�CRQROB�ABSBILMJBKQ�LC�"OFQFPE�>KA�&OBK@E�
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electrical grids and are expected to further increase to €2.7�?FIIFLK�MBO�VB>O�PELRIA�&O>K@B�
J>FKQ>FK�FQP�KR@IB>O?>PBA�MLTBO�PVPQBJ��

������3J>OQ�'OFA��$BCFKFQFLK�>KA�#E>O>@QBOFPQF@P�
The conventional grid consists of five main assets which constitute Makansi’s electricity value 

@E>FK��PLRO@B��DBKBO>QFLK��QO>KPJFPPFLK��AFPQOF?RQFLK�>KA�ABIFSBOV�;���<��4EB�JLABI�E>P�?BBK�
>AGRPQBA�FK�LOABO�QL�FK@IRAB�QEB�>AAFQFLK>I�>PPBQP�LC�CRBI�PQLO>DB��BKBODV�PQLO>DB�>P�TBII�>P�QEB�
ARJM�IL>AP��)Q� FP�SFQ>I�QL�MLFKQ�LRQ�QEB�JLKLAFOB@QFLK>I�K>QROB�LC�QEB�@LKSBKQFLK>I�DOFA��?LQE�
BIB@QOF@FQV�>KA�FKCLOJ>QFLKTFPB��>KA�QEB�>?PBK@B�LC�CBBA?>@H�ILLMP��$RJM�IL>AP�OBMOBPBKQ�
BU@BPP� BIB@QOF@FQV�TEF@E� FP� EFDEIV� RKABPFO>?IB� ARB� QL� QEB� @LKPBNRBKQ� OBSBKRB� ILPPBP�� 4EB�
OBSFPBA�QO>AFQFLK>I�BIB@QOF@>I�DOFA�S>IRB�@E>FK�@>K�?B�PBBK��FK�&FDROB�������!P�QEB�@LJMIBUFQV�LC�
QEB�BIB@QOF@>I�DOFA�E>P�FK@OB>PBA�PFDKFCF@>KQIV��DOFA�OBIF>?FIFQV�>KA�BCCF@FBK@V�>OB�OBNRFOBA�QLT>OAP�
JFQFD>QFKD�>KV�BKBODV�>KA�BKSFOLKJBKQ>I�PRPQ>FK>?FIFQV�FPPRBP��>IT>VP�Q>HFKD�FKQL�>@@LRKQ�QEB�
BKBODV�QOFIBJJ>��)K�QEFP�AFOB@QFLK��>�PJ>OQBO�DOFA�FP�KBBABA��@LJJLKIV�OBCBOOBA�QL�>P�PJ>OQ�
DOFA��TEF@E�J>HBP�RPB�LC�>�?FAFOB@QFLK>I�CILT�LC�FKCLOJ>QFLK�QL�BKE>K@B�QEB�BCCF@FBK@V��PQ>?FIFQV�
>KA�OBPMLKPFSBKBPP�LC�QEB�PVPQBJ�TEFIPQ�OBAR@FKD�@LKPRJBO�@LPQP�;��<��
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Figure 2.13�–�4O>AFQFLK>I�%IB@QOF@>I�'OFA�6>IRB�@E>FK��!A>MQBA�COLJ�;��<	�

�

In the current “generationcentric” electrical grid, large AC generation plants are 

FKQBO@LKKB@QBA�TFQE�QEB�EFDESLIQ>DB�QO>KPJFPPFLK�KBQTLOH��!CQBOT>OAP��QEB�SLIQ>DB�FP�OBAR@BA�
FK�PR?PQ>QFLKP�QL�J>HB�FQ�PRFQ>?IB�CLO�AFPQOF?RQFLK�>KA�PRMMIV�QEB�IL>AP��BFQEBO�AFOB@QIV�LO�>CQBO�
SLIQ>DB� QO>KPCLOJ>QFLK�� 4EBOBCLOB�� FKQBIIFDBK@B� FP� LKIV� MOBPBKQ� >Q� @BKQO>I� IL@>QFLKP�� >KA� FK�
PR?PQ>QFLKP� RM� QL� >� @BOQ>FK� BUQBKQ�� /K� QEB� LQEBO� E>KA�� >� PJ>OQ� MLTBO� DOFA� @>K� RPB� FQP�
FKQBIIFDBK@B� QL� FKQBDO>QB� >II� QEB� AFCCBOBKQ� BIBJBKQP� LC� QEB� KBQTLOH�� ABIFSBOFKD� FK� QEFP� T>V�
>CCLOA>?IB�>KA�PRPQ>FK>?IB�BIB@QOF@FQV�FK�>�PB@ROB�>KA�BCCF@FBKQ�T>V��)JMLOQ>KQ�CB>QROBP�LC�QEB�
PJ>OQ�DOFA�>OB�PJ>OQ�JBQBOFKD��$3-��PJ>OQ�BKBODV�PQLO>DB��BJFPPFLKP�QO>AFKD�>KA�%6P�;���<����

!@@LOAFKD�QL�QEB�)%!��>�PJ>OQ�DOFA�FP�>K�BIB@QOF@FQV�KBQTLOH�QE>Q�Q>HBP�>AS>KQ>DB�LC�AFDFQ>I�>KA�
>AS>K@BA�QB@EKLILDFBP�FK�LOABO�QL�JLKFQLO�>KA�J>K>DB�BIB@QOF@FQV��COLJ�QEB�DBKBO>QFLK�IBSBI�
QL�QEB�BKARPBOP��JBBQFKD�PR@@BPPCRIIV�S>OF>?IB�ABJ>KAP��!AAFQFLK>IIV��RQFIFPFKD�QEB�PJ>OQ�DOFA�
@>M>?FIFQFBP��>II�QEB�J>OHBQ�M>OQF@FM>KQP��PR@E�>P�QEB�DBKBO>QLOP��DOFA�LMBO>QLOP��BKARPBOP�>KA�
J>OHBQ�PQ>HBELIABOP�>OB�@LLOAFK>QBA��BSBOV�M>OQ�LC� QEB�KBQTLOH� FP�LMBO>QBA� FK�>K�BCCF@FBKQ�
T>V��TEFIB�QEB�>PPL@F>QBA�@LPQP�>KA�QEB�BKSFOLKJBKQ>I�FJM>@QP�>OB�JFKFJFPBA��!Q�QEB�P>JB�
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QFJB�� QEB� PQ>?FIFQV�� OBIF>?FIFQV� >KA� OBPFIFBK@B� LC� QEB� PVPQBJ� E>SB� QEB� MLQBKQF>I� QL� OB>@E� QEBFO�
LMQFJ>I�IBSBI��3J>OQ�DOFA�QB@EKLILDFBP�>OB�QEB�>KPTBO�QL�QEB�@ROOBKQ�@E>IIBKDBP�C>@BA�?V�QEB�
DOFA� LMBO>QLOP� >OLRKA� QEB� TLOIA�� FK@IRAFKD� >DBFKD� FKCO>PQOR@QROB�� DOLTFKD� ABJ>KA� CLO�
BIB@QOF@FQV��QEB�KBBA�CLO�FKQBDO>QFLK�LC�S>OF>?IB�2%3�FKQL�QEB�KBQTLOH�>KA�FJMOLSB�PB@ROFQV�LC�
PRMMIV��4EB�BSLIRQFLK�LC�QEB�BIB@QOF@>I�DOFA�TFII�OBPRIQ�FKQL�QEB�network’s growing�@LJMIBUFQV��KLQ�
LKIV�FK�QBOJP�LC�QEB�BIB@QOF@FQV�CILT�?RQ�BPMB@F>IIV�TEBK�FQ�@LJBP�QL�QEB�OBNRFOBA�>JLRKQP�LC�QEB�
FKCLOJ>QFLK� FKSLISBA� QEOLRDE� @LJJRKF@>QFLKP�� &FK>IIV�� QEB� >AAFQFLK� LC� BKBODV� PQLO>DB� FK�
AFCCBOBKQ� M>OQP� LC� QEB� KBQTLOH� >KA� BIB@QOF@� SBEF@IBP� @>K� >IPL�?B� PBBK�TEBK� @LJM>OFKD� QEB�
MOBPBKQ�>KA�CRQROB�SBOPFLKP�LC�QEB�BIB@QOF@>I�DOFA�;���<��

4R?>II>� >KA�!?RKAL� ;���<� >ODRBA� QE>Q� >�3J>OQ�'OFA� @>KKLQ� ?B� @OB>QBA� COLJ� WBOL�� LK� QEB�
@LKQO>OV�� PJ>OQ� DOFAP� >KA� QEBFO� FJMLOQ>K@B� BJBODBA� >P� >� M>OQ� LC� QEB� @LKQFKRFKD� BCCLOQ� QL�
JLABOKFPB�QEB�@ROOBKQ�DOFA�>KA�J>HB�FQ�BKSFOLKJBKQ>IIV�COFBKAIFBO�>KA�DOBBKBO��4EB�>RQLKLJV�
LC�>�PJ>OQ�DOFA�@>K�EBIM�QLT>OAP�QEB�FKQBDO>QFLK�LC�QEB�FK@OB>PFKD�@LKQOF?RQFLK�LC�AFPQOF?RQBA�
2%3�>KA�FJMOLSB�QEB�LSBO>II�ABIFSBOV�LC�MLTBO�QL�QEB�CFK>I�@LKPRJBOP��!Q�QEB�P>JB�QFJB��QEB�
FKQBIIFDBK@B�LC�QEB�KBQTLOH�E>P�QEB�MLQBKQF>I�QL�J>HB�QEB�DOFA�KB>Q�>KA�@>M>?IB�LC�LMBO>QFKD�FK�
>RQLJ>QFLK��2BD>OAFKD�QEB�PJ>OQ�DOFA�>P�>�@LK@BMQ��QEB�>RQELOP�?BIFBSBA�QEBOB�FP�KL�TFABIV�
>@@BMQBA�ABCFKFQFLK�TFQE�?LQE�PFJMIB�>KA�@LJMIF@>QBA�ABP@OFMQFLKP�QOVFKD�QL�J>HB�QEBFO�@>PB��
4EB�+LOB>K�3J>OQ�'OFA�2L>AJ>M������PRMMLOQP�QE>Q�>�PJ>OQ�DOFA�FP�>�KBUQDBKBO>QFLK�KBQTLOH�
TEF@E� FKQBDO>QBP� FKCLOJ>QFLK� QB@EKLILDV� FKQL� QEB�@ROOBKQ� BIB@QOF@>I� DOFA� FK�LOABO� QL�LMQFJFPB�
BKBODV�BCCF@FBK@V��4L�>@EFBSB�QEFP�L?GB@QFSB��>�?FAFOB@QFLK>I�BU@E>KDB�LC�OB>IQFJB�FKCLOJ>QFLK�
FP�KB@BPP>OV�?BQTBBK�BIB@QOF@FQV�PRMMIFBOP�>KA�@LKPRJBOP��

�

�

Figure 2.14�–�/OFDFK>I�.)34�3J>OQ�'OFA�@LK@BMQR>I�JLABI��2BMOLAR@BA�TFQE�MBOJFPPFLK�
COLJ�;���<��#LMVOFDEQ�������%IPBSFBO��

4EB�53�.>QFLK>I�)KPQFQRQB�LC�3Q>KA>OAP�>KA�4B@EKLILDV��.)34	�PRDDBPQBA�>�@LK@BMQR>I�JLABI��
>@@LOAFKD� QL� TEF@E� QEB� PJ>OQ� DOFA� FP� @LKPFABOBA� >P� >K� BKAQLBKA� BIB@QOF@>I� DOFA�� COLJ�
DBKBO>QFLK�QL��>KA�COLJ	�@RPQLJBOP��TFQE�RKFNRB�FKQBO>@QFSFQV�Q>HFKD�MI>@B�?BQTBBK�QEB�AFCCBOBKQ�
ALJ>FKP��4EB�.)34�JLABI�T>P�>IPL�RPBA�?V�QEB�%5�TEL�J>AB�@BOQ>FK�>AGRPQJBKQP�?V�>AAFKD�
AFPQOF?RQBA�BKBODV�DBKBO>QFLK�PLRO@BP��4EB�LOFDFK>I�>KA�QEB�OBSFPBA�PJ>OQ�DOFA�JLABI�@>K�?B�
PBBK�� FK� &FDROB� ������ TFQE� >II� QEB� >PPL@F>QBA� BIB@QOF@FQV� >KA� @LJJRKF@>QFLK� BU@E>KDBP��
According to the EU definition, the smart grid is “an electricity network that can intelligently 
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integrate the behaviour and actions of all users connected to it- generators, consumers and 
those that do both- in to efficiently ensure sustainable, economic and secure electricity supply” 

TEFIB� QEB�53�$BM>OQJBKQ�LC�%KBODV�PRMMLOQP� QE>Q�>�3J>OQ�'OFA� “uses digital technology to 

improve reliability, security, and efficiency of the electric system from large generation, through 
the delivery systems to electricity consumers and a growing number of distributed-generation 
and storage resources”. Finally, it is nLQBA�QE>Q�>AAFQFLK>I�ABCFKFQFLKP�@>K�?B�@LKPFABOBA�?>PBA�
LK�QEB�PJ>OQ�DOFA�QB@EKLILDFBP��CRK@QFLK>IFQV�>KA�?BKBCFQP�;���<��

$FCCBOBKQ�P@EBJ>QF@P�OBD>OAFKD�QEB�LMBO>QFLK�>KA�QEB�@LJMLKBKQP�LC� QEB�PJ>OQ�DOFA�@>K�?B�
CLRKA� FK� QEB� IFQBO>QROB��4EBFO�AFCCBOBK@BP�ABMBKA�LK� QEB�>MMOL>@E�CLIILTBA�>KA�QEB� IBSBI�LC�
PFJMIF@FQV� LO� @LJMIBUFQV� LC� QEB� PVPQBJ�� !@@LOAFKD� QL� ;���<�� DBKBO>QFLK�� QO>KPJFPPFLK��
AFPQOF?RQFLK�>KA�QEB�@LKPRJBO�@LKPQFQRQB�QEB�SFQ>I�@LJMLKBKQP�LC�QEB�PVPQBJ�TEFIB�AFPQOF?RQBA�
DBKBO>QFLK�>OB�BUMB@QBA�QL�MI>V�>�J>GLO�OLIB��BK>?IFKD�BKARPBOP�QL�DBKBO>QB�BIB@QOF@FQV�>KA�
?B@LJB�>@QFSB�M>OQF@FM>KQP�O>QEBO�QE>K�M>PPFSB�BIBJBKQP�LC�QEB�DOFA��4EB�PJ>OQ�DOFA�PELRIA�?B�
>?IB� QL� PRMMLOQ� ?FAFOB@QFLK>I� CILTP�LC� BIB@QOF@FQV�TEFIB� QEB�>MMOLMOF>QB�A>Q>�@LJJRKF@>QFLKP�
FKCO>PQOR@QROB�JRPQ�BK>?IB�QEB�@LIIB@QFLK��MOL@BPPFKD�>KA�AFPQOF?RQFLK�LC�A>Q>��#LK@BOKFKD�QEB�
PQOR@QROB�LC� QEB� CRQROB�PJ>OQ�DOFA�� QEB�KBQTLOH� FK@IRABP�>�S>OFBQV�LC�MLTBO�DOFAP��AFPQOF?RQBA�
DBKBO>QFLK��AFPQOF?RQBA�PQLO>DB�>KA�>IPL�S>OFLRP�@RPQLJBO�IL>AP�PR@E�>P�BIB@QOF@�SBEF@IBP��

4EB�SFQ>I�FJMLOQ>K@B�LC�@LJJRKF@>QFLKP�>KA�FKQBIIFDBK@B�FP�>IPL�EFDEIFDEQBA�?V�;���<�>KA�JLOB�
PMB@FCF@>IIV�QEB�FKQBDO>QFLK�LC�@LKQOLIP��PBKPLOP�>KA�>AS>K@BA�@LJJRKF@>QFLKP�FKQL�QEB�@ROOBKQ�
BIB@QOF@>I�DOFA�TFII�OBKABO�QEB�PJ>OQ�DOFA�@>M>?IB�LC�PBSBO>I�PJ>OQ�CB>QROBP��7EBK�FQ�@LJBP�QL�
the smart grid’s energy balance management feature, several components are part of the 

JB@E>KFPJ�� FK@IRAFKD� AFPQOF?RQBA� BKBODV� PLRO@BP�� FKQBDO>QFLK� LC� 2%3�� BKBODV� PQLO>DB��
LMQFJFP>QFLK�LC�BKBODV�RP>DB��DBKBO>QFLK���IL>AP�CLOB@>PQP��?RVFKD�>KA�PBIIFKD�LC�BKBODV�>KA�
CFK>IIV��COBNRBK@V�@LKQOLI��2%3�>KA�QEBFO�OLIB�TFQEFK�QEB�PJ>OQ�DOFA�>P�AFPQOF?RQBA�DBKBO>QFLK�
@>K�E>SB�>�MLPFQFSB�FJM>@Q�QLT>OAP�QEB�OBAR@QFLK�LC�@>O?LK�BJFPPFLKP��4EFP�FP�FK�@LKQO>PQ�TFQE�
QEB� QO>AFQFLK>I� DOFA�TEBOB� QEB� FKCIBUF?FIFQV� LC� QEB�AFPQOF?RQFLK� KBQTLOH� ALBP� KLQ� >IILT�BKBODV�
PQLO>DB�LO�IL@>I�MLTBO�DBKBO>QFLK�QL�E>SB�>K�>@QFSB�OLIB��>Q�QEB�AFPQOF?RQFLK�IBSBI����

!�P@EBJ>QF@�OBMOBPBKQ>QFLK�LC�MOBPBKQ�>KA�CRQROB�BIB@QOF@FQV�KBQTLOHP��>P�PRDDBPQBA�?V�;���<��
FP�PELTK�� FK�&FDROB������� )Q�@>K�?B�L?PBOSBA� QE>Q�TEFIB�MOBPBKQ�BIB@QOF@FQV�KBQTLOHP�E>SB�>�
OBI>QFSBIV�PFJMIB�>KA�IFKB>O�PQOR@QROB��QEB�CRQROB�PJ>OQ�DOFA�FP�BUMB@QBA�QL�?B�JLOB�@LJMIF@>QBA�
>KA� QL� FKQOLAR@B� AB@BKQO>IFP>QFLK� SF>� AFPQOF?RQBA� DBKBO>QFLK� >KA� BKBODV� PQLO>DB� TELPB�
MOBPBK@B� FP� SFPF?IB� FK� AFCCBOBKQ� M>OQP� LC� QEB� KBQTLOH�� 4EB� @LJMIBUFQV� >KA� QEB� FKQBO>@QFLKP�
?BQTBBK�>II�QEB�AFCCBOBKQ�KBQTLOH�@LJMLKBKQP�>OB�PFDKFCF@>KQIV�EFDEBO�TFQE�QEB�FKQBDO>QFLK�LC�
BIB@QOF@>I� PQLO>DB� ?BFKD� ?BKBCF@F>I� CLO� QEB� BKQFOB� BIB@QOF@>I� @E>FK�� FK@IRAFKD� QEB� DBKBO>QLOP��
43/P��$./P�>KA�QEB�CFK>I�@LKPRJBO��

+LIEB�;���<�PRMMLOQBA�QE>Q�QEB�PJ>OQ�DOFA�FP�>KQF@FM>QBA�QL�?B�IBPP�@BKQO>IFPBA�>KA�>Q�QEB�P>JB�
QFJB�JLOB�@LKPRJBOFKQBO>@QFSB��4EB�QO>KPFQFLK�QL�>�PJ>OQ�BIB@QOF@>I�DOFA�TFII�BSBKQR>IIV�@E>KDB�
QEB�?RPFKBPP�JLABI�� FK�QEB�BKQFOB�BIB@QOF@FQV�PB@QLO��4EB�OLIB�LC�AFPQOF?RQBA�2%3�>KA�BKBODV�
PQLO>DB� QB@EKLILDFBP� FP� >IPL� EFDEIFDEQBA� TFQE� QEB� I>QQBO� BK>?IFKD� RPBOP� QL� FKQBO>@Q� TFQE� QEB�
KBQTLOH�?V�M>OQF@FM>QFKD�FK�BKBODV�DBKBO>QFLK�>KA�ABJ>KA�PFAB�J>K>DBJBKQ��(LTBSBO��J>GLO�
@E>KDBP�>OB�OBNRFOBA�FK�QBOJP�LC�QEB�@ROOBKQ�DOFA�P�MI>KKFKD��ABPFDK�>KA�LMBO>QFLK�FK�LOABO�QL�
MOLMBOIV� RQFIFPB� QEB� KBT� QB@EKLILDFBP�� FKQBDO>QBA� TFQEFK� QEB� PJ>OQ� DOFA�� 4EBOB� >OB� SFQ>I�
B@LKLJF@�� QB@EKF@>I�>KA�@LJJBO@F>I� @E>IIBKDBP� QL�>@EFBSB� QEB�3J>OQ�'OFA�KBQTLOH�SFPFLK��
QEBOBCLOB��2�$�>KA�ABJLKPQO>QFLK�MOLGB@QP�>OB�KBBABA�QLT>OAP�QEB�JLABOKFP>QFLK�LC�>II�QEB�
AFCCBOBKQ�>PMB@QP�LC�QEB�MLTBO�KBQTLOH��
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Figure 2.15�–�0OBPBKQ�>KA�CRQROB�BIB@QOF@FQV�KBQTLOHP��2BMOLAR@BA�TFQE�MBOJFPPFLK�COLJ�
;���<��#LMVOFDEQ�������%IPBSFBO��

4EB�?BKBCFQP�LC�QEB�AFDFQ>I�PJ>OQ�DOFA�>OB�PBSBO>I��FK@IRAFKD�@LKQFKRLRP�JLKFQLOFKD��>RQLJ>QF@�
@LKQOLI� >KA� OB@LSBOV�� TEFIB� AB@LRMIFKD� LC� BKBODV� DBKBO>QFLK� >KA� @LKPRJMQFLK� FP� MLPPF?IB�
QEOLRDE� QEB� RQFIFP>QFLK� LC� BKBODV� PQLO>DB� PVPQBJP�� )K� @LKQO>PQ�� QEB� QO>AFQFLK>I� DOFA� OBNRFOBP�
PFJRIQ>KBLRP�BKBODV�DBKBO>QFLK�>KA�ERJ>K�>QQBKQFLK�QL�PVPQBJ�AFPORMQFLKP��!�PJ>IIBO�>JLRKQ�
LC�A>Q>�>KA�PBKPLOP�>OB�FKSLISBA�?RQ�>Q�QEB�P>JB�QFJB��QEB�BKA�RPBO�E>P�CBTBO�LMQFLKP��@LKQOLI�
FP�IFJFQBA��>KA�PVPQBJ�OB@LSBOV�FP�J>KR>I�;��<��;���<��

&FDROB������IFPQP�QEB�?BKBCFQP�LC�QEB�3J>OQ�'OFA��@I>PPFCFBA�?V�@>QBDLOV��>P�OBMLOQBA�?V�;���<��
-LOB�PMB@FCF@>IIV��QEB�PJ>OQ�DOFA�TFQE�FQP�FKQBIIFDBK@B��>RQLJ>QBA�@LKQOLI�>KA�OBPMLKPFSBKBPP�
TFII� FJMOLSB� BKBODV� PB@ROFQV� >KA� OBIF>?FIFQV� >KA� EBIM� QLT>OAP� QEB� FKQBDO>QFLK� LC� AFCCBOBKQ�
PR?PVPQBJP� FKQL� QEB� DOFA�� &ROQEBOJLOB�� FQ� @>K� EBIM� QLT>OAP� QEB� ILT� @>O?LK� QO>KPFQFLK� ?V�
>@@LJJLA>QFKD�HBV�QB@EKLILDFBP�PR@E�>P�BIB@QOF@�SBEF@IBP�>KA�EB>Q�MRJMP�TEF@E�@>K�?B�RPBA�
>ILKD�TFQE�AFPQOF?RQBA�DBKBO>QFLK�QL�?>I>K@B�PRMMIV�>KA�ABJ>KA��3VPQBJP�PVKBODFBP�@>K�?OFKD�
KBT�LMMLOQRKFQFBP��FK@IRAFKD�>O?FQO>DB��TEFIB�>AS>K@BA�PBKPLOP�>KA�QBJMBO>QROB�@LKQOLIP�@>K�
LMQFJFPB�EB>QFKD�ABJ>KA�?V�Q>HFKD�FKQL�>@@LRKQ�QEB�L@@RM>K@V�O>QBP��

4EB�TFABO� B@LKLJF@� ?BKBCFQP� >OB� >IPL� PFDKFCF@>KQ�� KLQ� LKIV� FK� QBOJP� LC� GL?P� >KA� B@LKLJF@�
DOLTQE��>P�JLOB�>CCLOA>?IB�>KA�C>PQBO�@LKKB@QFLKP�TFII�?B�>S>FI>?IB�CLO�?LQE�DBKBO>QFLKP�>KA�
?RPFKBPP�@RPQLJBOP��FK@IRAFKD�PBSBO>I�LMQFLKP�CLO�?>I>K@FKD�PRMMIV�IL@>IIV�TFQE�ABJ>KA�PFAB�
OBPMLKPB�>KA�BKBODV�PQLO>DB�� FK�QEFP�T>V��BUMBKPFSB�KBQTLOH�OBFKCLO@BJBKQP�TFII�?B�BFQEBO�
>SLFABA�LO�ABCBOOBA��&FK>IIV��QEB�PJ>OQ�DOFA�E>P�QEB�MLQBKQF>I�QL�QO>KPCLOJ�QEB�?BE>SFLRO�>KA�
QEB� FKQBO>@QFLK�LC� @LKPRJBOP�TFQE� QEB�BKBODV�KBQTLOH�� 4>HFKD�>AS>KQ>DB�LC� QEB�KB@BPP>OV�
BNRFMJBKQ�� PR@E� >P� PJ>OQ�JBQBOP�� @LPQRJBOP� TFII� ?B� >?IB� QL� >@@BPP� OB>IQFJB� FKCLOJ>QFLK�
OBD>OAFKD�QEBFO�BKBODV�@LPQP�>KA�>IPL�?B�OBT>OABA�CLO�RPFKD�BKBODV�>Q�LCCMB>H�MBOFLAP�>KA�
DBKBO>QB�BKBODV�AROFKD�MB>H�ELROP�LC�QEB�A>V�;���<��

#>OS>IIL�>KA�#LLMBO�;���<�>ODRBA�QE>Q�QEB�BJBODBK@B�LC�QEB�>AS>K@BA�PJ>OQ�DOFA�>KA�FQP�KBT�
BKBODV� >O@EFQB@QROB� >OB� FKBSFQ>?IB�� ABP@OF?FKD� FK� ABQ>FI� QEB� BSLIRQFLK>OV� PQ>QB� LC� QEB�
@LKSBKQFLK>I�DOFA�>KA�QEB�CRQROB�PJ>OQ�DOFA��5KQFI�OB@BKQIV��QEB�BIB@QOF@>I�DOFA�T>P�@LKPFABOBA�
QL� ?B� BUQOBJBIV� OBIF>?IB�� ELTBSBO�� DFSBK� QEB� KBT� @FO@RJPQ>K@BP�� QEB� DOFA� KBBAP� QL� ?B�
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OBABPFDKBA��!@@LOAFKD�QL�QEB�>RQELOP��QEBOB�>OB�QEOBB�BSLIRQFLK>OV�PQ>QBP�CLO�QEB�PJ>OQ�DOFA��
CFOPQ�DBKBO>QFLK��3'���	��PB@LKA�DBKBO>QFLK�TFQE�QEB�!AS>K@BA�3J>OQ�'OFA��3'���	�>KA�QEB�
3J>OQ� 'OFA� LC� QEB� &RQROB� �3'���	�� 4EB� CLRKA>QFLKP� LC� 3'���� FK@IRAB� >AS>K@BA� JBQBOFKD�
FKCO>PQOR@QROB� �!-)	�� $2� >KA� AFPQOF?RQFLK� >RQLJ>QFLK�� TEBOB� BKBODV�J>K>DBJBKQ� PVPQBJP�
�%-3	�3#!$!�>IPL�MI>V�>K�FJMLOQ>KQ�OLIB�?V�@LIIB@QFKD�A>Q>�COLJ�AFPQOF?RQBA�BIBJBKQP�LC�QEB�
QO>KPJFPPFLK�>KA�AFPQOF?RQFLK�KBQTLOH��CLO�JLKFQLOFKD�>KA�@LKQOLI�MROMLPBP��3'����>AAP�%6P��
AFPQOF?RQBA�DBKBO>QFLK��PR@E�>P�MELQLSLIQ>F@P��>KA�BKBODV�PQLO>DB��TFQE� QEB� QEOBB�BIBJBKQP�
@LKPQFQRQFKD�QEB�KBT�@I>PP�LC�$FPQOF?RQBA�%KBODV�2BPLRO@BP��$%2	��%KBODV�OL>JFKD�>KA�MBBO
QLMBBO��0�0	�BKBODV�QO>AFKD�>OB�I>QBO�>AABA�LK�3'�����

�

Figure 2.16�–�#>QBDLOFPBA�"BKBCFQP�LC�QEB�3J>OQ�'OFA�>@@LOAFKD�QL�/CDBJ��!A>MQBA�COLJ�
;���<	�

)Q�FP�BUMB@QBA�QE>Q�FKPFAB�3'�����QEB�FKQBDO>QFLK�LC�QEB�RQFIFQV�TFQE�QEB�BKA�RPBOP�TFII�Q>HB�MI>@B��
RKABO� >� KRJ?BO� LC� AFCCBOBKQ� PBOSF@BP�� ?RFIAFKDQLDOFA� �"�'	�� ELJBQLDOFA� �(�'	�� 6�'��
BKBODVPQLO>DBQLDOFA� �%3�'	� >KA� AFPQOF?RQBADBKBO>QFLKQLDOFA� �$'�'	�� !AAFQFLK>IIV�� QEB�
MOBPBK@B�>KA�FJMLOQ>K@B�LC�BKBODV�PQLO>DB�CLO�QEB�CRQROB�DOFA�FP�EFDEIFDEQBA�>P��>@@LOAFKD�QL�
the authors, it “promises to be a game changer” enabling new business opportunities based 

LK�FQP�@E>ODB�AFP@E>ODB�LMBO>QFLKP�>KA�IL@>QFLK�Fnside the network. Despite being called “the 

Holy Grail for electric industry redesign”, its large scale deployment remains a technical 

challenge for utilities. The term “energy storage” is mentioned 118 times, in the entire�PJ>OQ�
DOFA�?LLH�?V�#>OS>IIL�>KA�#LLMBO��FKAF@>QFKD�FQP�FJMLOQ>K@B�>P�>�@LJMLKBKQ�LC�QEB�KBQTLOH�
;���<���

)K�QEB�P>JB�AFOB@QFLK��;��<�PRMMLOQBA�QE>Q�>�QORIV�AVK>JF@�MLTBO�DOFA�OBNRFOBP�?LQE�FKCLOJ>QFLK�
>KA�BKBODV�PQLO>DB�TEFIB�QEBV�>ODRBA�QE>Q�QEB� I>QQBO�PELRIA�?B�>�PBM>O>QB�>PPBQ�@I>PP�FK�>�
@BKQO>I�OLIB�TFQEFK�QEB�PJ>OQ�DOFA�BKSFOLKJBKQ��4EFP�TLRIA�E>SB�QEB�MLQBKQF>I�QL�FK@OB>PB�QEB�
S>IRB�LC�BKBODV�PQLO>DB�FKSBPQJBKQP�TEFIB�PRMMLOQFKD� QEB�LMBO>QFLK�LC� QEB�PJ>OQ�DOFA��"LQE�
?BKBCFQP�LC�BKBODV�PQLO>DB�FK�QEB�PJ>OQ�DOFA�>KA�SF@B�SBOP>�>OB�OBMLOQBA�>P�QEB�ABMILVJBKQ�LC�
PJ>OQ�DOFAP�>OB�KB@BPP>OV�QLT>OAP�QEB�TFAB�RQFIFP>QFLK�>KA�FJMIBJBKQ>QFLK�LC�BKBODV�PQLO>DB�
TEFIB�BKBODV�PQLO>DB�FQPBIC�@>K�>IPL�JBBQ�@BOQ>FK�L?GB@QFSBP�LC�QEB�PJ>OQ�DOFA��#ROOBKQIV��FQP�DOFA�
@>M>@FQV�FP�KLQ�PRCCF@FBKQ�FK�LOABO�QL�?B�@LKPFABOBA�>P�>�PBM>O>QB�>PPBQ�>KA�PMB@FCF@�MLIF@FBP�
TFII�?B�KBBABA�FK�LOABO�CLO�BKBODV�PQLO>DB�QL�PRMMLOQ�QEB�LMBO>QFLK�LC�QEB�CRQROB�PJ>OQ�DOFA��
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2.3. Energy Storage�
������%KBODV�3QLO>DB�4B@EKLILDFBP�
%KBODV�PQLO>DB�FP�KLQ�KBT�>P�>�@LK@BMQ�LO�>�QB@EKLILDV��FK�C>@Q��EVAOLBIB@QOF@�MLTBO�PQ>QFLKP�
E>SB�?BBK�ORKKFKD�>KA�CRIIV�LMBO>QFLK>I�CLO�>IJLPQ�����VB>OP��TFQE�QEB�#O>DPFAB�MLTBO�PQ>QFLK�
?BFKD�>�@E>O>@QBOFPQF@�BU>JMIB�PFK@B�������IL@>QBA�FK�.LOQERJ?BOI>KA��5+��)K�EVAOLBIB@QOF@�
PQ>QFLKP��QEB�@LKSBOPFLK�LC�MLQBKQF>I�QL�BIB@QOF@>I�BKBODV�FP�OBDRI>QBA�?V�QEB�MBKPQL@H�S>ISB��
QEB�PQLO>DB�@>M>@FQV�FP�>�CRK@QFLK�LC�QEB�T>QBO�SLIRJB�FK�QEB�OBPBOSLFO��TEFIB�QEB�MLTBO�LRQMRQ�
ABMBKAP�LK�QEB�O>QFKD�LC�QEB�DBKBO>QLO�FK�RPB��4EB�FJMLOQ>K@B�LC�PQLO>DB�T>P�OB@LDKFPBA�FK�
QEB�I>QB����P�FK�>K�BCCLOQ�QL�J>UFJFPB�QEB�?BKBCFQP�LC�RPFKD�OBKBT>?IB�BKBODV�PLRO@BP��!P�2%3�
>OB�EFDEIV�ABMBKABKQ�LK�@IFJ>QF@�>KA�TB>QEBO�@LKAFQFLKP�� QEB� FKQOLAR@QFLK�LC�PQLO>DB�@LRIA�
FK@OB>PB�QEB�BKBODV�VFBIA��4EB�QFJBP@>IB�RKABO�TEF@E�BKBODV�PQLO>DB�PVPQBJP��%33	�@>K�?B�
RPBA�>KA�PBOSB�QEBFO�MROMLPB�@>K�AFCCBO��ABMBKAFKD�LK�QEB�>MMIF@>QFLK�FK�NRBPQFLK�;���<��

3LJB� LC� QEBPB� >MMIF@>QFLKP� FK@IRAB� FKQBDO>QFLK� LC� 2%3�� BKBODV� >O?FQO>DB�� ?>I>K@FKD� >KA�
>K@FII>OV�PBOSF@BP��>P�TBII�>P�COBNRBK@V�OBDRI>QFLK��MB>H�PE>SFKD�>KA�SLIQ>DB�@LKQOLI��$BQ>FIP�
>?LRQ�BKBODV�PQLO>DB�>MMIF@>QFLKP�>OB�MOBPBKQBA� FK�>� I>QBO�@E>MQBO�LC� QEB�@ROOBKQ� OBMLOQ�� )K�
QBOJP� LC� BIB@QOF@>I� %33�� QEB� PVPQBJ� FJMLOQP� BIB@QOF@FQV� COLJ� >K� BIB@QOF@>I� DOFA� >KA� QEBK�
@LKSBOQBA� FKQL�>� CLOJ� QE>Q� @>K�?B� PQLOBA�� ,>QBO��TEBK� FQ� FP� ABPFO>?IB�� QEB� PQLOBA�BKBODV� FP�
@LKSBOQBA�?>@H�QL�BIB@QOF@FQV�TFQE�QEB�%33�?BFKD�AFP@E>ODBA��4EFP�FP�OBCIB@QBA�FK�&FDROB������
TEBOB�>II�QEB�@LJMLKBKQP�LC�>K�%33�>OB�PELTK��FK@IRAFKD�QEB�@LKQOLI�PVPQBJ�>KA�QEB�FKQBOC>@B��
CLO�QEB�@E>ODFKD�>KA�AFP@E>ODFKD�LMBO>QFLKP��4EB�QVMB�LC�QEB�FKMRQ�MLTBO�@>K�S>OV�;���<��4EB�
FKQBOC>@B�@LJMLKBKQ�S>OFBP�>P�TBII�� CLO�BU>JMIB� FQ�@LKPFPQP�LC�>K� FKSBOQBO�>KA�>�OB@QFCFBO� QL�
@LKSBOQ�$#�QL�!#�>KA�SF@B�SBOP>��FK�QEB�@>PB�LC�>�?>QQBOV�PVPQBJ��

4EB�@I>PPFCF@>QFLK�LC�BKBODV�PQLO>DB�QL�BIB@QOF@>I�>KA�QEBOJ>I�PVPQBJP�FP�@LKPFABOBA�OBI>QFSBIV�
S>DRB�>KA�ALBP�KLQ� Q>HB� FKQL�>@@LRKQ� QEB�RKFNRB�>KA�PMB@F>I� @>M>?FIFQFBP�LC�B>@E�PVPQBJ��
OBD>OAFKD�QEB�BKBODV�@LKSBOPFLK�>KA�>KV�MEVPF@>I�LO�@EBJF@>I�MOL@BPPBP�QE>Q�JFDEQ�Q>HB�MI>@B�
FK�QEB�?BQTBBK��%KBODV�PQLO>DB�@>K�?B�DOLRMBA�FK�CLRO�J>FK�@>QBDLOFBP��JB@E>KF@>I��-%3	��
BIB@QOF@>I��%%3	��QEBOJ>I��4%3	�>KA�@EBJF@>I�BKBODV�PQLO>DB��4EB�BU>@Q�%33�QBOJP�@>K�AFCCBO�
FK�QEB�IFQBO>QROB��CLO�BU>JMIB�>�@LJ?FKBA�BIB@QOL@EBJF@>I�@>QBDLOV�@LRIA�FK@IRAB�?LQE�?>QQBOFBP�
>KA�PRMBO@>M>@FQLOP� ;���<��4EFP�MOBCBOBK@B� FP�ABBJBA�>P�KB@BPP>OV� FK�LOABO� QL� OBCIB@Q� QEB�
MOLMBO�MOLMBOQFBP�>KA�QEB�RKFNRBKBPP�LC�BIB@QOL@EBJF@>I�PVPQBJP��4EBOBCLOB��CLO�QEB�KBBAP�LC�
QEB�@ROOBKQ�MOLGB@Q�� QEB�@I>PPFCF@>QFLK�PRDDBPQBA�?V� ;���<� FP� Q>HBK� FKQL�>@@LRKQ�>KA�AFSFABP�
BKBODV�PQLO>DB�FK�QTL�J>FK�@>QBDLOFBP��%%3�>KA�4%3��%>@E�PVPQBJ�E>P�FQP�RKFNRB�?BKBCFQP�
>KA�ALTKPFABP��ABMBKAFKD�LK�FQP�@E>O>@QBOFPQF@P�>KA�QEB�>MMIF@>QFLK�FK�NRBPQFLK��

�

�

Figure 2.17�–�%KBODV�3QLO>DB�3VPQBJ�#LJMLKBKQP��!A>MQBA�COLJ�;���<	�

4%3�@LKPFPQP�JLPQIV�LC�PBKPF?IB�>KA� I>QBKQ�EB>Q�PQLO>DB�TEF@E� FP�LRQPFAB� QEB�P@LMB�LC� QEFP�
OBPB>O@E�>KA�LJFQQBA�COLJ�QEB�OBPQ�LC�QEFP�QEBPFP��4EBOBCLOB��BKBODV�PQLO>DB�COLJ�QEFP�MLFKQ�TFII�
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OBCBO�PMB@FCF@>IIV�QL�%%3�TEF@E�@LKSBOQP�BIB@QOF@>I�BKBODV�COLJ�>�MLTBO�KBQTLOH�FKQL�>�CLOJ�
QE>Q�@>K�?B�PQLOBA�CLO�>�@BOQ>FK�>JLRKQ�LC�QFJB�>KA�QEBK�@LKSBOQBA�?>@H�QL�BIB@QOF@FQV��TEBK�
KBBABA��)JMLOQ>KQ�%%3�PVPQBJP�PLJB�LC�TEF@E�TFII�?B�>IPL�ABP@OF?BA�I>QBO�FK@IRAB�MRJMBA�
EVAOL� BKBODV� PQLO>DB� �0(%3	�� @LJMOBPPBA>FO� BKBODV� PQLO>DB� �#!%3	�� CIVTEBBI� BKBODV�
PQLO>DB��&%3	��PBSBO>I�BIB@QOL@EBJFPQOFBP�LC�?>QQBOV�BKBODV�PQLO>DB��"%3	�PR@E�>P�,FFLK�>KA�
PLAFRJPRIMERO��.>3	��PRMBO�J>DKBQF@�BKBODV�PQLO>DB��3-%3	�>KA�CFK>IIV�PRMBO@>M>@FQLOP���

)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�%33��?BPFABP�QEBFO�@I>PPFCF@>QFLK�?V�CLOJ��@>K�>IPL�?B�@>QBDLOFPBA�
?>PBA�LK�QEBFO�CRK@QFLK��4EB�CFOPQ�@>QBDLOV�FK@IRABP�PVPQBJP�@>M>?IB�LC�MOLSFAFKD�MLTBO�NR>IFQV�
>KA� OBIF>?FIFQV� TEF@E� FP� DBKBO>IIV� @E>O>@QBOFPBA� ?V� >� OBI>QFSBIV� PJ>II� >JLRKQ� LC� OBPMB@QFSB�
BKBODV��4EB�PB@LKA�@>QBDLOV�FKSLISBP�>OLRKA�PVPQBJP�ABPFDKBA�CLO�BKBODV�J>K>DBJBKQ���!P�
PELTK�FK�&FDROB�������?>QQBOFBP�>OB�%33�PRFQ>?IB�CLO�?LQE�@>QBDLOFBP�ABMBKAFKD�LK�QEB�P@>IB�
LC�QEB�PVPQBJ��(LTBSBO��FQ�FP�FJMLOQ>KQ�QL�JBKQFLK�QE>Q�QEBPB�@>QBDLOFBP�>OB�KLQ�>?PLIRQB�>KA�
PR?GB@Q�QL�@E>KDB�ARB�QL�QEB�@LKQFKRLRP�QB@EKLILDV�ABSBILMJBKQP��&LO�BU>JMIB�� CIVTEBBIP�
TFQE� EFDEBO� BKBODV� QL� MLTBO� O>QFL� E>SB� ?BBK� ABSBILMBA� ?V� PBSBO>I� J>KRC>@QROBOP� TEFIB�
>AS>K@BA�?>QQBOFBP�E>SB�ABJLKPQO>QBA�PRFQ>?IB�@E>O>@QBOFPQF@P�CLO�MRIPB�MLTBO�;���<��

�

 
Figure 2.18�–�%KBODV�3QLO>DB�#I>PPFCF@>QFLK�?V�CRK@QFLK��!A>MQBA�COLJ�;���<	�

�

3BSBO>I� @OFQBOF>� >OB� Q>HBK� FKQL� >@@LRKQ� TEBK� @ELLPFKD� >K� %%3� QB@EKLILDV� CLO� >� DFSBK�
>MMIF@>QFLK� >KA� FK@IRAB� IFCB� QFJB�� BKBODV� BCCF@FBK@V� >KA� MLTBO� ABKPFQV�� BKBODV� >KA� MLTBO�
@>M>?FIFQFBP��OBPMLKPB�ABI>V�QFJB��PBICAFP@E>ODB�O>QB��BCCF@FBK@V��ARO>QFLK��QB@EKF@>I�J>QROFQV��
>?FIFQV�QL�@E>KDB�FQP�MLTBO�LRQMRQ�LCQBK��@>MFQ>I�@LPQ��LMBO>QFLK�>KA�J>FKQBK>K@B��/�-	�@LPQP��
PFWB�>KA�P>CBQV�;���<��;���<��7EFIB�QEBPB�M>O>JBQBOP�OBCBO�QL�%%3�PVPQBJP��QEBFO�OBIBS>K@B�
@>K� ?B� BUQBKABA� QL� >II� BKBODV� PQLO>DB� QB@EKLILDFBP�� &FDROB� ����� � DFSBP� PLJB� CFOPQ� SFQ>I�
FKCLOJ>QFLK�� OBD>OAFKD� QEB� MLTBO� @>M>?FIFQFBP� >KA� AFP@E>ODB� QFJBP� LC� PBSBO>I� PVPQBJP��
FKAF@>QFKD�QEB�MLPPF?IB�P@>IBP�LC�B>@E�QB@EKLILDV�;���<���

0(%3�>KA�#!%3�>OB�I>ODBP@>IB�BKBODV�PQLO>DB�PVPQBJP��JLPQIV�RPBA�CLO�EFDEMLTBO�ILKD
QFJB�>MMIF@>QFLKP��&LO�BU>JMIB��QEB�$FKLOTFD�MRJMBA�EVAOL�PQ>QFLK�FK�QEB�5+�@LKPQFQRQBP�>�
@E>O>@QBOFPQF@�BU>JMIB�LC�QEB�QB@EKLILDV�TFQE�>K�BKBODV�@>M>@FQV�LC����'7E�>KA�������-7�
LC�MLTBO��$FKLOTFD�E>P�?BBK�LMBO>QFLK>I�PFK@B�������TEFIB�QEB�CFOPQ�MRJMBA�EVAOL�P@EBJB�FK�
QEB�5+�LMBKBA�FK�������3FK@B�QEBK��0(%3�E>SB�?BBK�RPBA�QL�MOLSFAB�?>I>K@FKD�>KA�>K@FII>OV�
PBOSF@BP�QL�QEB�.>QFLK>I�'OFA�;���<��
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Figure 2.19�–�$FP@E>ODB�QFJB�SP�0LTBO�CLO�AFCCBOBKQ�BKBODV�PQLO>DB�QB@EKLILDFBP��
2BMOLAR@BA�TFQE�MBOJFPPFLK�COLJ�;���<��#LMVOFDEQ�������%IPBSFBO��

"%3�E>P�SBOV�?OL>A�O>KDBP�LC�MLTBO�>KA�AFP@E>ODB�QFJBP��?BQTBBK���H7�–����-7�>KA�COLJ�
>� CBT� PB@LKAP� QL� >IJLPQ� >� A>V�� OBPMB@QFSBIV�� ABMBKAFKD� LK� QEB� MOLMBOQFBP� LC� QEB� AFCCBOBKQ�
BIB@QOL@EBJFPQOFBP�� -LOB� PMB@FCF@>IIV�� >AS>K@BA� ,FFLK� >KA� OBALU� CILT� ?>QQBOFBP� �2&"	� >OB�
L?PBOSBA�QL�E>SB�QEB�EFDEBPQ�MLTBO�O>KDBP�LC�QEFP�@>QBDLOV�TEFIB�IB>A>@FA��0?!	�>KA�.>3�
?>QQBOFBP�>IPL�>@EFBSB�EFDE�MLTBO�S>IRBP�>KA�AFP@E>ODB�QFJBP��4EBPB�?OL>A�O>KDBP�@LKCFOJ�
QEB�@I>PPFCF@>QFLKP�LC�&FDROB������>?LSB��@LK@BOKFKD�QEB�PRFQ>?FIFQV�LC�"%3�CLO�?LQE�BKBODV�>KA�
MLTBO�>MMIF@>QFLKP��!P�QEB�@ROOBKQ�OBPB>O@E�FP�CL@RPBA�LK�QEB�RQFIFP>QFLK�LC�BKBODV�PQLO>DB�FK�
?RFIAFKDP�� MOFLOFQV� FP� DFSBK� LK�"%3�TEFIB� FKCLOJ>QFLK� LK�0(%3� FP� >IPL� MOLSFABA� ARB� QL� QEB�
technology’s popularity in Great Britain. �

������%KBODV�3QLO>DB�#E>O>@QBOFPQF@P�
)Q� FP�RKABOPQ>KA>?IB�COLJ�QEB�MOBSFLRP�PB@QFLK�QE>Q�QEBOB� FP�>�TFAB�O>KDB�LC�BKBODV�PQLO>DB�
QB@EKLILDFBP��B>@E�LKB�TFQE�FQP�RKFNRB�@E>O>@QBOFPQF@P�>KA�>MMIF@>QFLKP��4EBFO�PRFQ>?FIFQV�CLO�>KV�
DFSBK� >MMIF@>QFLK� ABMBKAP� LK� PBSBO>I� M>O>JBQBOP�� -LOB� PMB@FCF@>IIV�� QEB� BKBODV� PQLO>DB�
@>M>@FQV� FP� QEB�>JLRKQ�LC�BKBODV� QE>Q�@>K�?B�PQLOBA� FK� QEB�PVPQBJ��BKBODV�ABKPFQV� �7E�,	�
ABP@OF?BP� QEB� KLJFK>I� SLIRJBQOF@� BKBODV� ABKPFQV� >KA� MLTBO� ABKPFQV� �7�,	� FP� QEB� >S>FI>?IB�
MLTBO�MBO�RKFQ� SLIRJB��3FJFI>OIV�� PMB@FCF@�BKBODV� �7E�HD	� FP� QEB�BKBODV�MBO�RKFQ�J>PP�>KA�
PMB@FCF@�MLTBO��7�HD	�ABP@OF?BP�MLTBO�MBO�RKFQ�J>PP��FK�QEFP�@>PB�HFILDO>J��$BPMFQB�RPFKD�MBO�
J>PP�RKFQP��PMB@FCF@�BKBODV�>KA�MLTBO�>OB�LCQBK�JBKQFLKBA� FK� QEB� IFQBO>QROB�>P�BKBODV�>KA�
MLTBO�ABKPFQV���@LJMIFJBKQFKD�QEB�MBO�SLIRJB�RKFQP�;���<����

&ROQEBOJLOB�� QEB� IFCBQFJB� LC� >� PQLO>DB� PVPQBJ� FP� RPR>IIV�JB>PROBA� FK� VB>OP� LO� @V@IBP� >KA�
FKAF@>QBP� >� KRJ?BO� CLO� TEF@E� QEB� %33� FP� BUMB@QBA� QL� ?B� LMBO>QFLK>I�� >KA� QEB� OLRKAQOFM�
BCCF@FBK@V�FP�QEB�O>QFL�LC�BKBODV�OBIB>PBA�?V�QEB�%33�QL�QEB�BKBODV�OBNRFOBA�QL�@E>ODB�FQ�LSBO�
B>@E� @V@IB�� FK@IRAFKD� >II� ILPPBP�� 5PR>IIV�� IFCBQFJB� FP� BUMOBPPBA� FK� VB>OP� TEFIB� QEB� @V@IFKD�
capacity indicates the systems’ lifetime in cycles. 0LTBO�LRQMRQ�FP�QEB�>JLRKQ�LC�MLTBO�QE>Q�
@>K�?B�AFP@E>ODBA�TFQEFK�QEB�ARO>QFLK�LC�>�QVMF@>I�AFP@E>ODB�>KA�OBPMLKPB�QFJB�OBCBOP�QL�QEB�
QFJB� OBNRFOBA� CLO� QEB�%33� QL� PQ>OQ� MOLSFAFKD� FQP� MLTBO� LRQMRQ�� !II� QEB�%33�M>O>JBQBOP� >OB�
PRJJ>OFPBA�FK�4>?IB�����;���<�� )Q�PELRIA�>IPL�?B�JBKQFLKBA�QE>Q�?>PBA�LK�QEB�P@>IB�LC�QEB�
%33�RPBA��AFCCBOBKQ�JBQOF@�MOBCFUBP�@>K�?B�RPBA�CLO�JLPQ�LC�QEB�M>O>JBQBOP�IFPQBA��B�D��-7��
'7��-7E	��&FK>IIV��A>FIV�PBICAFP@E>ODB�OBCBOP�QL�QEB�PQLOBA�BKBODV�ILPQ�MBO�A>V�BSBK�TEBK�
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QEB�%33�FP�FK>@QFSB��4EFP�FP�>IPL�JBKQFLKBA�FK�QEB�IFQBO>QROB�>P�A>FIV�M>O>PFQF@�ILPP��4EB�QB@EKF@>I�
@E>O>@QBOFPQF@P�CLO�PBIB@QBA�QB@EKLILDFBP�>OB�IFPQBA�FK�ABQ>FI��FK�4>?IB������)Q�FP�@IB>O�QE>Q�QEBPB�
QB@EKF@>I�MOLMBOQFBP�@>K�S>OV�AO>PQF@>IIV��KLQ�LKIV� COLJ�PVPQBJ� QL�PVPQBJ�?RQ� CLO� QEB�P>JB�
QB@EKLILDV�>P�TBII�>P�S>IRBP�CLRKA�FK�QEB�IFQBO>QROB�@>K�LCQBK�AFCCBO��">PBA�LK�QEBFO�QB@EKF@>I�
@>M>?FIFQFBP��PLJB�PVPQBJP�>OB�JLOB�@>M>?IB�LC�JBBQFKD�>�PMB@FCF@�L?GB@QFSB�QE>K�LQEBOP���

�

Table 2.3�–�%KBODV�3QLO>DB�0OLMBOQFBP�;���<�

ES Parameter Unit 
%KBODV�#>M>@FQV��O>QFKD	� H7E�

%KBODV�ABKPFQV� 7E�,�
0LTBO�ABKPFQV� 7�,�
3MB@FCF@�BKBODV� 7E�HD�
3MB@FCF@�MLTBO� 7�HD�

#E>ODB�$FP@E>ODB�ARO>QFLK� ;>KV�QFJB�RKFQ<�
0LTBO�LRQMRQ��O>QFKD	� -7�
2BPMLKPB�QFJB� ;>KV�QFJB�RKFQ<�
,FCBQFJB� VB>OP��@V@IBP�

2LRKAQOFM�BCCF@FBK@V� ��
$>FIV�PBICAFP@E>ODB��M>O>PFQF@�ILPP	� ��

 

#>PQFIIL�>KA�'>VJB�;���<�EFDEIFDEQBA�QEB�SBOP>QFIFQV�LC�BKBODV�PQLO>DB�QB@EKLILDFBP�QLT>OAP�
MOLSFAFKD�>�S>OFBQV�LC�PBOSF@BP�QL�BIB@QOF@>I�DOFA��-LOB�PMB@FCF@>IIV��QEBV�@>K�?B�QOB>QBA�>P�>�
DBKBO>QFLK� >PPBQ�� QO>KPJFPPFLK� >PPBQ� LO� FKQBDO>QFLK� >PPBQ� CLO� OBKBT>?IB� BKBODV� PLRO@BP��
#BOQ>FK�PVPQBJP�>OB�BSBK�@>M>?IB�LC�MOLSFAFKD�>II�QEB�JBKQFLKBA�PBOSF@BP�>Q�QEB�P>JB�QFJB�>P�
QEB�>PPL@F>QBA�QFJBP@>IBP�LCQBK�LSBOI>M��>IILTFKD�>�PFKDIB�BKBODV�PQLO>DB�FKPQ>II>QFLK�QL�PBOSB�
PBSBO>I� CRK@QFLKP��!Q� QEB� P>JB� QFJB�� QEB�>RQELOP�?BIFBSB� QE>Q� QEB� I>ODB�MLOQCLIFL�LC� PQLO>DB�
QB@EKLILDFBP� >KA� QEBFO� SBOP>QFIFQV� FK� JRIQFMIB� >MMIF@>QFLKP� E>SB� QEB� MLQBKQF>I� QL� @OB>QB� >�
@E>IIBKDB� TEBK� FQ� @LJBP� QL� AB@FPFLK�J>HFKD� >KA� QEB� LSBO>II� BS>IR>QFLK� LC� QEBFO� QB@EKF@>I�
?BKBCFQP��&FK>IIV��>@@LOAFKD�QL�;���<��BKBODV�OBPB>O@E�FP�@LKAR@QBA�FK�CFSB�J>FK�@>QBDLOFBP�LC�
>MMIF@>QFLKP��BIB@QOF@FQV�PRMMIV��>K@FII>OV�PBOSF@BP��DOFA�PRMMLOQ�>KA�FKQBDO>QFLK�LC�OBKBT>?IBP��
)K� QEB� CRQROB�� BKBODV� PQLO>DB� QB@EKLILDFBP� >OB� BUMB@QBA� QL� ?B� CRIIV� J>Q@EBA� TFQE� QEBFO�
@LOOBPMLKAFKD�>MMIF@>QFLKP��

4>?IB� ���� FKQOLAR@BP� >AAFQFLK>I� @E>O>@QBOFPQF@P� LC� PBIB@QBA� QB@EKLILDFBP�� OBIBS>KQ� QL� QEBFO�
QBJMLO>I�MOLCFIB��!P�FK�QEB�MOBSFLRP�Q>?IB�MOBPBKQBA��>�?OL>A�O>KDB�LC�S>IRBP�@>K�?B�CLRKA�FK�
QEB� IFQBO>QROB��BPMB@F>IIV�CLO�QEBFO� IFCBQFJB�FK�@V@IBP�LO�VB>OP��2BD>OAFKD�QEBFO�OBPMLKPB�QFJB��
"%3�>OB�@>M>?IB�LC� OBPMLKAFKD�TFQEFK�JFIIFPB@LKAP��7EBK� FQ�@LJBP� QL� QEB� IFCBQFJB�LC�%33��
BFQEBO�FK�@V@IBP�LO�VB>OP��>�TFAB�O>KDB�LC�S>IRBP�@>K�?B�CLRKA�FK�QEB�IFQBO>QROB��BPMB@F>IIV�CLO�
,FFLK� ?>QQBOFBP�TFQE� >� IFCBQFJB� ?BQTBBK� ��–� ���� VB>OP�� 4EFP� FP� ARB� QL� QEB� C>@Q� QEB� ,FLK� FP�
BPPBKQF>IIV�>�PR?DOLRM�LC�"%3�>P�FQ�@LKPFPQP�LC�PBSBO>I�?>QQBOV�@EBJFPQOFBP��&FK>IIV��FQ�FP�>IPL�
FJMLOQ>KQ�QL�E>SB�>�CFOPQ�ILLH�>Q�QEB�@>MFQ>I�@LPQP�>PPL@F>QBA�TFQE�%33�>ILKD�TFQE�QEBFO�J>QROFQV�
IBSBI��MOBPBKQBA�FK�4>?IB������->QROB�QB@EKLILDFBP�>OB�RPR>IIV�MOBCBOOBA�ARB�QL�QEB�>IOB>AV�
existing operational expertise while increasing a technology’s maturity always leads to�>�@LPQ�
OBAR@QFLK�;���<�
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Table�2.4�–�#E>O>@QBOFPQF@P�LC�PBIB@QBA�%KBODV�3QLO>DB�4B@EKLILDFBP�;���<��;���<��;���<��;���<��;��<��;���<�

Energy 
Storage 

Technology 

Energy density 
Wh/kg 
(Wh/L) 

Power density 
W/kg 
 (W/L) 

Power rating 
MW 

Energy rating 
MWh 

Round trip 
efficiency 
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Table 2.5�–�!AAFQFLK>I�#E>O>@QBOFPQF@P�LC�PBIB@QBA�%KBODV�3QLO>DB�4B@EKLILDFBP�;���<��;���<��
;���<��;���<��;��<��;���<�

Technology Response 
time 
;��< 

Self-discharge 
%/day 

(%/month) 

Suitable 
storage 
duration 
;���<��;��< 

Lifetime in 
years 

Cycle life 

      
0RJMBA�
(VAOL 
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Batteries � � � � Cycles (80% DOD)�
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������">QQBOV�3QLO>DB�
">QQBOFBP�>OB�O>QBA�?>PBA�LK�QEBFO�BKBODV�>KA�MLTBO�@E>O>@QBOFPQF@P��)Q�FP�FJMLOQ>KQ�QL�MLFKQ�LRQ�
QE>Q� BKBODV� >KA� MLTBO� >OB� KLQ� FKABMBKABKQ� ?>QQBOV� S>OF>?IBP� ?RQ� RPR>IIV� CFUBA� AROFKD� QEB�
?>QQBOV�ABPFDK�ME>PB��"BPFABP�QEB�?>PF@�MOLMBOQFBP�LC�%33��>P�MOBPBKQBA�B>OIFBO�FK�4>?IB������
?>QQBOFBP�E>SB�LKB�>AAFQFLK>I�M>O>JBQBO�TEF@E�FP�SFQ>I�QLT>OAP�QEBFO�LMBO>QFLK�>KA�IFCBQFJB��4EB�
$BMQE�LC�$FP@E>ODB��$/$	�OBCBOP�QL�QEB�BUQBKQ�QL�TEF@E�>�?>QQBOV�@>K�?B�AFP@E>ODBA�>KA�FP�
OBMOBPBKQBA� ?V� >� MBO@BKQ>DB� S>IRB��$FP@E>ODFKD� QEB�?>QQBOV� @LJMIBQBIV� �$/$��� ����	� LO�
>?LSB�QEB�OB@LJJBKABA�$/$�S>IRB�?V�QEB�J>KRC>@QROBO�@>K�>CCB@Q�FQP�IFCBQFJB�PFDKFCF@>KQIV�
;���<��4EB�OBI>QFLKPEFM�?BQTBBK�QEB�@V@IBP�QL�C>FIROB�>KA�$/$�FP�OBCIB@QBA��FK�&FDROB�������CLO�
PBSBO>I�?>QQBOV�QB@EKLILDFBP��)Q�FP�@IB>O�QE>Q�?>QQBOV�IFCBQFJB�FP�OBAR@BA�TEBK�$/$�FK@OB>PBP��
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Figure 2.20�–�#V@IBP�QL�C>FIROB�SBOPRP�$/$�CLO�PBSBO>I�?>QQBOV�BIB@QOL@EBJFPQOFBP��
2BMOLAR@BA�TFQE�MBOJFPPFLK�COLJ�;���<��#LMVOFDEQ�������%IPBSFBO��

"%3�>IPL�OBNRFOBP�>�KRJ?BO�LC�>AAFQFLK>I�@LJMLKBKQP��?BPFABP�QEB�?>QQBOV�TEF@E�@LKPQFQRQBP�
QEB�PQLO>DB�ABSF@B�LC�QEB�PVPQBJ��4EBPB�@LJMLKBKQP� FK@IRAB�JLKFQLO�>KA�@LKQOLI�PVPQBJP��
@LJJLKIV�OBCBOOBA�QLDBQEBO�>P�QEB�?>QQBOV�J>K>DBJBKQ�PVPQBJ��"-3	��TELPB�MROMLPB�FP�QL�
J>HB� PROB� QE>Q� QEB� P>CBQV� PQ>KA>OAP� >OB� BKCLO@BA� >KA�J>UFJFPB� QEB� LSBO>II� MBOCLOJ>K@B��
4EBOBCLOB��"-3�HBBMP�@BIIP�COLJ�LSBO@E>ODFKD�?V�JLKFQLOFKD�>KA�@LKQOLIIFKD�QEB�@E>ODB�>KA�
AFP@E>ODB� PQ>QRP� LC� QEB� ?>QQBOV�� 4EB� @OFQF@>I� M>O>JBQBOP� AFCCBO� COLJ� ?>QQBOV� QL� ?>QQBOV�� CLO�
BU>JMIB�FK�IFLK�PVPQBJP��"-3�DFSBP�>�PMB@F>I�MOFLOFQV�FK�QEBOJ>I�JLKFQLOFKD��>P�QEBOB�FP�>K�
FK@IFK>QFLK� QLT>OAP� LSBOEB>QFKD�� &ROQEBOJLOB�� >� MLTBO� @LKSBOPFLK� PVPQBJ� FP� MOBPBKQ� >KA�
RPR>IIV�@LJMOFPBP�LC�>�?FAFOB@QFLK>I�@LKSBOQBO��TEF@E�E>P�QEB�>?FIFQV�QL�@LKSBOQ�$#�QL�!#�MLTBO�
>KA� SF@B� SBOP>�� 4EFP� FP� RK>SLFA>?IB� ?B@>RPB� ?>QQBOFBP� ABIFSBO� $#� TEFIB� >II� JLABOK�
@LKSBKQFLK>I�BIB@QOF@�>KA�BIB@QOLKF@�PVPQBJP�RQFIFPB�!#��4EBOBCLOB��>�QTLT>V�@LKSBOPFLK�LC�
BIB@QOF@FQV�FP�OBNRFOBA��ABMBKAFKD�LK�QEB�PLRO@B�>KA�QEB�ABPQFK>QFLK�;���<���

!P�JBKQFLKBA�>?LSB�� QEBOB� FP�>�KRJ?BO�LC�AFCCBOBKQ�?>QQBOV�@EBJFPQOFBP�PLJB�LC�TEF@E�>OB�
J>QROB�>KA�@LJJBO@F>I�TEFIB�LQEBOP�>OB�PQFII�FK�QEBFO�2�$�ME>PB��(LTBSBO��QEB�0?!�?>QQBOV�
FP� QEB� LIABPQ� >KA� QEB�JLPQ�J>QROB� ?>QQBOV� QB@EKLILDV�� QEBOBCLOB�� FQ� E>P� ?BBK� RPBA� FK� QEB�
J>GLOFQV�LC�MLTBO�PVPQBJ�>MMIF@>QFLKP�;���<��

&FK>IIV��>@@LOAFKD�QL�;���<��QEBOB�>OB�PBSBO>I�C>@QLOP�TEBK�AB@FAFKD�TEF@E�?>QQBOV�@EBJFPQOV�QL�
RPB�� !P� PELTK� FK� &FDROB� ������ FQ� FP� @IB>O� QE>Q� QEB� BKBODV� ABKPFQV� LC� QEB� ?>QQBOV� E>P� QL� ?B�
@LKPFABOBA�>ILKD�TFQE�MLQBKQF>I�PM>@B�IFJFQ>QFLKP�TEFIB�QEB�MLIF@V�>KA�QEB�OBDRI>QLOV�QOB>QJBKQ�
LC� QEB� ?>QQBOV� >MMIF@>QFLK� >IPL� E>SB� QL� ?B� Q>HBK� FKQL� >@@LRKQ�� #LKPFABO>QFLKP� FK@IRAB�
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LMBO>QFLK>I��MBOCLOJ>K@B��J>FKQBK>K@B�>KA�DOFA�OBNRFOBJBKQP��QB@EKF@>I�@E>O>@QBOFPQF@P�>KA�
QEB�>PPL@F>QBA�@LPQP��4EB�OBPQ�LC�QEB�@E>MQBO�MOBPBKQP�FJMLOQ>KQ�?>@HDOLRKA�FKCLOJ>QFLK�LK�
@BOQ>FK� J>GLO� ?>QQBOV� @EBJFPQOFBP� QE>Q� FK@IRAB� 0?!�� ,FFLK�� .>3�� 2&"� >KA� CFK>IIV� .F#A�
?>QQBOFBP��

�

Figure 2.21�–�#LKPFABO>QFLKP�CLO�?>QQBOV�PBIB@QFLK��!A>MQBA�COLJ�;���<	�

2.3.3.1 Lead-acid (Pb-A) 
0?!�?>QQBOFBP�@LKPQFQRQB�>K�LIA�QB@EKLILDV��FKSBKQBA�?>@H�FK�QEB������P�>KA�QEBOBCLOB�QEBV�
>OB� LKB� LC� QEB� JLPQ� J>QROB�� >CCLOA>?IB� >KA� MLMRI>O� ?>QQBOFBP� TLOIATFAB�� )QP� QB@EKF@>I�
MOLMBOQFBP� E>SB� ?BBK� OBPB>O@EBA� CLO� AB@>ABP� >KA� JLOB� PMB@FCF@>IIV� QEBFO� MI>QB� >KA� @>PB�
ABPFDK�� QEB�BIB@QOLIVQB�>KA�>@QFSB�J>QBOF>I�@LJMLPFQFLK��>P�TBII�>P� QEB�PBM>O>QLO�J>QBOF>IP��
7EFIB� QEB� ?>QQBOV� FP� DBKBO>IIV� @LKPFABOBA� QL� ?B� @EB>M� >KA� QB@EKF@>IIV�J>QROB�� ALTKPFABP�
FK@IRAB�ILT�BKBODV�ABKPFQV�>KA�IFJFQ>QFLKP�@LK@BOKFKD�QEBFO� IFCBQFJB�FK�@V@IBP��)JMOLSBJBKQP�
E>SB�?BBK�FKQOLAR@BA�QEOLRDE�>AAFQFSBP��?RQ�QEB�?>PF@�ABPFDK�FK@IRABP�PRIMEROF@�>@FA�>P�QEB�
BIB@QOLIVQB��>�IB>ALUFAB�MLPFQFSB�MI>QB�>KA�JBQ>IIF@�IB>A�>P�QEB�KBD>QFSB�BIB@QOLAB���

0?>@FA�?>QQBOFBP�E>SB�?BBK�JLPQIV�RPBA�CLO�EB>SV�@V@IFKD�>MMIF@>QFLKP��PRMMLOQFKD�QEB�DOFA�
QEOLRDE� MB>H�PE>SFKD� LO� >P� RKFKQBOORMQF?IB� MLTBO� PRMMIFBP� �503	�� )K� QBOJP� LC� BKBODV� >KA�
MLTBO�@>M>@FQV��LKB�LC�QEB�?FDDBPQ�0?!�?>QQBOV�FK�QEB�TLOIA�FP�IL@>QBA�FK�#EFKL��#>IFCLOKF>�TFQE�
>K�LRQMRQ� LC� ���-7�>KA����-7E�>KA�RPBA� CLO� S>OFLRP�?>I>K@FKD� PBOSF@BP�� PR@E�>P�MB>H�
PE>SFKD��IL>AIBSBIFKD��IL>A�CLIILTFKD��COBNRBK@V�>KA�SLIQ>DB�@LKQOLI��!KLQEBO�PFDKFCF@>KQ�0?!�
PVPQBJ��TLOQE�JBKQFLKFKD��FP�QEB�"%7!'�C>@FIFQV�FK�'BOJ>KV��O>QBA�>Q����-7�>KA����-7E��
>KA� RPBA� CLO� COBNRBK@V� OBDRI>QFLK� >KA� PMFKKFKD� OBPBOSB�� &FK>IIV�� QEB� 0RBOQL� 2F@L� %IB@QOF@�
0LTBO� !RQELOFQV� FP� >IPL� RPFKD� >� IB>A>@FA� ?>QQBOV� ���� -7�� ��� -7E	� QL� MOLSFAB� >K@FII>OV�
PBOSF@BP�QL�QEB�DOFA�;���<��

:E>KD�BQ�>I�� ;���<�KLQBA� QE>Q�0?!�?>QQBOFBP�E>SB�?BBK�RPBA�>P�?>@HRM�?>QQBOFBP� FK�MLTBO�
MI>KQP�>KA�QO>KPCLOJBO�PR?PQ>QFLKP��(LTBSBO��QEB�PMB@FCF@�?>QQBOV�@EBJFPQOV�PRCCBOP�COLJ�ILT�
MLTBO�ABKPFQV��BKBODV�ABKPFQV�>KA�@V@IB�IFCB�>P�TBII�>P�ILKD�@E>ODB�QFJBP�>KA�EFDE�M>O>PFQF@�
ILPPBP�� #LJ?FKFKD� QEBPB� @E>O>@QBOFPQF@P� TFQE� BKSFOLKJBKQ>I� @LK@BOKP� >OLRKA� MLQBKQF>I�
MLIIRQFLK�QE>Q�@LRIA�?B�@>RPBA�COLJ�QEBFO�@LJMLKBKQP�>KA�BPMB@F>IIV�IB>A��0?!�?>QQBOFBP�E>SB�
?BBK�RPBA�O>OBIV�FK�QEB�MLTBO�J>OHBQ��FK�QEB�OB@BKQ�VB>OP��ABPMFQB�QEBFO�OBI>QFSBIV�ILT�@LPQ��
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2.3.3.2 Lithium-ion (Li-on) 
,FFLK� FP� >� OBI>QFSBIV� KBT� QB@EKLILDV� FK� QEB� ?>QQBOV� >OB>�� TELPB� MLMRI>OFQV� FP� BUMB@QBA� QL�
PFDKFCF@>KQIV�FK@OB>PB�>KA�OBMI>@B�>�MBO@BKQ>DB�LC�QEB�IB>A>@FA�J>OHBQ�PE>OB��,FFLK�FP�RPBA�
FK� %6P� >KA� EV?OFA� SBEF@IBP�� FK� BIB@QOF@� ?FHBP�� TEFIB� FQ� E>P� ?BBK� OB@BFSFKD� >K� FK@OB>PFKD�
MBKBQO>QFLK�FK�LQEBO�PB@QLOP��PR@E�>P�QEB�BIB@QOLKF@�FKARPQOV��QEB�>OJV�>KA�JBAF@FKB��)QP�CRQROB�
DOLTQE�@>K�MLQBKQF>IIV�IB>A�QL�>��?LLJFKD�BCCB@Q��>KA�@LKPBNRBKQIV�IB>A�QL�>�JLOB�>CCLOA>?IB�
MOF@B��J>HFKD�IFFLK�>K�BSBK�JLOB�PRFQ>?IB�QB@EKLILDV�CLO�2%3�>KA�BKBODV�PQLO>DB���!JLKD�
QEB� ?BKBCFQP� LC� FQP� RKFNRB� BIB@QOL@EBJFPQOV�� ,FFLK� E>P� EFDEBO� BKBODV� >KA� MLTBO� ABKPFQFBP��
ILKDBO� IFCB@V@IB�>KA� QEBOBCLOB� FQ� FP� FAB>I� CLO� MLOQ>?IB�>KA�@LKPRJBO�BIB@QOLKF@P�� IFHB�JL?FIB�
MELKBP�� I>MQLM�@LJMRQBOP�� @>JBO>P�BQ@��7EFIB� QEB�,FLK�?>QQBOV� C>@BP� CFK>K@F>I�>KA�P>CBQV�
FPPRBP��QEBPB�>OB�IFHBIV�QL�?B�OBPLISBA�FK�QEB�KB>O�CRQROB�?V�QEB�J>PP�RQFIFP>QFLK�LC�QEB�?>QQBOV�
@EBJFPQOV�FK�%6P��4EBOB�>OB�DOB>Q�@LK@BOKP�OBD>OAFKD�QEB�PRPQ>FK>?FIFQV�LC�QEB�,FLK�?>QQBOV�>P�
FQ�TFII�EFDEIV�ABMBKA�LK�FQP�OB@V@I>?FIFQV��)Q�FP�TLOQE�KLQFKD�QE>Q�OBMI>@FKD�QEB�?>QQBOFBP�LC���?FIIFLK�
CRQROB�BIB@QOF@�>KA�EV?OFA�@>OP�@LRIA�RPB�RM�QL�����LC�IFQEFRJ�P�TLOIA�OBPBOSBP�;���<��

!@@LOAFKD� QL� ;���<�� IFQEFRJ� >MMB>OP� QL� ?B� QEB� JLPQ� MOLJFPFKD� JBQ>I� >S>FI>?IB� CLO� ?>QQBOV�
@EBJFPQOV�ARB�QL�FQP�TFAB�>S>FI>?FIFQV��KLKQLUF@FQV�>KA�IFDEQ�TBFDEQ���!�,FLK�?>QQBOV�@BII�@LKPFPQP�
LC� CLRO� J>FK� M>O>JBQBOP�� @>QELAB�� >KLAB�� BIB@QOLIVQB� >KA� PBM>O>QLO�� $ROFKD� QEB� @E>ODFKD�
ME>PB�LC�QEB�@BII��QEB�IFQEFRJ�FLKP�JLSB�COLJ�QEB�@>QELAB�QL�QEB�>KLAB��QEOLRDE�QEB�BIB@QOLIVQB�
TEFIB�QEB�OBSBOPB�JLSBJBKQ�Q>HBP�MI>@B�AROFKD�AFP@E>ODFKD��#LJJBO@F>I�,FLK�?>QQBOFBP�>OB�
K>JBA�>CQBO�QEB�,FFLK�ALK>QLO� FK�QEB�@>QELAB��QEB�J>FK�M>O>JBQBO�QE>Q�ABQBOJFKBP�QEB�@BII�
MOLMBOQFBP��3BSBO>I�,FFLK�JBQ>I�LUFABP�>OB�RPBA��FK@IRAFKD�IFQEFRJ�@L?>IQ�LUFAB��,#/	��IFQEFRJ�
J>KD>KBPB�LUFAB��,-/	��IFQEFRJ�FOLK�MELPME>QB��,&0	��IFQEFRJ�KF@HBI�@L?>IQ�>IRJFKFRJ�LUFAB�
�.#!	�>KA�IFQEFRJ�KF@HBI�J>KD>KBPB�@L?>IQ�LUFAB��.-#	��4EB�PBIB@QFLK�?BQTBBK�QEB�J>QBOF>IP�
JBKQFLKBA� @>K� EFDEIV� >CCB@Q� ?>QQBOV� MBOCLOJ>K@B� >KA� @E>O>@QBOFPQF@P�� 4EB� JLPQ� @LJJLK�
>KLAB� J>QBOF>I� FP� DO>MEFQB�� ELTBSBO�� PLJB� J>KRC>@QROBOP� @ELLPB� QL� RPB� IFQEFRJ� QFQ>KFQB�
FKPQB>A�� 4EB� BIB@QOLIVQB� RPBA� FP� >� JFUQROB� LC� IFQEFRJ� P>IQP� >KA� LOD>KF@� PLISBKQP� TEFIB�
MLIVBQEVIBKB�>KA�MLIVMOLMVIBKB�>OB�QEB�JLPQ�@LJJLK�PBM>O>QLO�J>QBOF>IP��

4>?IB�����PRJJ>OFPBP�QEB�JLPQ�FJMLOQ>KQ�M>O>JBQBOP�CLO�MLMRI>O�,FLK�@EBJFPQOFBP�>ILKD�TFQE�
QEBFO�NR>IFQ>QFSB�>K>IVPFP��>AS>KQ>DBP�>KA�AFP>AS>KQ>DBP��)Q�FP�@IB>O�QE>Q�QEBOB�FP�KL�MBOCB@Q�,F
LK� ?>QQBOV� @EBJFPQOV�� @LJMOLJFPBP� E>SB� QL� ?B� J>AB� ABMBKAFKD� LK� QEB� >MMIF@>QFLK�� QEB�
>S>FI>?IB�?RADBQ��P>CBQV�OBNRFOBJBKQP�>KA�LQEBO�@OFQBOF>��MOBSFLRPIV�JBKQFLKBA�FK�&FDROB�������
3MB@F>I�JBKQFLK�PELRIA�?B�DFSBK�QL�QEB�P>CBQV�FPPRBP�LC�QEB�QB@EKLILDV��@>RPBA�?V�QEB�QEBOJ>I�
FKPQ>?FIFQV� LC� PLJB� JBQ>I� LUFAB� BIB@QOLABP� >P� QEBV� @>K� ABDO>AB� >Q� EFDE� QBJMBO>QROB� >KA�
OBIB>PB�LUVDBK��J>HFKD�T>V�CLO�>�QEBOJ>I�ORK>T>V��)K�QEB�OB@BKQ�VB>OP��J>KRC>@QROBOP�QLLH�
BUQO>�PQBMP�QL�>SLFA�PR@E�MEBKLJBK>��?V�RPFKD�>�JLKFQLOFKD�RKFQ�QL�MOBSBKQ�LSBO@E>ODFKD�>KA�
LSBOAFP@E>ODFKD��#EB@HFKD�QEB�SLIQ>DB�LC�B>@E�@BII�FK�LOABO�QL�>SLFA�S>OF>QFLKP�FP�>IPL�@OFQF@>I��
?V�ABMILVFKD�>�SLIQ>DB�?>I>K@B�@FO@RFQ�;���<���

/KB�@E>O>@QBOFPQF@�BU>JMIB�LC� QELPB� FPPRBP�T>P�OBMLOQBA� FK�������TEBK�JRIQFMIB� FK@FABKQP��
FK@IRAFKD� LK?L>OA� >KA� DOLRKA� BIB@QOF@>I� CFOBP� >KA� PJLHBP�� TBOB� OBMLOQBA� FK� "LBFKD� ����
>FO@O>CQP��$OB>JIFKBO�T>P�QEB�CFOPQ�@FSFI�>FO@O>CQ�LC�FQP�PFWB�QE>Q�E>P�BSBO�RPBA�,FFLK�?>QQBOFBP�CLO�
BIB@QOF@� MLTBO� PLRO@B��$RB� QL� QEB� P>CBQV� @LK@BOKP�� >II� ��� >FO@O>CQP� LC� QEB� P>JB� QVMB�TBOB�
DOLRKABA� FK�LOABO� QL�AFP@LSBO� QEB�@>RPB�LC� QEB�MOL?IBJ��)Q� �T>P�@LK@IRABA�QE>Q� QEBOB�TBOB�
J>GLO� FPPRBP� ?BQTBBK� QEB� ,FLK� ?>QQBOFBP� >KA� QEB� BIB@QOF@>I� PVPQBJP�� OBPRIQFKD� FK� QEBOJ>I�
ORK>T>VP� LC� QEB� ?>QQBOFBP�� !CQBO� QEB� >MMOLMOF>QB� FKSBPQFD>QFLK��JLAFCF@>QFLKP� >KA� QBPQP�� QEB�
MOL?IBJ�T>P�OBPLISBA�?RQ�FQ�FP�>�OBJFKABO�QE>Q�?>QQBOV�QB@EKLILDFBP�KBBA�BUQO>�@>OB��>QQBKQFLK�
>KA�COBNRBKQ�FKPMB@QFLKP��BPMB@F>IIV�TEBK�RPBA�CLO�KBT�>MMIF@>QFLKP�;���<��
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Table 2.7�–�#LJM>OFPLK�LC�IFQEFRJFLK�@EBJFPQOV�MOLMBOQFBP�;���<�

Parameter Lithium nickel 
manganese cobalt 

oxide 

Lithium manganese 
oxide 

Lithium nickel cobalt 
aluminium 

Lithium iron 
phosphate 

Lithium titanate 

!??OBSF>QFLK� .-#� ,-/� .#!� ,&0� ,4/�
#>QELAB� ,F.FU-KV#L�UV/�� ,F-K�/���PMFKBI	� ,F.F#L!I/�� ,F&B0/�� S>OF>?IB�
!KLAB� #��DO>MEFQB	� #��DO>MEFQB	� #��DO>MEFQB	� #��DO>MEFQB	� ,F�4F�/���
3>CBQV� ���� ���� ���� ���� ����

0LTBO�ABKPFQV� ���� ���� ���� ���� ����
%KBODV�ABKPFQV� ���� ���� ���� ���� ����
#BII�@LPQP�
>AS>KQ>DB�

���� ���� ���� ���� ����

,FCBQFJB� ���� ���� ���� ���� ����
3VPQBJ�

MBOCLOJ>K@B�
���� ���� ���� ���� ����

!AS>KQ>DBP� •�'LLA�MOLMBOQFBP�
@LJ?FK>QFLK�

•�#>K�LMBO>QB�>Q�EFDE�
SLIQ>DBP�

•�#>K�?B�Q>FILOBA�CLO�EFDE�
MLTBO�LO�BKBODV�

•�,LT�@LPQ�ARB�QL�
J>KD>KBPB�>?RKA>K@B�
•�6BOV�DLLA�QEBOJ>I�
PQ>?FIFQV�>KA�MLTBO�

@>M>?FIFQV�

•�6BOV�DLLA�BKBODV�
>KA�DLLA�MLTBO�
@>M>?FIFQV�

•�'LLA�@V@IB�IFCB�FK�
KBTBO�PVPQBJP��
•�,LKD�PQLO>DB�
@>IBKA>O�IFCB�

•�6BOV�DLLA�
QEBOJ>I�PQ>?FIFQV��
@V@IB�IFCB�>KA�
MLTBO�@>M>?FIFQV�
•�,LT�@LPQP�

•�6BOV�DLLA�QEBOJ>I�
PQ>?FIFQV��

•�,LKD�@V@IB�IFCBQFJB�
•�(FDE�O>QB�AFP@E>ODB�

@>M>?FIFQV�
•�.L�PLIFA�BIB@QOLIVQB�
FKQBOME>PB�FPPRBP�

$FP>AS>KQ>DBP� •�0>QBKQ�FPPRBP�FK�PLJB�
@LRKQOFBP�

•�-LABO>QB�@V@IB�IFCB�
FKPRCCF@FBKQ�CLO�PLJB�
>MMIF@>QFLKP�
•�,LT�BKBODV�
MBOCLOJ>K@B�

•�-LABO>QB�@E>ODBA�
PQ>QB�QEBOJ>I�PQ>?FIFQV�
@>K�OBAR@B�P>CBQV�

•�#>M>@FQV�@>K�C>AB�>Q�
����L#�

•�,LT�BKBODV�
ABKPFQV�ARB�QL�
ILTBO�@BII�SLIQ>DB�

•�(FDE�@LPQ�LC�QFQ>KFRJ�
•��2BAR@BA�@BII�SLIQ>DB�
•�,LT�BKBODV�ABKPFQV�

�

�
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2.3.3.3 Sodium-sulphur (NaS) 
4EB�.>3�?>QQBOV� FK@IRABP� IFNRFA� PRIMERO� >Q� QEB� MLPFQFSB� BIB@QOLAB� >KA� IFNRFA� PLAFRJ�>Q� QEB�
KBD>QFSB� BIB@QOLAB�� TEF@E� >OB� PBM>O>QBA� ?V� >� PLIFA� BIB@QOLIVQB�� 4EB� OLRKAQOFM� BCCF@FBK@V� FP�
P>QFPCVFKD��S>OVFKD�?BQTBBK����–������>KA�OBI>QFSBIV�@EB>M�>KA�KLKQLUF@�J>QBOF>IP�>OB�RPBA��
/K� QEB� LQEBO� E>KA�� .>3� FP� JLPQIV� PRFQ>?IB� CLO� I>ODBP@>IB� PQ>QFLK>OV� >MMIF@>QFLKP�� >P� QEB�
LMBO>QFKD� QBJMBO>QROBP� >OB� EFDE� >KA� QEB� PLAFRJ� FP� @LOOLPFSB�� 4EB� MOLAR@BA� EB>Q� E>P� >K�
>SBO>DB� QBJMBO>QROB� LC� ���� –� ���L#� ;���<�� 4EB� @>M>@FQV� LC� QEB� FKPQ>IIBA� PLAFRJPRIMERO�
?>QQBOFBP�E>P�FK@OB>PBA��COLJ����-7�FK������QL�����-7��������-7E	�FK������>KA�����-7�
�������-7E	�FK�������FK�LSBO�����IL@>QFLKP���

/KB�LC�QEB�?FDDBPQ�PVPQBJP�FK�QEB�TLOIA�FP�IL@>QBA�FK�KLOQEBOK�*>M>K��TFQE�>�@>M>@FQV�LC����
-7�>KA� ����-7E�>KA� RPBA� CLO� FKQBDO>QFLK� >KA� PQ>?FIFP>QFLK� LC� >� ���-7�TFKA� C>OJ�� 4EB�
PVPQBJ� T>P� ?RFIQ� ?V� QEB� LKIV� .>3� ?>QQBOV� PRMMIFBO� FK� QEB� TLOIA�� .'+� )KPRI>QLOP�� !P� QEB�
@LJM>KV�PRMMLOQP��.>3�?>QQBOFBP�>OB�ABPFDKBA�CLO�?RIH�BKBODV�PQLO>DB��QEBV�@>K�@LJB�>Q�SBOV�
I>ODB�PFWBP�����QL����P�LC�-7	�>KA�QEBV�E>SB�>�ILKD�IFCBQFJB��LC�>MMOLUFJ>QBIV�������@V@IBP��
TEF@E�FP�BNRFS>IBKQ�QL����VB>OP��>PPRJFKD�����@V@IBP�MBO�VB>O�;���<��;���<��

!AAFQFLK>IIV��BIB@QOF@FQV�@>K�?B�ABIFSBOBA�TFQEFK���JFIIFPB@LKA��KBBAP�IBPP�PM>@B�@LJM>OBA�QL�
LQEBO� ?>QQBOV� QB@EKLILDFBP� >KA� FP� OBIF>?IB� >KA� P>CB� ?V� ABPFDK�� !MMIF@>QFLKP� FK@IRAB� 2%3�
FKQBDO>QFLK�� DBKBO>QFLK�J>K>DBJBKQ�� FKSBPQJBKQ� ABCBOO>I� >KA� >K@FII>OV� PBOSF@BP�� .>3� @>K�
E>SB�>�AFP@E>ODB�ARO>QFLK�?BQTBBK���>KA���ELROP��TFQE�>�OBPMB@QFSB�MLTBO�@>M>@FQV�LC�����
-7�;���<��

2.3.3.4 Redox Flow Batteries (RFB) 
2&"P� E>SB� PLJB� RKFNRB� @E>O>@QBOFPQF@P�� TEBK� @LJM>OBA� QL� @LKSBKQFLK>I� ?>QQBOV�
QB@EKLILDFBP��%U@BMQ�CLO�QEBFO�ABPFDK�CIBUF?FIFQV��BKBODV�>KA�MLTBO�@>M>@FQV�>OB�FKABMBKABKQ�LC�
B>@E� LQEBO�� QEB� P>JB� J>QBOF>IP� >OB� RPBA� FK� ?LQE� E>IC@BIIP�� QEBOBCLOB�� QEB� OFPH� LC� @OLPP�
@LKQ>JFK>QFLK�FP�BIFJFK>QBA��>KA�QEB�BIB@QOLIVQBP�@>K�QEBLOBQF@>IIV�E>SB�RKIFJFQBA�IFCBQFJB�>KA�
@V@IBP��!P�QEBFO�BKBODV�ABKPFQV�FP�OBI>QFSBIV�ILT��2&"P�>OB�PRFQ>?IB�CLO�I>ODB�P@>IB�PQ>QFLK>OV�
BKBODV�PQLO>DB��>PPRJFKD�QEB�LSBO>II�SLIRJB�>KA�TBFDEQ�LC�QEB�PVPQBJ�FP�KLQ�>K�FPPRB��4EBV�
@>K�?B�RPBA�CLO�MB>H�PE>SFKD��IL>AIBSBIFKD��503�>KA�2%3�FKQBDO>QFLK��4EBV�>OB�@>M>?IB�LC�
O>MFA�OBPMLKPB�>KA�@>K�MOLSFAB�?LQE�MLTBO�NR>IFQV�>KA�BKBODV�J>K>DBJBKQ�PBOSF@BP��TFQE�
ILT�J>FKQBK>K@B��

!�QVMF@>I�2&"�FK@IRABP�QTL�IFNRFA�BIB@QOLIVQBP��>KLIVQB�>KA�@>QELIVQB	��PQLOBA�FK�QTL�BUQBOK>I�
Q>KHP� >KA� QO>KPCBOOBA� FKQL� QEB� @BII� QEOLRDE� >� MRJMFKD� PVPQBJ� QL� MOLAR@B� BKBODV�� ?V� >K�
BIB@QOL@EBJF@>I� OB>@QFLK� QE>Q� Q>HBP� MI>@B�� 4EBOB� >OB� AFCCBOBKQ� QVMBP� LC� 2&"� PVPQBJP��
ABMBKAFKD�LK�QEB�PLIRQFLKP�RPBA�LK�QEB�BUQBOK>I�Q>KHP�LC�QEB�?>QQBOV��4EB�6>K>AFRJ�2BALU�
&ILT� ">QQBOV� �62&"	� FP� >� @I>PPF@� BU>JMIB� >KA� JBKQFLKBA� LCQBK� FK� QEB� IFQBO>QROB�� )Q� Q>HBP�
>AS>KQ>DB�LC�QEB�AFCCBOBKQ�LUFA>QFLK�PQ>QBP�LC�6>K>AFRJ��TEF@E�>OB�AFIRQBA�FK�>K�>@FA�PLIRQFLK��
PR@E�>P�PRIMEROF@�>@FA��4EB�BKBODV�@>M>@FQV�LC�QEB�PVPQBJ�@>K�?B�FK@OB>PBA�?V�>AAFKD�JLOB�
SLIRJB�LC� QEB� BIB@QOLIVQB� PLIRQFLK��TEFIB� >AAFKD�JLOB� @BIIP�TFII� FK@OB>PB� QEB� LSBO>II� MLTBO�
LRQMRQ�LC�QEB�PVPQBJ��4EB�QVMF@>I�@LJMLKBKQP�LC�>�62&"�RKFQ�>OB�PELTK�?BILT��FK�&FDROB�������
@LKKB@QBA� QL� QEB� BIB@QOF@>I� DOFA� QEOLRDE� >� $#�!#� FKSBOQBO�� /QEBO� @LJMLKBKQP� FK@IRAB� QEB�
BIB@QOLIVQB�Q>KHP��MRJMP�>KA�QEB�"-3�;���<��;���<��;���<��

!AAFQFLK>IIV�� FQ� FP� TLOQE� JBKQFLKFKD� QEB� AFCCBOBK@BP� >KA� MOLMBOQFBP� ?BQTBBK� BUFPQFKD� 2&"�
@LKCFDRO>QFLKP�� 4>?IB� ���� IFPQP� PLJB� @OFQF@>I� 2&"� M>O>JBQBOP� PR@E� >P� BKBODV� >KA� PMB@FCF@�
BKBODV�ABKPFQV��KLJFK>I�SLIQ>DB�>KA�BKBODV�BCCF@FBK@FBP��4EB�!II6>K>AFRJ�?>QQBOV�E>P� QEB�
EFDEBPQ�OBMLOQBA�BCCF@FBK@V�>OLRKA����–�����>KA�LKB�LC�QEB�EFDEBPQ�BKBODV�ABKPFQFBP�>P�TBII��
?BQTBBK� ��� –� ���7E�,�� "LQE� QEB� ABPFDK� >KA� BIB@QOL@EBJFPQOV� CIBUF?FIFQFBP�� >ILKD� TFQE� QEB�
@>M>@FQV�QL�MRQ�@BIIP�FK�PBOFBP�LO�FK�M>O>IIBI�MOLSFABP�>�DOB>Q�LMMLOQRKFQV�QL�@OB>QB�>KA�RPB�>K�
2&"�?>QQBOV�CLO�QEB�ABPFOBA�>MMIF@>QFLK�;���<��;���<��
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Figure 2.22�–�#LJMLKBKQP�LC�>�QVMF@>I�62&"�@LKKB@QBA�QL�QEB�BIB@QOF@>I�DOFA��2BMOLAR@BA�
TFQE�MBOJFPPFLK�COLJ�;���<��#LMVOFDEQ�������%IPBSFBO�
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Table 2.8 –�#E>O>@QBOFPQF@P�LC�2BALU�&ILT�">QQBOV�4VMBP�;���<�

Parameter All-
Vanadium 

Vanadium 
Bromide 

Zinc-
Bromine 

Cerium-
Zinc 

Regenesys Fe-Cr 

%KBODV�$BKPFQV�
�7E�,	�

����� ����� ��� ����� ����� �

3MB@FCF@�BKBODV�
ABKPFQV��7E�HD	�

����� ����� ����� � ��� ����

.LJFK>I�SLIQ>DB� ����6� ��6� ����6� ����6� �����6� �����6�
/MBO>QFLK>I�
QBJMBO>QROB�

���L#� ���L#� ����L#� ����L#� ����L#� ��L#�

2BMLOQBA�%KBODV�
%CCF@FBK@V�

������ ������>Q�
��L#�

���� ���� ������ ������
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2.3.4.5 Nickel-Cadmium (Ni-Cd) 
.F#A�?>QQBOFBP� PE>OB� PLJB�PFJFI>OFQFBP�TFQE�0?!�� OBD>OAFKD� QEBFO� MEVPF@>I� PQOR@QROB��-LOB�
PMB@FCF@>IIV�� FKPQB>A� LC� IB>A�� QEB� MI>QBP� @LKPFPQ� LC� KF@HBI� EVAOLUFAB� �MLPFQFSB	� >KA�@>AJFRJ�
LUFAB��KBD>QFSB	��!AAFQFLK>IIV��FKPQB>A�LC�PRIMEROF@�>@FA��>K�>IH>IF��MLQ>PPFRJ�EVAOLUFAB��FP�RPBA�
>P�BIB@QOLIVQB��.F#A�>OB�@LKPFABOBA�QL�E>SB�>K�FJMLOQ>KQ�>AS>KQ>DB��TEBK�@LJM>OBA�QL�0?
!��>P�PRIME>QFLK�FP�KLQ�>K�FPPRB�>KA�QEBOBCLOB��QEBV�@>K�DBQ�LSBO@E>ODBA�LO�IBCQ�AFP@E>ODBA��
TFQELRQ�>KV�A>J>DB�QL�QEB�MI>QBP��!IPL��QBJMBO>QROB�ALBP�KLQ�>CCB@Q�QEBFO�@E>ODFKD�>KA�>KV�
JBQELAP�LO�>S>FI>?IB�@E>ODBOP�@>K�?B�RPBA�CLO�QEFP�MROMLPB��/K�QEB�LQEBO�E>KA��JB>PROBJBKQ�
LC� QEBFO� PQ>QB� LC� @E>ODB� �3L#	� FP� KLQ� >� PFJMIB� MOL@BPP� >P� QEB� SLIQ>DB� >KA� PMB@FCF@�TBFDEQ�
S>OF>QFLKP�>OB�FKPFDKFCF@>KQ�TEBK�AFP@E>ODFKD�Q>HBP�MI>@B��4EFP�>AAP�PLJB�FK@LKSBKFBK@B�CLO�
QEB�?>QQBOV�RPBOP�>P�FQ�FP�KLQ�MLPPF?IB�QL�FABKQFCV�QEB�JLJBKQ�FQ�OB>@EBP�CRII�AFP@E>ODB��&FK>IIV��
?>QQBOV�OBPFARBP�@>K�MLQBKQF>IIV�IB>A�QL�QEB�CLOJ>QFLK�LC�@>AJFRJ�?IL@HP�>KA�QEB�?>QQBOV�?BFKD�
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unable to fully charge, an issue often called “memory effect”. The firstDBKBO>QFLK� .F#A�
?>QQBOFBP�J>HB�RPB�LC�SBKQBA�ML@HBQ�MI>QBP�TEBOB� CLIABA�PQBBI�PQOFMBP�>OB�MFBO@BA�LK�?LQE�
PFABP�QL�FK@OB>PB�?V�����QEB�RPBCRI�>OB>�QL�QEB�MI>QB�>KA�@LKPBNRBKQIV�QEB�J>UFJRJ�@E>ODFKD�
@>M>@FQV�LC�QEB�?>QQBOV��3FKQBOBA�MI>QB�PB@LKADBKBO>QFLK�.F#A�?>QQBOFBP�MBOCLOJ�?BQQBO�FK�ILT�
QBJMBO>QROBP� ARB� QL� ILTBO� FKQBOK>I� OBPFPQ>K@B� >KA� QEB� OBNRFOBA� J>FKQBK>K@B� FP� JFKFJ>I��
(LTBSBO��I>ODBO�>JLRKQP�LC�KF@HBI�>OB�KBBABA�IB>AFKD�QL�EFDEBO�J>KRC>@QROFKD�@LPQP�QE>Q�>OB�
KLQ�SF>?IB�CLO�>�@BII�JLOB�QE>K�����!E�;���<��

2BD>OAFKD�QEBFO�>MMIF@>QFLKP��.F#A�?>QQBOFBP�>OB�RPBA�FK�ABSF@BP��PR@E�>P�MELKBP��QLVP�>KA�
E>KA�QLLIP��4EBV�>OB�@LKPFABOBA�QL�?B�BU@BIIBKQ�PLIRQFLKP�CLO�ILKDQBOJ�PQLO>DB�TEFIB�E>SFKD�
>�ILKD�@V@IB�IFCB�>P�TBII�>P�DLLA�ARO>?FIFQV�>KA�@E>ODB�OBQBKQFLK��$FP>AS>KQ>DBP�LC�QEB�?>QQBOV�
QB@EKLILDV�FK@IRAB�ILT�BKBODV�ABKPFQV�>KA�EFDEBO�@LPQP�TEBK�@LJM>OBA�TFQE�0?!��)Q�PELRIA�
?B�JBKQFLKBA� QE>Q�@>AJFRJ� FP�>�EFDEIV� QLUF@�JBQ>I� >KA� QEBOBCLOB�.F#A�?>QQBOFBP�JRPQ� ?B�
QOB>QBA� >@@LOAFKDIV� >CQBO� QEB� BKA�LC� QEBFO� IFCB�� 3FDKFCF@>KQ� >JLRKQP� LC� @>AJFRJ�ABQB@QBA� FK�
JRKF@FM>I�T>PQB�LOFDFK>QB�COLJ�.F#A�?>QQBOFBP�;���<��

������%KBODV�3QLO>DB�!MMIF@>QFLKP�
#LKSBKQFLK>I�DOFA�FKCO>PQOR@QROB�FP�ABPFDKBA�QL�JBBQ�QEB�MB>H�IL>AP�LC�BIB@QOF@FQV�>P�PRMMIV�>KA�
ABJ>KA�>OB�@LRMIBA��(LTBSBO��MB>H�IL>AP�LKIV�Q>HB�MI>@B�CLO�>�IFJFQBA�KRJ?BO�LC�ELROP�AROFKD�
QEB�VB>O�>P�BIB@QOF@FQV�S>OFBP�PFDKFCF@>KQIV�LK�>�A>FIV�>KA�PB>PLK>I�?>PFP��0B>H�MLTBO�MI>KQP�
TEF@E�>OB�RPR>IIV�LSBOABPFDKBA�>KA�QEBFO�LMBO>QFLK�BUMBKPFSB�>OB�RPBA�QL�HBBM�QEB�PVPQBJ�
?>I>K@BA��(LTBSBO��?V�RPFKD�%33�QL�MBOCLOJ�PMB@FCF@�PBOSF@BP��PVPQBJ�MI>KKBOP�@>K�RPB�QEB�
OFDEQ�>JLRKQ�LC�DBKBO>QFKD�@>M>@FQV�QL�JBBQ�QEB�>SBO>DB�IL>AP�FKPQB>A��QEBOBCLOB�AB@LRMIFKD�
PRMMIV�>KA�ABJ>KA��3LJB�%3�>MMIF@>QFLKP�E>SB�>IOB>AV�?BBK�JBKQFLKBA�L@@>PFLK>IIV��FK�?LQE�
QEB� @ROOBKQ� >KA� MOBSFLRP� @E>MQBO�� FK@IRAFKD� MB>HPE>SFKD� >KA� IL>AIBSBIFKD�� 4EB� BIB@QOF@>I�
IL>AP�>KA�QEB�FJM>@Q�LC�QEB�%%3�RQFIFP>QFLK�>OB�PELTK�FK�&FDROB�������2BD>OAFKD�MB>HPE>SFKD��
%33�FP�@E>ODBA�AROFKD�QEB�B>OIV�ELROP�LC�QEB�A>V��TEBK�QEB�BIB@QOF@>I�ABJ>KA�FP�OBI>QFSBIV�ILT��
,>QBO�FK�QEB�A>V��TEBK�QEB�BIB@QOF@>I�IL>AP�OB>@E�QEBFO�MB>H�S>IRBP��QEB�BIB@QOF@FQV�PQLOBA�FK�QEB�
%33�FP�AFP@E>ODBA�QL�JBBQ�M>OQ�LC�QEB�BIB@QOF@>I�ABJ>KA��)K�QEFP�T>V��QEB�BIB@QOF@FQV�MRO@E>PBA�
COLJ�QEB�BIB@QOF@>I�DOFA�QL�JBBQ�QEB�OBJ>FKFKD�IL>AP�FP�OBAR@BA��@LJM>OBA�QL�QEB�?>PB�P@BK>OFL�
TFQELRQ� QEB�LMBO>QFLK�LC�%33��,L>AIBSBIFKD� CLIILTP�>�PFJFI>O�>MMOL>@E�?RQ� QEB�AFP@E>ODFKD�
MOL@BPP�E>P�>�PIFDEQIV�AFCCBOBKQ�L?GB@QFSB�>KA�JLOB�PMB@FCF@>IIV�QL�@>M�QEB�OBJ>FKFKD�IL>AP�QE>Q�
KBBA�QL�?B�MRO@E>PBA�?V�QEB�DOFA�>Q�>�PMB@FCF@�MLTBO�IFJFQ�FK�QBOJP�LC�H7�;���<. 

!O?FQO>DB��>IPL�OBCBOOBA�QL�>P�QFJBPEFCQFKD�LC�IL>AP��FP�GRPQ�LKB�LC�QEB�BKBODV�PQLO>DB�OBSBKRB�
PQOB>JP��ELTBSBO��FQ� FP�@LKPFABOBA�QL�?B�QEB�J>FK�JB@E>KFPJ�QE>Q�OBKABOP�QEB�LMBO>QFLK�LC�
%33�CFK>K@F>IIV�PRPQ>FK>?IB��)Q�@>K�?B�MOFJ>OFIV�CLRKA�FK�QEB�A>V>EB>A�BKBODV�J>OHBQ�TEFIB�
QEB�OBPQ�LC�QEB�%3�>MMIF@>QFLKP�>OB�LCCBOBA�FK�AFCCBOBKQ�J>OHBQP�TEF@E�LCCBO�?>I>K@FKD�>@QFLKP�
>KA� COBNRBK@V� OBDRI>QFLK� PBOSF@BP�� 0>OQF@FM>QFLK� FK� PR@E� PBOSF@BP� FP� PQFII� MOLCFQ>?IB� ?RQ� QEB�
BKBODV�SLIRJB�LC�QEB�>R@QFLKP�FK�NRBPQFLK�FP�@LJM>O>QFSBIV�PJ>IIBO�;���<���

4EB�FAB>�?BEFKA�>O?FQO>DB�FP�PFJMIB�>P�FQ�FK@IRABP�?RVFKD�BIB@QOF@FQV�TEBK�MOF@BP�>OB�@EB>MBO�
>KA� I>QBO�RPFKD� QE>Q�BIB@QOF@FQV� QL�JBBQ�BIB@QOF@>I� IL>AP�LO�PBIIFKD� FQ�>Q�>�EFDEBO�MOF@B� QL� Q>HB�
>AS>KQ>DB� LC� QEB� MOF@B� AFCCBOBK@B�� )K� ABOBDRI>QBA� MLTBO� J>OHBQP�� PRMMIV� >KA� ABJ>KA�
ABQBOJFKB� QEB� BIB@QOF@FQV� MOF@BP�� /QEBO� M>O>JBQBOP� QE>Q� >CCB@Q� QEB� J>OHBQ� MOF@B� >OB� 2%3�
DBKBO>QFLK��@L>I�>KA�D>P�MOF@BP��BJFPPFLK�MOF@BP�>KA�BKBODV�MOF@BP�FK�KBFDE?LROFKD�@LRKQOFBP��
4EB� >JLRKQ� LC� MLQBKQF>I� OBSBKRBP� CLO� MOLSFAFKD� >O?FQO>DB� EFDEIV� ABMBKA� LK� QEB� LMBO>QFLK�
COBNRBK@V�LC� QEB�%33�>KA�JLOB�MOB@FPBIV�LK� QEB�A>FIV�KRJ?BO�LC� QEB� CRII�@E>ODBAFP@E>ODB�
@V@IBP��"%3�FK�M>OQF@RI>O�@>K�?B�CIBUF?IB�>KA�MOLSFAB�>O?FQO>DB�?V�MBOCLOJFKD�PBOSF@BP�FK�LQEBO�
J>OHBQP�>P�MOF@BP�LC�?>I>K@FKD�PBOSF@BP�>OB�JLOB�SLI>QFIB�QE>K�QEB�A>V>EB>A�J>OHBQ�;���<���
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Figure 2.23 – %IB@QOF@>I�%KBODV�3QLO>DB��%%3	�MBOCLOJFKD��>	�MB>HPE>SFKD�>KA��?	�IL>A

IBSBIFKD��2BMOLAR@BA�TFQE�MBOJFPPFLK�COLJ�;���<��#LMVOFDEQ�������%IPBSFBO��

 

7>KHJdIIBO�BQ�>I��;���<�PRMMLOQBA�QE>Q��arbitrage represents the largest profit opportunity for 
BES in the electric power grid�� TEFIB� EFDEIFDEQFKD� QE>Q� QEBOB� >OB� PBSBO>I� PQRAFBP� TEF@E�
FKSBPQFD>QB� QEB� MOLCFQ>?FIFQV� LC� AFCCBOBKQ� @E>ODFKD� >KA� AFP@E>ODFKD� MOLCFIBP� TEBK� RQFIFPFKD�
?>QQBOFBP� QL� @LKAR@Q� >O?FQO>DB��">QQBOV� IFCBQFJB� >KA� ABDO>A>QFLK� @LKPQFQRQB� LKB� LC� QEB�JLPQ�
FJMLOQ>KQ� >PPRJMQFLKP� TEBK� BS>IR>QFKD� QEB� @LPQBCCB@QFSBKBPP� LC� >K� >O?FQO>DB� P@EBJB��
&FKAFKD�QEB�JLPQ�PRFQ>?IB�LMBO>QFLK>I�PQO>QBDV�@>K�?B�QELRDEQ�LC�>P�>K�LMQFJFP>QFLK�MOL?IBJ�
TFQE�>PPRJMQFLKP��HKLTK�A>Q>��B�D��BIB@QOF@FQV�MOF@BP	��@LKPQO>FKQP�>KA�CFK>IIV�>PPRJMQFLKP��

!O@LP6>OD>P�BQ�>I��;���<�OBSFBTBA�PBSBO>I�MR?IF@>QFLKP�OBI>QBA�QL�BIB@QOF@�>O?FQO>DB�QEOLRDE�
PQLO>DB�RQFIFP>QFLK��'OFA�Q>OFCCP�>KA�JLOB�PMB@FCF@>IIV�QO>KPJFPPFLK�>@@BPP�Q>OFCCP�@>K�M>OQF@RI>OIV�
FJM>@Q�>O?FQO>DB�P�@LPQBCCB@QFSBKBPP�>KA�QEB�MOLCFQ>?FIFQV�LC�QEB�%33�LMBO>QFLK�OBD>OAIBPP�LC�
FQP�PFWB��4EB�%33�LMBO>QFLK�MOLCFIB�FP�KLQ�>CCB@QBA�?V�QE>Q�FJM>@Q�FQPBIC��LK�QEB�LQEBO�E>KA��QEB�
SLIRJB�LC�QEB�QO>ABA�BIB@QOF@FQV�FP�FKABBA�>CCB@QBA��&ROQEBOJLOB��>KLQEBO�MR?IF@>QFLK�MLFKQBA�
LRQ�QE>Q�@LPQP��MOLMBOQFBP�>KA�BCCF@FBK@FBP�LC�PQLO>DB�QB@EKLILDFBP�E>SB�FJMOLSBA�PFDKFCF@>KQIV�
AROFKD�QEB�OB@BKQ�VB>OP��4EB�,FLK�?>QQBOV�@LKPQFQRQBP�>�@E>O>@QBOFPQF@�BU>JMIB�TFQE�FQP�@>MFQ>I�
@LPQP�E>SFKD�?BBK�OBAR@BA�?V�>MMOLUFJ>QBIV�����ARB�QL�QEB�J>PP�RQFIFP>QFLK�LC�QEB�QB@EKLILDV�
FK�%6P��4EBOBCLOB��PBSBO>I�BUFPQFKD�M>MBOP�TEF@E�BU>JFKBA�QEB�@LPQBCCB@QFSBKBPP�LC�BKBODV�
PQLO>DB�P@EBJBP��BPMB@F>IIV�PVPQBJP�?>PBA�LK�,FLK�?>QQBOFBP��KBBA�QL�?B�OBSFPBA�QL�OBCIB@Q�
QEB�@ROOBKQ�B@LKLJF@�@LPQP��

!@@LOAFKD�QL�;���<��>������3TFPP�PQRAV�PELTBA�QE>Q�PE>OBA�LTKBOPEFM�LC�@LJJRKFQV�BKBODV�
PQLO>DB�?BQTBBK�>K�>DDOBD>QLO� >KA�>�$./�@>K� IB>A� QL�MOLCFQ>?FIFQV� CLO�@LKAR@QFKD�BKBODV�
>O?FQO>DBMB>H� PE>SFKD��TEBK� RQFIFPFKD� ,FLK� ?>QQBOFBP� >KA� 62&"P�� &FK>IIV�� >� PQRAV� LK� QEB�
BIB@QOF@FQV�J>OHBQ�LC�!I?BOQ>�FK�#>K>A>�PELTBA�QE>Q�0(%3�E>P�>�@IB>O�>AS>KQ>DB�LSBO�.>3�
?>QQBOFBP�TEBK�FQ�@LJBP�QL�>O?FQO>DB��4>?IB�����PRJJ>OFPBP�QEB�J>FK�MR?IF@>QFLKP�OBSFBTBA�
?V�;���<�>KA�QEBFO�J>FK�@LKQOF?RQFLKP��7EFIB�QEB�@LK@IRPFLKP�J>V�S>OV��OBD>OAFKD�>O?FQO>DB��
QEBOB�FP�>�@IB>O�FKQBOBPQ�LK�FQP�QB@EKLB@LKLJF@�LMQFJFP>QFLK��LMBO>QFLK>I�AFPM>Q@E�PQO>QBDFBP�
>P�TBII�>P�QEB�FJM>@Q�LC�RPFKD�AFCCBOBKQ�PQLO>DB�QB@EKLILDFBP�>KA�PFWBP��4EB�>RQELOP�@LK@IRABA�
QE>Q� ?>QQBOFBP� >OB� KLQ� @ROOBKQIV� >QQO>@QFSB� CLO� @LKAR@QFKD� >O?FQO>DB�� KBSBOQEBIBPP�� QEBFO�
M>OQF@FM>QFLK� FK� QEB� ?>I>K@FKD�>K@FII>OV� PBOSF@BP� J>OHBQ� E>P� QEB� MLQBKQF>I� QL� FJMOLSB� QEBFO�
MOLCFQ>?FIFQV� >KA� ?OFKD� ?BKBCFQP� QL� QEB� BIB@QOF@>I� KBQTLOH� ARB� QL� QEBFO� CIBUF?FIFQV� >KA� B>PV�
@LKCFDRO>QFLK��
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Table 2.9�–�%UFPQFKD�OBPB>O@E�LK�BIB@QOF@�>O?FQO>DB�BS>IR>QFLKP�;���<�

Market(s) Energy Storage 
Technology 

Contribution 

!I?BOQ>��#>K>A>� .LQ�PMB@FCFBA� )JM>@Q�LK�?BKBCFQP�>KA�?>QQBOV�ABPFDK�LC�
DOFA�>@@BPP�Q>OFCCP�

.BT�9LOH�)KABMBKABKQ�3/� #!%3��0(%3� !O?FQO>DB�?BKBCFQP�FK�A>V>EB>A��FKQO>A>V��
>KA�>K@FII>OV�PBOSF@BP�

5KFQBA�3Q>QBP� 0(%3��#!%3��,FLK��
:%"2!��5IQO>�

@>M>@FQLOP��,FNRFA>FO�

->UFJRJ�@LKCFDRO>QFLK�LC�ELROP�CLO�B>@E�
QB@EKLILDV�

���AFCCBOBKQ�@LRKQOFBP� 0(%3� /MQFJ>I�@LKCFDRO>QFLK�>KA�LMBO>QFLK>I�
PQO>QBDFBP�

5+� ,FFLK� !O?FQO>DB�>KA�OBKBT>?IB�MBKBQO>QFLK�
#>IFCLOKF>�)KABMBKABKQ�)3/� #!%3� 'OFA�?BKBCFQP��7FKA�MBKBQO>QFLK�>KA�M>V�

?>@H�
)O>K� 62&"� /MQFJ>I�PFWFKD�CLO�FJMOLSFKD�AFPQOF?RQFLK�

KBQTLOH�MBOCLOJ>K@B�
!I?BOQ>��#>K>A>� .>3��0(%3� 0(%3�E>P�>�@IB>O�>AS>KQ>DB�LSBO�.>3�

?>QQBOFBP�
#>IFCLOKF>�)KABMBKABKQ�)3/� "%3� /MQFJ>I�?FAAFKD�PQO>QBDFBP�

'BOJ>KV� .LQ�PMB@FCFBA� !O?FQO>DB� MOLCFQ>?FIFQV� >KA� PRPQ>FK>?FIFQV�
@LKAFQFLKP�

!I?BOQ>��#>K>A>� 0(%3� /MQFJ>I�PFWFKD�>KA�PQO>QBDFBP�CLO�J>UFJRJ�
?BKBCFQ�

!RPQO>IF>� 0(%3� 0>O>JBQBOP�FKCIRBK@B�LK�MOLCFQ>?FIFQV�
3TFQWBOI>KA� ,FFLK��0(%3��#!%3��

.>3��,FNRFA>FO��62&"�
#LJM>OFPLK�LC�QB@EKLILDFBP�

.BT�9LOH� .>3��&%3� 2BIBS>KQ�C>@QLOP�FK�MOLCFQ>?FIFQV�
#EFK>� .LQ�PMB@FCFBA� /MQFJ>I�PFWFKD�CLO�>�KLK@LJMBQFQFSB�

J>OHBQ�
4ROHBV� #!%3� /MQFJ>I�>O?FQO>DB�
&FKI>KA� 0(%3��#!%3��.>3��

,FNRFA>FO��62&"�
/MQFJ>I�PFWFKD�

�

&FDROB� ����� MOLSFABP� >� ABQ>FIBA� IFPQ� LC� PBOSF@BP� QE>Q� @>K� ?B� MOLSFABA� ?V� BKBODV� PQLO>DB��
@I>PPFCFBA�?V� QEBFO�P@>IB��"RIH�%KBODV��">I>K@FKD��4O>KPJFPPFLK���$FPQOF?RQFLK�)KCO>PQOR@QROB�
>KA� CFK>IIV� #RPQLJBO� %KBODV� ->K>DBJBKQ� 3BOSF@BP�� #BOQ>FK� PBOSF@BP�� PELTK� FK� DOBV�
?>@HDOLRKA��AFOB@QIV�PRMMLOQ�QEB�FKQBDO>QFLK�LC�PQL@E>PQF@�2%3�?V�J>Q@EFKD�QEBFO�PRMMIV�TFQE�
QEB� OBPMB@QFSB� ABJ>KA�� MOLSFAFKD� LO� OBJLSFKD� MLTBO� QL� HBBM� QEB� PVPQBJ� ?>I>K@BA� >KA�
DBKBO>IIV�LMQFJFPFKD�QEB�2%3�CBBAFK�QL�QEB�BIB@QOF@>I�DOFA��4EBPB�PBOSF@BP�FK@IRAB�>O?FQO>DB�
�?LQE�>Q�?RIH�>KA�@RPQLJBO�IBSBIP	��COBNRBK@V�OBDRI>QFLK�>KA�MLTBO�OBIF>?FIFQV�;���<���

!� PFJFI>O� @I>PPFCF@>QFLK� LC� PBOSF@BP� MOLSFABA� ?V�%33� FP� OBMLOQBA� ?V� ;���<� TFQE� PLJB�JFKLO�
AFCCBOBK@BP��>O?FQO>DB�>KA�BIB@QOF@�PRMMIV�@>M>@FQV�@LKPQFQRQB�PBM>O>QB�@>QBDLOFBP�ARB�QL�QEBFO�
FJMLOQ>K@B�TEFIB� QO>KPJFPPFLK� >KA�AFPQOF?RQFLK� �4�$	� ABCBOO>I� >KA� OBIFBC� >OB� IFPQBA� >P� PR?
PBOSF@BP�LC�QEB�BIB@QOF@�PRMMIV�@>M>@FQV��4EB�>RQELOP�>IPL�@I>PPFCFBA�CROQEBO�QEB�BKBODV�PQLO>DB�
>MMIF@>QFLKP�?>PBA�LK�QEB�MEVPF@>I�IL@>QFLKP�LC�QEB�PVPQBJP�>P�M>OQ�LC�QEB�DOFA�>KA�QEB�P@LMB�
LC�QEB�MOLSFABA�PBOSF@BP��4>?IB�����	��)Q�@>K�?B�L?PBOSBA�QE>Q�BKBODV�PQLO>DB�ABMILVBA�FK�QEB�
ILTBO�EFBO>O@EF@>I�IBSBIP�LC�QEB�DOFA�@>K�QEBLOBQF@>IIV�MOLSFAB�PBOSF@BP�CLO�QEB�EFDEBO�DOFA�IBSBIP�
>P�TBII��ELTBSBO��FK�MO>@QF@B��OBNRFOBJBKQP�>KA�@LKPQO>FKQP�PBQ�?V�QEB�RQFIFQV�@LRIA�J>HB�@BOQ>FK�
PBOSF@BP�RK>S>FI>?IB��
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Figure 2.24 – 3BOSF@BP�MOLSFABA�?V�%KBODV�3QLO>DB��!A>MQBA�COLJ�;���<	�
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Table 2.10 – #I>PPFCF@>QFLKP�LC�%KBODV�3QLO>DB�!MMIF@>QFLKP�?>PBA�LK�QEB�MEVPF@>I�IL@>QFLKP�
FK�QEB�DOFA�>KA�QEB�P@LMB�LC�PBOSF@BP�;���< 

  Grid Domain 
Transmission Distribution Customer 

0LTBO�2>QFKD��-7	� ���X����� ������X���� ������X��

Se
rv

ic
e 

Sc
op

e 

Wholesale 
(Bulk) 

%KBODV�>O?FQO>DB� ✔ ✔   
&OBNRBK@V�2BDRI>QFLK� ✔ ✔ ✔ 

2BPBOSB� ✔ ✔ ✔ 
2BPLRO@B�>ABNR>@V� ✔ ✔ ✔ 
$BJ>KA�2BPMLKPB�     ✔ 

Transmission 4O>KPJFPPFLK�$BCBOO>I� ✔ ✔   
6LIQ>DB�PRMMLOQ� ✔ ✔ ✔ 

)KBOQF>� ✔ ✔ ✔ 
&OBNRBK@V�OBPMLKPB� ✔ ✔ ✔ 

"I>@H�PQ>OQ� ✔ ✔ ✔ 
Distribution $FPQOF?RQFLK�$BCBOO>I�   ✔   

6LIQ>DB�PRMMLOQ�   ✔ ✔ 
2BIF>?FIFQV�PBOSF@B�   ✔ ✔ 
-F@OLDOFA�   ✔ ✔ 

Customer "FII�OBAR@QFLK�     ✔ 
)K@OB>PB�06�
@LKPRJMQFLK�

    ✔ 

">@HRM�MLTBO�     ✔ 
 

!AAFQFLK>IIV��>Q�QEB�@RPQLJBOIBSBI��BKBODV�PQLO>DB�E>P�QEB�MLQBKQF>I�QL�OBAR@B�QEB�QLQ>I�@LPQP�
CLO�QEB�BKA�RPBO��FK@OB>PB�@LKPRJMQFLK�COLJ�MELQLSLIQ>F@P�>KA�>IPL�PBOSB�>P�?>@HRM�MLTBO�FK�
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@>PB�LC�>K�BJBODBK@V��#BOQ>FK�DOFA�>MMIF@>QFLKP�@>K�Q>HB�>AS>KQ>DB�LC�QEB�O>MFA�?FAFOB@QFLK>I�
MLTBO�BU@E>KDB�@>M>?FIFQFBP�LC�%33��BPMB@F>IIV�MOLSFAFKD�COBNRBK@V�OBPMLKPB��SLIQ>DB�@LKQOLI�
>KA�OBAR@FKD�ABCBOOFKD�QEB�KBBA�CLO�MLQBKQF>I�@LPQIV�FKCO>PQOR@QROB�RMDO>ABP��4EB�RK@BOQ>FKQV�
LC�BIB@QOF@FQV�MOF@BP�FP�>IPL�>K�FJMLOQ>KQ�C>@QLO�TEBK�@LKPFABOFKD�QEB�MOLCFQ>?FIFQV�LC�>O?FQO>DB�
MOLSFABA�?V�%33�>P�PQLO>DB�RQFIFP>QFLK�JFDEQ�E>SB�>K�FJM>@Q�LK�QEB�ABQBOJFK>QFLK�LC�QEB�MOF@BP�
QEBJPBISBP��)C�QE>Q�FP�QEB�@>PB��QEB�MOLCFQ>?FIFQV�LC�%33�@LKAR@QFKD�>O?FQO>DB�J>V�?B�OBAR@BA��
&FK>IIV�� FK�J>OHBQ�QBOJP��PJ>IIP@>IB�%33�@LKAR@QFKD�>O?FQO>DB�@>K�?B�@LKPFABOBA�>P�MOF@B
Q>HBOP� TEFIB� I>ODBP@>IB� %33� @>K� >@Q� >P� MOF@BJ>HBOP� FK� QEB� TELIBP>IB� J>OHBQ� >KA� RPB�
PQO>QBDF@�?FAAFKD�QL�FK@OB>PB�QEBFO�MOLCFQP��

4EB�IL@>QFLKP�LC�%33�>OB�PELTBA�FKPFAB�QEB�BIB@QOF@>I�DOFA�QE>Q�@LKPFPQP�LC�EFDESLIQ>DB������
H6	��JBAFRJSLIQ>DB�����H6	�>KA�ILTSLIQ>DB������H6	�PB@QFLKP��FK�&FDROB�������%33�@>K�?B�
PBBK�KBUQ�QL�S>OF>?IB�2%3��@LKSBKQFLK>I�MLTBO�MI>KQP��I>ODB�OBPFABKQF>I��I>ODB�FKARPQOF>I�>P�TBII�
>P� OBPFABKQF>I� @LKPRJBOP�� 4EB� >MMIF@>QFLKP� S>OV� ABMBKAFKD� LK� QEB� IL@>QFLK� >KA� QEB�
>@@LJM>KVFKD�BKQFQV��?RQ�FQ�@>K�?B�L?PBOSBA�QE>Q�QEB�P>JB�>MMIF@>QFLKP�@>K�FKABBA�Q>HB�MI>@B�
FK�AFCCBOBKQ�M>OQP�LC�QEB�KBQTLOH��TFQE�QEB�@E>O>@QBOFPQF@�BU>JMIBP�LC�>O?FQO>DB��MLTBO�NR>IFQV�
>KA�MLTBO�OBIF>?FIFQV��4EB�PBOSF@BP�MOBPBKQ�FK�QEB�CFDROB�>OB�>IPL�FK�>@@LOA>K@B�TFQE�QEB�@LKQBKQ�
LC�4>?IB�������CROQEBO�OBFKCLO@FKD�QEB�C>@Q�QE>Q�@>K�MOLSFAB�@BOQ>FK�PBOSF@BP�COLJ�QEB�ILTBO�QL�
QEB�EFDEBO�EFBO>O@EF@>I�IBSBIP�LC�QEB�BIB@QOF@>I�DOFA��2BD>OAFKD�QEB�FKAFSFAR>I�PRFQ>?FIFQV�LC�%33�
CLO� PMB@FCF@� PBOSF@BP�� ?>QQBOFBP� @LKPQFQRQB� >� OBIF>?IB� PQLO>DB� @>QBDLOV� QE>Q� FP� @>M>?IB� LC�
@LKQOF?RQFKD�QLT>OAP�QEB�J>GLOFQV�LC�DOFA�>MMIF@>QFLKP��>P�PELTK�FK�4>?IB�������7EFIB�?>QQBOFBP�
>OB� DBKBO>IIV� >K� >MMOLMOF>QB� PQLO>DB� QB@EKLILDV� QL� MOLSFAB� ?>I>K@FKD� PBOSF@BP�� FKQBDO>QFKD�
2%3�FP�>IPL�MLPPF?IB�QEOLRDE�QFJB�PEFCQ�>KA�@>M>@FQV�CFOJFKD��/K�QEB�LQEBO�E>KA��?>QQBOFBP�>OB�
KLQ�@LKPFABOBA�QL�?B�PRFQ>?IB�CLO�>O?FQO>DB�>KA�MB>HPE>SFKD�>Q�QEB�TELIBP>IB�?RIH�P@>IB�ARB�
QL�QEBFO�PJ>IIBO�PFWB�>KA�QEB�EFDEBO�@>MFQ>I�@LPQP�MBO�H7E��&LO�?RIH�BKBODV�>MMIF@>QFLKP��0(%3�
FP�QEB�IB>AFKD�PQLO>DB�QB@EKLILDV�TFQE�#!%3�?BFKD�>�MLPPF?FIFQV�>P�TBII��
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Figure 2.25 –�,L@>QFLK�LC�%33�FK�QEB�MLTBO�KBQTLOH�>KA�QEBFO�>MMIF@>QFLKP �!A>MQBA�COLJ�
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4EB�PRFQ>?FIFQV�LC�PQLO>DB�QB@EKLILDFBP�QLT>OAP�>MMIF@>QFLKP�T>P�>IPL�OBSFBTBA�?V�;���<��QEBFO�
LRQMRQ� FP�DBKBO>IIV� FK�>@@LOA>K@B�TFQE�4>?IB�������TFQE�PLJB�JFKLO�AFCCBOBK@BP��'dO� ;���<�
EFDEIFDEQBA� QE>Q�4�$�PVPQBJP�>OLRKA� QEB�TLOIA�>OB�SBOV�LIA�?RQ� IBD>I��PL@FLB@LKLJF@�>KA�
BKSFOLKJBKQ>I�L?PQ>@IBP�OBKABO�QEBFO�RMDO>AB�>�O>QEBO�@E>IIBKDFKD�FPPRB��4EB�ABMILVJBKQ�LC�
AFPQOF?RQBA�%33�@>K�@LKQOF?RQB�QLT>OAP�QEB�AB@BKQO>IFP>QFLK�LC�QEB�MLTBO�KBQTLOH�QE>Q�KBBAP�
ILKD�>KA�@LPQIV�4�$�KBQTLOHP�TEBOB�MLTBO�ILPPBP�Q>HB�MI>@B�?V�MOLSFAFKD�IL@>I�@LKQOLI�>KA�
FJMOLSFKD�BKBODV�PB@ROFQV��7EBK�@LKPFABOFKD�BKBODV�PQLO>DB�>MMIF@>QFLKP��QEB�B@LKLJF@P�LC�
PQLO>DB�>OB�>P�FJMLOQ>KQ�>P�QEB�MBOCLOJ>K@B��OLRKAQOFM�BCCF@FBK@V��>KA�QEB�AFP@E>ODB�ARO>QFLK�
LC�QEB�PVPQBJ��)Q� FP�>ODRBA�QE>Q�B>@E�QB@EKLILDV�E>P�FQP�PMB@F>I�>AS>KQ>DBP��AFP>AS>KQ>DBP�
and challenges while “there is no silver bullet for electrical energy storage’’ and “one size does 
not fit all”. The authors presented the example of using batteries of different sizes for grid 

>MMIF@>QFLKP��7EFIB�>�JBD>T>QQP@>IB�?>QQBOV�FP�>MMOLMOF>QB�CLO�@BOQ>FK�DOFA�>MMIF@>QFLKP�TEBK�
ABMILVBA�>Q�>�EFDE�SLIQ>DB��B�D�����H6	�KB>O�>�RQFIFQV�QO>KPCLOJBO��QEFP�@LKCFDRO>QFLK�TLRIA�?B�
JLOB�@LJMIF@>QBA�>P�PBSBO>I�PQBMALTK�QO>KPCLOJBOP�QL�OBAR@B�QEB�SLIQ>DB�>P�TBII�>P�LQEBO�
@LKQOLIP�TLRIA�?B�KBBABA��/K�QEB�LQEBO�E>KA��PJ>IIBO�?>QQBOFBP��B�D�����H7	�@LRIA�?B�RPBA�
LK�QEB�����6�PFAB�LC�QEB�QO>KPCLOJBO�QL�PFJMIFCV�QEB�BKQFOB�MOL@BPP���

4>?IB������ IFPQP� QEB�@E>O>@QBOFPQF@�MBOCLOJ>K@B�OBNRFOBJBKQP� CLO� QEB�JLPQ�@LJJLK�PQLO>DB�
>MMIF@>QFLKP�� FK@IRAFKD� QEB� MOLMBOQFBP�JBKQFLKBA� >?LSB� QE>Q� >CCB@Q� QEB� PRFQ>?FIFQV� LC� @BOQ>FK�
QB@EKLILDFBP��!MMIF@>QFLKP�PR@E�>P�PB>PLK>I�PQLO>DB��?RIHBKBODV�>O?FQO>DB�>KA�IL>ACLIILTFKD�
E>SB�QEB�TFABPQ�O>KDBP�LC�AFP@E>ODB�QFJBP�TEFIB�QEB�J>GLOFQV�LC�QEB�OBJ>FKFKD�PBOSF@BP�E>SB�
>�J>UFJRJ�AFP@E>ODB�QFJB�LC�PLJB�ELROP��

�

Table 2.11�–�%KBODV�3QLO>DB�4B@EKLILDFBP�SBOPRP�!MMIF@>QFLKP�;���<�

� Technologies Electrochemical Mechanical 
Applications � 0?!� ,FFLK� .>3� 62&"� 0(%3�
Bulk Energy %KBODV�

!O?FQO>DB�
 �  �  �  � ✔�

0B>HPE>SFKD�  �  � P� P� ✔�
Ancillary 

(Balancing) 
Services 

,L>A
CLIILTFKD�

✔� P� ✔� ✔� P 

3MFKKFKD�
OBPBOSB�

P  � P�  � P 

6LIQ>DB�
PRMMLOQ�

✔� ✔� ✔� P  �

"I>@H�3Q>OQ� ✔� ✔� ✔� ✔� P 
0OFJ>OV�&2� ✔� ✔� ✔� ✔� P�
3B@LKA>OV�&2� ✔� ✔� ✔� ✔� ✔�
4BOQF>OV�&2� ✔� ✔� ✔� P� ✔�

Customer 
Energy 

Management 

0LTBO�NR>IFQV� ✔� P� P� P�  �
0LTBO�
OBIF>?FIFQV�

✔� ✔� ✔� ✔�  �

RES 
integration 

4FJB�PEFCQ� P� P� P� P� ✔�
#>M>@FQV�
CFOJFKD�

P� P� P� P� ✔�

������������
&2��&OBNRBK@V�2BPMLKPB��0��MLPPF?IB�
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Table 2.12�–�#E>O>@QBOFPQF@�MBOCLOJ>K@B�OBNRFOBJBKQP�CLO�%%3�>MMIF@>QFLKP�;���<�

Application Size (MW) Discharge 
duration 

Cycles (topic) Response 
time 

3B>PLK>I�PQLO>DB� ����QL�
������

$>VP�QL�JLKQEP� ��QL���MBO�VB>O� $>V�

!O?FQO>DB��
�?RIH�QO>AFKD	�

����QL�
������

��QL����ELROP� �����QL���MBO�A>V� ���ELRO�

&OBNRBK@V�OBDRI>QFLK� ��QL������� ��QL����JFKRQBP� ���QL����MBO�A>V� ��JFK�
,L>ACLIILTFKD� ��QL������� ���JFKRQBP�QL���

A>V�
��QL����MBO�A>V� ����JFK�

6LIQ>DB�PRMMLOQ� ��QL���� ��PB@LKA�QL���
JFKRQB�

���QL�����MBO�A>V� JFIFPB@��QL�
PB@LKA�

"I>@H�3Q>OQ� ����QL����� ��QL���ELROP� ���MBO�VB>O� ���ELRO�
4�$�@LKDBPQFLK�OBIFBC� ���QL����� ��QL���ELROP� �����QL������MBO�

A>V�
���ELRO�

4�$�FKSBPQJBKQ�
ABCBOO>I�

��QL����� ��QL���ELROP� �����QL������MBO�
A>V�

���ELRO�

,L>APEFCQFKD���
�MB>HPE>SFKD�

������QL��� -FKRQBP�QL�ELROP� ��QL����MBO�A>V� ����JFK�

/CCDOFA� ������QL�
�����

��QL���ELROP� �����QL�����MBO�A>V� ���ELRO�

6>OF>?IB�2%3�
FKQBDO>QFLK�

��QL����� ��JFKRQB�QL�ELROP� ����QL���MBO�A>V� ����JFK�

3MFKKFKD�OBPBOSB� ���QL������� ���JFKRQBP�QL�
ELROP�

����QL���MBO�A>V� ����JFK�

.LKPMFKKFKD�OBPBOSB� ���QL������� ���JFKRQBP�QL�
ELROP�

����QL���MBO�A>V� ����JFK�

�

������#ROOBKQ�>KA�&RQROB�4OBKAP�
2BD>OAFKD�QEB�MLMRI>OFQV�LC�%%3��QEBFO�DIL?>I�DOFA�@>M>@FQV�FP�FK@OB>PFKD�>KA�T>P�BPQFJ>QBA�QL�
?B�>OLRKA�����'7��?>@H�FK�������TFQE�������LC�QEB�BKBODV�PQLOBA�?BFKD�FK�QEB�CLOJ�LC�0(%3��
/KIV�CLRO�VB>OP�I>QBO��FK�������QEB�@>M>@FQV�S>IRB�FK@OB>PBA�QL�����'7���������LC�TEF@E�T>P�
>QQOF?RQBA�QL�0(%3�TEFIB�QEB�OBPQ�LC�%%3�QB@EKLILDFBP�@LKPQFQRQBA�QEB�OBJ>FKFKD�������LC�QEB�
@>M>@FQV��!@@LOAFKD�QL�QEB�)%!��QEB�TLOIATFAB�%%3�@>M>@FQV�FP�BUMB@QBA�QL�OB>@E�����'7�?V�
QEB�VB>O������ ;���<��7EFIB�����-%3� �MOLGB@QP�TBOB�@LKPFABOBA� QL�?B�LMBO>QFLK>I� FK�������
FK@IRAFKD� 0(%3�� #!%3� >KA� &%3�� QEBOB� TBOB� >IPL� ���� LMBO>QFLK>I� MOLGB@QP� TFQE�
BIB@QOL@EBJF@>I�%33�LC�>������'7�@LJ?FKBA�@>M>@FQV��)K�QEFP�@>QBDLOV��,FLK�?>QQBOFBP�TBOB�
@LKPFABOBA�QL�E>SB�QEB�EFDEBPQ�J>OHBQ�PE>OB��2BD>OAFKD�CRQROB�BUM>KPFLK�LC�QEB�QB@EKLILDFBP��
>�CROQEBO�KRJ?BO�LC�����BIB@QOL@EBJF@>I�MOLGB@QP�LC������'7�@>M>@FQV�E>SB�?BBK�>KKLRK@BA�
TEFIB����MOLGB@QP�LC������'7�>OB�RKABO�@LKPQOR@QFLK��4EB�OBPMB@QFSB�S>IRBP�CLO�QEB�>KKLRK@BA�
JB@E>KF@>I�PVPQBJP�>OB����MOLGB@QP�LC�������'7��TFQE���MOLGB@QP�LC������'7��?BFKD�RKABO�
@LKPQOR@QFLK�;���<��

Regarding future battery costs, the battery’s�IBSBIFPBA�@LPQ�LC�BIB@QOF@FQV��,#/%	�FP�BUMB@QBA�QL�
AOLM�?V�LKBQEFOA�?V������>KA�����?V������TFQE�,FLK�?BFKD�OBD>OABA�QL�?B@LJB�QEB�JLPQ�
@LJMBQFQFSB� ?>QQBOV� QB@EKLILDV� ?V� ������ !ILKD�TFQE� QEB� OBAR@QFLK� LC� @LPQP�� IFCBQFJB� LC� QEB�
PVPQBJP� TFII� ?B� BUQBKABA� >P� TBII� TFQE� FJMOLSBJBKQP� FK� J>QBOF>IP� >KA� BCCF@FBK@V� ;���<��
0OLGB@QFLKP�CLO�QEB�CRQROB�IFCBQFJB�>KA�@LPQP�LC�@BOQ>FK�QB@EKLILDFBP��FK@IRAFKD�QEB�AFCCBOBKQ�,F
LK� BIB@QOL@EBJFPQOFBP�� @>K� ?B� PBBK�� FK� 4>?IB� ������ CLO� QEB� VB>O� ������ TEBOB� QEB� TLOPQ��
OBCBOBK@B�>KA�?BPQ�P@BK>OFLP�>OB�PELTK�;���<���
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4EB� @V@IB� IFCB� LC� #!%3� >KA� 0(%3� >OB� KLQ� BUMB@QBA� QL� FJMOLSB� CROQEBO� TEFIB� >II� 0(%3�
MOLMBOQFBP� OBJ>FK� PQ>QF@�� CROQEBO� BSFABK@B� LC� QEB� >AS>K@BA� J>QROFQV� LC� QEB� QB@EKLILDV��
2BD>OAFKD�QEB�AFCCBOBK@BP�BUMB@QBA� FK� QEB�OBCBOBK@B�S>IRBP��BKBODV�@LPQP�CLO� CILLABA�0?!�
?>QQBOFBP�>OB�MOBAF@QBA�QL�AOLM�COLJ������H7E�FK������QL�����H7E�FK�������4EB�S>IRBP�CLO�QEB�
P>JB� VB>OP�� CLO� 62&"P�� >OB� ���� >KA� �����H7E�� OBPMB@QFSBIV�� 2BD>OAFKD� QEB� ,FLK� DOLRM�
@>QBDLOV��>�TFAB�O>KDB�LC�S>IRBP�@>K�?B�L?PBOSBA�ABMBKAFKD�LK�QEB�BIB@QOL@EBJFPQOV��,4/��
TEF@E� @LKPQFQRQBP� QEB� JLPQ� BUMBKPFSB� PR?@>QBDLOV�� FP� BUMB@QBA� QL� AOLM� COLJ� ������� QL�
�����H7E�TEFIB�QEB�JLPQ�>CCLOA>?IB�.#!�TFII�?B�OBAR@BA�COLJ������>KA������H7E��$BPMFQB�
QEB�TFAB�O>KDB�LC�QEB�MOBAF@QFLK�S>IRBP��FQ�FP�@IB>O�QE>Q�>K�BKBODV�@LPQ�OBAR@QFLK�LC�>Q�IB>PQ�����
FP�>KQF@FM>QBA�CLO�"%3�PVPQBJP��CLO�>II�QEOBB�P@BK>OFLP��4EB�OBCBOBK@B�BKBODV�@LPQ�S>IRBP�CLO�
QEB�VB>OP������>KA������>OB�PELTK�FK�&FDROB�������RPFKD�A>Q>�COLJ�;���<��7EFIB�AFCCBOBK@BP�
BUFPQ�?BQTBBK�QB@EKLILDFBP��>II�"%3�>OB�BUMB@QBA�QL�PBB�J>GLO�@LPQ�OBAR@QFLKP��!Q�QEB�P>JB�
QFJB��TFQE� QEB�BUBJMQFLK�LC�62&"�� QEB� IFCBQFJB�LC�>II�"%3�PVPQBJP� FP�MOBAF@QBA� QL� FK@OB>PB�
PFDKFCF@>KQIV��?LQE� FK�QBOJP�LC�@V@IBP�>KA�@>IBKA>O�VB>OP��&LO�BU>JMIB��QEB�@V@IB� IFCB�CLO� QEB�
,4/�?>QQBOV�TFII�?B�BUM>KABA�COLJ��������QL��������@V@IBP�>KA�COLJ����QL����VB>OP�TEFIB�QEB�
IFCB�@V@IB�LC�,&0�?>QQBOV�TFII� FK@OB>PB� COLJ������� QL�������@V@IBP�>KA�COLJ����QL����VB>OP��
$BQ>FIBA�MOLGB@QFLKP�@>K�?B�PBBK�FK�4>?IB�������

�

Table 2.13�–�0OLGB@QFLKP�CLO�QEB�#E>O>@QBOFPQF@P�LC�%KBODV�3QLO>DB�4B@EKLILDFBP�;���<�

� Energy Installation Cost 
Unit: $/kWh�

Cycle Life 
Unit: Equivalent full cycles (years) 

Type Technology Year worst reference best worst reference best 
�
�
�
�
�
�
�
�
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Figure 2.26�–�%KBODV�FKPQ>II>QFLK�@LPQ����H7E	�CLO�"%3��2BCBOBK@B�S>IRBP�>A>MQBA�COLJ�
;���<�

 

������0LIF@V�>KA�2BDRI>QFLKP�
"BCLOB�MOBPBKQFKD�>KA�AFP@RPPFKD�BKBODV�PQLO>DB�MOLGB@QP�LC�AFCCBOBKQ�P@>IBP��FQ�FP�FJMLOQ>KQ�QL�
?OFBCIV�JBKQFLK�QEB�OBDRI>QFLKP�>KA�MLIF@V�QE>Q�>OB�OBIBS>KQ�QL�BKBODV�PQLO>DB�FK�QEB�%5�>KA�
QEB�5+��%5�$FOB@QFSB����������LK�@LJJLK�ORIBP�CLO�QEB�FKQBOK>I�J>OHBQ�CLO�BIB@QOF@FQV�OBMI>@BA�
the older 2017/27/EU Directive. Its aim is to “establish common rules for the generation, 
transmission, distribution, energy storage and supply of electricity” for a fully integrated, fair, 

QO>KPM>OBKQ�>KA�@LJMBQFQFSB�BIB@QOF@FQV�J>OHBQ� FKPFAB�QEB�5KFLK� ;���<�� )Q� FP�@IB>O�QE>Q�BKBODV�
PQLO>DB� FP� @LKPFABOBA� >P� >� SFQ>I� @LJMLKBKQ� LC� QEB� BIB@QOF@FQV� KBQTLOH� >ILKD�TFQE� 4�$� >KA�
PRMMIV��!AAFQFLK>IIV�� FQ� FP�JBKQFLKBA���� QFJBP� FK�QEB�AFOB@QFSB��>� C>@Q� QE>Q�EFDEIFDEQP� QE>Q� FQ� FP�
OBD>OABA�?V�QEB�%ROLMB>K�#LJJFPPFLK�>P�>�HBV�QB@EKLILDV��-LOB�PMB@FCF@>IIV��QEB�AFOB@QFSB�
PRMMLOQP�QE>Q�BIB@QOF@FQV�J>OHBQP�FK�%ROLMB�KBBA�QL�?B�LOD>KFPBA�JLOB�CIBUF?IV�QL�FKQBDO>QB�>II�
QEB�J>OHBQ�MI>VBOP��FK@IRAFKD�2%3��KBT�BKBODV�PBOSF@B�MOLSFABOP��BKBODV�PQLO>DB�>KA�CIBUF?IB�
ABJ>KA��2BDRI>QLOV�>RQELOFQFBP�PE>II�C>@FIFQ>QB�@OLPP?LOABO�QO>KP>@QFLKP�QE>Q�FKSLISB�BIB@QOF@FQV�
LOFDFK>QFKD� COLJ� KBT� BIB@QOF@FQV� PRMMIFBOP�� MOLSFABOP�� BKBODV� PQLO>DB� >KA� $2�� 4B@EKF@>IIV��
@LKPRJBOP�>OB�>?IB�QL�@LKPRJB��PQLOB�>KA�PBII�PBICDBKBO>QBA�BIB@QOF@FQV�?V�RQFIFPFKD�BKBODV�
PQLO>DB��(LTBSBO��FQ�FP�OB@LDKFPBA�QE>Q�FJMLOQ>KQ�IBD>I�>KA�@LJJBO@F>I�?>OOFBOP�AL�BUFPQ�QE>Q�
prevent consumers to engage in a bidirectional exchange of power. It is stated that “system 
operators should not own, develop, manage or operate energy storage facilities”, referring to 

43/P�>KA�$./P��4EB�AFOB@QFSB�>ODRBP�QE>Q�QEBPB�OBPQOF@QFLKP�>OB�MI>@BA�FK�LOABO�QL�BKALOPB�
>KA�MOLJLQB�>�@LJMBQFQFSB�J>OHBQ�TFQELRQ�>KV�AFP@OFJFK>QFLKP�>KA�J>HB�PROB�QE>Q�C>FO�>@@BPP�
QL� PQLO>DB� C>@FIFQFBP� FP� DFSBK� QL� >II� QEB� J>OHBQ� MI>VBOP� FK� LOABO� QL� ?B� RPBA� BCCF@FBKQIV� >KA�
BCCB@QFSBIV���

&ROQEBO�OB@LDKFPFKD�QEB�FJMLOQ>K@B�LC�BKBODV�PQLO>DB�CLO�QEB�@LKQFKBKQ��FK�������QEB�%ROLMB>K�
#LJJFPPFLK�MR?IFPEBA�>�PQRAV�LK�PQLO>DB�>KA�FQP�@LKQOF?RQFLK�QL�QEB�PB@ROFQV�LC�QEB�BIB@QOF@FQV�
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PRMMIV�;���<��4EB�>?PBK@B�LC�SF>?IB�?RPFKBPP�@>PBP�CLO�JLPQ�PQLO>DB�MOLGB@QP�FP�@LKPFABOBA�QL�
?B�QEB�JLPQ�PFDKFCF@>KQ�?>OOFBO��!P�QEB�OBIBS>KQ�@LPQP�>KA�MBOCLOJ>K@B�>OB�FJMOLSFKD��?RPFKBPP�
@>PBP�>OB�>KQF@FM>QBA� QL�?B@LJB�JR@E�JLOB�@LPQBCCB@QFSB� FK� QEB� ILKD� QBOJ��(LTBSBO�� QEB�
FPPRBP�OBJ>FK�>KA�JRPQ�?B�OBPLISBA�QEOLRDE�QEB�MOFLOFQFP>QFLK�LC��>MMOLMOF>QB�MLIF@V�JB>PROBP��
-LOB�PMB@FCF@>IIV��Molicymakers should provide “an enabling environment and level playing 
field to storage”. Positive externalities and environmental beKBCFQP�� MOLSFABA� ?V� BKBODV�
PQLO>DB��JRPQ�?B�>MMOLMOF>QBIV�S>IRBA�TEFIB�FQ�JRPQ�?B�BKPROBA�QE>Q�C>FO�KBQTLOH�@E>ODBP�>KA�
PRFQ>?IB�Q>U>QFLK�OBDRI>QFLKP�>MMIV��

&ROQEBOJLOB��BKBODV�PQLO>DB�PELRIA�?B�ABCFKBA�?V� QEB�%5�JBJ?BO�PQ>QBP� FK� QEBFO�K>QFLK>I�
IBDFPI>QFSB�CO>JBTLOH��4EFP�FP�LC�QEB�BPPBK@B��BPMB@F>IIV�PFK@B�QEB�J>GLOFQV�LC�QEB�@LRKQOFBP�AL�
KLQ�@ROOBKQIV�E>SB�>�@IB>O�ABCFKFQFLK�FK�MI>@B��!AAFQFLK>IIV��ALR?IB�@E>ODFKD�LC�BKBODV�PQLO>DB�
DOFA�Q>OFCCP��AROFKD�@E>ODFKD�>KA�AFP@E>ODFKD��JRPQ�?B�BIFJFK>QBA�?V�QEB�JBJ?BO�PQ>QBP��&FK>IIV��
AVK>JF@� BIB@QOF@FQV� MOF@BP� >KA� 4L5� DOFA� Q>OFCCP� JRPQ� ?B� LCCBOBA� QL� @LKPRJBOP� FK� LOABO� QL�
MOLJLQB�OBPMLKPFSBKBPP�>KA�QEB�RP>DB�LC�?BEFKAQEBJBQBO�BKBODV�PQLO>DB�PR@E�>P�BIB@QOF@�
SBEF@IBP��#ROOBKQIV�� QEB� Q>OFCC�LMQFLKP�DFSBK� QL� OBPFABKQF>I�RPBOP�>OB� IFJFQBA��!AAFQFLK>IIV��KBQ�
JBQBOFKD�PELRIA�?B�ME>PBA�LRQ�FK�QEB�KFKB�OBJ>FKFKD�@LRKQOFBP�>P�FQ�@LKPQFQRQBP�>�PFDKFCF@>KQ�
?>OOFBO�CLO�QEB�ABMILVJBKQ�LC�PJ>IIP@>IB�PQLO>DB��4EFP�TFII�>IILT�QL�>@@LRKQ�PBM>O>QBIV�CLO�QEB�
>JLRKQ�LC�BIB@QOF@FQV�BUMLOQBA�QL�QEB�DOFA�>KA�@LKPRJBA�?V�QEB�DOFA�;���<��
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Figure 2.27�–�0OLMLPBA�?RPFKBPP�JLABIP�CLO�LTKBOPEFM�>KA�LMBO>QFLK�LC�%KBODV�3QLO>DB�?V�
$./P��!A>MQBA�COLJ�;���<	�

�

.BSBOQEBIBPP�� ;���<� EFDEIFDEQBA� QE>Q� PQLO>DB� FP� PQFII� @I>PPFCFBA� >P� >� DBKBO>QFLK� >PPBQ� FK� QEB�
J>GLOFQV�LC�QEB�BIB@QOF@FQV�J>OHBQP��FK@IRAFKD�QEB�5+�TEBOB�QEBOB�FP�KL�PBM>O>QB�>PPBQ�@I>PP�LO�
>@QFSFQV��OBI>QBA�QL�PQLO>DB��4EFP�FP�MOL?IBJ>QF@�>P�QEB�ABCFKFQFLK�CLO�DBKBO>QFLK�FP�S>DRB�>P�FQ�
OBCBOP�QL�>KV�QB@EKLILDV�DBKBO>QFKD�LO�?BFKD�>?IB�QL�DBKBO>QB�BIB@QOF@FQV��>@@LOAFKD�QL�QEB�5+�
%IB@QOF@FQV�/OABO�������4EBOBCLOB��>P�%33�>IPL�DBKBO>QB�BIB@QOF@FQV��QEBV�CRICFI�QEB�OBNRFOBJBKQP�
>KA�C>II�FKQL�QEB�DBKBO>QFLK�>PPBQ�@>QBDLOV��4EB�>RQELOP�KLQBA�QE>Q�ABPMFQB�QEBFO�?BFKD�@>M>?IB�
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LC�MOLSFAFKD�PR@E�PBOSF@BP��%33�>OB�KLQ�RPBA�QL�MOLSFAB�?>I>K@FKD�PBOSF@BP�QLT>OAP�OBAR@FKD�
MB>H�IL>AP��FK�J>KV�@LRKQOFBP�FK@IRAFKD�QEB�5+��!P�FK�J>KV�LQEBO�@LRKQOFBP��FK�QEB�5+��LKB�LC�
QEB�OB>PLKP�>OB�QEB�>PPL@F>QBA�@LPQP�>KA�JLOB�PMB@FCF@>IIV��QEB�4O>KPJFPPFLK�.BQTLOH�5PB�LC�
3VPQBJ��4.5L3	�@LPQP�>P�TBII�>P�QEB�$FPQOF?RQFLK�5PB�LC�3VPQBJ��$5L3	�@LPQP��!P�%33�KBBA�
CFOPQ� QL�@E>ODB�>KA�AFP@E>ODB�>Q�>� I>QBO� QFJB��PQLO>DB�MOLSFABOP�E>SB�QL�M>V�ALR?IB�4.5L3�
@E>ODBP�CLO�QEB�AR>I�OLIB�LC�BKBODV�PQLO>DB��>P�>�DBKBO>QLO�>KA�@LKPRJBO�LC�BIB@QOF@FQV��LK�QLM�
LC�QEB�$5L3�@LPQP��)C�QEB�PQLO>DB�C>@FIFQV�E>P�>�@>M>@FQV�?BILT�����-7��QEB�$5L3�@E>ODB�ALBP�
KLQ�>MMIV�?RQ�QEBOB�>OB�PQFII�ALR?IB�$5L3�Q>OFCCP��&FK>IIV��QEB�>RQELOP�PRJJ>OFPBA�PRDDBPQBA�
?RPFKBPP�JLABIP� CLO�PQLO>DB�>PPBQP�� CLO�$./P�LTKBOPEFM�>KA�LMBO>QFLK��&FDROB�����	�� )Q� FP�
JBKQFLKBA� QE>Q� FK� )Q>IV�>KA�"BIDFRJ��$./P�>OB� >IILTBA� QL� LTK�>KA�LMBO>QB�"%3�TFQE� KL�
BSFABK@B� QE>Q� QEFP� >CCB@QP� KBD>QFSBIV� QEB� @LJMBQFQFSBKBPP� LC� QEB� DBKBO>QFLK� >KA� PRMMIV�
J>OHBQP��

&FK>IIV�� OBD>OAFKD� QEB� 43/P� >KA� QEBFO� >?FIFQV� QL� LTK� >KA� LMBO>QB� PQLO>DB�� QEOBB� ?RPFKBPP�
JLABIP�>OB�PRDDBPQBA��LTKBOPEFM�?RKAIFKD��PBM>O>QFLK	�QL�DR>O>KQBB�QEB�FKABMBKABK@B�LC�QEB�
KBQTLOH� LTKBOPEFM�� QEB� BPQ>?IFPEJBKQ� LC� >K� )KABMBKABKQ� 3VPQBJ� /MBO>QLO� �)3/	� LO� >K�
)KABMBKABKQ�4O>KPJFPPFLK�/MBO>QLO��)4/	�;���<��

:>JB�BQ�>I��;��<�PRDDBPQBA�QEB�FKQOLAR@QFLK�LC�PELOQQBOJ�MLIF@FBP�QL�@LRKQBO�QEB�EFDE�@>MFQ>I�
@LPQP� LC� PQLO>DB�� CL@RPFKD� LK� FKSBPQJBKQ� Q>U� @OBAFQP�TEF@E� E>SB� QEB� MLQBKQF>I� QL� ?OFKD� QEB�
@>MFQ>I� @LPQP� ALTK� >KA� >Q� QEB� P>JB� QFJB� FK@OB>PB� QEB� PQLO>DB� @>M>@FQV� RQFIFPBA� QLT>OAP�
?>I>K@FKD� PBOSF@BP� PR@E� >P� COBNRBK@V� OBDRI>QFLK�� 4EB� >RQELOP� JBKQFLKBA� QE>Q� OBPB>O@E�
OBD>OAFKD�BKBODV�PQLO>DB�QEB�53!�E>P�PELTK�QE>Q�CBABO>I�FKSBPQJBKQ�Q>U�@OBAFQP�LC�����LSBO�
QBK�VB>OP�@LRIA�FK@OB>PB�QEB�PQLO>DB�@>M>@FQV�?V������TEBK�@LJM>OBA�QL�>�P@BK>OFL�TFQELRQ�
Q>U�@OBAFQP��4EBOBCLOB��>MMOLMOF>QB�FKSBPQJBKQ�Q>U�@OBAFQP�@>K�MOLJLQB�PQLO>DB�BUM>KPFLK�FK�
QEB� PELOQ� QBOJ�TEFIB� OBAR@FKD� @>MFQ>I� @LPQP� FK� QEB� ILKD� QBOJ�� &FK>IIV�� FQ� FP� MLFKQBA� LRQ� QE>Q�
ABOBDRI>QBA�BIB@QOF@FQV�J>OHBQP�LCCBO�QEB�?BPQ�MLQBKQF>I�CLO�QEB�ABSBILMJBKQ�LC�BKBODV�PQLO>DB�
PBOSF@BP��

&FDROB� ����� PELTP� QEB� MOLGB@QBA� BKBODV� PQLO>DB� @>M>@FQV� CLO� QEB� 5+�� ?>PBA� LK� QEB� CLRO�
P@BK>OFLP�PQRAFBA�?V�QEB������.>QFLK>I�'OFA�&RQROB�3@BK>OFLP�TEF@E�E>SB�?BBK�MOBPBKQBA�FK�
QEB�MOBSFLRP�@E>MQBO��)Q�@>K�?B�PBBK�QE>Q�QEB�@>M>@FQFBP�S>OV�ABMBKAFKD�LK�QEB�P@BK>OFL�>KA�
QEB�>PPRJMQFLKP�J>AB��&LO�BU>JMIB��QEB�O>KDB�LC�QEB�FKPQ>IIBA�@>M>@FQV�CLO�QEB�VB>O�������FK�
QEB�5+��FP�?BQTBBK����>KA����'7��>MMOLUFJ>QBIV��,LT@>O?LK�MLTBO�DBKBO>QFLK��FK@IRAFKD�
S>OF>?IB�2%3��TFII� FK@OB>PB� QEB� BIB@QOF@>I� DOFA� KBBAP� CLO� CIBUF?FIFQV�� 4EFP� FP� QEB� @>PB� CLO� QEB�
#LJJRKFQV�2BKBT>?IBP�>KA�4TL�$BDOBBP�P@BK>OFLP��TEBOB�QEB�FK@OB>PFKD�>JLRKQ�LC�2%3�
IB>AP�QL�>K�FJMLOQ>KQ�BUM>KPFLK�LC�QEB�PQLO>DB�@>M>@FQV��>P�>�PLIRQFLK�QLT>OAP�MOLSFAFKD�QEB�
OBNRFOBA�DOFA�CIBUF?FIFQV�;���<��

&ROQEBOJLOB�� ;���<� KLQBA� QE>Q� .>QFLK>I� 'OFA� JFDEQ� KLQ� E>SB� @LKPFABOBA� @BOQ>FK� MLIF@V�
FJMIF@>QFLKP�TEBK�ABSBILMFKD�QEB�P@BK>OFLP���PR@E�>P�@LKQO>@Q�CLO�AFCCBOBK@B��#C$	�TEF@E�>FJP�
QL�PQ>?FIFPB�OBSBKRBP� FK� QEB� ILKD�QBOJ��CLO�KBT� ILT@>O?LK� FKFQF>QFSBP��/QEBO�M>O>JBQBOP�TFII�
>IPL� >CCB@Q� QEB� BUM>KPFLK� LC� QEB� PQLO>DB� @>M>@FQV� >P� KBT� ?RPFKBPP�JLABIP� >KA� BIB@QOF@FQV�
MOF@FKD� Q>OFCCP�>OB�>KQF@FM>QBA� QL�PELT�RM� FK�QEB�BKBODV�PQLO>DB�J>OHBQ�� )Q� FP�@LK@IRABA�QE>Q�
MLIF@V�JB@E>KFPJP�MOLJLQFKD�ILT@>O?LK�QB@EKLILDFBP�@LRIA�FJM>@Q�KBD>QFSBIV�QEB�>ALMQFLK�
LC�BKBODV�PQLO>DB��QEBOBCLOB��OBDRI>QLOV�MLIF@FBP�KBBA�QL�?B�FKQOLAR@BA�QL�MOLQB@Q�QEB�BKBODV�
PQLO>DB�J>OHBQ�>@@LOAFKDIV��)K�QEFP�AFOB@QFLK��>�MOF@B�CILLO�JB@E>KFPJ�CLO�BKBODV�PQLO>DB�TLRIA�
BK>?IB� QEB�DLSBOKJBKQ�QL�@LKQOLI� QEB�MOF@B� IFJFQ�LO�BPQ>?IFPE�>� ILTBO�?LRKA>OV��Y�-7E	�LK�
M>VJBKQP�J>AB�QL�PQLO>DB�C>@FIFQFBP�>KA�LMBO>QLOP��B�D��43/P	�CLO�PQLOFKD�BIB@QOF@FQV�TEBK�FQP�
TELIBP>IB�MOF@B� FP� ILT�>KA�PBII� FQ� I>QBO�TEBK�QEB�MOF@B�OB>@EBP�>�EFDEBO�S>IRB��>O?FQO>DB	��!�
PB@LKA�MLIF@V�QL�PRMMLOQ�QEB�BKBODV�PQLO>DB�J>OHBQ�TLRIA�?B�QL�MOLSFAB�>K�RMCOLKQ�PR?PFAV�
QLT>OAP�QEB�%33�@>MFQ>I�BUMBKPBP��
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Figure 2.28�–�0OBAF@QBA�BKBODV�PQLO>DB�#>M>@FQV�FK�QEB�5+�?>PBA�LK�QEB������.>QFLK>I�'OFA�
&RQROB�3@BK>OFLP�;���<�

�

3>KF� BQ� >I�� ;���<� PRJJ>OFPBA� QEB� MLIF@V� QLLIP� QE>Q� @>K� ?B� RPBA� CLO� QEB�MOLJLQFLK� LC�%33��
>@@LOAFKD�QL�QEB�%KBODV�3QLO>DB�!PPL@F>QFLK��TEF@E�?BILKD�QL� QEOBB�@>QBDLOFBP��S>IRB��DOFA�
>KA� J>OHBQ� >@@BPP� >KA� CFK>IIV� @LJMBQFQFLK�� )K@BKQFSBP� MOLDO>JP�� QEB� BPQ>?IFPEJBKQ� LC�
ABMILVBA�Q>ODBQP�>KA�QEB�@OB>QFLK�LC�BKBODV�PQLO>DB�J>OHBQP�>FJ�LK�FK@OB>PFKD�QEB�S>IRB�LC�
PQLO>DB� TEFIB� BKBODV� PQLO>DB� JRPQ� E>SB� C>FO�� KLKAFP@OFJFK>QLOV� >KA� B>PV� >@@BPP� QL� QEB�
BIB@QOF@>I�DOFA�QEOLRDE�FKQBO@LKKB@QFLK�MOL@BPPBP�>KA�BPQ>?IFPEBA�@LABP�>KA�PQ>KA>OAP�QE>Q�
TFII�>IILT�DOFA�FKQBO@LKKB@QFLK�TFQE�PQLO>DB��0OL@ROBJBKQ�MO>@QF@BP�JRPQ�>IPL�?B�FJMOLSBA�FK�
LOABO� QL� DR>O>KQBB� >� IBSBI� MI>VFKD� CFBIA� CLO� BKBODV� PQLO>DB� TELPB� FJMLOQ>K@B� E>SB� ?BBK�
MOBSFLRPIV�JBKQFLKBA��>Q�QEB�%5�IBSBI��!II�QEB�>?LSB�JRPQ�?B�Q>HBK�FKQL�@>OBCRI�@LKPFABO>QFLK�
TEBK�ABPFDKFKD� >KA� FJMIBJBKQFKD� MLIF@V� QLLIP� QE>Q� PMB@FCF@>IIV� Q>ODBQ� BKBODV� PQLO>DB� >P� >�
QB@EKLILDV��

&LOOBPQBO�BQ�>I��;���<�@LK@IRABA�QE>Q�BIB@QOF@>I�DOFA�>PPBQP�>OLRKA�QEB�TLOIA�>OB�@I>PPFCFBA�>P�
DBKBO>QFLK�� QO>KPJFPPFLK�� LO� AFPQOF?RQFLK�� KLQ� DFSFKD� QEB� MLPPF?FIFQV� QL� BKBODV� PQLO>DB� QL� ?B�
@E>O>@QBOFPBA�>P�>�PBM>O>QB��AFP@OBBQ�>PPBQ�@I>PP��4EFP�@LKPQFQRQBP�>�PFDKFCF@>KQ�?>OOFBO�QLT>OAP�
J>UFJFPFKD�QEB�PQLO>DB�?BKBCFQP�TFQEFK�>KA�>@OLPP�BIB@QOF@FQV�J>OHBQP��#LKPBNRBKQIV��FQ�FP�LC�
M>O>JLRKQ� FJMLOQ>K@B� QL� OBABCFKB� >KA� OBCFKB�J>OHBQ� ORIBP� QL� OBJLSB�J>OHBQ� ?>OOFBOP� >KA�
?F>PBP�TEFIB�>IPL�BIFJFK>QFKD�>KV�OBDRI>QLOV�RK@BOQ>FKQFBP��

&FK>IIV��;���<�OBSFBTBA�QEB�MLIF@V�CO>JBTLOH�CLO�RQFIFPFKD�BKBODV�PQLO>DB�FK�QEB�5+�BIB@QOF@FQV�
J>OHBQP��$"%)3�ALBP�KLQ�E>SB�MLIF@V�FK@BKQFSBP��>FJFKD�PMB@FCF@>IIV�LK�PQLO>DB�QB@EKLILDFBP��
/K� QEB� LQEBO� E>KA�� QEBOB� >OB�J>OHBQ?>PBA� FK@BKQFSBP� CLO� PQLO>DB� LTKBOP�� )K�JLOB� ABQ>FI��
%IB@QOF@FQV�->OHBQ�2BCLOJ�T>P�>ALMQBA�>P�DLSBOKJBKQ�MLIF@V��?BFKD�M>OQ�LC� QEB�%KBODV�!@Q�
������4EB�IBDFPI>QFLK�FK�NRBPQFLK�BPQ>?IFPEBA�QEB�#>M>@FQV�-B@E>KFPJ�QL�OBFKCLO@B�QEB�PB@ROFQV�
LC�BIB@QOF@FQV�PRMMIV��JFKFJFPFKD�QEB�>PPL@F>QBA�@LPQP�QE>Q�>OB�M>PPBA�QL�QEB�@LKPRJBO��4EB�
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#>M>@FQV�-B@E>KFPJ�OBT>OAP�MOLSFABOP�TFQE�>K�>KKR>I�M>VJBKQ�CLO�MOLSFAFKD�>�@BOQ>FK�>JLRKQ�
LC� DBKBO>QFKD� @>M>@FQV� CLO� BJBODBK@FBP� >KA� LQEBO� BSBKQP� TEF@E� MRQ� MOBPPROB� LK� QEB� DOFA�
FKCO>PQOR@QROB��4EB�M>VJBKQP�>OB�ABQBOJFKBA�QEOLRDE�@LJMBQFQFSB�>R@QFLKP�BFQEBO�CLRO�VB>OP�
�4�	� LO� LKB� VB>O� ?BCLOB� �4�	� QEB� >@QR>I� MOLSFPFLK� LC� PBOSF@BP�� .BSBOQEBIBPP�� QEB� #>M>@FQV�
-B@E>KFPJ�M>VJBKQP��Y�-7	�>OB�IBPP�QE>K�����LC�QEB�OBPMB@QFSB�S>IRBP�MOLSFABA�CLO�LQEBO�
PBOSF@BP�� PR@E� >P� &&2� >KA� 34/2� TEFIB� QEBV� @LKPQFQRQB� LKIV� >� PJ>II� CO>@QFLK� LC� QEB� &>PQ�
2BPBOSB�M>VJBKQP��4EBOBCLOB��FQ�FP�@IB>O�QE>Q�QEB�#>M>@FQV�-B@E>KFPJ�@>KKLQ�?B�QEB�BU@IRPFSB�
OBSBKRB� PLRO@B� CLO� >K� BKBODV� PQLO>DB� LTKBO��J>HFKD� KB@BPP>OV� QEB� M>OQF@FM>QFLK� FK� LQEBO�
J>OHBQP��)Q�PELRIA�?B�KLQBA�QE>Q�QEB�JB@E>KFPJ�FQPBIC�FP�QB@EKLILDV�KBRQO>I�>KA�QEBOBCLOB�>II�
>PPBQ�@I>PPBP�@>K�M>OQF@FM>QB��FK@IRAFKD�$2��PQLO>DB��FKQBO@LKKB@QLOP�>KA�DBKBO>QFLK��

������%KBODV�3QLO>DB�0OLGB@QP�
4EBOB�>OB�PBSBO>I�BKBODV�PQLO>DB�MOLGB@QP�QE>Q�>OB�BFQEBO�FK�LMBO>QFLK�LO�MI>KKBA�CLO�QEB�KB>O�
CRQROB��,FB�BQ�>I��;���<�PRJJ>OFPBA�>�KRJ?BO�LC�?>QQBOVOBI>QBA�CFBIA�MOLGB@QP��QEB�S>PQ�J>GLOFQV�
LC�TEF@E�E>SB�?BBK�>@QFSB�PFK@B������TFQE�>�JFKFJRJ�@>M>@FQV�LC���-7E�>KA�S>OFLRP�MLTBO�
LRQMRQP��!�QLQ>I�LC����?>QQBOV�MOLGB@QP�>OB�IFPQBA�FK�QEB�4>?IB������FK@IRAFKD�,FFLK��0?!�>KA�
62&"� ?>QQBOFBP�� KBSBOQEBIBPP�� QEB� J>GLOFQV� OBCBO� QL� QEB� ,FFLK� BIB@QOL@EBJFPQOV� ARB� QL� FQP�
AB@OB>PFKD�@LPQP��4EB�BKBODV�PQLO>DB�>MMIF@>QFLKP�S>OV�COLJ�MOLGB@Q�QL�MOLGB@Q�

)Q� FP�TLOQE�JBKQFLKFKD�QEB�DOFA@LKKB@QBA�,FFLK�?>QQBOV�LC� QEB�(LOKPA>IB�0LTBO�2BPBOSB�FK�
3LRQE�!RPQO>IF>�TEF@E�T>P�@LKPFABOBA��FK�������>P�LKB�LC�QEB�?FDDBPQ�"%33�FK�QEB�TLOIA�TFQE�
>�MLTBO�O>QFKD�LC�����-7�>KA�>�@>M>@FQV�LC�����-7E��)Q� FP�RPBA�QL�MOLSFAB�MLTBO�PVPQBJ�
PB@ROFQV�TEFIB�>�M>OQ�LC�FQP�LSBO>II�@>M>@FQV�M>OQF@FM>QBP�FK�QEB�IL@>I�MLTBO�J>OHBQ��4EB�FKFQF>I�
MOLGB@Q� @LPQ� E>P� ?BBK� BPQFJ>QBA� QL� ?B� >OLRKA� ���J� TFQE� ?BKBCFQP� LC� Y����J� FK� ������
!AAFQFLK>IIV��>P�QEB�#>IFCLOKF>K�BIB@QOF@>I�DOFA�E>P�PFDKFCF@>KQ�>JLRKQP�LC�FKQBDO>QBA�2%3��QEBFO�
BKBODV� DBKBO>QFLK� FP� L@@>PFLK>IIV� EFDEBO� QE>K� QEB� OBPMB@QFSB� ABJ>KA�� OBPRIQFKD� FKQL�
M>OQF@RI>OIV� ILT�LO�BSBK�KBD>QFSB�BIB@QOF@FQV�MOF@BP�� )K�QEFP�AFOB@QFLK��QEB�,FFLK�?>QQBOV�LC�QEB�
%P@LKAFAL�BKBODV�PQLO>DB�MOLGB@Q�MOLSFABP�?>I>K@FKD�PBOSF@BP�QL�QEB�DOFA�FK@IRAFKD�>O?FQO>DB�
>KA�MB>H�PE>SFKD��

2BD>OAFKD�QEB�B@LKLJF@P�LC�QEB�CFBIA�MOLGB@QP��QEB�0LJLK>�%KBODV�3QLO>DB�C>@FIFQV�����-7��
���-7E	�E>A�>K�FKSBPQJBKQ�@LPQ�?BQTBBK������J�TFQE�BPQFJ>QBA�>KKR>I�OBSBKRBP�LC�����J�
>KA�JLOB�PMB@FCF@>IIV�������J�COLJ�MOLSFPFLK�LC�OBPLRO@B�>ABNR>@V�������J�COLJ�BKBODV�>KA�
>K@FII>OV�PBOSF@BP�>KA������-�COLJ�M>OQF@FM>QFKD�FK�COBNRBK@V�OBPMLKPB��&FK>IIV��QEB�->OBKDL�
MOLGB@Q� ����-7�����-7E	�E>P�>KKR>I�?BKBCFQP�LC�����J�>D>FKPQ�>� QLQ>I� FKSBPQJBKQ�@LPQ�LC�
���J��$BPMFQB� QEB� C>@Q� QE>Q� QEBOB� FP� BUQBKPFSB� OBPB>O@E�LK� QEB�DOFA�>MMIF@>QFLKP�LC� BKBODV�
PQLO>DB��>P�MOBSFLRPIV�MOBPBKQBA�FK�#E>MQBO��������QEBFO�OBPMB@QFSB�#"!�FP�O>OBIV�PQRAFBA�>KA�
FK�J>KV�@>PBP�FQ�FP�KLQ�AFP@ILPBA��&LO�BU>JMIB��QEBOB�FP�FKCLOJ>QFLK�LK�QEB�>PPL@F>QBA�@LPQP�
>KA�?BKBCFQP�CLO�LKIV���LRQ�LC�QEB����MOLGB@QP�LC�4>?IB�������

!P� QEB�MOLGB@QP� FK�NRBPQFLK�>OB�@LKPFABOBA� I>ODBP@>IB�>KA�@LKPFPQ�LC� OBI>QFSBIV�?FD�?>QQBOV�
PFWBP��QEBV�>OB�LTKBA�BFQEBO�?V�>�KLKRQFIFQV�FKABMBKABKQ�MLTBO�MOLAR@BO��)00	�LO�RQFIFQFBP��4EB�
>RQELOP�EFDEIFDEQBA�QEB�C>@Q�QE>Q�?>QQBOFBP�ABMILVBA�?BEFKA�QEB�JBQBO�>OB�RPR>IIV�PJ>IIBO� FK�
QBOJP� LC� QEBFO� P@>IB� ���� -7	� >KA� LTKBA� ?V� QEB� CFK>I� @LKPRJBOP� TEL� @>K� ?B� ALJBPQF@��
@LJJBO@F>I�LO�FKARPQOF>I��)Q�FP�PRMMLOQBA�QE>Q�>II�"%3�MOLGB@QP�@>K�?B�@LPQBCCB@QFSB�OBD>OAIBPP�
LC�QEBFO�LTKBOPEFM�>KA�P@>IB�TFQE�QEB�MLQBKQF>I�BU@BMQFLK�LC�ALJBPQF@�?>QQBOFBP�QE>Q�@ROOBKQIV�
AL�KLQ�LCCBO�QEB�P>JB�CFK>K@F>I�LMMLOQRKFQFBP�;���<�
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Table 2.14�–�%KBODV�3QLO>DB�CFBIA�MOLGB@QP�;���<�

Project name Year Storage 
Technology 

Ownership Power rating/ 
Capacity 

Applications 

(LOKPA>IB�0LTBO�2BPBOSB�
�3LRQEBOK�!RPQO>IF>	�

����� ,FFLK� )00� ����-7������-7E�
;���<�

)KFQF>IIV����-7�����-7E�CLO�MLTBO�PVPQBJ�PB@ROFQV��
��-7�����-7E�M>OQF@FM>QFKD�FK�QEB�MLTBO�J>OHBQ�

0LJLK>�%KBODV�3QLO>DB�
�#>IFCLOKF>��53!	�

����� ,FFLK� )00� ���-7�����-7E� 0OLSFAFKD�OBPLRO@B�>ABNR>@V�
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Table 2.15�–�5QFIFP>QFLK�LC�%KBODV�PQLO>DB�FK�"RFIAFKDP�;�<�
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ALJBPQF@�?RFIAFKDP��)Q�T>P�PRMMLOQBA�QE>Q�?>QQBOFBP�@>K�JFQFD>QB�@BOQ>FK�HBV�@E>IIBKDBP�>P�&)4P�
>OB� DO>AR>IIV� ME>PBA� LRQ� FK� PBSBO>I� @LRKQOFBP� >KA� 240� FP� RPBA� FKPQB>A�� "V� RPFKD� "%3��
?RFIAFKDP�@LRIA�>?PLO?�>KV�BU@BPP�BIB@QOF@FQV�QEOLRDE�QEB�?>QQBOV�>KA�JBBQ�QEB�IL>A�>Q�>�I>QBO�
QFJB� LC� WBOL� DBKBO>QFLK�� ">QQBOFBP� @LRIA� ?B� RPBA� FK� ?RFIAFKDP� QL� MOLSFAB� BKBODV� >O?FQO>DB��
OBPFIFBK@B�>KA�QFJBPEFCQFKD�LC�BIB@QOF@FQV��7EBK�QEB�PVPQBJ�@LKQ>FKP�LKIV�QEB�?>QQBOV��TFQELRQ�
2%3�� QEB� >RQELOP� EFDEIFDEQBA� >� KRJ?BO� LC� OBIBS>KQ� PQRAFBP� CLO� QEB� LMQFJ>I� MI>KKFKD� LC� QEB�
PVPQBJ��&LO�QEB�J>GLOFQV�LC�QEB�PQRAFBP��QEB�AB@FPFLK�S>OF>?IB�FK@IRABA�QEB�?>QQBOV�@>M>@FQV�>KA�
QEB�L?GB@QFSB�CRK@QFLK�T>P�BFQEBO�QEB�KBQ�MOBPBKQ�S>IRB�LO�QEB�QLQ>I�>KKR>I�@LPQ��4EB�BIB@QOF@FQV�
Q>OFCCP�Q>HBK�FKQL�>@@LRKQ�TBOB�BFQEBO�CI>Q�LO�4L5�TFQE�S>OFLRP�LMQFJFP>QFLK�JBQELAP��FK@IRAFKD�
PBSBO>I�-!4,!"developed tools. Power balance, battery’s SoC, bidirectional power flow, 

AFP@E>ODFKD�MLTBO��MB>H�PE>SFKD�IFJFQ�>KA�QEB�IFCBQFJB�LC�QEB�?>QQBOV�FK�@V@IBP�TBOB�>JLKD�QEB�
JLPQ�MLMRI>O�ABPFDK�@LKPQO>FKQP���
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FK@IRAB�OBKBT>?IBP�LTKBA�?V�QEB�BKA�RPBOP��#%3�>OB�>?IB�LC�PRMMLOQFKD�QEB� FKQBDO>QFLK�LC�
AFPQOF?RQBA�DBKBO>QFLK�?V�BK>?IFKD�QEB�CFK>I�@LKPRJBOP�QL�PEFCQ�BU@BPP�DBKBO>QFLK�>KA�RPB�FQ�
I>QBO��BKBODV�>O?FQO>DB	��@LKQOF?RQB�QLT>OAP�QEB�PQ>?FIFQV�LC�QEB�DOFA�?V�J>FKQ>FKFKD�PRMMIV�>KA�
ABJ>KA�>KA�?OFKD�>AAFQFLK>I�OBSBKRB�PQOB>JP�?V�M>OQF@FM>QFLK�FK�MLTBO�J>OHBQP��4EBOBCLOB��
#%3�@>K�?OFKD�PFDKFCF@>KQ�PL@F>I�>KA�B@LKLJF@�?BKBCFQP�QL�QEB�IL@>I�@LJJRKFQV�>KA�QEB�CFK>I�
BKBODV�@LKPRJBOP�� )Q� FP�@LKKB@QBA� QL� QEB� IL@>I�AFPQOF?RQFLK�KBQTLOH�>KA� FQP�BKBODV�PQLO>DB�
@>M>@FQV�@>K�LKIV�MOLSFAB�QBKP�LO�ERKAOBAP�LC�H7EP�QL�QEB�PROOLRKAFKD�@LJJRKFQV��4EBOBCLOB��
FQ�@>K�?B�LC�PBOSF@B�QL�PJ>IIP@>IB�RPBOP��COLJ�PFKDIB�ATBIIFKDP�RM�QL�>�PJ>II�@LJJRKFQV��!P�
QB@EKLILDFBP�PR@E�>P�@>M>@FQLOP�>KA�CIVTEBBIP�>OB�>MMOLMOF>QB��QEBV�>OB�SBOV�IFJFQBA�ARB�QL�
QEBFO�PJ>II�BKBODV�@>M>@FQV�>KA�@LRIA�LKIV�?B�@LJMLKBKQP�LC�EV?OFA�PLIRQFLKP��4EB�>RQELOP�
MLFKQBA�LRQ�QE>Q�LKIV�“a few tens of consumers at most”�E>A�M>OQF@FM>QBA�FK�#%3�MOLGB@QP�FK�
LOABO�QL�ABJLKPQO>QB�QEB�KLSBI�MOLMBOQFBP�>KA�QEB�?BKBCFQP�QE>Q�PQLO>DB�@LRIA�MLQBKQF>IIV�?OFKD�
>Q�QEB�IL@>I�IBSBI���
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BKBODV� @>M>@FQV� S>OFBP� ?BQTBBK� ��� H7E� QL� ���-7E� TEFIB� QEB� OBPMB@QFSB� MLTBO� O>KDB� FP�
?BQTBBK����+7�>KA�����H7�ABMBKAFKD�LK�QEB�KRJ?BO�LC�?>QQBOV�RKFQP�RPBA��5KPROMOFPFKDIV��
QEB�S>PQ�J>GLOFQV�LC�QEB�MOLGB@QP�JBKQFLKBA�?V�QEB�>RQELOP�@LKPFPQ�LC�?>QQBOFBP�LK�QEBFO�LTK�>KA�
FK�@BOQ>FK�@>PBP�FK�@LJ?FK>QFLK�TFQE�EVAOLDBK��KBSBOQEBIBPP��QEB�J>GLOFQV�LC�QEB�%33�>OB�,F
LK�?>QQBOFBP��!MMIF@>QFLKP�>D>FK�S>OV�ABMBKAFKD�LK�QEB�MOBPBK@B�LC�AFPQOF?RQBA�DBKBO>QFLK��F�B��
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LO�@LPQP� ;���<��&FK>IIV�� FQ� FP� @LK@IRABA� QE>Q�#%3�ARB� QL� FQP� IL@>I� @E>O>@QBO�@>K�>AAOBPP� QEB�
FPPRBP�LC�BKBODV�>CCLOA>?FIFQV��BKBODV�PB@ROFQV�>KA�BCCF@FBK@V�PRPQ>FK>?FIFQV�TEF@E�@LKPQFQRQB�QEB�
QEOBB�J>FK�BIBJBKQP�LC�QEB�BKBODV�QOFIBJJ>��>P�MOBPBKQBA�FK�#E>MQBO��������#%3�@>K�?OFKD�
FJMLOQ>KQ�LMMLOQRKFQFBP�>KA�?BKBCFQP�QL�QEB�OBPFABKQP�LC�QEB�IL@>I�@LJJRKFQV��BPMB@F>IIV�TEBK�
@LJ?FKBA�TFQE�OBKBT>?IBP��
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Table 2.16�–�#ROOBKQ�#LJJRKFQV�%KBODV�3QLO>DB�MOLGB@QP�;���<
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2.4�The Building Sector 
������)KQOLAR@QFLK�
)K�������)%!�MR?IFPEBA�>�OBMLOQ�OBD>OAFKD�QEB�QO>KPFQFLK�QL�PRPQ>FK>?IB�?RFIAFKDP��CL@RPFKD�LK�
PQO>QBDFBP�>KA�LMMLOQRKFQFBP�� CLO�QEB�?RFIAFKD�PB@QLO�� QL������ ;���<��4>?IB������PELTP�QEBPB�
MOFLOFQFBP� CLO� PBSBK� J>GLO� @LRKQOFBP� >KA� QEB� %5�� @I>PPFCFBA� FKQL� QB@EKLILDF@>I� >KA� MLIF@V�
MOFLOFQFBP�� 4EB� J>GLO� M>O>JBQBOP� FKCIRBK@FKD� QEB� MOFLOFQFBP� >OB� QEB� IL@>I� @IFJ>QB� >KA� QEB�
OBPLRO@BP�>S>FI>?IB�FK�B>@E�@LRKQOV��&LO�BU>JMIB��QEB�>AS>K@BA�BKSBILMB�E>P�>�EFDE�MOFLOFQV�
CLO�2RPPF>�ARB�QL�QEB�@LIA�@IFJ>QB�TEFIB�PLI>O�QEBOJ>I�FP�>�OBIF>?IB�QB@EKLILDV�LMQFLK�CLO�)KAF>��
"O>WFI�>KA�3LRQE�!COF@>�QE>KHP�QL�QEB�EFDE�MLQBKQF>I�LC�PLI>O�MLTBO��!MMIF>K@B�>KA�BNRFMJBKQ�
PQ>KA>OAP��FK@IRAFKD�QEB�MOLJLQFLK�LC�>AS>K@BA�>MMIF>K@BP��IFDEQFKD��BCCF@FBKQ�@LLIFKD�>KA�EB>Q�
MRJMP�� @LKPQFQRQB� QEB� JLPQ� @LJJLK� EFDE� MOFLOFQV� TEFIB� ?RFIAFKD� @LABP� TFQE� PRMMLOQFKD�
FKCO>PQOR@QROB� FP� PELTK� >P� QEB� PB@LKA� JLPQ� COBNRBKQ� MOFLOFQV�� 2BD>OAFKD� QEB� %5�� QEB�
ABMILVJBKQ�LC�EB>Q�MRJMP�CLO�T>QBO�>KA�PM>@B�EB>QFKD�@LLIFKD�>KA�QEB�ABBM�OBKLS>QFLK�LC�
QEB�BUFPQFKD�?RFIAFKD�PQL@H�SF>�>AS>K@BA�?RFIAFKD�BKSBILMBP�>KA�BKBODVBCCF@FBKQ�BNRFMJBKQ�
>OB�>JLKD� QEB�EFDE�MOFLOFQFBP� CLO� QEB�@LKQFKBKQ�TEFIB�>AS>K@BA�BKSBILMBP�>IPL�@LKPQFQRQB�>�
PB@LKA�MOFLOFQV�FK�@LIA�@IFJ>QB�@LRKQOFBP��B�D��EFDEFKPRI>QFLK�TFKALTP��>FOQFDEQKBPP	��

Table 2.17��0OFLOFQFBP�FK�QEB�?RFIAFKD�PB@QLO�� �FKAF@>QBP�PB@LKA�MOFLOFQV	�;���<�

Technology Brazil China EU USA Russia India Mexico S. Africa 
!AS>K@BA�BKSBILMB�
�@LIA�@IFJ>QB	�

� (FDE� � (FDE� (FDE� � � �

2BAR@BA�@LLIFKD�IL>AP�
�ELQ�@IFJ>QB	�

� � � � � � � �

(B>Q�MRJMP� � � (FDE� � � � � �
3LI>O�QEBOJ>I� (FDE� � � � � � (FDE� (FDE�

-LOB�BCCF@FBKQ�RPB�LC�
?FLJ>PP�

� � � � � (FDE� � �

Policy �
"RFIAFKD�@LABP�TFQE�
PRMMLOQFKD�
FKCO>PQOR@QROB�

� � � � � (FDE� � �

!MMIF>K@B�>KA�
BNRFMJBKQ�PQ>KA>OAP�

(FDE� (FDE� � � � � (FDE� (FDE�

$BBM�OBKLS>QFLK�LC�
BUFPQFKD�?RFIAFKDP�

� � (FDE� (FDE� (FDE� � � �

:BOL�%KBODV�KBT�
?RFIAFKDP�

� � � � � � � �

�

������"RFIAFKD�%KBODV�0BOCLOJ>K@B�
Regarding the key parameters affect the buildings’ energy performance, ;���<�PRJJ>OFPBA�
QEBJ� >KA� >� ?OFBC� SBOPFLK� @>K� ?B� PBBK�� FK� &FDROB� ������ /QEBO� M>O>JBQBOP� QE>Q� >CCB@Q� QEB�
building’s energy demand include the number of storeys and the building type with the latter 

ABQBOJFKFKD� FQP� BKBODV� @LKPRJMQFLK� >KA� MOLCFIB� QEOLRDE� QEB� >@QFSFQFBP� QE>Q� Q>HB� MI>@B�� 4EB�
?RFIAFKD� BKSBILMB� MEVPF@>IIV� PBM>O>QBP� QEB� @LKAFQFLKBA� FKQBOFLO� TFQE� QEB� RK@LKAFQFLKBA�
BKSFOLKJBKQ�LC�>�?RFIAFKD�>KA�J>FKIV�@LKPFPQP�LC�QEB�BUQBOK>I�T>IIP�>KA�QEB�OLLC��)QP�QTL�@OFQF@>I�
@LJMLKBKQP�>OB�FKPRI>QFLK��FK@IRAFKD�QEB�FKPRI>QFLK�IBSBI��J>QBOF>I�>KA�MLPFQFLK��TEFIB�DI>WFKD�
OBCBOP�QL�QEB�>OB>�@LSBOBA�?V�TFKALTP��LCQBK�@>IIBA�TFKALTQLT>IIratio). Finally, a building’s 

(6!#�@LKCFDRO>QFLK�EFDEIV�>CCB@QP�FQP�BKBODV�ABJ>KA��6BKQFI>QFLK�@>K�?B�K>QRO>I��JB@E>KF@>I�
LO�JFUBA�TEFIB�EB>QFKD�J>V�?B�?>PBA�LK� QEB� @LJ?RPQFLK�LC� @LKSBKQFLK>I� CLPPFI� CRBIP� �B�D��
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K>QRO>I� D>P	� LO� CRIIV� BIB@QOF@� QEOLRDE� QEB� RP>DB� LC� EB>Q� MRJMP� >KA� BIB@QOF@� O>AF>QLOP�� 4EB�
ABMILVJBKQ�LC�OBKBT>?IB�PVPQBJP�FP�>IPL�MLPPF?IB�>Q� QEB�?RFIAFKD� IBSBI�QEOLRDE�>�S>OFBQV�LC�
2%3��PR@E�>P�MELQLSLIQ>F@P�>KA�PLI>OQEBOJ>I��4EB�M>O>JBQBOP�QE>Q�E>SB�QL�?B�@LKPFABOBA��CLO�
?RFIAFKD�MI>KKFKD�>KA�ABPFDK�>OB�>IPL�ABP@OF?BA�?OFBCIV�FK�;���<��)K�QEB�KLOQEBOK�EBJFPMEBOB��>�
PLRQEBOK�LOFBKQ>QFLK�PELRIA�?B�@ELPBK��TEBK�MLPPF?IB��FK�LOABO�QL�Q>HB�>AS>KQ>DB�LC�QEB�PLI>O�
BKBODV�QLT>OAP�EB>Q�D>FKP�>KA�A>VIFDEQ�TEFIB�SBKQFI>QFLK�KBBAP�>KA�EB>Q�ILPPBP�QEOLRDE�QEB�
building’s envelope must be taken into account.�

�

�

Figure 2.30�–�+BV�?RFIAFKD�S>OF>?IBP�>CCB@QFKD�FQP�BKBODV�MBOCLOJ>K@B��!A>MQBA�COLJ�;���<	�

4he level of the building’s responsiveness to internal and external heat inputs is dependent 

LK�QEB�QEBOJ>I�@LKAR@QFSFQV�LC�FQP�J>QBOF>IP��FQP�QEBOJ>I�J>PP��>IPL�@>IIBA�EB>Q�@>M>@FQV	�>KA�
QEB�>AJFQQ>K@BP�LC� FQP�@LKPQOR@QFLK�BIBJBKQP��4EB�>AJFQQ>K@B�E>P�QEB�P>JB�RKFQP�>P�QEB�5
S>IRB�� LKB� LC� QEB� JLPQ� FJMLOQ>KQ� M>O>JBQBOP� FK� @LKPQOR@QFLK� >KA� QEBOJ>I� @LJCLOQ�� >KA�
BUMOBPPBP�QEB�>JLRKQ�LC�BKBODV�QE>Q�@>K�BKQBO�QEB�BIBJBKQ�PROC>@B�MBO�ABDOBB�LC�QBJMBO>QROB�
@E>KDB�LRQPFAB�� QEB� PROC>@B�� )QP� RKFQP� >OB� FK�7�J�\+�>KA�>AJFQQ>K@B�>IPL�ABMBKAP�LK� QEB�
material’s thermal conductivity (W/m·K), thickness, specific heat and the rate at which heat is 

MRQ� FKQL� FQ�� "RFIAFKDP� >OB� P>FA� QL� ?B� QEBOJ>IIV� EB>SVTBFDEQ� TEBK� QEBV� BUMBOFBK@B� PJ>II�
QBJMBO>QROB� OFPBP� ABPMFQB� OB@BFSFKD� I>ODB� >JLRKQP� LC� EB>Q�� QEBOBCLOB�� QEBV� E>SB� EFDE�
>AJFQQ>K@BP�>KA�QEBOJ>I�J>PP��LCQBK�OBNRFOFKD�SBKQFI>QFLK�AROFKD�QEB�KFDEQ�MBOFLA�QL�BIFJFK>QB�
>KV� QEBOJ>I� AFP@LJCLOQ� FPPRBP�� /K� QEB� @LKQO>OV�� IFDEQTBFDEQ� ?RFIAFKDP� E>SB� QEB� LMMLPFQB�
@E>O>@QBOFPQF@P�OBD>OAFKD�QEBFO�OBPMLKPB�QL�EB>Q��>AJFQQ>K@B�>KA�QEBOJ>I�J>PP��!�buildings’ 

EB>Q�FKMRQP�COLJ�QEB�LRQPFAB�>OB�@LKPFABOBA�QL�?B�@V@IF@>I�TFQE�QEB�PRKOFPB�>KA�PRKPBQ�QFJBP�
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@LKPQFQRQFKD� HBV� A>FIV� BSBKQP�� 4EBOJ>I� J>PP� FP� RPBA� FK� LOABO� QL� @LJMBKP>QB� CLO� QEB�
QBJMBO>QROB�S>OF>QFLKP�?V�ABI>VFKD�QEB�EB>Q�QO>KPCBO� FKPFAB�QEB�?RFIAFKD��AROFKD�QEB�PRJJBO�
MBOFLA��>KA�@LKPBNRBKQIV� QEB� QFJB�LC�A>V�TEBK�QEB� QBJMBO>QROB� OB>@EBP� FQP�EFDEBPQ�S>IRB��
However, it is important to make appropriate use of thermal mass as “there can be a limit to 
its usefulness”� ;���<�� (B>SVTBFDEQ� ?RFIAFKDP� >OB� OB@LJJBKABA� FK� @LIA� @IFJ>QBP� TFQE�
@LKQFKRLRP�L@@RM>QFLK�ARB�QL�QEBFO�>?FIFQV�LC�HBBMFKD�>�PQ>?IB�QBJMBO>QROB�>KA�MOLSFAB�QEBOJ>I�
@LJCLOQ�� /K� QEB� LQEBO� E>KA�� RPFKD� >� IFDEQTBFDEQ� FKPRI>QBA� @LKPQOR@QFLK� CLO� ?RFIAFKDP� TFQE�
FKQBOJFQQBKQ�RP>DB�>KA�>�EB>QFKD�PVPQBJ�TLRIA�?B�JLOB�>MMOLMOF>QB�;���<��

&ROQEBOJLOB��TFKALTP�>OB�OB@LDKFPBA�QL�?B�QEB�TB>HBPQ�BIBJBKQP�LC�QEB�?RFIAFKD�BKSBILMB�
TFQE�QEBFO�LSBO>II�5S>IRB�?BFKD�QEB�OBPRIQ�LC�DI>WFKD��PFKDIB��ALR?IB�BQ@�	��QEB�CO>JB�J>QBOF>IP�
�TLLA��JBQ>I�BQ@�	��QEB�CO>JB�QEF@HKBPP�>KA�QEB�BUMLPROB��KLOJ>I��BUMLPBA��PEBIQBOBA	��4EB�
TFKALT�BIBJBKQP�E>SB�QL�?B�@>OBCRIIV�@LKPFABOBA��Q>HFKD�FKQL�>@@LRKQ�FQP�CFSB�J>FK�CRK@QFLKP��
MOLSFAB�>�SFBT��>AJFQ�A>VIFDEQ��OBAR@B�EB>Q�ILPP��>AJFQ�PLI>O�EB>Q��FK�@LIA�@IFJ>QBP	�>KA�>IILT�
>�@LKQOLII>?IB�SBKQFI>QFLK��4EBOBCLOB��LQEBO�M>O>JBQBOP�PR@E�>P�QEB�DI>PP�NR>IFQV��MLPFQFLK�>KA�
LOFBKQ>QFLK�LC� QEB�TFKALTP�� QEB�@ILPFKD�JB@E>KFPJ�>KA�MLQBKQF>I�RPB�LC� FKQBOK>I�?IFKAP�>OB�
FJMLOQ>KQ�QLT>OAP�@ELLPFKD�>�PRFQ>?IB�QVMB�LC�TFKALTP�>KA�DI>WFKD��TEF@E�LCQBK�FK@IRABP�>�
@LJMOLJFPB�QE>Q�@LKPFABOP�?LQE�QEB�5S>IRB�>KA�BJFQQ>K@B�OBNRFOBJBKQP�;���<��

#EBK�BQ�>I��;���<�OBSFBTBA�QEB�FKQBOK>I�>KA�BUQBOK>I�C>@QLOP�QE>Q�>CCB@Q�QEB�BKBODV�BCCF@FBK@V�
ABPFDK�LC�?RFIAFKDP��)Q�FP�KLQBA�QE>Q�QEB�FKAFSFAR>I�@LKPFABO>QFLK�LC�LKB�?RFIAFKD�@E>O>@QBOFPQF@�
TFII� KLQ� KB@BPP>OFIV� IB>A� QL� QEB� LMQFJ>I� BKBODV� @LKPRJMQFLK� TEF@E� FP� ABMBKABKQ� LK� QEB�
@LJ?FK>QFLK�LC�PBSBO>I�?RFIAFKD�@E>O>@QBOFPQF@P��2BD>OAFKD� QEB�?RFIAFKD�PE>MB��PE>MB�C>@QLO�
�3&	�FP�QEB�O>QFL�LC�QEB�?RFIAFKD�PROC>@B�>OB>�QL�QEB�@LKAFQFLKBA�CILLO�>OB>��@LJM>@QKBPP�C>@QLO�
�#&	� FP� QEB� O>QFL� LC� QEB� ?RFIAFKD� PROC>@B� >OB>� QL� QEB� @LKAFQFLKBA� PM>@B� SLIRJB� >KA� CFK>IIV��
OBI>QFSB�@LJM>@QKBPP��2#	�BS>IR>QBP�QEB�FJM>@QP�LC�QEB�?RFIAFKD�P�PE>MB�>KA�DBLJBQOV�LK�FQP�
BKBODV�MBOCLOJ>K@B�?V�@LJM>OFKD�FQP�@LJM>@QKBPP�TFQE�>�OBCBOBK@B�?RFIAFKD��3&��#&�>KA�2#�
>OB�>JLKD�QEB�JLPQ�PQRAFBA�PE>MB�M>O>JBQBOP��)K�BUQOBJB�@LIA�@IFJ>QBP��FK@OB>PFKD�3&�@>K�
IB>A�QL�>K�FK@OB>PB�LC�QEB�EB>QFKD�ABJ>KA�TEFIB�FK�PBSBOB�@LIA�@LKAFQFLKP��QEB�BKBODV�ABJ>KA�
FP�FKSBOPBIV�MOLMLOQFLK>I�QL�QEB�@LJM>@QKBPP��/K�QEB�LQEBO�E>KA��FK�IL@>QFLKP�TFQE�KLKBUQOBJB�
weather conditions, the building’s shape has�IBPP�FJM>@Q�LK�FQP�BKBODV�ABJ>KA��!�OBSFBT�LC�
QEB�HBV�?RFIAFKD�M>O>JBQBOP�>CCB@QFKD�BKBODV�MBOCLOJ>K@B�@>K�?B�PBBK�FK�4>?IB������>ILKD�
TFQE�QEBFO�@E>O>@QBOFPQF@P��

)Q� FP� FJMLOQ>KQ� QL� MLFKQ� LRQ� PQO>QBDFBP� QL� IFJFQ� QEB� EB>Q� FKPFAB� ?RFIAFKDP� >KA� BUMBI� FQ� FK� QEB�
>QJLPMEBOB� QEOLRDE� K>QRO>I� MOL@BPPBP�� @LJJLKIV� HKLTK� >P� M>PPFSB� @LLIFKD� PQO>QBDFBP�
�&FDROB�����	��4EB�BCCF@FBK@V�LC�>�M>PPFSB�@LLIFKD�PVPQBJ�ABMBKAP�LK�QEB�KL@QROK>I�>KA�AFROK>I�
LRQPFAB� QBJMBO>QROB� DO>AFBKQ� >P� TBII� >P� QEB� QBJMBO>QROB� MB>H� S>IRBP�� !AS>K@BA� K>QRO>I�
SBKQFI>QFLK�OBCBOP�QL�?RFIAFKDP�QE>Q�J>HB�RPB�LC�QEB�PQ>@H�BCCB@Q�TEBOB�QEB�>FO�CILT�FP�AOFSBK�?V�
QEB� QBJMBO>QROB�>KA�ABKPFQV�AFCCBOBK@BP��.L@QROK>I� @LKSB@QFSB�@LLIFKD� FP�RPR>IIV�RQFIFPBA� FK�
OBDFLKP�TFQE�EFDE�A>V�QBJMBO>QROBP�>KA�JFKFJRJ�KFDEQ�QBJMBO>QROBP�LC�IBPP�QE>K���L#��)Q�E>P�
QEB�@>M>@FQV�QL�AOLM�QEB�FKALLO�QBJMBO>QROB�?V��L#��2>AF>KQ�@LLIFKD�@>K�?B�>@EFBSBA�?V�RPFKD�
EFDEIV�@LKAR@QFSB�J>QBOF>I�>P�M>OQ�LC� QEB�OLLC�@LKPQOR@QFLK�@LJ?FKBA�TFQE� FKPRI>QFLK�� )K�QEFP�
T>V�� QEB� @LLIBA� OLLC� ?BE>SBP� >P� >� EB>Q� PFKH� ?V� >?PLO?FKD� EB>Q� QEOLRDE� QEB� @BFIFKD��7FQE�
BS>MLO>QFSB�@LLIFKD��QEB�T>QBO�FK�QEB�COBPE�>FO�FP�BS>MLO>QBA�BFQEBO�AFOB@QIV�LO�FKAFOB@QIV�QL�@LLI�
ALTK�QEB�?RFIAFKD�B�D��FKPQ>IIFKD�TBQQBA�M>AP�KB>O�QEB�TFKALTP��&FK>IIV��B>OQE>FO�@LLIFKD�OBCBOP�
to buildings located partially or completely underground which make use of the earth’s thermal 

FKBOQF>�;���<��
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Table 2.18�–�"RFIAFKD�#E>O>@QBOFPQF@P�>KA�%KBODV�0BOCLOJ>K@B�;���<��;���<�

Parameter Comments 
3E>MB� •� 4EB�PE>MB�FP�JLOB�PFDKFCF@>KQ�FK�?RFIAFKDP�IL@>QBA�FK�BUQOBJB�TB>QEBO�@LKAFQFLKP��

•� 4EB�LMQFJ>I�PE>MB�ABMBKAP�LK�772��3('#��2#�>KA�LQEBO�M>O>JBQBOP��
•� /S>IPE>MBA�?RFIAFKDP�@>K�JFKFJFPB�QEB�@LKPQOR@QFLK�@LPQP�>KA�QEB�BKBODV�@LKPRJMQFLK��
•� 2BDRI>O�MBKQ>DLKPE>MBA�?RFIAFKDP�E>SB�ILTBPQ�IFCB�@V@IB�@LPQ�?RQ�QEB�EFDEBPQ�BKSFOLKJBKQ>I�FJM>@Q��
3VJJBQOF@>I�MBKQ>DLKPE>MBA�?RFIAFKDP�E>SB�QEB�LMMLPFQB�OBPRIQP��

•� #LJM>@Q�?RFIAFKDP�KBBA�IBPP�BKBODV�>P�EFDEBO�PROC>@B�>OB>�IB>AP�QL�EFDEBO�EB>Q�ILPPBP�>KA�QEBOBCLOB�
>�EFDEBO�BKBODV�ABJ>KA��

/OFBKQ>QFLK� •� 4EB�?RFIAFKD�P�IFCB�@V@IB�@LPQ�PELRIA�?B�@LKPFABOBA�TEBK�LMQFJFPFKD�QEB�?RFIAFKD�P�LOFBKQ>QFLK��
•� The optimum orientation depends on the building’s shape.�
•� )K�QEB�KLOQEBOK�EBJFPMEBOB��?RFIAFKDP�PELRIA�E>SB�>�PLRQEC>@BA�LOFBKQ>QFLK�LO�����L�QL�QEB�PLRQE��
•� 2LLJP�TFQE�FKQBOJFQQBKQ�L@@RM>QFLK��B�D��?BAOLLJP	�LO�KL�EB>QFKD�PELRIA�?B�MI>@BA�FK�QEB�KLKPLI>O
LOFBKQBA�C>@B��,FSFKD�PM>@BP�PELRIA�C>@B�QEB�PRK��

•� The building’s orientation is critical to climateOBPMLKPFSB�>O@EFQB@QROB�>KA�FQ�>CCB@QP�QEB�PLI>O�PE>AFKD�
OBNRFOBJBKQP��

)KPRI>QFLK� •� !�O>KDB�LC�������LC�7FKALTQL7>IIO>QFL�FP�OB@LJJBKABA��
•� ,LTBJFPPFSFQV�>KA�D>P�CFIIFKD��RPR>IIV�>ODLK	�@LKPQFQRQB� QEB�JLPQ�@LJJLK� FKPRI>QFLK�J>QBOF>IP� CLO�
TFKALTP��

•� $LR?IB�DI>WFKD�FP�>�DLLA�LMQFLK�CLO�ALJBPQF@�?RFIAFKDP��
•� 4EB�IL@>QFLK�LC�QEB�T>II�FKPRI>QFLK�I>VBO�S>OFBP��ABMBKAFKD�LK�QEB�?RFIAFKD�P@BK>OFL���

'I>WFKD� •� 'I>WFKD�MOLMBOQFBP�>OB�@OFQF@>I��BPMB@F>IIV�FQP�5S>IRB�>KA�DS>IRB��>P�QEBV�>OB�OBPMLKPF?IB�CLO�EB>Q�
ILPPBP�>KA�EB>Q�D>FKP��OBPMB@QFSBIV��

•� /SBOEB>QFKD�AROFKD�QEB�PRJJBO�JRPQ�?B�>SLFABA��%UQBOK>I�PE>AFKD�ABSF@BP�>OB�OB@LJJBKABA�CLO�
PLI>OLOFBKQBA�TFKALTP�

4EBOJ>I�J>PP� •� (B>SVTBFDEQ�?RFIAFKDP�E>SB�>�PILT�OBPMLKPB�QFJB�>P�QEB�MB>H�FKALLO�QBJMBO>QROB�Q>HBP�MI>@B�FK�QEB�
B>OIV�ELROP�LC�QEB�JLOKFKD��CIVTEBBI�BCCB@Q	��,FDEQTBFDEQ�?RFIAFKDP�OBPMLKA�JR@E�C>PQBO�>P�QEBV�@>K�
EB>Q�RM�>KA�@LLI�ALTK�PIFDEQIV�JLOB�PILTIV�QE>K�QEB�LRQALLO�@LKAFQFLKP��

•� )K�QBJMBO>QB�@IFJ>QBP��RPFKD�QEBOJ>I�J>PP�@>K�OBPRIQ�QL�>�PQ>?IB�FKQBOK>I�QEBOJ>I�BKSFOLKJBKQ�>P�FQ�
OBAR@BP�QEB�AFROK>I�QBJMBO>QROB�S>OF>QFLKP��

•� 4EBOJ>I�J>PP�FP�QEB�LMMLPFQB�LC�FKPRI>QFLK�>P�FKPRI>QFLK�ALBP�KLQ�PQLOB�EB>Q�?RQ�OBPFPQP�FQP�CILT��!�
PRFQ>?IB� @LJ?FK>QFLK� LC� QEBOJ>I� J>PP� >KA� FKPRI>QFLK� @>K� IB>A� QL� P>QFPC>@QLOV� QEBOJ>I� @LJCLOQ�
@LKAFQFLKP�B�D��ARB�QL�PQLOFKD�EB>Q�>KA�JFKFJFPFKD�EB>Q�ILPPBP��
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Table 2.18 (Contin.)�–�"RFIAFKD�#E>O>@QBOFPQF@P�>KA�%KBODV�0BOCLOJ>K@B�;���<��;���<�

Parameter Comments 
4EBOJ>I�J>PP� •� .FDEQ� SBKQFI>QFLK�JFDEQ� ?B� OBNRFOBA� FK� EB>SVTBFDEQ� ?RFIAFKDP� >CQBO� >� CRII� A>V� LC� >?PLO?FKD� EB>Q� QL�

DR>O>KQBB�QEBOJ>I�@LJCLOQ��
•� 4EB� PBIB@QFLK� ?BQTBBK� >� EB>SVTBFDEQ� >KA� IFDEQTBFDEQ� ?RFIAFKD� ABMBKAP� LK� QEB� @IFJ>QB� >KA� QEB�
CRK@QFLKP�LC� QEB�?RFIAFKD� �B�D��ALJBPQF@�� @LJJBO@F>I	��,FDEQTBFDEQ�?RFIAFKDP�>OB� OB@LJJBKABA� CLO�
BFQEBO� ELQERJFA� @LKAFQFLKP� LO� FKQBOJFQQBKQ� L@@RM>QFLK� ?RQ� BIPBTEBOB� ?LQE� @LKCFDRO>QFLKP� @>K� ?B�
CLRKA��!�EB>SVTBFDEQ�@LKPQOR@QFLK�FP�OB@LJJBKABA�CLO�?RFIAFKDP�TFQE�@LKQFKRLRP�L@@RM>QFLK�PR@E�
>P�ELPMFQ>IP��

3E>AFKD� •� )KQBOK>I�>KA�BUQBOK>I�PE>AFKD�ABSF@BP�>OB�OB@LJJBKABA�CLO�PLI>OLOFBKQBA�C>_>ABP�FK�QEB�PRJJBO��
$>VIFDEQ� •� Daylight can be used in order to reduce the building’s lighting loads.�

!FO�QBJMBO>QROB� •� !FO�QBJMBO>QROB�FP�QEB�JLPQ�FJMLOQ>KQ�JBQBLOLILDF@>I�M>O>JBQBO��
2BI>QFSB�ERJFAFQV� •� The HVAC’s coefficient of performance is affected by the outside ambient temperature and relative 

ERJFAFQV��
•� !�S>IRB�LC�IBPP�QE>K�����FP�OB@LJJBKABA��
•� 4EB�BCCF@FBK@V�LC�QEB�(6!#�PVPQBJ�@>K�?B�OBAR@BA�?V�����ARB�QL�QEB�(B>Q�)PI>KA�%CCB@Q��

3LI>O�O>AF>QFLK� •� Solar radiation can affect the building’s cooling demand, especially in tropical and subtropical 
@LKAFQFLKP��

•� 3LI>O�O>AF>QFLK�@>K�?B�J>UFJFPBA�TFQE�>K�LMQFJ>I���L�>WFJRQE�>KDIB�LC�>�PROC>@B�FK�>�?RFIAFKD��
7FKA�PMBBA� •� 7FKA�PMBBA�FP�JR@E�IBPP�FJMLOQ>KQ�CLO�?RFIAFKDP�TFQE�>�@BKQO>I�(6!#�PVPQBJ��

•� 7FKA�PMBBA�@>K�>CCB@Q�QEB�ABPFDK�LC�K>QRO>I�SBKQFI>QFLK��
�

�

�

�

�
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�

�

Figure 2.31�–�0>PPFSB�@LLIFKD�PQO>QBDFBP�FK�?RFIAFKDP�;���<�

 

������4EBOJ>I�#LJCLOQ�>KA�3>QFPC>@QFLK�
4EBOJ>I�@LJCLOQ�FP�@ILPBIV�OBI>QBA�QL�?RFIAFKD�ABPFDK�>KA�FQP�L?GB@QFSBP��!@@LOAFKD�QL�;���<��FQ�
@LKPQFQRQBP�the subjective feeling of satisfaction over the local thermal environmental. Fanger’s 

0OBAF@QBA�-B>K�6LQB� �0-6	�–�Predicted Percentage of Dissatisfied (PPD) and ASHRAE’s 

@LJCLOQ�@OFQBOF>�FK�FQP����PQ>KA>OA�LK�QEBOJ>I�BKSFOLKJBKQ>I�@LKAFQFLKP�CLO�ERJ>K�L@@RM>K@V�
>OB�JBKQFLKBA�>P�QEB�IB>AFKD�@LJCLOQ�JLABIP��TFQE�QEB�I>QQBO�@LKPQFQRQFKD�>�OB@LDKFPBA�FKARPQOV�
guidance standard. Personal factors that affect thermal comfort are the occupant’s (metabolic) 

>@QFSFQV� >KA� @ILQEFKD� TEFIB� QEB� HBV� BKSFOLKJBKQ>I� C>@QLOP� FK@IRAB� >FO� QBJMBO>QROB�� O>AF>KQ�
QBJMBO>QROB��>FO�SBIL@FQV�>KA�ERJFAFQV��7EFIB�QEBOJ>I�@LJCLOQ�@>K�?B�FJMOLSBA�?V�>AGRPQFKD�
QEB�BKSFOLKJBKQ>I� C>@QLOP��BKBODV�BCCF@FBKQ�?RFIAFKD�ABPFDK� FP�BUMB@QBA�QL� Q>HB� FKQL�>@@LRKQ�
>KA�BS>IR>QB�QEB�QEBOJ>I�@LJCLOQ�JB@E>KFPJP�TLOHFKD�FK�QEB�?>@HDOLRKA�FK�LOABO�QL�@ELLPB�
QEB�>MMOLMOF>QB�?RFIAFKD�PVPQBJ�TEF@E�TFII�ABIFSBO�QEB�ABPFOBA�OBPRIQP��>IPL�>@EFBSFKD�QEB�ILTBPQ�
BKBODV�@LKPRJMQFLK��4EB�FJMLOQ>K@B�LC�QEB�MBOPLK>I�C>@QLOP�FP�EFDEIFDEQBA�>P�QEBOJ>I�@LJCLOQ�
TFII� S>OV� ABMBKAFKD� LK� QEB� @IFJ>QB� >KA� QEB� >@QFSFQV� QE>Q� Q>HBP� MI>@B�� )K� QEFP� AFOB@QFLK�� QEB�
PBIB@QFLK�LC�OBCBOBK@B�QEBOJ>I�@LJCLOQ�PQ>KA>OAP�FP�KB@BPP>OV�QLT>OAP�BPQ>?IFPEFKD�?>PBIFKB�
S>IRBP�� &LO� JLPQ� @>PBP� >KA� ?RFIAFKDP�� !3(2!%� 3Q>KA>OA� ��� FP� ABBJBA� QL� ?B� PRFQ>?IB��
ELTBSBO��FQ�PELRIA�?B�KLQBA�QE>Q�PBSBO>I�DRFABIFKBP�>OB�FK@IRABA�TFQEFK�QEB�PQ>KA>OA��

4EB� LMBO>QFSB� QBJMBO>QROB� FP� LC� CRKA>JBKQ>I� FJMLOQ>K@B� QLT>OAP� BPQ>?IFPEFKD� >� O>KDB� LC�
>@@BMQ>?IB�BKSFOLKJBKQ>I�@LKAFQFLKP�CLO�QEBOJ>I�@LJCLOQ��?>PBA�LK�!3(2!%����>KA�>P�PBBK�
FK�&FDROB�������&LO�KLOJ>I�JBQ>?LIF@�O>QBP�?BQTBBK���–�����JBQ��TEBOB�@ILQEFKD�FP�>PPRJBA�QL�
MOLSFAB�QEBOJ>I�FKPRI>QFLK�LC�����>KA���@IL�>KA�>FO�SBIL@FQV�ALBP�KLQ�BU@BBA�>�S>IRB�LC������
J�P��QEB�����>@@BMQ>?FIFQV�O>KDB�@>K�?B�PMB@FCFBA�?>PBA�LK�QEB�LMBO>QFSB�QBJMBO>QROB��TBQ�
?RI?�QBJMBO>QROB��OBI>QFSB�ERJFAFQV�>KA�QEB�ERJFAFQV�O>QFL�S>IRBP��)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�
@IL�FP�QEB�RKFQ�OBCBOOFKD�QL�QEB�QEBOJ>I�FKPRI>QFLK�MOLSFABA�?V�D>OJBKQP�>KA�@ILQEFKD�BKPBJ?IBP�
���@IL���������J��Z#�7	�TEFIB�JBQ�FP�QEB�RKFQ�ABP@OF?FKD�QEB�BKBODV�DBKBO>QBA�FKPFAB�QEB�?LAV�
ARB�QL�JBQ>?LIF@�>@QFSFQV����JBQ��������7�J�	��4EB�ERJFAFQV�O>QFL�FP�ABCFKBA�>P�QEB�O>QFL�LC�QEB�
T>QBO�S>MLRO�J>PP�QL�QEB�AOV�>FO�J>PP��FK�>�DFSBK�SLIRJB�TEFIB�OBI>QFSB�ERJFAFQV�FP�QEB�O>QFL�LC�
QEB�T>QBO�vapour’s partial pressure to the water vapour’s saturation pressure, at the same 

QBJMBO>QROB�>KA�QLQ>I�MOBPPROB������LC�QEB�AFPP>QFPC>@QFLK�FP�?>PBA�LK�QEB�0-6�00$�FKABU�
@OFQBOFLK�TFQE�>K�BUQO>�����>AABA�QL�>@@LRKQ�CLO�IL@>I�QEBOJ>I�AFP@LJCLOQ�;���<��

�
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4EFP�FJ>DB�E>P�?BBK�OBJLSBA�?V�QEB�>RQELO�LC�QEFP�QEBPFP�CLO�@LMVOFDEQ�OB>PLKP�

Figure 2.32�–�!@@BMQ>?IB�O>KDB������LC�L@@RM>KQP	�LC�LMBO>QFSB�QBJMBO>QROBP�>KA�ERJFAFQV�
CLO�PM>@BP�;���<�

4EFP�FJ>DB�E>P�?BBK�OBJLSBA�?V�QEB�>RQELO�LC�QEFP�QEBPFP�CLO�@LMVOFDEQ�OB>PLKP�

Figure 2.33 –�!@@BMQ>?IB�LMBO>QFSB�QBJMBO>QROB�O>KDBP�CLO�K>QRO>IIV�@LKAFQFLKBA�PM>@BP�
�!A>MQFSB�JLABI	�;���<�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

3MB@FCF@>IIV�CLO�K>QRO>IIV�@LKAFQFLKBA�PM>@BP�TEBOB�SBKQFI>QFLK�Q>HBP�MI>@B�QEOLRDE�LMBO>?IB�
TFKALTP�� QEB� ABQBOJFK>QFLK� LC� >@@BMQ>?IB� QEBOJ>I� @LKAFQFLKP� @>K� ?B� @LKAR@QBA� ?V� RPFKD�
&FDROB� ������ CLO� ���� >KA� ����>@@BMQ>?FIFQV� IFJFQP�� 4EFP� CFDROB� >IPL� Q>HBP� FKQL� >@@LRKQ� QEB�
clothing adaptation of the occupants; therefore, the clothing’s thermal insulation values are 
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KLQ�OBNRFOBA�QL�?B�@LKPFABOBA��4EFP�JBQELA�FP�LCQBK�JBKQFLKBA�QL�?B�>K�>A>MQFSB�JLABI�>P�FQ�
@LKKB@QP�QEB�FKALLO�LMBO>QFSB�QBJMBO>QROB�TFQE�>K�LRQALLO�JBQBLOLILDF@>I�M>O>JBQBO�;���<��

�

Table 2.19�–�&>KDBO�JLABI�PMB@FCF@>QFLKP�CLO�AFCCBOBKQ�?RFIAFKD�@>QBDLOFBP�;���<�

Building 
Category 

 (EN 15251) 

Description Fanger model  
ΔT PPD 

(%) 
PMV 

)� (FDE� IBSBI� LC� BUMB@Q>QFLK� >KA� FP�
OB@LJJBKABA�CLO�PM>@BP�L@@RMFBA�
?V� SBOV� PBKPFQFSB� >KA� CO>DFIB�
MBOPLKP��

�
≤ 6�

�
0.2 ≤ PMV ≤ 0.2�

�
[���

))� .LOJ>I� IBSBI� LC� BUMB@Q>QFLK�� FQ�
PELRIA� ?B� RPBA� ?V� KBT� ?RFIAFKDP�
>KA�OBKLS>QFLKP�

≤ 10� 0.5 ≤ PMV ≤ 0.5� [���

)))� !K� >@@BMQ>?IB�� JLABO>QB� IBSBI� LC�
BUMB@Q>QFLK� >KA� J>V� ?B� RPBA� CLO�
BUFPQFKD�?RFIAFKDP�

≤ 15� 0.7 ≤ PMV ≤ 0.7� [���

)6� 6>IRBP� LRQPFAB� QEB� @OFQBOF>� CLO� QEB�
>?LSB� @>QBDLOFBP�� 4EFP� @>QBDLOV�
PELRIA� LKIV� ?B� >@@BMQBA� CLO� >�
IFJFQBA�M>OQ�LC�QEB�VB>O��

����� 0-6�������
LO�

0-6�������

����

�

!CQBO�OBSFBTFKD�QEB�AFCCBOBKQ�QEBOJ>I�@LJCLOQ�JLABIP��;���<�PRMMLOQBA�QE>Q�QEB�>ALMQFLK�LC�QEB�
&>KDBO� JLABI� FP� >DOBBA� ?V� >II� PQ>KA>OAP� OBD>OAFKD� JB@E>KF@>IIV� @LLIBA�EB>QBA� ?RFIAFKDP�
�4>?IB�����	��/K�QEB�LQEBO�E>KA��!3(2!%�3Q>KA>OA����FP�PRFQ>?IB�CLO�?RFIAFKDP�TFQE�K>QRO>I�
SBKQFI>QFLK� QEOLRDE� FQP� >A>MQFSB� @LJCLOQ�JLABI�� 4EB� OFPB� FK� QEB�ABMILVJBKQ�>KA�RPB�LC� >FO
@LKAFQFLKFKD� FK� ?RFIAFKDP� IBA� QL� QEB� ABSBILMJBKQ� LC� >K� >MMOLMOF>QB� ABQBOJFK>QFLK� LC� QEB�
>@@BMQ>?IB�QEBOJ>I�@LJCLOQ�@LKAFQFLKP��FK�QEFP�AFOB@QFLK��QEB�00$�0-6�JLABI�FP�TFABIV�RPBA��
BPMB@F>IIV�TEBK�ABPFDKFKD�PB>IBA�>FO@LKAFQFLKBA�LCCF@B�?RFIAFKDP�;���<��;���<��;���<��

������"RFIAFKD�4VMBP�>KA�2BI>QFLKPEFM�TFQE�QEB�%IB@QOF@>I�'OFA�
2BD>OAFKD�QEB�PBSBO>I�?RFIAFKD�QVMBP�JBKQFLKBA�FK�QEB�IFQBO>QROB��;���<�FKSBPQFD>QBA�QEB�ABPFDK�
LMQFJFP>QFLK� LC� KB>OIV�KBQ� WBOL� BKBODV� ?RFIAFKDP� �K:%"P	� TEF@E� @LKPQFQRQB� >K� FKKLS>QFSB�
@>QBDLOV�LC�PRPQ>FK>?IB�?RFIAFKDP�QE>Q�E>P�OB@BKQIV�OB@BFSBA�>QQBKQFLK��4EOBB�J>FK�PQBMP�>OB�
KBBABA�QL�?B�>ALMQBA�FK�LOABO�CLO�>�?RFIAFKD�QL�?B�@I>PPFCFBA�>P�>�K:%"��M>PPFSB�ABPFDK��BKBODV�
BCCF@FBK@V�>KA�BKBODV�DBKBO>QFLK��)K�������QEB�>RQELOP�;���<�OBSFBTBA�QEB�>@>ABJF@�IFQBO>QROB�
on the nZEBs’ design optimisation with the majority of the publications including the utilisation 

LC�MELQLSLIQ>F@P�>KA�TFKA�QRO?FKBP�CLO�IL@>I�BIB@QOF@FQV�DBKBO>QFLK�@LJ?FKBA�TFQE�?>QQBOFBP�QL�
Q>HB� >AS>KQ>DB�LC� QEBFO� BKBODV� PQLO>DB� @>M>?FIFQFBP�� )Q� FP� @LK@IRABA� QE>Q� QEB� FK@IRPFLK� LC� >�
@LJ?FKBA� EB>Q� >KA� MLTBO� �#(0	� PVPQBJ� LO� BKBODV� PQLO>DB�� @LJ?FKBA� TFQE� >RQLJ>QBA�
FKQBIIFDBKQ�@LKQOLI��@LRIA�OBAR@B�QEB�MB>H� IL>AP�LC� QEB�?RFIAFKD��MRO@E>PBA�?V� QEB�DOFA��>KA�
>IILT�QEB�?RFIAFKDP�QL�OBPMLKA�NRF@HIV�QL�AVK>JF@�BIB@QOF@FQV�MOF@BP��

!@@LOAFKD�QL�;���<��QEBOB�FP�I>@H�LC�@I>OFQV�FK�QEB�QBOJFKLILDV�RPBA�FK�QEB�?RFIAFKD�PB@QLO�TEF@E�
LCQBK� @OB>QBP� FPPRBP� >KA� @E>IIBKDBP� QL� AB@FPFLKJ>HBOP�� @IFBKQP�� ABPFDKBOP� >P� TBII� >P�
OBPB>O@EBOP��7EFIB�FKQBIIFDBKQ�?RFIAFKDP�E>SB�?BBK�OBPB>O@EBA�QELOLRDEIV�FK�QEB�M>PQ����VB>OP�
>KA� FK@IRABA� FK� QEB� IFQBO>QROB�>KA� OBMLOQP�� PJ>OQ�?RFIAFKDP�>MMB>OBA� OBI>QFSBIV� OB@BKQIV�>KA�
QEBOB�FP�PQFII�@LKCRPFLK�OBD>OAFKD�QEB�AFPQFK@QFLK�?BQTBBK�QEB�QTL�?RFIAFKD�@>QBDLOFBP��>IPL�RPBA�
FKQBO@E>KDB>?IV��4EB�>RQELOP�;���<�ABCFKBA�PJ>OQ�?RFIAFKDP�>P�FKQBIIFDBKQ�?RFIAFKDP�TFQE�QEOBB�
BUQO>� FKQBDO>QBA� BIBJBKQP� QE>Q� >OB� >A>MQ>?IB�� J>QBOF>IP� �� ABPFDK�� BKQBOMOFPB� >KA� @LKQOLI��
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%KQBOMOFPB�OBCBOP�QL�QEB�JBQELAP�>ALMQBA�FK�LOABO�QL�@LIIB@Q�?RFIAFKD�RP>DB�A>Q>�>KA�>JBIFLO>QB�
L@@RM>KQ� MBOCLOJ>K@B�� )Q� T>P� OB@LDKFPBA� QE>Q� QEB� AOFSBOP� ?BEFKA� ?RFIAFKD� MBOCLOJ>K@B�
resulting in the sector’s evolution are energy and efficiency, longevity and finally comfort and 

P>QFPC>@QFLK�� 4>?IB� ����� provides an overview of the building sector’s evolution with the 

@E>O>@QBOFPQF@P�LC�MOFJFQFSB��PFJMIB��>RQLJ>QBA�>KA�CFK>IIV�FKQBIIFDBKQ�PJ>OQ�?RFIAFKDP�;���<��

Table 2.20 – %SLIRQFLK�LC�"RFIAFKD�4VMBP�;���< 

Building 
Parameter 

Building Type 
Primitive 
Building 

Simple 
Building 

Automated 
Buildings 

Intelligent/ 
Smart Buildings 

#LKQOLI�&ILT� 5K@LKQOLIIBA� ->KR>IIV�
@LKQOLIIBA�

,L@>I�CBBA?>@H�
�@BKQO>IFPBA�
CBBA?>@H	�

)KQBO>@QFSB�

#LJCLOQ���
%CCF@FBK@V�

)KCLOJ>QFLK�)KMRQ�

.LKB� #LKQOLII>?IB�
@LJCLOQ�
S>OF>?IBP�

4EBOJLPQ>Q��
ERJFAFPQ>Q�BQ@��
�"-3�PVPQBJ	�

3VPQBJP�>KA�A>Q>�
FKQBDO>QFLK�

/@@RM>KQ�
)KQBO>@QFLK���
%CCF@FBK@V�

.L�@LKQOLI� &RII�@LKQOLI��
ILT�

BCCF@FBK@V�

,BPP�@LKQOLI��
EFDEBO�BCCF@FBK@V�

-LOB�@LKQOLI��EFDEBO�
BCCF@FBK@V�

->QBOF>IP���
#LKPQOR@QFLK�

">PF@� %IB@QOF@>I�
PRMMIV�>KA�
?>PF@�
J>QBOF>IP�

-LOB�>AS>K@BA�
J>QBOF>IP��
PBKPLOP��
AFPMI>VP�
�>RQLJ>QBA�
CBBA?>@H�ILLM�
PVPQBJP	�

)0�?>@H?LKB�RPBA�QL�
FKQBDO>QB�?RFIAFKD�PBOSF@B�
PVPQBJP��!A>MQ>?IB�
?RFIAFKD�PQOR@QROB�TFQE�
OB>@QFSB�CB>QROBP�

)KQBO>@QFLK�LC�
/MBO>QFLK�TFQE�
/@@RM>KQP�

.LKB� ->KR>I�
FKMRQ�

$BCFKBA�
L@@RM>K@V�
QFJBP��:LKBA�
L@@RM>K@V�A>Q>	�

2B>IQFJB�FKQBDO>QFLK�>KA�
LMQFJFP>QFLK�LC�?RFIAFKD�
PVPQBJP�TFQE�?RFIAFKD�

RPB�
�

"RIRQ�>KA�7>IIFK�;���< FKQOLAR@BA�QEB�@LK@BMQ�LC�!@QFSB�"RFIAFKDP��@I>OFCVFKD�QE>Q�FQ�@LKPQFQRQBP�
>�KBT�?RFIAFKD�QVMB�BSBK�CLO�QEB�MBLMIB�TLOHFKD�FK�QEB�BKBODV�>KA�?RFIAFKD�PB@QLOP��7EFIB�FQ�FP�
SFQ>I�CLO�CRQROB�?RFIAFKDP�QL�MOLSFAB�ABJ>KA�OBPMLKPB�FK�LOABO�QL�?>I>K@B�QEB�BIB@QOF@FQV�PRMMIV�
LOFDFK>QFKD�COLJ�S>OF>?IB�2%3��QEB�?FAFOB@QFLK>I�BU@E>KDB�LC�BKBODV�TFQE�QEB�DOFA�MBO�PB�FP�KLQ�
a priority for Active buildings; on the other hand, the focus is on “trading the right amount of 
energy in the right time”. More specifically, userP�@LRIA�OBPMLKA�QL�PFDK>IP�PR@E�>P�AVK>JF@�
BIB@QOF@FQV�MOF@BP�>KA�BJFPPFLKP��EBIMFKD�RQFIFQFBP�@LMB�TFQE�MB>H�IL>AP�>KA�FK�OBQROK�OB@BFSB�
CFK>K@F>I� OBT>OAP� CLO� QEB� MOLSFABA� PBOSF@BP�� (LTBSBO�� OBDRI>QFLKP� >OB� KBBABA� CLO� QEB�
ABSBILMJBKQ� >KA� >ALMQFLK� LC� QEB� >@QFSB� ?RFIAFKDP� @LK@BMQ� QEOLRDE� QEB� PRMMLOQ� LC� OBIBS>KQ�
?RPFKBPP� JLABIP� TEF@E� TFII� ?OFKD� ?BKBCFQP� QL� >II� QEB� FKSLISBA� M>OQFBP� >KA� DR>O>KQBB� QEBFO�
@LLMBO>QFLK�>KA�>@QFSB�M>OQF@FM>QFLK�FK�QEB�BIB@QOF@FQV�J>OHBQ���

!@@LOAFKD�QL�QEB������–������PQRAFBP�MR?IFPEBA�FK�;���<��;���<��QEB�3TBAFPE�DLSBOKJBKQ�>KA�
QEB� 3TBAFPE� %KBODV� !DBK@V� CRKABA� >� MOLGB@Q� FKSLISFKD� !@QFSB� "RFIAFKDP� >P� M>OQ� LC� >�
PRPQ>FK>?IB� @FQV�� OBCBOOFKD� QL� ?RFIAFKDP� TFQE� PJ>OQ� BKBODV� >KA� PJ>OQ� DOFA� CB>QROBP�� !@QFSB�
"RFIAFKDP�>OB�@LKPFABOBA�QL�E>SB�>�PQOLKD�OBI>QFLKPEFM�TFQE�QEB�DOFA�>KA�QEBV�>OB�KLQ�M>PPFSB�
BIBJBKQP�LC�QEB�KBQTLOH��LK�QEB�@LKQO>OV��QEBV�>OB�>PPRJBA�QL�E>SB�JRIQFMIB�OLIBP�?V�>@QFKD�
>P� @LKPRJBOP�� MOLAR@BOP� >KA� PRMMIFBOP� LC� BKBODV� ?V� @E>KDFKD� QEBFO� BKBODV� ABJ>KA� QL�
>@@LJJLA>QB�QEB�FKQBOJFQQBKQ�2%3�DBKBO>QFLK��3BSBO>I�PQ>HBELIABO�DOLRMP�TBOB�FKQBOSFBTBA��
OBD>OAFKD�QEBFO�SFBT�LK�!@QFSB�"RFIAFKDP��TFQE�AFCCBOBKQ�ABCFKFQFLKP�?BFKD�MOLSFABA�?>PBA�LK�QEB�
PB@QLO�QE>Q� FKQBOSFBTBBP�?BILKDBA�QL�� )K�ABP@BKAFKD�LOABO��QEB�JLPQ�MLMRI>O�>@QFSB�?RFIAFKD�
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@E>O>@QBOFPQF@P� CLO�OBPMLKABKQP�TLOHFKD� FK�QEB�BIB@QOF@FQV� OBQ>FI�>KA�AFPQOF?RQFLK�PB@QLOP�TBOB�
QEB�>RQLJ>QFLK�LC�BKBODV�>@QFSFQFBP��CIBUF?IB�BIB@QOF@FQV�RP>DB��BKSFOLKJBKQ>I�COFBKAIFKBPP��PBIC
DBKBO>QFLK�� FKQBO>@QFLK� TFQE� QEB� BKBODV� PVPQBJ�� IL@>I� BKBODV� PQLO>DB�� RPBO� OBPMLKPB� QL�
BIB@QOF@FQV� MOF@BP� >KA� BJFPPFLKP�� 4EB� OBPMLKABKQP� OB@LDKFPBA� EFDE� FKSBPQJBKQ� @LPQP�� QEB�
@ROOBKQ�OBDRI>QLOV�CO>JBTLOH�>KA�ILT�BKBODV�MOF@BP�>P�QEB�JLPQ�FJMLOQ>KQ�?>OOFBOP�QE>Q�>CCB@Q�
KBD>QFSBIV� QEB�ABSBILMJBKQ�LC�!@QFSB�"RFIAFKDP�� )K�JLOB�ABQ>FI�� QEB�OBNRFOBA�>@QFSB�?RFIAFKD�
@LJMLKBKQP� >OB� @LKPFABOBA� QL� ?B� BUMBKPFSB� TEFIB� QEBOB� FP� QEBOB� FP� I>@H� LC� >MMOLMOF>QB�
?RPFKBPP�JLABIP�TEF@E�@LRIA�?LQE�OBAR@B�QEB�OFPHP�CLO�BKARPBOP�>KA�PRMMLOQ�FKSBPQJBKQP�FK�
>@QFSB�?RFIAFKD�QB@EKLILDFBP��!AAFQFLK>IIV��>P�Q>OFCCP�LCCBOBA�QL�QEB�BKARPBOP�JRPQ�?B�RKFCLOJ�
FK�LOABO�QL�BKPROB�QEB�BKBODV�BNRFQV�LC�@RPQLJBOP�?BILKDFKD�QL�QEB�P>JB�@>QBDLOV��KL�PMB@F>I�
OBT>OAP� @>K� ?B� MOLSFABA� QL� ABJ>KA� OBPMLKPB� P@EBJBP�TEF@E�TLRIA� QB@EKF@>IIV� ?B�JLOB�
MOLJFPFKD�FK�QBOJP�LC�BIB@QOF@FQV�ABJ>KA�CIBUF?FIFQV��)Q�FP�>IPL�JBKQFLKBA�QE>Q�ILT�BKBODV�MOF@BP�
FK�@LRKQOFBP�TFQE�EFDE�'$0�MBO�@>MFQ>�IFHB�3TBABK�OBPRIQ�FK�>�I>@H�LC�FKQBOBPQ�COLJ�QEB�MR?IF@�
CLO�PR@E�P@EBJBP���

6>EFAFK>P>?�BQ�>I��;���<�EFDEIFDEQBA�QEB�OLIB�LC�!@QFSB�"RFIAFKDP�>P�KBQTLOH�PBOSF@B�MOLSFABOP�
OBD>OAFKD� QEB� MOLSFPFLK� LC� $3-� >KA� >K@FII>OV� PBOSF@BP�� #LK@BOKFKD� QEBFO� J>OHBQ?>PBA�
LMBO>QFLK�>KA�?B@>RPB�LC�QEB�OBI>QFSBIV�PJ>II�>JLRKQ�LC�QO>KP>@QFLKP�>KA�QEBFO�PFWB��FQ�FP�>ODRBA�
QE>Q�QEBV�JFDEQ�KBBA�QL�M>OQF@FM>QB�FK�QEB�BKBODV�J>OHBQ�QEOLRDE�>K�>DDOBD>QLO��.BSBOQEBIBPP��
>P�3'����FP�BUMB@QBA�QL�FK@IRAB�0�0�BKBODV�QO>AFKD��QEBV�>OB�@LK@BMQR>IIV�MBOJFQQBA�QL�QO>AB�
QEBFO� BIB@QOF@FQV� AFOB@QIV�TFQE� LQEBO� BKBODV� MBBOP�� &ROQEBOJLOB�� QEBV� >OB� >IPL� >KQF@FM>QBA� QL�
@LKQOF?RQB� QLT>OAP� QEB� FKQBDO>QFLK�LC�LQEBO�BKBODV�SB@QLOP�� FK@IRAFKD�AFPQOF?RQBA�DBKBO>QFLK��
BKBODV�PQLO>DB�>KA�%6P��4EBV�@LRIA�MLQBKQF>IIV�OB@QFCV�PFDKFCF@>KQ�KBQTLOH�FPPRBP�FK�QFJBP�LC�
BJBODBK@FBP�>KA�FJMOLSB�QEB�OBPFIFBK@B�LC�QEB�BKBODV�PVPQBJ��)Q�FP�@LK@IRABA�QE>Q�QEB�CRQROB�
OLIB�LC�>@QFSB�?RFIAFKDP�KBBAP�QL�?B�MOLMBOIV�>PPBPPBA�?V�MLIF@VJ>HBOP��

)Q� FP� @IB>O� QE>Q� ?RFIAFKDP� >OB� DO>AR>IIV� BSLISFKD� >KA� >OB� BUMB@QBA� QL� >ALMQ� PBSBO>I�
@E>O>@QBOFPQF@P�LC�PJ>OQ�>KA�>@QFSB�?RFIAFKDP�FK�QEB�KB>O�CRQROB��BPMB@F>IIV�>P�@LJMLKBKQP�LC�
QEB�PJ>OQ�DOFA��>KA�E>SB�>�PQOLKD�>KA�FKQBO>@QFSB�OBI>QFLKPEFM�TFQE�QEB�DOFA��4EFP�E>P�>IOB>AV�
?BBK�AFP@RPPBA� FK�#E>MQBO�����TEBOB�?RFIAFKDP��>P� QEB� CFK>I�BKARPBOP�LC� QEB�KBQTLOH��>OB�
BUMB@QBA�QL�E>SB�>K�FK@OB>PFKD�>JLRKQ�LC�?FAFOB@QFLK>I�BU@E>KDBP�TFQE�QEB�DOFA��

+LILHLQP>� ;�<� OBSFBTBA� QEB� OLIB� LC� QEB� PJ>OQ� DOFA� FK� QEB� ?RFIAFKD� PB@QLO�� EFDEIFDEQFKD� QE>Q�
AFPQOF?RQBA�2%3��PJ>OQ�?RFIAFKDP�>KA�LQEBO� IL@>I� DBKBO>QLOP�>OB�BUMB@QBA� QL�?B� FKQBDO>QBA�
QEOLRDE�QEB�PJ>OQ�DOFA��BK>?IFKD� QEB�OBIF>?IB�>KA�BCCF@FBKQ�ABIFSBOV�LC�BIB@QOF@FQV�SF>�ABJ>KA�
OBPMLKPB�TEFIB�QEB�CFK>I�@LKPRJBOP��FK@IRAFKD�?RFIAFKDP��TFII�E>SB�QEB�@>M>@FQV�QL�@LKQOLI�QEBFO�
BIB@QOF@FQV�@LKPRJMQFLK�>KA�?B@LJB�>@QFSB�@LJMLKBKQP�LC�QEB�KBQTLOH�?V�M>OQF@FM>QFKD�>@QFSBIV�
FK�QEB�BIB@QOF@FQV�J>OHBQ��4EFP�FP�>IPL�FK�>@@LOA>K@B�TFQE�QEB�@LK@BMQ�LC�!@QFSB�"RFIAFKDP�>KA�
QEBFO� BUMB@QBA� OLIB� TFQEFK� QEB� DOFA�� >P� MOBPBKQBA� FK� QEB� MOBSFLRP� PR?@E>MQBO�� 3MB@FCF@�
OBNRFOBJBKQP� >OB� JBKQFLKBA� FK� LOABO� CLO� PJ>OQ� ?RFIAFKDP� QL� ?B� CRIIV� CRK@QFLK>I� >KA�
FKQBO@LKKB@QBA�TFQE�QEB�PJ>OQ�DOFA��PJ>OQ�JBQBOFKD��ABJ>KA�OBPMLKPB��AFPQOF?RQBA�>O@EFQB@QROB�
>KA�FKQBOLMBO>?FIFQV���

-LOB�PMB@FCF@>IIV��ABJ>KA�OBPMLKPB�LCCBOP�QEB�LMMLOQRKFQV�QL�?RFIAFKDP�QL�@E>KDB�QEBFO�BKBODV�
@LKPRJMQFLK�MOLCFIB�>KA�OBPMLKA�QL�QEB�AVK>JF@�K>QROB�LC�BIB@QOF@FQV�MOF@BP��OBPRIQFKD�FK�QEFP�
T>V�FK�OBAR@BA�BKBODV�ABJ>KA�AROFKD�QEB�MB>H�ELROP�LC�QEB�A>V��FK@OB>PBA�PVPQBJ�OBIF>?FIFQV�
TEFIB� TFABO� >ALMQFLK� LC� ABJ>KA� OBPMLKPB� @LRIA� PBOSB� >P� >K� >IQBOK>QFSB� QL� >AAFQFLK>I�
DBKBO>QFLK�@>M>@FQV�QE>Q�TLRIA�LQEBOTFPB�?B�KB@BPP>OV�QL�JBBQ�QEB�MB>H�IL>AP��&FK>IIV��QEB�
?BKBCF@F>I�@E>O>@QBO�LC�QEB�PJ>OQ�DOFA�CLO�QEB�?RFIAFKD�PB@QLO�FP�EFDEIFDEQBA�FK�QBOJP�LC�FJMOLSFKD�
FQP� MLTBO� NR>IFQV� >KA� BKBODV� OBIF>?FIFQV� TEFIB� FKSBPQJBKQP� @LRIA� QEBK� Q>ODBQ� QEB� ?RFIAFKD�
envelope and the building’s energy efficiency instead of growing the transmission part of the 

BIB@QOF@FQV�KBQTLOH��3BSBO>I�?RFIAFKD�QVMBP�@>K�?B�PBBK��FK�&FDROB�������>P�@LJMLKBKQP�LC�QEB�
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PJ>OQ�DOFA��FK@IRAFKD�3J>OQ�"RFIAFKDP�>KA�:%"P�TFQE�BKBODV�PQLO>DB��AFPQOF?RQBA�DBKBO>QFLK��
PJ>OQ� JBQBOFKD� FKCO>PQOR@QROB�� ?RFIAFKD� FKQBDO>QBA� 2%3� >KA� LQEBO� PRPQ>FK>?IB� CLOJP� LC�
BIB@QOF@FQV�PR@E�>P�EVAOLBIB@QOF@�MLTBO�PQ>QFLKP�@LKPQFQRQFKD�SFQ>I�M>OQP�LC�QEB�KBQTLOH�;�<��

�

�

Figure 2.34�–�"RFIAFKDP�>P�@LJMLKBKQP�LC�QEB�3J>OQ�'OFA�;�<�

)K� >� QB@EKF@>I� >OQF@IB� ?V�3FBJBKP�� FQ� FP� @I>FJBA� QE>Q� PJ>OQ� DOFAP� RK>SLFA>?IV� OBNRFOB� PJ>OQ�
buildings which are called as the “protagonists of the smart grid”, helpings towards a secure 

>KA�P>CB�MLTBO�PRMMIV��)Q�FP�OB@LDKFPBA�QE>Q�FK�LOABO�CLO�>�@LKSBKQFLK>I�?RFIAFKD�QL�QO>KPFQFLK�QL�
>� PJ>OQ� ?RFIAFKD�� >@@RO>QB� MOBAF@QFLKP� LC� FQP� BKBODV� ABJ>KA� >OB� KBBABA�� !CQBOT>OAP�� >�
@LJM>OFPLK� ?BQTBBK� QEB� @LKPRJMQFLK� MOLCFIB� >KA� QEB� BKBODV� >S>FI>?FIFQV� TFII� OBSB>I� QEB�
FKQBOSBKQFLKP� QE>Q�KBBA� QL� Q>HB�MI>@B�BKBODVTFPB�� CLO�BU>JMIB��>K�LCCF@B�?RFIAFKD�@LRIA�?B�
MOBEB>QFKD�AROFKD�QEB�KFDEQ�MBOFLA�?V�RPFKD�@EB>M�BKBODV�FK�LOABO�QL�?B�QEBOJ>IIV�@LJCLOQ>?IB�
CLO� QEB�CLIILTFKD�A>V��"RFIAFKD�L@@RM>KQP�JRPQ�?B�>?IB�QL�>A>MQ�QEBFO�?BE>SFLRO� FK�LOABO�CLO�
PJ>OQ� ?RFIAFKDP� QL� ?B� PR@@BPPCRI�� )K� QEFP� AFOB@QFLK�� IL@>I� DBKBO>QFLK� FP� LC� CRKA>JBKQ>I�
FJMLOQ>K@B�>P�FQ�TFII�>IILT�RPBOP�QL�P@EBARIB�>KA�?>I>K@B�MOLAR@QFLK�>KA�@LKPRJMQFLK��!�PJ>OQ�
BKBODV�J>K>DBJBKQ�PVPQBJ�FP�OBNRFOBA�TEFIB�?RFIAFKDP�PELRIA�?B�>?IB�QL�OBPMLKA�QL�AVK>JF@�
BIB@QOF@FQV� MOF@BP� >KA� ?RV� >� PRFQ>?IB� >JLRKQ� LC� BIB@QOF@FQV�� >Q� QEB� >MMOLMOF>QB� QFJB�� )Q� FP�
@LK@IRABA�QE>Q�PJ>OQ�?RFIAFKDP�PELRIA�?B�@LKPFABOBA�>P�FKQBIIFDBKQ�>KA�>RQLKLJLRP�PVPQBJP�
LC� QEB� TFABO� PJ>OQ� DOFA� BKSFOLKJBKQ�� 4EBFO� FKQBDO>QFLK� FKQL� QEB� PJ>OQ� DOFA� TFII� MOLSFAB� >K�
LMMLOQRKFQV�CLO�J>PPFSB�BKBODV�P>SFKDP�TEFIPQ�@LKAR@QFKD�>K�BPPBKQF>I�>KA�@OFQF@>I�?>I>K@FKD�
CRK@QFLK�;���<��

4EB�PFDKFCF@>K@B�LC�RKABOPQ>KAFKD�ELT�NRF@HIV�>�?RFIAFKD�@>K�@E>KDB�FQP�BKBODV�@LKPRJMQFLK�
FP� EFDEIFDEQBA� >P� IFKHFKD� ABJ>KA� >KA� PRMMIV� PVPQBJ� @>K� ?OFKD� ?BKBCFQP� QL� >II� QEB� MI>VBOP�
FKSLISBA�TFQE�@ROOBKQ�OBPB>O@E�CL@RPFKD�LK�>�CRIIV�>RQLJ>QBA�M>OQF@FM>QFLK�LC�>�?RFIAFKD� FK�>�
AVK>JF@� $2� BSBKQ�� TFQE� KL� ERJ>K� FKSLISBJBKQ�� 4EB� M>OQF@FM>QFLK� LC� DOFA>T>OB� PJ>OQ�
?RFIAFKDP�FK�$2�BSBKQP�FP�PELTK�FK�ABQ>FI��FK�&FDROB�������TEBOB�FQ�@>K�?B�PBBK�QE>Q�@LKQFKRLRP�
BKBODV�BCCF@FBK@V�@LKPQFQRQBP�QEB�CFOPQ�MOFLOFQV�CLO�QEB�J>GLOFQV�LC�QEB�VB>O��7EBK�JLSFKD�QL�QEB�
OFDEQ�� QEBOB� FP� >K� FK@OB>PFKD� >JLRKQ� LC� FKQBO>@QFLKP� TFQE� QEB� DOFA�� PMBBA� LC� QBIBJBQOV� >KA�
DO>KRI>OFQV�LC�@LKQOLI��QEBOBCLOB��?RFIAFKD�PBOSF@B�IBSBIP�FK�$2�MBOFLAP�>OB�OBAR@BA��$2�PVPQBJP�
>OB�DBQQFKD�NRF@HBO�TFQE�A>V>EB>A��PILT	�$2��OB>IQFJB�$2�>KA�CFK>IIV�PMFKKFKD�OBPBOSB��C>PQ	�
$2��!M>OQ�COLJ�$2��;���<�AFP@RPPBA�QEB�QBOJ�LC�ABJ>KA�PFAB�CIBUF?FIFQV��$3&	��ABCFKBA�>P�QEB�
>?FIFQV� LC� >K� BKBODV� RPBO� QL� J>K>DB� QEB� IL@>I� DBKBO>QFLK� >KA� ABJ>KA�� >@@LOAFKD� QL� QEB�
occupants’ needs as well as the local climate and power network conditions. Definitions found 
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FK�QEB�IFQBO>QROB�J>V�S>OV�?RQ�QEBV�>II�@LK@BKQO>QB�LK�QEB�@>M>@FQV�QL�HBBM�QEB�MLTBO�KBQTLOH�
PQ>?IB�AROFKD�MBOFLAP�LC�RK@BOQ>FKQV�;���<��

!@@LOAFKD�QL�;���<, commercial buildings are the “major loads on the demand side”. Therefore, 

?RFIAFKDP�E>SB�QEB�MLQBKQF>I� QL�MOLSFAB�?>I>K@FKD�PBOSF@BP�QL�QEB�DOFA�?V�M>OQF@FM>QFKD� FK�QEB�
COBNRBK@V� OBDRI>QFLK�J>OHBQ� TFQE� QEB� >MMOLMOF>QB�J>K>DBJBKQ� >KA� @LKQOLI� LC� QEBFO� (6!#�
PVPQBJP��4EFP� FP�LC�SFQ>I� FJMLOQ>K@B�>P�PR@E�>�M>OQF@FM>QFLK�TLRIA�OBNRFOB�KBFQEBO�>AAFQFLK>I�
BNRFMJBKQ� KLO� FKSBPQJBKQP�� !AAFQFLK>IIV�� >P� BKBODV� MRO@E>PBOP�� ?RFIAFKDP� @LRIA� OB@BFSB�
@LJMBKP>QFLK�CLO�QEBFO�BKBODV�QO>KP>@QFLKP�>P�>�OBT>OA�CLO�QEB�MOLSFPFLK�LC�QEBFO�PBOSF@BP�QL�
QEB�DOFA���
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�

Figure 2.35�–�$BJ>KA�2BPMLKPB��PBOSF@B�IBSBIP�>KA�@LKQOLIP�FK�DOFA>T>OB�3J>OQ�"RFIAFKDP�
�!A>MQBA�COLJ��;���<	�

,>TOBK@B�"BOHBIBV�.>QFLK>I�,>?LO>QLOV�MR?IFPEBA�>�OBMLOQ��PRJJ>OFPFKD�CFBIA�A>Q>�COLJ����
KLKALJBPQF@�?RFIAFKDP��IL@>QBA�FK�#>IFCLOKF>�>KA�.BT�9LOH��QE>Q�M>OQF@FM>QBA�FK�$2�BSBKQP��)Q�
T>P�@LK@IRABA�QE>Q�QEB�(6!#�PVPQBJ�@LKPQFQRQBP�>K�BU@BIIBKQ�OBPLRO@B�CLO�$2�P@EBJBP�ARB�
QL� QEB� EFDE� >JLRKQ� LC� QEB� >PPL@F>QBA� BIB@QOF@� IL>AP� QE>Q� KBBA� QL� ?B� JBQ�� BPMB@F>IIV� FK�
@LJJBO@F>I�?RFIAFKDP��4EBOJ>I�J>PP�>KA�QEB�QEBOJ>I�CIVTEBBI�BCCB@Q�>IILT�QEB�?RFIAFKD�P�(6!#�
IL>AP�QL�?B�OBAR@BA�CLO�>�PELOQ�>JLRKQ�LC�QFJB�TFQELRQ�@LJMOLJFPFKD�QEB�L@@RM>KQP��QEBOJ>I�
@LJCLOQ�� 0B>H� ABJ>KA� @>K� >IPL� ?B� OBAR@BA� ?V� FK@LOMLO>QFKD� IFDEQFKD� IL>AP� FKQL� QEB� $2�
P@EBJB��M>OQF@RI>OIV�FK�A>VIFQ�>KA�LSBOIFQ�?RFIAFKDP�QL�FKQOLAR@B�ABJ>KA�P>SFKDP��(LTBSBO��FQ�
FP�MLFKQBA�LRQ�QE>Q�>KV�@E>KDBP�LK�QEB�?RFIAFKD�P�IFDEQFKD�MOLCFIB�PELRIA�?B�@ELPBK�@>OBCRIIV��
Q>HFKD�FKQL�>@@LRKQ�>KV�P>CBQV�FJMIF@>QFLKP��)C�>�PMB@FCF@�PQO>QBDV�>MMB>OP�QL�?B�PR@@BPPCRI��FQ�
PELRIA�?B�QOB>QBA�>P�>�MBOJ>KBKQ�LMMLOQRKFQV�CLO�$2�>KA�PELRIA�>IPL�Q>HB�MI>@B�FK�KLK$2�
A>VP�;���<��

!ARA>�BQ�>I��;���<�>ODRBA�QE>Q�ARB�QL�QEBFO�EFDE�IBSBIP�LC�BKBODV�@LKPRJMQFLK��?RFIAFKDP�E>SB�
QEB�MLQBKQF>I�QL�MI>V�>�J>GLO�OLIB�FK�QBOJP�LC�LMBO>QFLK>I�CIBUF?FIFQV�TEF@E�FP�KBBABA�?V�QEB�MLTBO�
DOFA�?V�Q>HFKD�M>OQ�FK�$3-�BSBKQP��&IBUF?FIFQV�FP�@I>PPFCFBA�?V�PLRO@B��IL>A�QVMB�>KA�PQO>QBDV��>P�
PELTK�FK�&FDROB�������4EB�JLQFSB�CLO�?RFIAFKDP�>KA�LQEBO�J>OHBQ�MI>VBOP�QL�M>OQF@FM>QB�FK�$3-�
@>K�?B�BFQEBO�FK@BKQFSB�OBIF>?FIFQV�LO�MOF@B�?>PBA��QEB�CLOJBO�OBCBOP�QL�OBDRI>QFLK?>PBA�PBOSF@BP�
that take place due to the “deterioration in overall power quality” while in the latter, final users 

M>OQF@FM>QB�FK�QEB�P@EBJB�QL�OBAR@B�QEBFO�BIB@QOF@FQV�@LPQ���
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Figure 2.36 – &IBUF?FIFQV�PLRO@BP�FK�BIB@QOF@FQV�MLTBO�KBQTLOHP�?V��>	�PLRO@B�IL>A�QVMB�>KA��?	�
$3-�PQO>QBDV��$3-�>IPL�FK@IRABP�$3&�BSBKQP��!A>MQBA�COLJ�;���<	�

�

(>SFKD� OBSFBTBA�QEB� IFQBO>QROB� CLO� QEB�MLTBO� CIBUF?FIFQV�@E>O>@QBOFPQF@P�� ;���<�MLFKQBA�LRQ� QEB�
PEBA>?FIFQV�LC�@BOQ>FK�?RFIAFKD�IL>AP�LOFDFK>QFKD�FK�LCCF@B�?RFIAFKDP��OBCBOOFKD�QL�QEB�QEBLOBQF@>I�
MLQBKQF>I�CLO�IL>APEBAAFKD�LO�IL>APEFCQFKD��4EFP�E>P�?BBK�CLRKA�QL�?B����–�����CLO�@LLIFKD��
���–�����CLO�EB>QFKD�����–�����CLO�SBKQFI>QFLK��>KA�CFK>IIV����–�����CLO�IFDEQFKD�IL>AP��4EB�
OBPMLKPB� QFJB�KBBABA�>OB�?BQTBBK���–� ���JFKRQBP� CLO� >II�(6!#� IL>AP�TEFIB� IFDEQFKD�LKIV�
OBNRFOBP� ���–� ��� PB@LKAP�� &FK>IIV�� BUFPQFKD�$3-�MOLDO>J� PQO>QBDFBP� CLO� ?RFIAFKDP� QLT>OAP�
MOLSFAFKD�PRMMLOQ�QL�QEB�DOFA�>OB�JBKQFLKBA��)K�JLOB�ABQ>FI��PQO>QBDFBP�CLO�?LQE�EB>QFKD�>KA�
@LLIFKD� PVPQBJP� FK@IRAB� PBQMLFKQ� QBJMBO>QROB� OBPBQ� >KA� CFUBA� LMBO>QFLK>I� P@EBARIB� LO�
JLARI>QBA� LMBO>QFLK�� !AAFQFLK>I� PQO>QBDFBP� CLO� @LLIFKD� FK@IRAB� QEB� FJMIBJBKQ>QFLK� LC� MOB
@LLIFKD� >P� TBII� >P� LMBO>QFKD� >Q� M>OQF>I� IL>A� @LKAFQFLKP�� )Q� FP� @LK@IRABA� QE>Q� CRQROB� TLOH� FP�
OBNRFOBA�QL�@OB>QB�@LPQBCCB@QFSB�?RPFKBPP�JLABIP�CLO�M>OQF@FM>QFLK�LC�?RFIAFKDP�FK�$3-�BSBKQP��

#EBK�BQ�>I��;���<�FKSBPQFD>QBA�JB>PROBP�QL�FJMOLSB�$3&�FK�?RFIAFKDP��)Q�FP�OB@LDKFPBA�QE>Q�QEB�
>?FIFQV�LC�?RFIAFKDP�QL�M>OQF@FM>QB�FK�$2�BSBKQP�>KA�MOLSFAB�CIBUF?FIFQV�QL�QEB�MLTBO�KBQTLOH�FP�
OBI>QFSBIV�OB@BKQ�TEFIB�>�$2�JB@E>KFPJ�BK>?IBA�?V�?RFIAFKDP�FP�@LKPFABOBA�QL�?B�SFQ>I�CLO�QEB�
CRQROB� PJ>OQ� �MLTBO	� DOFA�� @LKPFPQFKD� LC� PFDKFCF@>KQ� >JLRKQ� LC� PQL@E>PQF@� OBKBT>?IBP��
!AAFQFLK>IIV�� >� CLROM>OQ� CO>JBTLOH� CLO� NR>KQFCVFKD� QEB� $3&� @>M>@FQV� LC� >� ?RFIAFKD� T>P�
PRDDBPQBA���>	�IL@>I�BKBODV�DBKBO>QFLK���?	�?RFIAFKD�QEBOJ>I�J>PP�>P�M>PPFSB�EB>Q�PQLO>DB�ARB�
QL� FQP� EB>Q� >?PLOMQFLK�OBIB>PB� O>QBP� >KA� QEBOJ>I� FKBOQF>�� �@	� %33� TFQE� FQP� @E>ODFKD� >KA�
AFP@E>ODFKD� O>QB� >KA� CFK>IIV� �A	� >MMIF>K@BP�� 3BSBO>I� BKBODV� PQLO>DB� QB@EKLILDFBP� >OB�
JBKQFLKBA� PR@E� >P� ?>QQBOFBP�� CIVTEBBIP� >KA� @LJMOBPPBA>FO� CLO� BIB@QOF@FQV� PQLO>DB�� )Q� FP�
EFDEIFDEQBA� QE>Q�"%3�@LKPQFQRQB�CIBUF?IB�BKBODV�OBPLRO@B� CLO�>�KRJ?BO�LC�ELROP� QE>Q�@>K�?B�
@E>ODBA�AROFKD�LCCMB>H�MBOFLAP�>KA�AFP@E>ODBA�AROFKD�MBOFLAP�LC�QEB�A>V�TEBK�MB>H�IL>AP�
KLOJ>IIV�Q>HB�MI>@B��/K�QEB�LQEBO�E>KA��QEB�IFCBQFJB�>KA�QEB�>PPL@F>QBA�FKSBPQJBKQP�@LPQP�>OB�
@LKPFABOBA� QL� ?B� FJMLOQ>KQ� ?>OOFBOP� CLO� QEB� ABMILVJBKQ� LC� "%3� >Q� QEB� ?RFIAFKD� P@>IB��
.BSBOQEBIBPP��BKBODV�PQLO>DB�is considered to be an “indispensable” technology for buildings 

QLT>OAP�BKBODV�CIBUF?FIFQV�>KA�J>K>DBJBKQ�;���<��;���<��!�IFPQ�LC�$2�$3&�MOLGB@QP�FK�?RFIAFKDP�
@>K�?B�PBBK�FK�4>?IB�������
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Table 2.21�–�$2�MLQBKQF>I�LC�$3&�FK�?RFIAFKDP�?>PBA�LK�PQ>QBLCQEB>OQ�OBPB>O@E�;���<�

Year Building Energy Systems 
description 

DR type Load flexibility results 

����� 4EBOJ>I�BKBODV�PQLO>DB� 0OF@B�
?>PBA�

->U��������QLQ>I�MB>H�IL>A�
PEFCQFKD�QL�S>IIBV�QFJB�

����� 3M>@B�EB>QFKD�TFQE�QEBOJ>I�
PQLO>DB�

0OF@B�
?>PBA�

2BAR@QFLK�LC�BKBODV�M>VJBKQP�
>KA�FKAFOB@QIV�LC�J>OHBQ�MLTBO�

����� &>PQ�$2�PQO>QBDV�TFQE�>@QFSB�
>KA�M>PPFSB�?RFIAFKD�@LIA�

PQLO>DB�

)K@BKQFSB�
?>PBA�

5M�QL�����@EFIIBO�MLTBO�OBAR@QFLK�

����� 06P�>KA�F@B�PQLO>DB�FK�
?RFIAFKD�

0OF@B�
?>PBA�

->UFJRJ�MB>H�IL>A�OBAR@QFLK�LC�
����

����� 6BKQFI>QFLK�PVPQBJ�FK�
OBPFABKQF>I�?RFIAFKD�

0OF@B�
?>PBA�

$ROFKD�$2��>�PFKDIB�SBKQFI>QFLK�
PVPQBJ�@>K�BFQEBO�FK@OB>PB�MLTBO�
?V�����H7�LO�AB@OB>PB�FQ�?V���H7��

����� 3J>OQ�"RFIAFKD�@IRPQBO�TFQE�
06�PVPQBJP�

0OF@B�
?>PBA�

3EFCQ>?IB�IL>AP�@>K�OB>@E�����LC�
QEB�QLQ>I�?RFIAFKD�IL>AP��

����� #LJMOBPPBA>FO�BKBODV�
PQLO>DB�

0OF@B�
?>PBA�

3EFCQFKD�����LC�QEB�IL>AP�QL�LQEBO�
ELROP�

����� &>PQ�$2�LC�(6!#�PVPQBJ� )K@BKQFSB�
?>PBA�

����MLTBO�OBAR@QFLK�

����� (6!#�PVPQBJ�>KA�PJ>OQ�
>MMIF>K@BP�

)K@BKQFSB�
?>PBA�

2BAR@QFLK�LC�A>FIV�MB>H�IL>AP�?V�
����

����� %IB@QOF@�6BEF@IBP�FK�
OBPFABKQF>I��@LJJBO@F>I�>KA�

FKARPQOF>I�>OB>P�

0OF@B�>KA�
FKSBKQFSB�
?>PBA�

����OBAR@QFLK�LC�MB>H�IL>AP�>KA�
����OBAR@QFLK�LC�>DDOBD>QB�@LPQP�

����� (LJB�%KBODV�->K>DBJBKQ�
3VPQBJ�FK�OBPFABKQF>I�

?RFIAFKD�

0OF@B�
?>PBA�

2BAR@QFLK�LC�MB>H�IL>AP�>KA�
OBAR@QFLK�LC�A>FIV�BIB@QOF@FQV�@LPQP�

RM�QL�����
�

������3J>OQ�'OFA�/MQFJFPBA�"RFIAFKDP�
)Q�FP�BUMB@QBA�QE>Q�?RFIAFKDP�TFII�BPQ>?IFPE�>�SBOV�PQOLKD�OBI>QFLKPEFM�TFQE�QEB�DOFA�>KA�QEB�CRQROB�
PJ>OQ�DOFA��?BFKD�BKD>DBA�FK�COBNRBKQ�?FAFOB@QFLK>I�BU@E>KDBP��M>OQF@FM>QFKD�FK�$2�P@EBJBP�
>KA� DBKBO>QFKD� BIB@QOF@FQV� RPFKD� IL@>I� 2%3�� 3'/"P� E>SB� ?RFIQ� LK� QEB� ABP@OFMQFLK� >KA� QEB�
@E>O>@QBOFPQF@P�LC�PJ>OQ�>KA�>@QFSB�?RFIAFKDP�TFQE�QEB�>AAFQFLK�LC�BUQBOK>I�AOFSBOP��B�D��AFOB@Q�
OBNRBPQP	� QE>Q� FKSFQB� ?RFIAFKDP� QL� ?B@LJB� M>OQ� LC� QEB� TFABO� 3'/"� @LJJRKFQV�� BKD>DB� FK�
P@EBJBP� QE>Q� @>K� ?B� ?BKBCF@F>OV� CLO� ?LQE� QEBJPBISBP� >KA� QEB� BKBODV� KBQTLOH� ?V� Q>HFKD�
>AS>KQ>DB�LC�CFK>K@F>I�OBT>OAP��0OBPBKQBA�CLO�QEB�CFOPQ�QFJB�FK� ;�<, a SGOB is thought of “as 
meeting its service obligations to its occupants and minimising its operational cost and 
footprint to its owner, while actively engaging with the electricity provider and enabling best 
use of the resources available”. This is also reflected in Figure ����� TEBOB� QEB� PBOSF@B�
OBI>QFLKPEFMP�>JLKD�QEB�L@@RM>KQP��3'/"�>KA�QEB�BIB@QOF@FQV�MOLSFABO�@>K�?B�PBBK��

)K�JLOB�ABQ>FI��>�3'/"�@>K�J>HB�RPB�LC�FQP�BJ?BAABA�FKQBIIFDBKQ�PVPQBJP�QL�J>HB�>�AB@FPFLK�
OBD>OAFKD�QEB�MLQBKQF>I�M>OQF@FM>QFLK�QL�>�$2�BSBKQ�>KA�FQP�BUQBKQ��)C�QEB�OBPMLKPB�MOLSFABA�?V�
QEB� ?RFIAFKD� QL� >� CLOJ>I� OBNRBPQ� COLJ� QEB� DOFA� FP� MLPFQFSB�� QEBK� QEB� 3'/"�E>P� QL� >A>MQ� FQP�
?RFIAFKD� IL>AP�?>PBA�LK�QEB�>DOBBA�QBOJP�>KA�@LKAFQFLKP��?LQE�QBJMLO>IIV��TFQEFK�PB@LKAP��
JFKRQBP�LO�ELROP	�>KA�BKBODVTFPB��H7E�LO�>KA�H7�@LKPQO>FKQP	��4EB�3'/"�@LK@BMQ�@>K�?B�
>MMIFBA�QL�?LQE�BUFPQFKD�>KA�KBT�?RFIAFKDP�QEOLRDE�B@LKLJF@�FK@BKQFSBP��FQ�FP�>PPRJBA�QE>Q�QEB�
building’s design can be optimised in order to take full advantage of the offered incentives and 

J>UFJFPB�QEB�MLQBKQF>I�OBSBKRB�PQOB>J�;�<��
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4EFP�FJ>DB�E>P�?BBK�OBJLSBA�?V�QEB�>RQELO�LC�QEFP�QEBPFP�CLO�@LMVOFDEQ�OB>PLKP�

Figure 2.37��3BOSF@B�OBI>QFLKPEFMP�?BQTBBK�?RFIAFKD�L@@RM>KQP��3'/"�>KA�BIB@QOF@FQV�
MOLSFABO�;�<�

�

4EFP�FJ>DB�E>P�?BBK�OBJLSBA�?V�QEB�>RQELO�LC�QEFP�QEBPFP�CLO�@LMVOFDEQ�OB>PLKP�

Figure 2.38��%IB@QOF@FQV�RP>DB�M>QQBOK�>KA�BCCB@Q�LC�3J>OQ�'OFA�OBNRBPQP�CLO�JLAFCF@>QFLK��>	
�A	�;�<�
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&FDROB������PELTP�ELT�QEB�BIB@QOF@FQV�MOLCFIB�LC�>K�3'/"�@LRIA�?B�JLAFCFBA�>CQBO�OB@BFSFKD�>�
KLQFCF@>QFLK� COLJ�QEB�3J>OQ�'OFA��4EB�?RFIAFKD�@LRIA� QEBK�RPB�>II� QEB�>S>FI>?IB�OBPLRO@BP� QL�
>A>MQ�FQP�IL>AP�>KA�@LJMIV�TFQE�QEB�OBNRBPQ�J>AB�?V�QEB�DOFA�LMBO>QLO��4EOBB�QBJMLO>I�QVMBP�
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LC�OBNRBPQP�>OB�SFPF?IB�FK�QEB�CFDROB�>KA�JLOB�PMB@FCF@>IIV��>�OBNRBPQ�CLO�>�MI>KKBA�JLAFCF@>QFLK�
@LRIA�Q>HB�MI>@B�>�A>V�FK�>AS>K@B��A>V>EB>A	�FK�LOABO�CLO�QEB�?RFIAFKD�QL�MOBM>OB�FQP�PVPQBJP�
>@@LOAFKDIV�� PR@E� >P� BIB@QOF@FQV� DBKBO>QFLK� COLJ� PLI>O� M>KBIP� >P� TBII� >P� M>PPFSB� PVPQBJP��
!AAFQFLK>IIV��FJJFKBKQ�OBNRBPQP�TLRIA�?B�PBKQ�QL�QEB�?RFIAFKD�FK�@>PB�LC�RKMOBAF@QBA�@E>KDBP�
FK�@LKPRJMQFLK�QL�>A>MQ�FQP�MOLCFIB�TFQEFK�QEB�P>JB�A>V��FKQO>A>V	�;�<��

Moreover, an immediate request for modification of the SGOB’s electricity demand would be 

RPBA� >P� >K� RODBKQ� JB>PROB� QL� Q>@HIB� RKMI>KKBA� >KA� RKMOBAF@Q>?IB� FK@FABKQP�� FK@IRAFKD�
DBKBO>QFLK�LO�QO>KPJFPPFLK�PVPQBJ�C>FIROBP��)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�3'/"P�>OB�>PPRJBA�
QL�?B�CRIIV�BIB@QOF@��J>HFKD�RPB�LC�EB>Q�MRJMP�CLO�?LQE�EB>QFKD�>KA�@LLIFKD�MROMLPBP��FK�LOABO�
QL�J>UFJFPB�QEB�MLQBKQF>I�LC�?FAFOB@QFLK>I�BU@E>KDBP�LC�BIB@QOF@FQV�TFQE�QEB�DOFA��5PFKD�BIB@QOF@FQV�
PQLO>DB��3'/"P�>OB�>?IB�QL�?B@LJB�CRIIV�>@QFSB�BIBJBKQP�LC� QEB�PJ>OQ�DOFA��@E>KDFKD�QEBFO�
BIB@QOF@FQV�MOLCFIB�LK�ABJ>KA��

4EB� FAB>I� @E>O>@QBOFPQF@P�>KA� QEB�MBO@BFSBA�?>OOFBOP� CLO�3'/"P�>OB�MOBPBKQBA� FK�ABQ>FI�� FK�
4>?IB�������-LOB�PMB@FCF@>IIV��QEB�M>OQF@FM>QFLK�LC�3'/"P�FK�$2QVMB�DOFA�BSBKQP�JRPQ�KLQ�E>SB�
>KV�O>JFCF@>QFLKP�OBD>OAFKD�FQP�LMBO>QFLK�>KA�MOLAR@QFSFQV�TEFIB�QEB�?RFIAFKD�PELRIA�?B�>?IB�QL�
MOBAF@Q�TFQE�SBOV�EFDE�IBSBIP�LC�@BOQ>FKQV�FQP�?RFIAFKD�IL>AP�>@OLPP�>II�QFJBP@>IBP��)Q�FP�MLFKQBA�
LRQ�QE>Q�@LKSBKQFLK>I�?RFIAFKDP�>OB�>IOB>AV�@>M>?IB�LC�AB@OB>PFKD�QEBFO�BKBODV�ABJ>KA��?RQ�
QEB�OBPMB@QFSB�QFJBP@>IBP�>OB�KLQ�Q>HBK�FKQL�>@@LRKQ��&FK>IIV��QEB�>RQELOP�>ODRBA�QE>Q�>K�3'/"�
@>K� RQFIFPB� FQP� %33� QL� M>OQF@FM>QB� FK� QEB� BKBODV�J>OHBQ� >P� >� PQLO>DB� SB@QLO�� ELTBSBO�� QEB�
BPQ>?IFPEJBKQ�LC�>�MOLMBO�OBDRI>QLOV�CO>JBTLOH�>KA�QEB�>ALMQFLK�LC�AVK>JF@�BIB@QOF@FQV�MOF@FKD�
>OB�LC�J>GLO�FJMLOQ>K@B�FK�LOABO�CLO�?RFIAFKDP�QL�?B�>IILTBA�QL�>@Q�>P��energy-related entities 
and prosumers��>KA�TLOH�QLT>OAP�QEB�L?GB@QFSBP�LC�QEB�3J>OQ�'OFA�;�<��

�

2.5 Summary and Conclusions 
/OFDFK>IIV�ABPFDKBA�QL�?B�>�JLKLAFOB@QFLK>I�PVPQBJ�TFQE�@BKQO>IFPBA�DBKBO>QFLK�>KA� IFJFQBA�
@LKQOLI�� QEB�BIB@QOF@>I�DOFA� C>@BP�AB@>O?LKFP>QFLK�TFQE�>K� FK@OB>PFKD�>JLRKQ�LC�?FAFOB@QFLK>I�
MLTBO�BU@E>KDBP�QE>Q�Q>HB�MI>@B��)Q�E>P�?B@LJB�>K�FK@OB>PFKDIV�@LJMIBU�PVPQBJ�>KA�C>@BP�
PFDKFCF@>KQ�@E>IIBKDBP�QLT>OAP�FQP�QO>KPCLOJ>QFLK�QL�QEB�CRQROB�PJ>OQ�DOFA���

4EB�FKQBOJFQQBKQ�>KA�PQL@E>PQF@�K>QROB�LC�OBKBT>?IBP�FKQOLAR@B�PQ>?FIFQV�FPPRBP�>KA�FJ?>I>K@BP�
?BQTBBK�PRMMIV�>KA�ABJ>KA��>CCB@QFKD�QEB�OBIF>?FIFQV�LC�QEB�DOFA��%IB@QOFCF@>QFLK�LC�QEB�EB>QFKD�
PB@QLO�TFII�>CCB@Q�QEB�CRQROB�BKBODV�@LKPRJMQFLK�MOLCFIBP�TFQE�EB>Q�MRJMP��PR@E�>P�!3(0�>KA�
'3(0��>IOB>AV�OB@BFSFKD�>�DOLTFKD�MLMRI>OFQV�FK�QEB�OB@BKQ�VB>OP�>KA�BUMB@QBA�QL�@LKQOF?RQB�
QL�QEB�BKBODV�QO>KPFQFLK��3FJFI>OIV��QEB�FK@OB>PFKD�MLMRI>OFQV�LC�%6P�TFII�@LKQOF?RQB�QLT>OAP�QEB�
BIB@QOFCF@>QFLK�LC� QEB� QO>KPMLOQ� PB@QLO��$FPQOF?RQBA�DBKBO>QFLK� COLJ�2%3��?RFIAFKDP�>P�MLTBO�
MI>KQP��BKBODV�PQLO>DB�>KA�QEB�PJ>OQ�DOFA�>OB�@LKPFABOBA�QL�?B�QEB�CLRO�KB@BPP>OV�MFII>OP�LC�
QEB�KBT�MLPQ@>O?LK�PL@FBQV��

2BD>OAFKD�BKBODV�PQLO>DB�QB@EKLILDFBP��QEBV�E>SB�PBSBO>I�DOFA�>MMIF@>QFLKP�PR@E�>P�MOLSFAFKD�
?>I>K@FKD�PBOSF@BP��BK>?IFKD�M>OQF@FM>QFLK� FK�>O?FQO>DB�P@EBJBP�>KA�QEBOBCLOB�ABCBOOFKD� QEB�
KBBA�CLO�MLQBKQF>I�@LPQIV�FKCO>PQOR@QROB�RMDO>ABP��4EBV�@>K�?B�MI>@BA�>KA�RQFIFPBA�FK�AFCCBOBKQ�
M>OQP�LC�QEB�KBQTLOH�TEFIB�PBSBO>I�BKBODV�PQLO>DB�MOLGB@QP��QEB�S>PQ�J>GLOFQV�LC�TEF@E�>OB�,F
FLK�?>QQBOFBP��>OB�MI>KKBA�>Q�QEB�RQFIFQVP@>IB�>P�TBII�>P�CLO�?RFIAFKDP�>KA�@LJJRKFQFBP��

�

�

�
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Table 2.22�–�#E>O>@QBOFPQF@P�>KA�MBO@BFSBA�?>OOFBOP�CLO�3'/"P�;�<�

Element of SGOB 
hypothesis 

Ideal SGOB characteristic Perceived barriers 

#>M>?FIFQV�QL�OBAR@B�DOFA
@LKKB@QBA�IL>A�LK�

ABJ>KA��

$FSBOPB�>KA�OBPFIFBKQ�
JBQELAP�QL�>@EFBSB�IL>A�
OBAR@QFLK�>@OLPP�>II�
QFJBP@>IBP��

#LKSBKQFLK>I�?RFIAFKDP�J>V�
>IOB>AV�FK@IRAB�ABJ>KA�

OBAR@QFLK�@E>O>@QBOFPQF@P��?RQ�
AFSBOPFQV��OBPFIFBK@B��>KA�

QFJBP@>IBP�>OB�KLQ�HKLTK�QL�?B�
L?GB@QFSBIV�@LKPFABOBA�>Q�>II��

#>M>@FQV�QL�FK@OB>PB�
DOFA@LKKB@QBA�IL>A�LK�

ABJ>KA��

$FSBOPB�>KA�OBPFIFBKQ�
JBQELAP�QL�>@EFBSB�IL>A�
FK@OB>PB�>@OLPP�>II�
QFJBP@>IBP��

#LKSBKQFLK>I�?RFIAFKDP�J>V�KLQ�
FK@IRAB�>KV�ABIF?BO>QB�JB>KP�QL�
FK@OB>PB�IL>A�FK�OBPMLKPB�QL�
BUQBOK>I�FKPQOR@QFLKP��

!@@BMQ>?FIFQV�LC�FJM>@Q�
>OFPFKD�COLJ�OBAR@QFLK�LO�
FK@OB>PB�FK�DOFA
@LKKB@QBA�IL>A��

.L�FJM>@QP�RMLK�KLOJ>I�
LMBO>QFLK��MOLAR@QFSFQV��LO�
BKBODV�?BFKD�QL�MRQ�QL�>�
RPBCRI�MROMLPB�TFQELRQ�

T>PQ>DB��TEBK�M>OQF@FM>QFKD�
FK�IL>A�JLAFCF@>QFLK��

#LKSBKQFLK>I�?RFIAFKDP�J>V�
BUEF?FQ�>�AFOB@Q�IFKH�?BQTBBK�
@LKKB@QBA�IL>A�>KA�FKQBOK>I�
@LKQOLI�JB>PROBP��TEF@E�TLRIA�
JB>K�QE>Q�OBAR@QFLK�FK�IL>A�
@LRIA�?B�>@EFBSBA�?RQ�TFQE�
@LJMOLJFPBA�IBSBI�LC�PBOSF@B��
>KA�FK@OB>PBA�BKBODV�RPB�@LRIA�
OBPRIQ�FK�BKBODV�T>PQ>DB��

.LQF@B�OBNRFOBA�QL�J>HB�
>�@E>KDB�QL�DOFA
@LKKB@QBA�IL>A��

#>M>?FIFQV�QL�MOBAF@Q�TFQE�
@BOQ>FKQV�QEB�>?FIFQV�QL�

M>OQF@FM>QB�FK�BSBKQP�>@OLPP�
>II�QFJBP@>IBP��

#LKSBKQFLK>I�?RFIAFKDP�>OB�KLQ�
HKLTK�QL�MOBAF@Q�QEB�NR>KQFQV�LC�
BKBODV�QE>Q�TFII�?B�Q>HBK�COLJ�
QEB�DOFA�>Q�>KV�MLFKQ�FK�QFJB��>KA�

FKRPB�A>Q>�E>P�PELTK�
PFDKFCF@>KQ�S>OF>QFLK�COLJ�ABPFDK�

MOBAF@QFLKP��

2BPMLKPB�QFJB�?BQTBBK�
OBNRBPQ�CLO�@E>KDB�
�BSBKQ	�>KA�@E>KDB�
?BFKD�BSFABKQ��

#>M>?FIFQV�QL�OBIF>?IV�ABMILV�
JBQELAP�QL�>@EFBSB�QEB�
MOBAF@QBA�@E>KDB��BSBKQ	�
TFQEFK�>K�>@@BMQ>?IB�
QLIBO>K@B�LC�QEB�OBNRFOBA�

QFJBP@>IB��

#LKSBKQFLK>I�?RFIAFKDP�>OB�KLQ�
HKLTK�QL�E>SB�ABJLKPQO>QBA�
OBIF>?IB�ABMILVJBKQ�LC�IL>A�
JLAFCF@>QFLK�>@QFSFQFBP�>@OLPP�>II�

MLQBKQF>I�SB@QLOP��

�

�

�



���
�

3. Methodology 
!Q� QEB� ?BDFKKFKD� LC� QEFP� @E>MQBO�� >� ?OFBC� LSBOSFBT� LC� QEB�JBQELALILDV� RPBA� FA� MOBPBKQBA��
!CQBOT>OAP��FQP�JBQELALILDV�PB@QFLK�BUMI>FKBA�FK�ABQ>FI��CLO�FQP�QEOBB�J>FK�BIBJBKQP��"RFIAFKDP��
QEB�BIB@QOF@>I�DOFA�>KA�?>QQBOV�PQLO>DB��

3.1 Methodology Overview 
4EBOB� >OB� QEOBB� J>FK� @LJMLKBKQP� FK� QEB� OBPB>O@E� MOLGB@Q�� )K� QBOJP� LC� BKBODV� PQLO>DB��
QB@EKLILDFBP�QE>Q�>OB�KLQ�>?IB�QL�?B�MEVPF@>IIV�MI>@BA�FK�>�?RFIAFKD�LO�FK�FQP�SF@FKFQV�E>SB�KLQ�
?BBK� @LKPFABOBA�� PR@E�>P�0(%3�>KA�#!%3� QE>Q� E>SB� PFDKFCF@>KQ� DBLDO>MEF@>I� IFJFQ>QFLKP��
!AAFQFLK>IIV��>P�QEB�RQFIFP>QFLK�LC�PQLO>DB�FP�KBBABA�CLO�?LQE�MLTBO�>KA�BKBODV�>MMIF@>QFLKP��
LQEBO� QB@EKLILDFBP� PR@E� >P�3-%3�� CIVTEBBIP� >KA� PRMBO@>M>@FQLOP� E>SB�?BBK� BU@IRABA� >P�
FK>MMOLMOF>QB�CLO�BKBODV�>MMIF@>QFLKP��4EBOBCLOB��?>QQBOFBP�E>SB�?BBK�PBIB@QBA�>P�QEB�BKBODV�
PQLO>DB�QB@EKLILDV�LC�QEB�MOLGB@Q�>KA�FK�M>OQF@RI>O�,FLK�?>QQBOFBP�>P�QEBV�@LKPQFQRQB�QEB�JLPQ�
MOLJFPFKD� ?>QQBOV� BIB@QOL@EBJFPQOV� TFQE� OFPFKD� MLMRI>OFQV�� AB@IFKFKD� @>MFQ>I� @LPQP�� TFAB�
>S>FI>?FIFQV�>KA�KLKQLUF@FQV��3B@QFLK��������	��4EB�JLPQ�FJMLOQ�%33�@E>O>@QBOFPQF@P�>OB�?>QQBOV�
@>M>@FQV��H7E	��?FAFOB@QFLK>I�@LKSBOQBO�@>M>@FQV��H7	�� IFCBQFJB��VB>OP�@V@IBP	�>P�TBII�>P�QEB�
LMBO>QFLK>I��AFPM>Q@E	�PQO>QBDV�CLIILTBA��

4EB�HBV�?RFIAFKD�@E>O>@QBOFPQF@P�E>SB�?BBK�FABKQFCFBA�>KA�AFP@RPPBA�FK�3B@QFLK��������&LO�QEB�
KBBAP� LC� QEB� @ROOBKQ� OBPB>O@E�� PFU� HBV� ?RFIAFKD� @E>O>@QBOFPQF@P� >OB� Q>HBK� FKQL� >@@LRKQ�� QEB�
?RFIAFKD�BKSBILMB��DI>WFKD��(6!#��PE>MB��LOFBKQ>QFLK�>KA� QEBOJ>I�J>PP��4EB� FKQBO>@QFLK�LC�
?RFIAFKDP�RQFIFPFKD�?>QQBOV� PQLO>DB�TFQE� QEB�BIB@QOF@>I� �PJ>OQ	� DOFA� OBPRIQP� FK� QEB�LMBO>QFLK�LC�
3'/"P��>P�FIIRPQO>QBA�FK�&FDROB�����>KA�MR?IFPEBA�FK�;�<��2B>IQFJB�BIB@QOF@FQV�MOF@BP��Y�H7E	�
>OB�OBNRFOBA�>P�>K�FKMRQ�TEFIB�QEB�LRQMRQ�FK@IRABP�BIB@QOF@FQV�@LPQP�>KA�ABQ>FIBA�OBPRIQP�LK�QEB�
modification of the building’s electricity profile. For the current project, the energy services 

MOLSFABA� ?V� QEB� 3'/"� QL� QEB� DOFA� >OB� IFJFQBA� QL� >O?FQO>DB�� FK� LQEBO� TLOAP� IL>APEFCQFKD� LC�
BIB@QOF@FQV�TEF@E�>IPL�E>P�QEB�MLQBKQF>I�QL�IB>A�QL�MB>HPE>SFKD��"RFIAFKDP�>OB�>PPRJBA�QL�?B�
CRIIV�BIB@QOF@�QEOLRDE�QEB�RQFIFP>QFLK�LC�EB>Q�MRJMP�CLO�?LQE�EB>QFKD�>KA�@LLIFKD�MROMLPBP��QEFP�
PQO>QBDV�J>UFJFPBP�QEB�MLQBKQF>I�LC�?FAFOB@QFLK>I�MLTBO�BU@E>KDBP�?BQTBBK�QEB�3'/"�>KA�
QEB�BIB@QOF@>I�DOFA��FK@IRAFKD�BIB@QOF@FQV�BUMLOQP��

�

 
Figure 3.1 – ->FK�OBPB>O@E�BIBJBKQP�>KA�QEBFO�@E>O>@QBOFPQF@P�;�<�

4EB�PFJRI>QFLK�QLLIP�>KA�PLCQT>OB�RPBA�CLO�QEB�KBBAP�LC�QEFP�OBPB>O@E�>OB�MOBPBKQBA�FK�&FDROB�
�����-LOB�PMB@FCF@>IIV��$BPFDK"RFIABO�FP�RPBA�QL�AO>T�QEB�DBLJBQOV�LC�QEB�?RFIAFKDP�>KA�ORK�QEB�
BKBODV� PFJRI>QFLKP�� RPFKD� QEB� FKQBDO>QBA� %KBODV0IRP� BKDFKB�� 4EB� FKMRQ� MOLSFABA� QL� QEB�
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PLCQT>OB�FP�ABQ>FIBA�>KA�FK@IRABP�@LKPQOR@QFLK���J>QBOF>IP�CLO�QEB�BKQFOB�?RFIAFKD�BKSBILMB�>KA�
FKQBOK>I� ?RFIAFKD� BIBJBKQP� �B�D�� CILLOP	�� >@QFSFQV� �B�D�� L@@RM>QFLK� ABKPFQV	� >KA� QEB� (6!#�
@LKCFDRO>QFLK��4EB�LRQMRQ�LC�QEB�$BPFDK"RFIABO�PFJRI>QFLK�FP�QEBK�CBA�FKQL�QEB�@RPQLJ�-!4,!"�
"%3�JLABI�>ILKD�TFQE�OB>IQFJB�BIB@QOF@FQV�MOF@BP��QEBOBCLOB��-!4,!"�E>P�>�QLQ>I�LC�QTL�FKMRQP��
LKB�@LKQ>FKFKD�QEB�KB@BPP>OV�?RFIAFKD�A>Q>�>KA�QEB�PB@LKA�QEB�OBNRFOBA�BIB@QOF@FQV�MOF@BP��!CQBO�
QEB�-!4,!"�PFJRI>QFLK�FP�@LJMIBQBA��QEB�@LJ?FKBA�OBPRIQP�>OB�L?Q>FKBA�>KA�@>K�BFQEBO�?B�
>K>IVPBA�>KA�MILQQBA�FKQBOK>IIV�LO�BUMLOQBA�FK�>�AFCCBOBKQ�PLCQT>OB��PR@E�>P�-F@OLPLCQ�%U@BI��!�
S>OFBQV�LC�DOFA�JLABIIFKD�QLLIP�>OB�MOBPBKQBA�FK�3B@QFLK��������(LTBSBO��>P�QEB�CL@RP�LC�3'/"P�
FP�@LK@BKQO>QBA�LK�QEB�IL@>I�?RFIAFKD�P@>IB�FKPQB>A�LC�I>ODBO�>KA�JLOB�@LJMIF@>QBA�FKARPQOF>I��
QO>KPMLOQ�LO�@LJJRKFQV�BKBODV�PVPQBJP��FQ�T>P�AB@FABA�QE>Q�@RPQLJFPBA�@LAB�TLRIA�?B�QEB�
JLPQ�CIBUF?IB�>MMOL>@E�TFQE�-!4,!"�?BFKD�@ELPBK�>P�QEB�MOLDO>JJFKD�I>KDR>DB��

 
Figure 3.2 – -LABIIFKD�QLLIP�RPBA�FK�QEB�@ROOBKQ�OBPB>O@E�;�<�

�

3.2 Review of Existing Modelling Tools 
������%KBODV�>KA�"RFIAFKDP�
4EBOB�FP�>�O>KDB�LC�>S>FI>?IB�AVK>JF@�QEBOJ>I�PFJRI>QFLK�QLLIP�QE>Q�E>SB�QEB�@>M>@FQV�QL�MOBAF@Q�
>�?RFIAFKD�P�BKBODV�ABJ>KA�LSBO�>�QVMF@>I�VB>O��->KV�?RFIAFKD�BKBODV�QLLIP�>OB�?>PBA�LK�BFQEBO�
QEB�%KBODV0IRP�LO�QEB�$/%��PFJRI>QFLK�BKDFKBP��QEBOB�FP�>IPL�>�KRJ?BO�LC�FKABMBKABKQ�QLLIP��
PR@E�>P�%@LQB@t, TRNSYS and IDA ICE. Certain data which are necessary for the building’s 

BKBODV�PFJRI>QFLK�FKMRQ�>OB�Q>HBK�COLJ�OB>AFIV�>S>FI>?IB�QBJMI>QBP��?>PBA�LK�PBSBO>I�!3(2!%�
PQ>KA>OAP�>KA�QEBOBCLOB�AL�KLQ�OBNRFOB�FKMRQ�COLJ�QEB�RPBO�;���<��

%KBODV0IRP�FP�>�COBB�LMBKPLRO@B�BKBODV�PFJRI>QFLK�BKDFKB��@OB>QBA�?V�QEB�53�$BM>OQJBKQ�LC�
%KBODV�CLO�MOBAF@QFKD�QEB�?RFIAFKD�BKBODV�>KA�T>QBO�@LKPRJMQFLK��&LO�@>I@RI>QFLK�MROMLPBP��
QEBOJ>I�WLKBP�>OB�RPBA�?V�QEB�PLCQT>OB�TEFIB�>�QFJBPQBM�JBQELALILDV�FP�CLIILTBA�TEF@E�@>K�
IB>A�QL�BFQEBO�ILTBO�LO�EFDEBO�PFJRI>QFLK�QFJBP��ABMBKAFKD�LK�QEB�>@@RO>@V�KBBABA��)Q�FP�KLQBA�
QE>Q� %KBODV0IRP� ALBP� KLQ� E>SB� FQP� LTK� DO>MEF@>I� RPBO� FKQBOC>@B� �'5)	�� >� PFDKFCF@>KQ�
AFP>AS>KQ>DB�LC�QEB�PFJRI>QFLK�BKDFKB��(LTBSBO��>MMOLMOF>QB�PLIRQFLKP�>OB�>S>FI>?IB��PR@E�>P�
/MBK3QRAFL�>KA�$BPFDK"RFIABO��TFQE�QEB�I>QQBO�?BFKD�>�@LJJBO@F>I�#!$�PLCQT>OB�QE>Q�@>K�?B�
RPBA� QL�AO>T�QEB�DBLJBQOV�LC� QEB�?RFIAFKD�>KA� FJMLOQ�A>Q>� COLJ�LQEBO�"RFIAFKD� )KCLOJ>QFLK�
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-LABIIFKD� �")-	� QLLIP�� !CQBOT>OAP��$BPFDK"RFIABO�J>HBP� RPB� LC� QEB� FKQBDO>QBA�%KBODV0IRP�
BKDFKB�QL�@LKAR@Q�QEB�PFJRI>QFLK�>KA�MOBPBKQ�FQP�OBPRIQP��!RQLABPH�2BSFQ�FP�>KLQEBO�@LJJBO@F>I�
#!$�PLCQT>OB�QE>K�@>K�?B�RPBA�QL�@LKQFKRB�>�")-�MOLGB@Q�TFQE�QEB�)KPFDEQ�����MIRDFK�?BFKD�
OBNRFOBA�CLO�BKBODV�PFJRI>QFLKP��RQFIFPFKD�QEB�%KBODV0IRP�%KDFKB�;���<��;���<��

)K�QEFP�MOLGB@Q��$BPFDK"RFIABO�FP�RPBA�QL�JLABI�?RFIAFKDP��4EB�PLCQT>OB�@>K�FJMLOQ�@LKPQOR@QFLK�
QBJMI>QBP�TFQE�@LJMLKBKQP�PR@E�>P�DI>WFKD��J>QBOF>IP��QBUQROBP��IL@>I�PE>AFKD��TFKALT�?IFKAP��
SBKQP��>KA�LQEBOP��!�A>Q>?>PB�LC�QVMF@>I�ELROIV�TB>QEBO�A>Q>�FP�FK@IRABA�TFQE�QEB�J>FK�PLCQT>OB�
CLO�AFCCBOBKQ�IL@>QFLKP�FK�J>KV�@LRKQOFBP��FK@IRAFKD�QEB�5+�>KA�)OBI>KA��&ROQEBOJLOB��>�S>OFBQV�
LC� QBJMI>QBP�>OB� FK@IRABA��PR@E�>P�>@QFSFQV� QBJMI>QBP� CLO�L@@RM>K@V�>KA�BNRFMJBKQ�RP>DB��
IFDEQFKD�� IL@>QFLK�>P�TBII� >P�(6!#� QBJMI>QBP��!�PRJJ>OV�LC� QEB�JLPQ� FJMLOQ>KQ�JLABIIFKD�
@E>O>@QBOFPQF@P� LC� $BPFDK"RFIABO� >OB� PELTK� FK� &FDROB� ����� FK� @>QBDLOFBP��#>I@RI>QFLK� LC� QEB�
building’s emissions, as well as its construction and life@V@IB�@LPQ�>K>IVPFP�>OB�>IPL�MLPPF?IB�
TEFIB�PLI>O�M>KBIP�@>K�>IPL�?B�FK@IRABA�FK�QEB�PFJRI>QFLK��IL@>QBA�BFQEBO�LK�QEB�OLLC�LO�LK�QEB�
DOLRKA��&FK>IIV��FQ�FP�@>M>?IB�LC�PFJMIFCVFKD�QEB�%KBODV0IRP�3FJRI>QFLKP��FJMLOQFKD�BUFPQFKD�")-�
>KA�#!$�ABPFDK�A>Q>�>KA�LMQFJFPFKD�QEB�?RFIAFKD�>Q�>KV�ABPFDK�PQ>DB��QEBOBCLOB��FQ�FP�PRFQ>?IB�
QL�JBBQ�QEB�KBBAP�LC�BKDFKBBOP��>O@EFQB@QP�>KA�BKBODV�>PPBPPLOP�;���<�;���<��

�

�

Figure 3.3 –�-LABIIFKD�@>M>?FIFQFBP�LC�$BPFDK"RFIABO�;���<��;���<�

�

������%IB@QOF@>I�'OFA�>KA�%KBODV�3QLO>DB�
2FKDHGc?�BQ�>I� ;���< OBSFBTBA�>KA�MOBPBKQBA�>�QLQ>I�LC����JLABIP�QE>Q�>OB�RPBA�CLO�BKBODV�>KA�
BIB@QOF@FQV�PVPQBJP��CL@RPFKD�LK�PLCQT>OB�@>M>?IB�LC�JLABIIFKD�OBKBT>?IBP��4EB�>S>FI>?FIFQV�LC�
QEB�PLCQT>OB�AFCCBOP�COLJ�M>@H>DB�QL�M>@H>DB�>P����>OB�LMBKPLRO@B����>OB�MOLSFABA�COBB�LC�
@E>ODB�����>OB�@LJJBO@F>I�TEFIB�LQEBOP�>OB�>S>FI>?IB�RMLK�OBNRBPQ��4>?IB�����MOBPBKQP�?BILT�
QEB�DBKBO>I�ILDF@�>KA�QEB�PM>QFLQBJMLO>I�OBPLIRQFLK�LC�QBK�PBIB@QBA�JLABIIFKD�QLLIP��FK@IRAFKD�
QEBFO�MROMLPB��>MMOL>@E�>KA�>ALMQBA�JBQELALILDV��)Q�@>K�?B�PBBK�QE>Q�JLPQ�JLABIP�CLIILT�
BFQEBO�>�?LQQLJRM�LO�EV?OFA�LMQFJFP>QFLK�TEFIB� QEBFO�MROMLPB� FP�QL�MOLSFAB�AB@FPFLK�PRMMLOQ�
OBD>OAFKD� FKSBPQJBKQP�>KA�LMBO>QFLK��4EBFO� @LSBO>DB�@>K�>IPL� S>OV� PFDKFCF@>KQIV�� COLJ�LKB�
PVPQBJ�MOLGB@Q�QL�>K�BKQFOB�@LKQFKBKQ�>KA�CFK>IIV�QEB�TLOIA��!AAFQFLK>IIV��QEB�JLABIIFKD�ELOFWLK�
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@>K�?B�RPBOABCFKBA�FK�QEB�J>GLOFQV�LC�QEB�JLABIP�CIBUF?IV�TFQE�>�?OL>A�O>KDB�?BQTBBK���>KA�
����VB>OP���

-LOB�ABQ>FIBA�B@LKLJF@�>KA�QB@EKF@>I�FKCLOJ>QFLK�LK�QEB�PBIB@QBA����JLABIP�FP�MOBPBKQBA�FK�
4>?IB������)K�JLOB�ABQ>FI��QEB�JLABIP�PRMMLOQ�>II�PLRO@BP�LC�@LKSBKQFLK>I�MLTBO�DBKBO>QFLK��
TFQE� QEB�BU@BMQFLK�LC�KR@IB>O�MLTBO� CLO�BKBODV0OL�>KA�(/-%2��TEFIB� QEB�S>PQ�J>GLOFQV�LC�
M>@H>DBP�FK@IRAB�>�S>OFBQV�LC�%3�4B@EKLILDFBP��)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�"%3�FP�QEB�LKIV�
PQLO>DB� QB@EKLILDV� TEF@E� FP� PRMMLOQBA� ?V� >II� JLABIP� MOBPBKQ�� 2BD>OAFKD� DOFA� �MLTBO	�
JLABIIFKD��JLPQ�JLABIP�Q>HB�FKQL�>@@LRKQ�FJMLOQP�>KA�BUMLOQP�TFQE�/MBK$33�>KA�02)-%3�
FK@IRAFKD�JLOB�PLMEFPQF@>QBA�LMQFLKP�LK�JRIQFME>PB�!#�MLTBO�CILTP�>KA�$#�IFKB>OFPBA�LMQFJ>I�
CILTP�� OBPMB@QFSBIV�� 4EB� QTL� JLPQ� MLMRI>O� LMQFLKP� CLO� J>OHBQ� JLABIIFKD� >OB� PFJMIB�
PRMMIV�ABJ>KA�>KA�PMLQ� �JBOFQLOABO	� BIB@QOF@FQV�J>OHBQ�JLABIIFKD��4EB�>RQELOP�KLQBA� QE>Q�
LKIV�>�CBT�LC�QEB�OBPQ����JLABIP�>OB�>?IB�QL�MOLSFAB�A>V>EB>A�>KA�FKQO>A>V�JLABIIFKD�;���<.�

Table 3.1 –�,LDF@���PM>QFLQBJMLO>I�OBPLIRQFLK�LC�JLABIIFKD�QLLIP�CLO�BKBODV�>KA�BIB@QOF@FQV�
PVPQBJP��!A>MQBA�?V�;���<	 

Model/Tool Purpose Approach Methodology Temporal 
Resolution 

Modelling 
Horizon 

Coverage 
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* 4EB�JLABI�FP�BFQEBO�LMBKPLRO@B�LO�MOLSFABA�CLO�COBB��� � � � � �

Table Abbreviations��Purpose��)$3���)KSBPQJBKQ�$B@FPFLK�3RMMLOQ��/$3���/MBO>QFLK�$B@FPFLK�3RMMLOQ��03!4�
��0LTBO�3VPQBJ�!K>IVPFP�4LLI��3#%���3@BK>OFL��Approach��"5���"LQQLJRM��4$���4LMALTK��(9"���(V?OFA��
Methodology: !##���!@@LRKQFKD��!/���!K>IVQF@>I�/MQFJFP>QFLK��,0���,FKB>O�0OLDO>JJFKD��-)0���-FUBA�)KQBDBO�
0OLDO>JJFKD��0%���0>OQF>I�%NRFIF?OFRJ��3)-���3FJRI>QFLK��Temporal Resolution��5$���5PBOABCFKBA��

4EB�FJMLOQ>K@B�LC�BKBODV�PQLO>DB��$3-�>KA�DOFA�BUM>KPFLK�CLO�QEB�FKQBDO>QFLK�LC�QEB�S>OF>?IB�
2%3�FP�EFDEIFDEQBA�>P�JLPQ�PQRAFBP�E>SB�Q>HBK�QEB�>MMOL>@E�QL�>PPBPP�QEB�FKAFSFAR>I�FJM>@Q�
LC� QEBPB� CB>QROBP� FKPQB>A� LC� QEBFO� @LJ?FK>QFLK��-LOBLSBO�� QEB� FJMLOQ>K@B� LC� QEB� >S>FI>?IB�
ABJ>KA�PB@QLOP� FP�M>O>JLRKQ� FK�LOABO�QL�J>Q@E�QEB�>MMOLMOF>QB�JLABI� QL�QEB�>MMIF@>QFLK� FK�
NRBPQFLK��-LOB�PMB@FCF@>IIV��FQ�FP�@IB>O�QE>Q�QEBOB�>OB�PBSBO>I�QLLIP�@>M>?IB�LC�JLABIIFKD�
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Table 3.2 –�4B@EKF@>I�>KA�B@LKLJF@�M>O>JBQBOP�LC�JLABIIFKD�QLLIP�CLO�BKBODV�>KA�BIB@QOF@FQV�PVPQBJP
�;���< 

Model RES Energy 
Storage 

Grid Commodity Demand 
Sectors 

Demand 
elasticity 

DR Costs Market 

#/-0/3%� !II� !II� .LKB� %IB@QOF@FQV��
(B>Q���&RBIP�
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3RMMIV�$BJ>KA�
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0(3� .4#� !KV� "RFIAFKDP��
4O>KPMLOQ�
��)KARPQOV�

%I>PQF@� 9BP� ).6��/�-��&5��
#/���4!�

3RMMIV�$BJ>KA�

-%33!'%� !II� !II� )JMLOQ�%
UMLOQ�

!KV� "RFIAFKDP��
4O>KPMLOQ�
��)KARPQOV�

%I>PQF@� 9BP� ).6��/�-��&5��
#/���4!�

3RMMIV�$BJ>KA�

/MBK$33� 30� !II� &RII�!#�
,L>A�
&ILT�

%IB@QOF@FQV� !'� )KBI>PQF@� 9BP� .!� .!�

02)-%3� !II� !II� $#�
IFKB>OFPB
A�

/MQFJ>I�
&ILT�

%IB@QOF@FQV��
(B>Q���(��

"RFIAFKDP��
4O>KPMLOQ�
��)KARPQOV�

%I>PQF@� 9BP� ).6��/�-��&5��
#/���4!�

3RMMIV�$BJ>KA�

2%43@OBBK� !II� "� #BKQO>I��
)PLI>QBA��
/CCDOFA�

%IB@QOF@FQV���
(B>Q�

"RFIAFKDP�
��)KARPQOV�

)KBI>PQF@� .L� ).6��/�-��&5��
#/���4!�

3RMMIV�$BJ>KA�
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%I>PQF@� 9BP� ).6��/�-��&5��
#/���4!��"#�
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*Table 3.2 abbreviations: RES:�(0���(VAOLMLTBO��2/2���2RKLCOFSBO��30���3LI>O�0LTBO��70���7FKA�0LTBO��34���
3LI>O�4EBOJ>I��7>0���7>SB�0LTBO��'4���'BLQEBOJ>I��#30���#LK@BKQO>QBA�3LI>O�0LTBO��40���4FA>I�0LTBO��Energy 
Storage��0(3���0RJMBA�(VAOL�3QLO>DB��#!%3���#LJMOBPPBA�!FO�%KBODV�3QLO>DB��"���">QQBOFBP��(���(VAOLDBK��4%3���
4EBOJ>I�%KBODV�3QLO>DB��Grid��.4#���.BQ�4O>KPCBO�#>M>@FQV��Demand Sectors��!'���!DDOBD>QBA��5$���5PBO$BCFKBA�
Cost�����).6���)KSBPQJBKQ��/�-���/MBO>QFLK���->FKQBK>K@B��&5���&RBI��#/����#>O?LK�@LPQ��4!���4>UBP��"#���">I>K@FKD�
@LPQP��->OHBQ��"!-���">I>K@FKD�->OHBQP��

?RFIAFKDP�� FKARPQOV�>KA�QO>KPMLOQ�TEFIB�LQEBOP�CLIILT�>�AFCCBOBKQ�>MMOL>@E�?V�>DDOBD>QFKD�>II�
QEB�ABJ>KA�PB@QLOP��&FK>IIV��$2�@>K�?B�CLRKA�>P�>K�LMQFLK�FK�E>IC�LC�QEB�JLABIIFKD�QLLIP�TEFIB�
QEB� >RQELOP� OB@LDKFPBA� QE>Q� KLKB� LC� QEB� ��� BUFPQFKD�JLABIP� @>K� ?B� RPBA� QL� Q>@HIB� >II� QEB�
@E>IIBKDBP� >KA� FPPRBP� BK@LRKQBOBA� FK� QEB� MOBPBKQ� BKBODV� PVPQBJ�� .BSBOQEBIBPP�� >�
@LJMOLJFPB� E>P� QL� ?B� CLRKA� ?V� PBIB@QFKD� QEB� PLCQT>OB� TFQE� QEB� JLPQ� >MMOLMOF>QB�
@E>O>@QBOFPQF@P���

 
Figure 3.4 – ,>VBOP�LC�QEB�%KBODV�3VPQBJ�>KA�JLABIIFKD�>MMOL>@EBP��!A>MQBA�COLJ�;���<	�

�

'O>K>AL�BQ�>I��;���<�AFP@RPPBA�QEB�@E>IIBKDBP�LC�JLABIIFKD�QEB�BKBODV�PVPQBJ�>KA�FQP�PBSBO>I�
I>VBOP�QLT>OAP�BKBODV�QO>KPFQFLK��4EB�B@LKLJV�@OB>QBP�ABJ>KA�CLO�BKBODV�PBOSF@BP��PR@E�>P�
EB>Q�>KA�BIB@QOF@FQV��QEOLRDE�>�QLMALTK�CFK>K@F>I�MBOPMB@QFSB�QE>Q�@>MQROBP�>KV�FKQBO>@QFLKP�
?BQTBBK�K>QFLK>I�>KA�DIL?>I�J>OHBQP��!CQBOT>OAP��ABJ>KA� IB>AP� QL� QEB�>ALMQFLK�LC�@BOQ>FK�
?LQQLJRM� QB@EKLILDV� LMQFLKP� QE>Q� PBOSB� >P� FKCO>PQOR@QROB� FK� QEB� BKBODV� PB@QLOP� TEF@E�
@LKPQFQRQB�LK@B�JLOB�FKMRQ�QL�QEB�B@LKLJF@�QLMALTK�AB@FPFLKP��&FDROB����	��4EBOBCLOB��FQ�FP�
FJMLOQ>KQ� QL� RKABOPQ>KA� QEB� AFCCBOBKQ� JLABIIFKD� >MMOL>@EBP� >KA� QEB� OB>PLKP� TEV� @BOQ>FK�
BIBJBKQP�LC�QEB�BKBODV�KBQTLOH�>OB�FKQBKQFLK>IIV�BFQEBO�FK@IRABA�LO�LJFQQBA��ABMBKAFKD�LK�QEB�
L?GB@QFSBP� LC� QEB� JLABIIFKD� QLLI�� 4LMALTK� >MMOL>@EBP� J>HB� RPB� LC� @LJMRQ>?IB� DBKBO>I�
BNRFIF?OFRJ�� FK� LOABO� QL� JLABI� J>@OLB@LKLJF@� >KA� JF@OLB@LKLJF@� ?BE>SFLROP�� >KA� QEBV�
FK@IRAB� >DBKQP� LC� QEB� B@LKLJV� >P� TBII� >P�J>OHBQP� CLO� DLLAP� >KA� C>@QLOP�� !K� BNRFIF?OFRJ�
?BQTBBK�PRMMIV�>KA�ABJ>KA�@>K�?B�>@EFBSBA�QEOLRDE�QEB�>AGRPQJBKQ�LC�BKBODV�MOF@BP�TEFIB�
QEB� >AAFQFLK� LC� Q>UBP� FP� >IPL� >� MLPPF?FIFQV�� /KB� LC� QEB� >AS>KQ>DBP� LC� QEBPB�JLABIP� FP� QEB�
FK@IRPFLK�LC�>II� QEB� FKQBO>@QFLKP�?BQTBBK�QEB�AFCCBOBKQ�>DBKQP�>KA�CBBA?>@HP�QE>Q� Q>HB�MI>@B�
QEOLRDE� QEB� BKQFOB� B@LKLJV��%@LKLJBQOF@� QLMALTK�JLABIP� CLIILT�>� AFCCBOBKQ� >MMOL>@E� ?V�
CL@RPFKD� LK� QEB� PQ>QFPQF@>I� OBI>QFLKPEFMP� ?BQTBBK� QEB�JLABI� S>OF>?IBP� >KA� >ALMQFKD� EFDEBO�
IBSBIP�LC�>DDOBD>QFLK��QEBV�>OB�LCQBK�RPBA�CLO�MOBAF@QFLKP�>KA�>K>IVPFP�LC�AFCCBOBKQ�P@BK>OFLP��
2BD>OAFKD� ?LQQLJRM�JLABIP��-!2+!,� FP� @LKPFABOBA� >P� >� ABQ>FIBA� QLLI� QE>Q� FK@LOMLO>QBP�
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J>KV�QB@EKLILDFBP��ELTBSBO��FKQBO>@QFLKP�TFQE�QEB�BKBODV�PVPQBJ�>OB�KLQ�Q>HBK�FKQL�>@@LRKQ��
4EB�PFJMIB�-!2+!,�JLABI�RPBP�IFKB>O�MOLDO>JJFKD�TEBOB�BKBODV�PRMMIV�>KA�ABJ>KA�>OB�
OBMOBPBKQBA� ?>PBA� LK� QEB� >PPL@F>QBA� @LPQP� >KA� QB@EKF@>I� @E>O>@QBOFPQF@P� LC� QEB� FKSLISBA�
QB@EKLILDFBP�� )K� QEFP�AFOB@QFLK�� QEB�JLABI�>FJP� QL�JFKFJFPB� QEB�LSBO>II� PRMMIV�@LPQP� CLO� QEB�
OBPMB@QFSB�BKBODV�ABJ>KA�>P�TBII�>P�QEB�OBNRFOBA�@>MFQ>I�>KA�LMBO>QFLK>I�@LPQP���

!AAFQFLK>IIV��QEB�4)-%3�JLABI�FJMOLSBP�>KA�BUQBKAP�QEB�@>M>?FIFQFBP�LC�-!2+!,�>P�FQ�>AAP�
P@>I>?FIFQV�COLJ�IL@>I�QL�DIL?>I�PVPQBJP��CIBUF?IB�QFJB�PIF@BP�FK@IRAFKD�A>FIV�IL>A�MOLCFIBP�>KA�>�
CIBUF?IB�ILKDQBOJ�JLABIIFKD�ELOFWLK��/K�QEB�LQEBO�E>KA��?LQE�QLLIP�E>SB�?BBK�@OFQF@FPBA�CLO�QEB�
>ALMQBA� PFJMIFCF@>QFLKP�� BPMB@F>IIV� TEBK� OBMOBPBKQFKD� PRMMIVABJ>KA� LMBO>QFLKP� LC� EFDE�
QBJMLO>I�OBPLIRQFLK��TEFIB�QEB�>?PBK@B�LC�BKBODV�PVPQBJ�CBBA?>@HP�>KA�IL@>I�DBKBO>QFLK�IBA�
@BOQ>FK�>RQELOP�QL�NRBPQFLK�QEB�NR>IFQV�>KA�QEB�Salidity of the tools’ results.  Most issues can 

?B�OB@QFCFBA�?V�RPFKD�>�@LJ?FK>QFLK�LC�4)-%3�>KA�%KBODV0,!.�>KA�>K�ELROIV�QFJB�OBPLIRQFLK�
CLO� QEB� FKQBDO>QFLK�LC� QEB� FK@OB>PFKD�>JLRKQP�LC�S>OF>?IB�2%3��4EB�>RQELOP�@LK@IRABA� QE>Q�
TEFIB�>II�JLABIP�@>K�?B�MOLSBA�QL�?B�RPBCRI��QEBV�>II�>MMB>O�QL�?B�I>@HFKD�>Q�IB>PQ�LKB�LC�QEB�
CLIILTFKD� BIBJBKQP�� FKQBDO>QFLK� LC� AFPQOF?RQBA� 2%3�� DOFA� PB@ROFQV� >PPBPPJBKQP�� JLABIIFKD�
ABQ>FIP�LC�QEB�MLTBO�DOFA�>KA�ILKDQBOJ�LRQILLH�;���<��

(>II�>KA�"R@HIBV�;���<�OBSFBTBA�QEB�BKBODV�PVPQBJP�JLABIIFKD�QLLIP�RPBA�FK�QEB�5+��FABKQFCFBA�
JLOB� QE>K� ���� AFCCBOBKQ� JLABIIFKD� QLLIP�� JBKQFLKBA� FK� QEB� IFQBO>QROB� COLJ� >� QLQ>I� LC� ����
MR?IF@>QFLKP�?BQTBBK�����������>KA�CL@RPBA�LK����LC�QEBJ��-!2+!,�>KA�FQP�S>OF>QFLKP�T>P�
QEB�JLPQ� MLMRI>O� QLLI�� TFQE� >� QLQ>I� LC� ��� >MMB>O>K@BP�� CLIILTBA� ?V�-%33!'%� >KA� FQP� ���
>MMB>O>K@BP�TEFIB�QEB�OBPQ�LC�QEB�QLLIP�>MMB>O�?BQTBBK����QFJBP��4EB�S>PQ�J>GLOFQV�LC�QEB�
JLABIIFKD�QLLIP��FK@IRABA�FK�4>?IBP�����>KA������>OB�>IPL�MOBPBKQ�FK�QEFP�OBSFBT��&ROQEBOJLOB��
OBD>OAFKD�QEB�>MMB>O>K@B�LC�OBKBT>?IBP�FK�QEB�IFQBO>QROB��TFKA�MLTBO�T>P�QEB�JLPQ�MLMRI>O�
QB@EKLILDV����	��CLIILTBA�?V�BKBODV�PQLO>DB����	��?FLJ>PP����	�>KA�PLI>O����	��

&LO� QEB�KBBAP�LC� QEB�@ROOBKQ� OBPB>O@E��(LJBO�0OL�T>P�BS>IR>QBA�>P� QEB�JLPQ�>MMOLMOF>QB�
JLABIIFKD�QLLI�QL�?B�RPBA�>Q�QEB�?RFIAFKDP@>IB��(LTBSBO��>�I>@H�LC�@RPQLJFP>QFLK�T>P�KLQF@BA�
FK�QBOJP�LC�QEB�LMBO>QFLK>I�AFPM>Q@E�PQO>QBDFBP�LCCBOBA��7EFIB�KBTBO�SBOPFLKP�LC�QEB�PLCQT>OB�
LCCBO� JLOB� CIBUF?FIFQV� QEOLRDE� FJMLOQFKD� -!4,!"� P@OFMQP�� FQ� T>P� AB@FABA� QL� FJMIBJBKQ� QEB�
ABPFOBA�>IDLOFQEJP��BU@IRPFSBIV�FK�-!4,!"�TFQELRQ�RPFKD�>KV�>AAFQFLK>I�PLCQT>OB��

 

3.3 Building Simulations 
������'BLJBQOV�>KA�#LKPFABOBA�3@BK>OFLP�
!P�JBKQFLKBA�>?LSB��$BPFDK"RFIABO�FP�>�?RFIAFKD�BKBODV�JLABIIFKD�QLLI�QE>Q�@LKPFPQP�LC�QTL�
M>OQP��>�'5)�>KA�QEB�FKQBDO>QBA�%KBODV0IRP�PFJRI>QFLK�BKDFKB�QE>Q�TLOHP�FK�QEB�?>@HDOLRKA��
4EB�'5)�FP�RPBA�QL�ABSBILM�QEB�DBLJBQOF@�JLABI�LC�QEB�?RFIAFKDP�>KA�MOLSFAB�>II�QEB�KB@BPP>OV�
FKCLOJ>QFLK�>P�>K�FKMRQ�TEFIB�FQ�FP�>IPL�RPBA�QL�SFBT�>KA�BUMLOQ�QEB�PFJRI>QFLK�LRQMRQ�OBPRIQP��
4EB� FKQBOLMBO>QFLK� ?BQTBBK�$BPFDK"RFIABO� >KA� QEB�%KBODV0IRP� BKDFKB� FP� PELTK� ?BILT�� FK�
&FDROB������4EB�?RFIAFKDP�>OB�@LKPFABOBA�QL�?B�KLKALJBPQF@�@LJJBO@F>I�TFQE�>�QLQ>I�LC�QTL�
WLKBP��QEB�J>FK�WLKB�@LKPFPQP�LC�LMBKMI>K�LCCF@B�>OB>�>KA�QEB�PB@LKA>OV�WLKB�@LKPQFQRQBP�>�
PJ>II�DBKBOF@�>OB>�CLO�QEB�IL??V��PQ>FOTBIIP�>KA�QEB�IFCQ��IL@>QBA�FK�QEB�@BKQBO�LC�QEB�CILLO���

4EB�HBV�DBLJBQOV�@E>O>@QBOFPQF@P�>OB�PRJJ>OFPBA�FK�4>?IB�!��LC�QEB�!MMBKAFU��TEBOB�FQ�@>K�
?B�PBBK�QE>Q�>� QLQ>I�LC� QEOBB�PQLOBVP�>OB� Q>HBK� FKQL�>@@LRKQ��?BPFABP� QEB�DOLRKA�CILLO��4EB�
BU>@Q� AFJBKPFLKP� LC� QEB� :LKBP� ABMBKA� LK� QEB� ?RFIAFKD� PE>MB� TEF@E� FP� BFQEBO� PNR>OB� LO�
OB@Q>KDRI>O��KBSBOQEBIBPP��CLO�>II�@>PBP��QEB�QLQ>I�CILLO�>OB>�FP�����J��CILLO�>KA�������J��CLO�
QEB�BKQFOB�?RFIAFKD��!�QVMF@>I�?RFIAFKD�DBLJBQOV�FP�PELTK�FK�&FDROB��.6 through DesignBuilder’s 

SFPR>IFW>QFLK�CRK@QFLK�TEBOB�?LQE�:LKBP���>KA���>OB�SFPF?IB��4EB�BU>@Q�>MMB>O>K@B�LC�B>@E�
?RFIAFKD�S>OFBP�?>PBA�LK�FQP�ABPFDK�@E>O>@QBOFPQF@P�TEFIB�QEB�?RFIAFKDP�>OB�ABPFDKBA�TFQE�QEB�
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KLOQEBOK�EBJFPMEBOB�FK�JFKA��&ILLO�MI>KP�CLO�?LQE�QEB�PNR>OB�>KA�OB@Q>KDRI>O�?RFIAFKDP�@>K�
?B�PBBK� FK�!MMBKAFU�!�>ILKD�TFQE� QEB�?RFIAFKD�BUQBOFLOP��>P�PBBK�TFQEFK� QEB�$BPFDK"RFIABO�
FKQBOC>@B� �&FDROBP� !�!�	�� #OFQF@>I� FKCLOJ>QFLK� CLO� QEFP� @E>MQBO� E>P� ?BBK� Q>HBK� COLJ�
DesignBuilder’s documentation and user manual which can be found in ;���<��

�

�

Figure 3.5�–�)KQBOLMBO>QFLK�?BQTBBK�$BPFDK"RFIABO�'5)�>KA�%KBODV0IRP�;�<�

�

�

Figure 3.6�–�Building’s visualisation in DesignBuilder. Zones 1 and 2 can be distinguished. 

!MMB>O>K@B�LC�QEB�?RFIAFKD�S>OFBP�ABMBKAFKD�LK�FQP�PE>MB��DI>WFKD��@LKPQOR@QFLK�>KA�
J>QBOF>IP��

4EB�@LJ?FK>QFLK�LC�?RFIAFKD�@E>O>@QBOFPQF@P�IB>AP�QL�QEB�CLOJ>QFLK�LC�RKFNRB�?RFIAFKD�P@BK>OFLP��
>P�PELTK�FK�&FDROB������4EBPB�TFII�?B�AFP@RPPBA�FK�JLOB�ABQ>FI�>Q�I>QBO�PQ>DBP�LC�QEFP�@E>MQBO��
ELTBSBO��FQ�FP�FJMLOQ>KQ�QL�?OFBCIV�MOBPBKQ�QEB�ABPFDK�BIBJBKQP�>KA�QEB�OBPMB@QFSB�LMQFLKP�Q>HBK�
FKQL�>@@LRKQ��
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>�� Thermal mass��)QP�FJMLOQ>K@B�E>P�?BBK�EFDEIFDEQBA�FK�QEB�MOBSFLRP�@E>MQBO�>KA�QEB�
QTL� LMQFLKP� �EB>SVTBFDEQ�� IFDEQTBFDEQ	� >OB� PBQ� QL� FK@IRAB� S>OVFKD� QEBOJ>I� OBPMLKPB�
QFJBP��)Q�PFDKFCF@>KQIV�>CCB@QP�QEB�QEBOJ>I�OBPMLKPB��I>D	�LC�QEB�?RFIAFKD�>KA�FQ�C>IIP�RKABO�
the category of “construction and materials”.�
�

?�� Energy Efficiency��This refers to the fabric’s thermal performance. 4EBOJ>I�FKPRI>QFLK�
aims to slow the heat transfer through the building’s envelope and decrease heat 

ILPPBP��!MMOLMOF>QB�J>QBOF>IP�E>SB�?BBK�@ELPBK�QL�OBPRIQ�FKQL�QTL�OBPMB@QFSB�5S>IRBP��
QEB�CFOPQ�LMQFLK��0>OQ�,	�JBBQP�QEB�5+�"RFIAFKD�2BDRI>QFLKP�TEFIB�"BPQ�0O>@QF@B�RPBP�>�
PJ>IIBO�5S>IRB�QL�CROQEBO�FJMOLSB�BKBODV�BCCF@FBK@V��?>PBA�LK�QEB�5+�KLQFLK>I�?RFIAFKD�
PMB@FCF@>QFLKP��)KPRI>QFLK�FP�>IPL�@LKPFABOBA�QL�?B�M>OQ�LC�“construction and materials”.�
�

@�� Shape��3BICBUMI>K>QLOV�TFQE�QTL�LMQFLKP��PNR>OB�>KA�OB@Q>KDRI>O�?RFIAFKDP��
�

A�� Orientation. As the options depend on the building’ shape, square buildings can have 

BFQEBO�>�PLRQEBOK��PVJJBQOF@>I	�LOFBKQ>QFLK�LO�TFQEFK�[���L��OBPRIQFKD�FK�>�PLRQETBPQBOK�
LO� PLRQEB>PQBOK� LOFBKQ>QFLK�� /K� QEB� LQEBO� E>KA�� OB@Q>KDRI>O� ?RFIAFKDP� E>SB� QEB�
>AAFQFLK>I�LMQFLK�LC�QEB�B>PQBOK�LOFBKQ>QFLK��
�

B�� Ventilation & Air-conditionning (VAC)�� 4EFP� @LJMLKBKQ� OBCBOP� QL� QEB� (6!#�
@LKCFDRO>QFLK�BU@BMQ�CLO�EB>QFKD�TEF@E�FP�QEB�P>JB�CLO�>II�?RFIAFKD�@>PBP��)K�K>QRO>IIV�
SBKQFI>QBA�?RFIAFKDP��LMBO>?IB�TFKALTP�>OB�RPBA�QL�?OFKD�FK�COBPE�>FO�>KA�@LLI�ALTK�QEB�
FKALLO�QBJMBO>QROB�TEBK�KB@BPP>OV�TEFIB�QEB�PB@LKA�LMQFLK�FK@IRABP�QEB�RQFIFP>QFLK�LC�
?LQE� JB@E>KF@>I� SBKQFI>QFLK� >KA� @LLIFKD� QEOLRDE� EB>Q� MRJMP� QL� JBBQ� QEB� P>JB�
objectives. An economiser is used to transfer outside air to the building’s interior 

QEOLRDE�JB@E>KF@>I�SBKQFI>QFLK��3NR>OB�?RFIAFKDP�>OB�>PPRJBA�QL�?B�LKIV�JB@E>KF@>IIV�
SBKQFI>QBA�>P�K>QRO>I�SBKQFI>QFLK� FP�KLQ�@LKPFABOBA�PRCCF@FBKQ� QL�JBBQ� QEBOJ>I�@LJCLOQ�
PQ>KA>OAP�CLO�QEBFO�DBLJBQOV��
�
�

C�� Glazing. 4EFP�FP�>IPL�@>IIBA�QEB�7FKALTQL7>II�O>QFL���	�>KA�OBCBOP�QL�QEB�MBO@BKQ>DB�
LC�QEB�BUQBOK>I�T>II�@LSBOBA�?V�DI>WFKD��4TL�@>PBP�>OB�@LKPFABOBA��>�JBAFRJ�S>IRB�LC�
����>KA�>K�BUQOBJB�S>IRB�LC�����CLO�EFDEIVDI>WBA�?RFIAFKDP�TFQE�QEB�I>QQBO�KLQ�?BFKD�
RPBA�CLO�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�ARB�QL�QEBOJ>I�@LKCLOQ�FPPRBP��

�

������#LKPQOR@QFLK���->QBOF>IP�
)K�QEFP�PR?@E>MQBO�� QEB�J>QBOF>IP�RPBA�CLO� QEB�?RFIAFKD�BKSBILMB�>OB�MOBPBKQBA� FK�ABQ>FI��!P�
PELTK�FK�&FDROB������QEBOB�>OB�QTL�@>PBP�@LKPFABOBA�OBD>OAFKD�QEB�BKBODV�BCCF@FBK@V�LC�QEB�
?RFIAFKDP��"BPQ�0O>@QF@B�>KA�0>OQ� ,� @LJMIF>KQ�TFQE� QEB� CLOJBO� E>SFKD� ILTBO�5S>IRBP�� 4EB�
S>IRBP� RPBA� FK� "BPQ� 0O>@QF@B� >OB� ?>PBA� LK� QEB� KLQFLK>I� ?RFIAFKD� PMB@FCF@>QFLKP� LC� QEB� 5+�
"RFIAFKD�2BDRI>QFLKP��4EB�I>QQBO�J>HBP�RPB�LC�IBPP�FKPRI>QFLK�FK�LOABO�QL�J>ODFK>IIV�JBBQ�QEB�
0>OQ�,�OBNRFOBJBKQP�� OBPRIQFKD� FK�EFDEBO� QEBOJ>I�BKBODV� ILPPBP��!P�BUMB@QBA��"BPQ�0O>@QF@B�
?RFIAFKDP�E>SB�>�EFDEBO�QEBOJ>I�FKPRI>QFLK�QEF@HKBPP�QE>K�0>OQ�,�CLO�>II�BKSBILMB�BIBJBKQP��!�
S>OFBQV�LC�FKPRI>QFLK�J>QBOF>IP�FP�RPBA��FK@IRAFKD�BUQORABA�MLIVPQVOBKB��ROB>CLOJ>IABEVAB�>KA�
DI>PP�TLLI��&LO�BU>JMIB��BUQBOK>I�T>IIP�FK�0>OQ�,�@LJMIF>KQ�?RFIAFKDP�E>SB�>�5S>IRB�LC������
TFQE�QEB�OBPMB@QFSB�S>IRB�?BFKD�OBAR@BA�>Q������7�J�\+�FK�"BPQ�0O>@QF@B�?RFIAFKDP��4EB�S>IRBP�
@>K�?B�CLRKA��FK�ABQ>FI��FK�4>?IBP�!��–�!��LC�QEB�!MMBKAFU���
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Figure 3.7�–�"RFIAFKD�#E>O>@QBOFPQF@P�#LKPFABOBA�CLO�%KBODV�3FJRI>QFLKP
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4EB�?RFIAFKD�BKSBILMB�@LKPFPQP�LC� QEB�DOLRKA�CILLO��OLLC�>KA�QEB�BUQBOK>I�T>IIP��!P�QEBOJ>I�
J>PP� FP� >IPL� LKB� LC� QEB� ?RFIAFKD� ABPFDK� @E>O>@QBOFPQF@P� Q>HBK� FKQL� >@@LRKQ� CLO� QEB� @ROOBKQ�
MOLGB@Q�� QTL� P@BK>OFLP� E>SB� ?BBK� PBIB@QBA�� EB>SVTBFDEQ� >KA� IFDEQTBFDEQ� ?RFIAFKDP�� 7EBK�
@LJ?FKBA�TFQE�QEB�QTL�BKBODV�BCCF@FBK@V�LMQFLKP��QEBOB�FP�>�QLQ>I�LC�CLRO�P@BK>OFLP�OBD>OAFKD�
@LKPQOR@QFLK� >KA� J>QBOF>IP�� 4EB� @LKPQOR@QFLK� BIBJBKQP� >OB� PELTK� FK� 4>?IBP� !�� � !�� CLO�
EB>SVTBFDEQ�?RFIAFKDP�>KA�4>?IBP�!��–�!��CLO�IFDEQTBFDEQ�?RFIAFKDP��

In terms of thermal mass, heavyweight buildings’ external walls consist of brickwork and 

@LK@OBQB� ?IL@H� TFQE� >� @LJ?FKBA� QEF@HKBPP� LC� >MMOLUFJ>QBIV� ���JJ� TEFIB� FK� IFDEQTBFDEQ�
?RFIAFKDP�>�QEFK���JJ�I>VBO�LC�JBQ>IIF@�@I>AAFKD�FP�RPBA��)K�QBOJP�LC�FKQBOK>I�CILLOP��QEB�P>JB�
J>QBOF>I��@>PQ�@LK@OBQB�FP�RPBA�CLO�?LQE�?RFIAFKD�QVMBP��ELTBSBO��>�QEF@HKBPP�LC�����JJ�E>P�
?BBK� PBIB@QBA� FK� EB>SVTBFDEQ� ?RFIAFKDP� FKPQB>A� LC� ����JJ� RPBA� FK� IFDEQTBFDEQ��7FQE� QEB�
BU@BMQFLK�LC� QEB�DOLRKA� CILLO� @LJMLPFQFLK�TEF@E� OBJ>FKP� QEB� P>JB� CLO�?LQE� QEBOJ>I�J>PP�
P@BK>OFLP�� >II� BKSBILMB� BIBJBKQP� >OB� CRKA>JBKQ>IIV� AFCCBOBKQ�� 4EB� OLLC� FK� EB>SVTBFDEQ�
?RFIAFKDP�FK@IRABP�>K�>PME>IQ�I>VBO�LC�����>KA�����JJ�LC�CF?OB?L>OA�TEFIB�>�QEFK����JJ�I>VBO�
LC� >PME>IQ� >ILKD� TFQE� ����JJ� LC� >FO� D>M� @>SFQV� >OB� RPBA� >P� OLLC�J>QBOF>IP� FK� IFDEQTBFDEQ�
?RFIAFKDP��#OLPP�PB@QFLKP�LC�QEB�BUQBOK>I�T>IIP�>KA�OLLCP�QE>Q�ABJLKPQO>QB�QEB�J>QBOF>I�I>VBOP�
>KA�QEF@HKBPPBP�RPBA�@>K�?B�PBBK�FK�&FDROBP�!�!���

������'I>WFKD�
'I>WFKD� E>P� ?BBK� @I>PPFCFBA� FK� QTL� @>QBDLOFBP� ABMBKAFKD� LK� QEB� SBOQF@>I� CBKBPQO>QFLK�
MBO@BKQ>DBP����–�����CLO�JBAFRJDI>WBA�>KA�������CLO�EFDEIVDI>WBA�?RFIAFKDP��3FJFI>OIV�QL�
QEB� JBQELALILDV� CLIILTBA� CLO� QEB� ?RFIAFKD� BKSBILMB� S>IRBP�� QTL� P@BK>OFLP� E>SB� ?BBK�
@LKPFABOBA�� "BPQ� 0O>@QF@B� >KA�0>OQ� ,� @LJMIF>KQ�� >IT>VP� OBI>QBA� QL� QEBFO� BKBODV� BCCF@FBK@V��
2BD>OAFKD�QEB�5S>IRBP�CLO���–�����SBOQF@>I�CBKBPQO>QFLK��QEB�KLQFLK>I�?RFIAFKD�PMB@FCF@>QFLKP�
E>SB�?BBK�RPBA�CLO�QEB�"BPQ�0O>@QF@B�P@BK>OFL�TEFIB�QEB�IFJFQFKD�C>@QLO�COLJ�0>OQ�,�!��?RFIAFKDP�
LQEBO�QE>K�ATBIIFKDP	�E>P�?BBK�@ELPBK�CLO�QEB�0>OQ�,�P@BK>OFL��

/OFDFK>IIV�� AFCCBOBKQ� DI>WFKD� MOLMBOQFBP�TBOB� @ELPBK� CLO� B>@E� BKBODV� BCCF@FBK@V� >KA� SBOQF@>I�
CBKBPQO>QFLK� MBO@BKQ>DB� P@BK>OFLP�� >P� PELTK� FK� 4>?IB� !��� (LTBSBO�� IFDEQ� >KA� PLI>O�
QO>KPJFPPFLK�TBOB�JLAFCFBA�>KA�QEB�OBPMB@QFSB�S>IRBP�LC�����>KA�����TBOB�>ALMQBA�CLO�>II�
P@BK>OFLP��4EFP�T>P�ABBJBA�QL�?B�KB@BPP>OV�>P�QEB�JBKQFLKBA�DI>WFKD�MOLMBOQFBP�EFDEIV�>CCB@Q�
QEB� PFJRI>QFLK� OBPRIQP�� 4EBOBCLOB�� RPFKD� AFCCBOBKQ� S>IRBP� TLRIA� RKABOJFKB� QEB� @LJM>OFPLK�
?BQTBBK�0>OQ�,�>KA�"BPQ�0O>@QF@B�FK�QBOJP�LC�FKPRI>QFLK��5S>IRBP	�>P�FQ�TLRIA�>IPL�OBKABO�QEB�
comparison a ‘’glazing properties competition’, especially in relation to the thermal 

transmission percentage value’. 'BKBO>IIV��B>@E�?RFIAFKD�E>P�>�RKFNRB�PBQ�LC�PRFQ>?IB�DI>WFKD�
LMQFLKP�QE>Q�ABMBKA�LK�PBSBO>I�C>@QLOP�FK@IRAFKD�IL@>QFLK��@IFJ>QB��LOFBKQ>QFLK�>KA�J>KV�LQEBOP��
BODL��QEBOB�FP�KL�PQ>KA>OA�?BPQ�MO>@QF@B�LO�0>OQ�,�@LJMIF>KQ�DI>WFKD�@LJMLKBKQP��2BD>OAFKD�
QEB���–�����DI>WFKD�P@BK>OFL��QEB�0>OQ�,�IFJFQFKD�C>@QLO�T>P�RPBA�����	�CLO�QEB�0>OQ�,�P@BK>OFL�
>KA�QEB�KLQFLK>I�?Rilding’s US>IRB�����	�T>P�@ELPBK�CLO�QEB�"BPQ�0O>@QF@B�JLABI��!P�QEB�5+�
"RFIAFKD�2BDRI>QFLKP�MOLSFAB�LKIV�>K�>OB>TBFDEQBA�>SBO>DB�TFKALT�5S>IRB��QEB�OBPMB@QFSB�
S>IRB�CLO�QEB�"BPQ�0O>@QF@B�������DI>WFKD�P@BK>OFL�T>P�ILTBOBA�QL������FK�LOABO�QL�DR>O>KQBB�
QE>Q�QEB�?RFIAFKD�OBDRI>QFLKP�>OB�PQFII�JBQ��>KA�>�S>IRB�LC�����7��J�\+	�T>P�CFK>IIV�>ALMQBA�CLO�
QEB�0>OQ�,�P@BK>OFL��

2BD>OAFKD�PE>AFKD�PQO>QBDFBP��LOFDFK>IIV�FKQBOK>I�?IFKAP�TFQE�EFDE�OBCIB@QFSFQV�PI>QP�TBOB�@ELPBK�
QL�?B�>@QFS>QBA�FC�QEB�PLI>O�O>AF>QFLK�FP�EFDEBO�QE>K�QEB�PLI>O�PBQMLFKQ�LC�����7�J���QEB�ABC>RIQ�
LMQFLK�FK�$BPFDK"RFIABO��/QEBO�PE>AFKD�PQO>QBDFBP�TBOB�@LKPFABOBA�PR@E�>P�QEB�>@QFS>QFLK�LC�
QEB�?IFKAP�TEBK�QEBOB�FP�>�MOBPBK@B�LC�@LLIFKD�IL>AP�AROFKD�QEB�MOBSFLRP�QFJB�PQBM��F�B��LKB�
ELRO�?BCLOB	��"LQE�LMQFLKP�TBOB�BS>IR>QBA�>KA�ABPMFQB�@LKPQFQRQFKD�OBIF>?IB�PLIRQFLKP��FQ�T>P�
AB@FABA� KLQ� QL� FK@IRAB� >KV� PE>AFKD� PQO>QBDFBP� >P� QEB� LSBO>II� JLABIIFKD� OBPRIQP� TLRIA� ?B�
>CCB@QBA��&LO�BU>JMIB��ABMILVJBKQ�LC�QEB�?IFKAP�TLRIA�IB>A�QL�EFDEBO�IFDEQFKD�IL>AP�AROFKD�QEB�
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PRJJBO� MBOFLA� OBD>OAIBPP� LC� QEB� >@QFS>QFLK� JBQELA�� 4EB� OBSFPBA� DI>WFKD� @LKPQOR@QFLK�
BIBJBKQP��@LKPFABOBA�CLO�QEB�?RFIAFKD�PFJRI>QFLKP��>OB�PELTK�FK�4>?IB������4EB�PLI>O�EB>Q�D>FK�
@LBCCF@FBKQ��3('#	�@ELPBK�S>IRB�LC�����FP�SBOV�@ILPB�QL�QEB�KLQFLK>I�?RFIAFKD�PMB@FCF@>QFLKP�
����	�>KA�>Q�QEB�P>JB�QFJB�@LKPQFQRQBP�QEB�JB>K�S>IRB�LC�QEB�FKFQF>I�DI>WFKD�@LKPQOR@QFLK�D
S>IRBP��QEBOBCLOB��FQ�OBMOBPBKQP�>�PRFQ>?IB�?>PB�S>IRB�CLO�>II�P@BK>OFLP��

Table 3.3 –�'I>WFKD�#LKPQOR@QFLK�$>Q>�M>O>JBQBOP�

Glazing Parameter Unit Part L Compliant Best Practice 
6BOQF@>I�CBKBPQO>QFLK� �� 0 – 40% 60 – 80% 0 – 40% 60 – 80% 
4LQ>I�PLI>O�QO>KPJFPPFLK�
�3('#�LO�DS>IRB	�

�� ��� ��� ��� ���

,FDEQ�QO>KPJFPPFLK� �� ��� ��� ��� ���
5S>IRB� 7��J�\+	� ���� ���� ���� ����
3E>AFKD� .�!� .L�PE>AFKD�

&O>JB�>KA�AFSFABOP� .�!� 4EB�AFSFABO�BIBJBKQP�MOLGB@Q�LRQ�COLJ�QEB�
LRQPFAB�>KA�FKPFAB�PROC>@BP�LC�QEB�DI>WFKD�>KA�
AFSFAB�QEB�DI>WFKD�FKQL�FKAFSFAR>I�IFQBP��4EB�
TFKALT�CO>JB�FP�M>FKQBA�TLLABK��

 

������.>QRO>I�6BKQFI>QFLK�
.>QRO>I�SBKQFI>QFLK� Q>HBP�MI>@B� QEOLRDE�QEB�TFKALT�LMBKFKDP�>KA� FP�RPBA�QL�PRMMIV�>FO�>KA�
QEBOBCLOB�QLT>OAP�JBBQFKD�QTL�L?GB@QFSBP��4EB�CFOPQ�LKB�FP�QL�MOLSFAB�@LLIFKD��BPMB@F>IIV�FK�QEB�
PRJJBO�MBOFLA�RPFKD�>�PBQMLFKQ� QBJMBO>QROB��>KA� QEB�PB@LKA� FP� QL�MOLSFAB� COBPE�>FO� QL� QEB�
?RFIAFKD� L@@RM>KQP� ���� ,�P�MBOPLK	�� 4EBOB� >OB� QTL� PFJRI>QFLK� LMQFLKP� FK�
$BPFDK"RFIABO�%KBODV0IRP�� OBD>OAFKD� K>QRO>I� SBKQFI>QFLK�� P@EBARIBA� >KA� @>I@RI>QBA�� 4EB�
CLOJBO� >PPRJBP� >� @LKPQ>KQ� >JLRKQ� LC� >FO� @E>KDBP� MBO� ELRO� �>@�E	� CLO� QEB� LRQPFAB� >FO� LO�
@LKPQ>KQ�>FO�PRMMIV�?>PBA�LK� QEB�JFKFJRJ�>FO� OBNRFOBJBKQP� CLO� QEB�L@@RM>KQP��?LQE� Q>HFKD�
MI>@B�RKABO�>�PMB@FCFBA�P@EBARIB��B�D����MJ�QL���MJ	��4EB�I>QQBO�LMQFLK�LC�@>I@RI>QBA�K>QRO>I�
SBKQFI>QFLK�FP�RPBA�FK�QEB�PFJRI>QFLKP��)Q�FP�PFDKFCF@>KQIV�JLOB�#05�ABJ>KAFKD�>KA�OB>IFPQF@�>P�
FQ� @>I@RI>QBP� QEB� >JLRKQ� LC� >FO� @LJFKD� COLJ�LRQPFAB� FKQL� QEB� ?RFIAFKD� QEOLRDE� QEB� LMBO>?IB�
TFKALT� >OB>�� Q>HFKD� FKQL� >@@LRKQ� >II� QEB� KB@BPP>OV� FKCLOJ>QFLK� PR@E� >P� QEB� AFP@E>ODB�
@LBCCF@FBKQ�>KA�TFKA�MOBPPROB��4EB�@E>O>@QBOFPQF@P�LC�K>QRO>I�SBKQFI>QFLK�>KA�BUQBOK>I�TFKALTP�
PBIB@QBA�CLO�QEB�PFJRI>QFLKP�CLO�@LLIFKD�MROMLPBP�>OB�PRJJ>OFPBA�FK�4>?IB������!KV�LMBO>?IB�
TFKALTP�>OB�LMBKBA�FC�QTL�@LKAFQFLKP�?BILT�>OB�?LQE�JBQ��

>	� 4WLKB���4LRQ�
?	� 4WLKB���4PBQ�

Table 3.4�–�.>QRO>I�6BKQFI>QFLK�>KA�BUQBOK>I�TFKALTP�@LKCFDRO>QFLK�CLO�@LLIFKD�MROMLPBP�

Natural Ventilation/Openings Parameter Value/Characteristic 
%UQBOK>I�7FKALTP�/MBKFKD�MLPFQFLK� 4LM�
0BO@BKQ>DB�LC�DI>WFKD�>OB>�QE>Q�LMBKP� ����

7FKA�&>@QLO� ��
$FP@E>ODB�@LBCCF@FBKQ�CLO�ELIBP� �����

$FP@E>ODB�@LBCCF@FBKQ�CLO�BUQBOK>I�TFKALTP� �����
#LKQOLI�JLAB�CLO�JLARI>QFLK� 4BJMBO>QROB�
#LLIFKD�3BQMLFKQ�4BJMBO>QROB� ��L#�

,LTBO�S>IRB�LC�4FK�4LRQ�CLO�JLARI>QFLK� ��
5MMBO�S>IRB�LC�4FK�4LRQ�CLO�JLARI>QFLK� ���
,FJFQ�S>IRB�LC�LMBKFKD�JLARI>QFLK�C>@QLO� �����

 



���
�

 
Figure 3.8 – -LARI>QFLK�FK�%UQBOK>I�7FKALTP��!A>MQBA�COLJ�;���<	�

�

4LRQ�OBMOBPBKQP�QEB�LRQALLO�>FO�QBJMBO>QROB��4WLKB�FP�QEB�WLKB�P�>FO�QBJMBO>QROB�FK�QEB�MOBSFLRP�
QFJB�PQBM��F�B��QEB�MOBSFLRP�ELRO��>KA�CFK>IIV�4PBQ�is the natural ventilation’s setpoint temperature��
��L#��4EB�TFKALTP�>OB�>IPL�JLARI>QBA�TEBK�@BOQ>FK�@LKAFQFLKP�>IILT�FQ�FK�LOABO�QL�@LKPFABO�
QEB�AFCCBOBK@B�?BQTBBK�QEB�LRQPFAB�>KA�QEB�FKPFAB�QBJMBO>QROB��&LO�BU>JMIB��QEB�LMBKFKD�LC�
QEB�TFKALT� FP� BUMB@QBA� QL� ?B� OBAR@BA� FC� 4LRQ� FP� PFDKFCF@>KQIV� ILTBO� QE>K� 4WLKB� >P� QEB� >FO� FK�
NRBPQFLK�TFII�AOLM�QEB�FKALLO�QBJMBO>QROB�?BILT�4PBQ��&FDROB�����ABJLKPQO>QBP�QEB�MOFK@FMIB�LC�
QEB� TFKALTP� JLARI>QFLK� LMBO>QFLK� TEF@E� EFP� @IB>OIV� ?>PBA� LK� QEB� AFCCBOBK@B� LC� QEB�
FKALLO�LRQALLO�>FO�QBJMBO>QROBP�4WLKB�–�4LRQ��TFQE�>K�RMMBO�>KA�ILTBO�S>IRB�RPBA�CLO�JLARI>QFKD�
QEB�SBKQFKD�LMBK�C>@QLO��

!AAFQFLK>IIV�� QEB�JFKFJRJ�>JLRKQ�LC�>@�E�@>K�?B�@>I@RI>QBA� CLO� QEB� COBPE�>FO�PRMMIV� QE>Q� FP�
OBNRFOBA��Q>HFKD�FKQL�>@@LRKQ�QEB�AFJBKPFLKP�LC�LKB�PQLOV�>KA�QEB�J>UFJRJ�L@@RM>K@V�ABKPFQV�
����J��MBOPLK��>P�AFP@RPPBA�FK�PB@QFLK������	��4EB�WLKB�E>P�>�SLIRJB�LC����J�U����J�U�����J�
���������J�	�>KA�>�J>UFJRJ�KRJ?BO�LC�L@@RM>KQP�BNR>I�QL�����U���	����������4EBOBCLOB��QEB�
OBNRFOBA�COBPE�>FO�FP����U����������,�P��������J��P�LO������>@�E��)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�
QEFP�FP�QEB�J>UFJRJ�>JLRKQ�LC�OBNRFOBA�>@�E�>P�QEB�L@@RM>QFLK�ABKPFQV�S>OFBP�QEOLRDELRQ�QEB�
A>V��@LKPBNRBKQIV��ILTBO�S>IRBP�TFII�>IPL�?B�PRCCF@FBKQ�ABMBKAFKD�LK�QEB�QFJB�MBOFLA��)K@OB>PBA�
infiltration through the building’s windows is used to provide the necessary supply of fresh air, 

BU@IRPFSBIV�CLO�?RFIAFKDP�TEBOB�K>QRO>I�SBKQFI>QFLK�FP�RPBA�CLO�@LLIFKD�MROMLPBP��4EB�ABQ>FIP�>OB�
MOBPBKQBA�FK�QEB�KBUQ�PB@QFLK��

������)KCFIQO>QFLK�
)KCFIQO>QFLK�FP�QEB�RK@LKQOLIIBA�BU@E>KDB�LC�>FO�?BQTBBK�QEB�?RFIAFKD�FKQBOFLO�>KA�LRQPFAB�QEOLRDE�
@O>@HP�� MLOLPFQV� >KA� LQEBO� RKFKQBKQFLK>I�>@@FABKQ>I� LMBKFKDP�� RPR>IIV� @OB>QBA� ?V� MOBPPROB�
AFCCBOBK@B�BCCB@QP�LC� QEB�TFKA�>KA�QEB�PQ>@H�BCCB@Q��)KCFIQO>QFLK�FP�KBSBO�@LKPQ>KQ�>P� FQP�S>IRB�
ABMBKAP�LK�PBSBO>I�M>O>JBQBOP�PR@E�>P�TFKA�PMBBA�>KA�MOBPPROB�AFCCBOBK@BP��$BPFDK"RFIABO�
offers two methods to set the building’s external infiltration, scheduled and calculated, similarly 

QL�K>QRO>I�SBKQFI>QFLK�JLABIIFKD��4EB�I>QQBO�LMQFLK�E>P�?BBK�PBIB@QBA�CLO�JLOB�OB>IFPQF@�OBPRIQP�
>P� >� @LKPQ>KQ� FKCFIQO>QFLK� O>QB� >Q� QEB� ?RFIAFKD� FP� OBNRFOBA� RKABO� QEB� CLOJBO� $BPFDK"RFIABO 
@>I@RI>QBP�QEB�FKCFIQO>QFLK�?V�RPFKD�@O>@H�QBJMI>QBP��RKABO�QEFP�@LKCFDRO>QFLK��FKCFIQO>QFLK�Q>HBP�
MI>@B�FK�QTL�FKPQ>K@BP� 

��� !FOCILT�QEOLRDE�QEB�PROC>@B�FQPBIC�ARB�QL�@O>@HP�LO�?V�QEB�DBKBO>I�MLOLPFQV�LC�QEB�C>?OF@��
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��� #O>@HP�?BQTBBK�QEB�TFKALTP�>KA�QEB�J>FK�T>II�LO�OLLC�PROC>@B�>OB>��

4EB� CILT�LC� >FO� QEOLRDE�D>MP�>KA�@O>@HP� FKQL� QEB�?RFIAFKD� C>?OF@� FP� QO>KPFQFLK>I� >KA�@>K�?B�
@>I@RI>QBA�FK�%NR>QFLK������4EB�CILT�@LBCCF@FBKQ�OBCBOP�QL�QEB�PFWB�LC�QEB�LMBKFKD�TEFIB�QEB�CILT�
BUMLKBKQ�FP�RPBA�QL�BS>IR>QB�QEB�CILT�OBDFJB������CLO�CRIIV�QRO?RIBKQ�QL���CLO�CRIIV�I>JFK>O�CILT�	��

1���#�Δ0K��TEBOB����� � � � � � � � � ��������������	�

#���CILT�@LBCCF@FBKQ��J��P��0>K	�

K���CILT�BUMLKBKQ�

Δ0���MOBPPROB�AFCCBOBK@B�>@OLPP�QEB�LMBKFKD��0>	��

4EB�CRII�JBQELALILDV�>KA�@>I@RI>QFLKP�>ALMQBA�OBD>OAFKD�FKCFIQO>QFLK�@>K�?B�CLRKA�FK�ABQ>FI�FK�
;���<�� (LTBSBO�� FQ� T>P� ABBJBA� QE>Q� QEB� FK@IRABA� %U@BIIBKQ� >KA� 'LLA� QBJMI>QBP� E>SB�
FKPFDKFCF@>KQ�FKCFIQO>QFLK�S>IRBP��OBPRIQFKD�FK�JFKFJ>I�QEBOJ>I�ILPPBP�>KA�@LKPBNRBKQIV�SBOV�ILT�
EB>QFKD� ABJ>KA�� 4EBOBCLOB�� QEB� ABC>RIQ� QBJMI>QBP� TBOB� OBJLSBA� COLJ� QEB� JLABIP� >KA�
OBMI>@BA�TFQE�QEB�-BAFRJ�>KA�0LLO�@O>@H�QBJMI>QBP��-LOB�PMB@FCF@>IIV��>CQBO�QBPQ�PFJRI>QFLKP��
QEB�%U@BIIBKQ�@O>@H�QBJMI>QB�T>P�>?IB�QL�FKQOLAR@B�>K�FKCFIQO>QFLK�O>QB�LC���–������>@�E�TEFIB�QEB�
'LLA� @O>@H� QBJMI>QB� >K� FKCFIQO>QFLK� S>OVFKD� ?BQTBBK� ����� >KA� ����� >@�E�� 4EBOBCLOB�� QEB�
-BAFRJ�>KA�0LLO�@O>@H� QBJMI>QBP�TBOB�@ELPBK�� CLO� QEB�"BPQ�0O>@QF@B�>KA�0>OQ�,�JLABIP��
OBPMB@QFSBIV��4EB�QBPQ�OBPRIQP�@>K�?B�PBBK�FK�ABQ>FI��FK�4>?IB�!���)Q�PELRIA�?B�KLQBA�QE>Q�>P�QEB�
FKCFIQO>QFLK� O>QB� FP�KLQ�DFSBK�>P�>�PFJRI>QFLK�LRQMRQ�� QEB�LKIV�T>V�@>I@RI>QB� FQ� FKAFOB@QIV� FP� QL�
L?PBOSB� QEB� S>IRBP� LC� QEB� QLQ>I� COBPE� >FO� �-B@E>KF@>I� 6BKQFI>QFLK� �� .>QRO>I� 6BKQFI>QFLK� ��
)KCFIQO>QFLK	�LRQPFAB�QEB�TLOHFKD�ELROP�TEBK�QEBOB�FP�KL�P@EBARIBA�LRQPFAB�COBPE�>FO�QL�BKQBO�QEB�
?RFIAFKD��TFQE�QEB�BUBJMQFLK�LC�PRJJBO�KFDEQ�@LLIFKD�CLO�QEB�EB>SVTBFDEQ�?RFIAFKD�JLABIP��4EB�
FKCFIQO>QFLK� S>IRBP� >OB� FKAF@>QFSB� >KA� @>K� ?B� RPBA� CLO� @LJM>OFPLK� MROMLPBP� ?BQTBBK� QEB�
AFCCBOBKQ�@O>@H�QBJMI>QB�JLABIP��MOLSFAFKD�>�?BQQBO�RKABOPQ>KAFKD�LC�QEB�FKCFIQO>QFLK�P@>IB�BUQBKQ�
?RQ�QEBV�PELRIA�KLQ�?B�RPBA�>P�>@@RO>QB�S>IRBP�QL�@>I@RI>QB�>K�>FOQFDEQKBPP�S>IRB�FK�J���J�\E	�
 � ��� 0>�� 4EB� @O>@H� QBJMI>QB� @E>O>@QBOFPQF@P� CLO� >II� @LKPQOR@QFLK� BIBJBKQP� >ILKD� TFQE� QEB�
OBPMB@QFSB�@>I@RI>QBA�FKCFIQO>QFLK�O>QBP�CLO�QEB�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�@>K�?B�CLRKA�
FK�4>?IBP�!��–�!�����

)KCFIQO>QFLK�QEOLRDE�BUQBOK>I�TFKALTP�FP�>IPL�RPBA�QL�JLABI�QEB�>JLRKQ�LC�COBPE�>FO�OBNRFOBA�CLO�
QEB�?RFIAFKD�L@@RM>KQP� FK�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP�TEF@E�>OB�@LKPBNRBKQIV�ABPFDKBA�QL�
E>SB� EFDEBO� BUQBOK>I� FKCFIQO>QFLK�� #LKPBNRBKQIV�� QEB� CILT� @LBCCF@FBKQP� >KA� BUMLKBKQP� CLO�
TFKALTP�TBOB�OBSFPBA�CLO�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP��>P�PELTK�FK�4>?IB�!����4EB�>SBO>DB�
FKCFIQO>QFLK� S>IRBP�� ����� >@�E� >KA� ����� >@�E� CLO� QEB� -BAFRJ� >KA� 0LLO� @O>@H� QBJMI>QBP�
OBPMB@QFSBIV��>OB�@LKPFABO>?IV�@ILPB�QL�QEB�OBNRFOBA������>@�E�S>IB�CLO�COBPE�>FO�PRMMIV� 

������-B@E>KF@>I�6BKQFI>QFLK�
-B@E>KF@>I�SBKQFI>QFLK�FP�RPBA�CLO�PRMMIV�MROMLPBP��QL�QO>KPCBO�LRQPFAB�>FO�FKPFAB�QEB�?RFIAFKD�
>KA� E>P� QEB� P>JB� L?GB@QFSBP� >P� K>QRO>I� SBKQFI>QFLK�� QEB� MOLSFPFLK� LC� ��� ,�P�MBOPLK� CLO� QEB�
?RFIAFKD� L@@RM>KQP� >KA� @LLIFKD�� ELTBSBO�� QEB� >FO� FP� KLQ� ?OLRDEQ� FKQL� QEB� ?RFIAFKD� QEOLRDE�
TFKALT� LMBKFKDP� ?RQ� TFQE� QEB� EBIM� LC� QEB� >MMOLMOF>QB� JB@E>KF@>I� SBKQFI>QFLK� PVPQBJ�
@LJMLKBKQP�� -B@E>KF@>I� SBKQFI>QFLK� @>K� ?B� JLABIIBA� FK� $BPFDK"RFIABO� BFQEBO� QEOLRDE� QEB�
2LLJ�6BKQFI>QFLK�JBQELA�LO�QEB�)AB>I�IL>AP�JBQELA��4EB�CLOJBO�J>HBP�RPB�LC�QEB�%KBODV0IRP�
:LKB6BKQFI>QFLK�$BPFDK&ILT2>QB�A>Q>��PBM>O>QBIV�COLJ�QEB�J>FK�(6!#�PVPQBJ��TEF@E�>IILTP�
QEB� C>K� BKBODV� >KA�EB>Q� MF@HRM� QL� ?B� FK@IRABA� FK� QEB� PFJRI>QFLK�� ELTBSBO�� EB>Q� OB@LSBOV��
B@LKLJFPBOP�>KA�ERJFAFQV�@LKQOLIP�>OB�KLQ�FK@IRABA��4EB�I>QQBO�LMQFLK�RQFIFPBP�QEB�%KBODV0IRP�
:LKB(6!#�)AB>I,L>AP!FO3VPQBJ� A>Q>� TFQE� QEB� FKSBOPB� @>M>?FIFQFBP� >P� B@LKLJFPBOP�� EB>Q�
OB@LSBOV� @>K� ?B�JLABIIBA�� &LO� QEB� KBBAP� LC� QEB� MOLGB@Q�� >K� B@LKLJFPBO� FP� @LKPFABOBA� >P�
BPPBKQF>I� QLT>OAP� FKQOLAR@FKD� COBB� @LLIFKD� FKQL� QEB� ?RFIAFKD��#LKPBNRBKQIV�� QEB� FAB>I� IL>AP�



���
�

method has been implemented and as this approach cannot model the fans’ energy 

@LKPRJMQFLK��QEFP�E>P�QL�?B�J>KR>IIV�PBQ�FK�QEB�PFJRI>QFLK�FKMRQ�LMQFLKP��(B>Q�OB@LSBOV�FP�KLQ�
@LKPFABOBA�>P�FQ�@>KKLQ�?B�JLABIIBA�RKABO�)AB>I�,L>AP���

)K�JLOB�ABQ>FI��B@LKLJFPBOP�>OB�ABMILVBA�QL�MOLSFAB�COBB�@LLIFKD�TEBK�QEB�FKALLO�QBJMBO>QROB�
FP�EFDEBO�QE>K�QEB�LRQALLO�QBJMBO>QROB��4EBV�>OB�?>PF@>IIV�A>JMBO�LMBKFKDP�QE>Q�@>K�AO>T�RM�
QL������LC�QEB�LRQPFAB�>FO��IB>AFKD�QL�>�OBAR@QFLK�LC�QEB�@LLIFKD�IL>AP��BPMB@F>IIV�AROFKD�QEB�
summer period. The economiser’s operation is set to 2 –�$FCCBOBKQ�$OV�"RI?�>P�QEFP�JLABIIFKD�
LMQFLK�RPBP�QEB�B@LKLJFPBO�QL�FK@OB>PB�QEB�LRQPFAB�>FO�CILT�O>QB�>?LSB�QEB�JFKFJRJ�LRQALLO�
>FO� CILT�MOLSFABA�QE>Q�QTL�@LKAFQFLKP�?BILT�>OB�JBQ��4EB�CFOPQ�LKB�FP� FABKQF@>I� QL�QEB�K>QRO>I�
SBKQFI>QFLK�LMBO>QFLK�@LKAFQFLK�TEFIB�QEB�PB@LKA�OBCBOP�QL�QEB�MOBPBK@B�LC�@LLIFKD�IL>AP�>KA�
QEBOBCLOB�QEB�LMBO>QFLK�LC�QEB�@LLIFKD�PVPQBJ�

>�� 4WLKB���4LRQ�
?�� #LLIFKD�IL>AP�����

2BD>OAFKD�BKBODV�@LKPRJMQFLK�ARB�QL�C>KP�MRJMP�>KA�@LKQOLIP��FQ�PELRIA�?B�EFDEIFDEQBA�QE>Q�
QEB� BKBODV� PFJRI>QFLK� OBPRIQP� >OB� MOLAR@BA� CLO� @LJM>OFPLK� MROMLPBP� ?BQTBBK� AFCCBOBKQ�
?RFIAFKDP�>KA�QEBOBCLOB�>P�ILKD�>P�QEBOB�FP�@LKPFPQBK@V�LK�QEB�>PPRJMQFLKP�J>AB�CLO�>II�QEB�
JLABIP��RPFKD�QEB�P>JB�S>IRB�CLO�>II�P@BK>OFLP��FK�H7E�J�	� FP�>�OB>PLK>?IB�>PPRJMQFLK�� )K�
PFJRI>QFLK� QBOJP�� QEFP� S>IRB� QO>KPI>QBP� QL� >� @LKPQ>KQ� ?RQ� FKPFDKFCF@>KQ� >RUFIF>OV� IL>A� QE>Q� FP�
MOBPBKQ����ELROP�MBO�A>V������A>VP�MBO�VB>O��&FK>IIV��KFDEQ�SBKQFI>QFLK� FP�RPBA�LKIV� CLO� QEB�
EB>SVTBFDEQ�?RFIAFKDP�FK�LOABO�QL�@LLI�ALTK�QEB�?RFIAFKD�AROFKD�QEB�KFDEQ�>KA�J>HB�FQ�QEBOJ>IIV�
@LJCLOQ>?IB�>Q� QEB�B>OIV�ELROP�LC� QEB�CLIILTFKD�A>V�TEBK�L@@RM>K@V�FP�P@EBARIBA�QL�?BDFK��
.FDEQ�SBKQFI>QFLK�Q>HBP�MI>@B�?BQTBBK��PQ�LC�*RKB�QL���QE�LC�3BMQBJ?BO�QL�JFQFD>QB�LSBOEB>QFKD�
FK�QEB�PRJJBO�JLKQEP��)Q�PELRIA�?B�@I>OFCFBA�QE>Q�LKIV�LKB�JBQELA�LC�SBKQFI>QFLK�FP�RPBA�MBO�
?RFIAFKD��QEBOBCLOB��>�?RFIAFKD�@>K�E>SB�BFQEBO�K>QRO>I�LO�JB@E>KF@>I�SBKQFI>QFLK�?RQ�KLQ�?LQE��

������!RUFIF>OV�,L>AP�
!RUFIF>OV�IL>AP�OBCBO�QL�BKBODV�@LKPRJMQFLK�ARB�QL�C>KP��MRJMP�>KA�@LKQOLIP��>IPL�HKLTK�>P�
M>O>PFQF@� BKBODV�� &LO� QEB� K>QRO>IIV� SBKQFI>QBA� ?RFIAFKDP�� S>IRBP� TBOB� FABKQFCFBA� COLJ� QEB�
IFQBO>QROB�>KA�JLOB�PMB@FCF@>IIV�COLJ�QEB�3@LQQFPE�'LSBOKJBKQ��CLO�PBSBO>I�KLOQEBOK�%ROLMB>K�
@LRKQOFBP� ;���<�� !K� >SBO>DB� S>IRB� LC� �� H7E�J�� T>P� PBIB@QBA� CLO� QEB� K>QRO>IIV� SBKQFI>QBA�
?RFIAFKDP�>P�PRMMIV�>FO�M>PPBP�FKQL�QEB�?RFIAFKDP�QEOLRDE�QEB�TFKALTP��(LTBSBO�� CFKAFKD�>K�
>@@BMQ>?IB�S>IRB�CLO�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�MOLSBA�QL�?B�>�JLOB�@LJMIF@>QBA�FPPRB��
!AAFQFLK>IIV��@>PB�PQRAFBP�RPB�AFCCBOBKQ�JBQELALILDFBP�QL�ABCFKB�>KA�@>I@RI>QB�>RUFIF>OV�IL>AP�
TEFIB� COBNRBKQIV� QEBOB� >OB� KLQ� @LKPFABOBA� >P� >� PBM>O>QB� BKQFQV� >P� C>KP� �� MRJMP� BKBODV�
@LKPRJMQFLK� @>K� ?B� FK@IRABA�TFQEFK� QEB� EB>QFKD�>KA� @LLIFKD� IL>AP��"BK@EJ>OH� S>IRBP� CLO�
LCCF@B�?RFIAFKDP�TBOB�FABKQFCFBA�LK�#)"3%�'RFAB�&��KBSBOQEBIBPP��QEBPB�S>IRBP�LOFDFK>QB�COLJ�
>K� LRQA>QBA� %KBODV� #LKPRJMQFLK� 'RFAB� TEF@E� T>P� MR?IFPEBA� JLOB� QE>K� ��� VB>OP� >DL��
4EBOBCLOB��FQ�FP�ALR?QCRI�FC�QEBV�@>K�?B�OBMOBPBKQ>QFSB�LC�JLABOK�LCCF@B�?RFIAFKDP��

!� PMB@FCF@�JBQELALILDV�T>P� CLIILTBA� QL� @>I@RI>QB� OB>PLK>?IB� S>IRBP� CLO� >RUFIF>OV� IL>AP� FK�
H7E�J��?V�@LOOBI>QFKD�JB@E>KF@>I�SBKQFI>QFLK�QL�MLTBO�>KA�BKBODV�QEOLRDE�QEB�3MB@FCF@�&>K�
0LTBO��3&0	�S>OF>?IB��3&0�FP�>�RPBCRI�M>O>JBQBO�TEF@E�OBMOBPBKQP�QEB�O>QFL�LC�QEB�QLQ>I�BIB@QOF@�
MLTBO�OBNRFOBA�QL�AOFSB�QEB�C>KP�QL�QEB�>JLRKQ�LC�@FO@RI>QBA�>FO��

3&0���ΣP

qv
���TEBOB�� � � � � � � � � ��������������	�

Σ0���PRJ�LC�>II�C>K�MLTBOP��H7	�

NS���DOLPP�>JLRKQ�LC�@FO@RI>QBA�>FO��J��P	�
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4EB�RKFQP�LC�3&0�>OB��

;3&0<���kW

m3s
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3&0�@>K�?B�BUMOBPPBA�FK�RKFQP�LC�MOBPPROB�>P�FQ�>IPL�@LKPQFQRQBP�QEB�O>QFL�LC�BKBODV�MBO�@R?F@�
JBQBO�LC�>FO��)K�QEB�FAB>I�@>PB�LC�>�C>K�PVPQBJ�TFQE������BCCF@FBK@V��3&0�FP�BNR>I�QL�QEB�C>K�
MOBPPROB�OFPB�>KA�QEB�QLQ>I�MOBPPROB�ILPP� FK�QEB�JB@E>KF@>I�SBKQFI>QFLK�PVPQBJ��(LTBSBO�� FK�
OB>IFQV��C>KP�E>SB�>K�LSBO>II�BCCF@FBK@V�IBPP�QE>K�������4EFP�BCCF@FBK@V�OBCBOP�QL�QEB�MBO@BKQ>DB�
LC�QEB�BIB@QOF@>I�MLTBO�QE>Q�OBPRIQP�FK�RPBCRI�AOFSFKD�MOBPPROB�QE>Q�QO>KPCBOP�QEB�>FO�FKPFAB�QEB�
SBKQFI>QFLK�PVPQBJ��)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�QEB�3&0�>KA�QEB�LSBO>II�C>K�BCCF@FBK@V�>OB�KLQ�
@LKPQ>KQ�?RQ�S>OV�TFQE�>FO�CILTO>QB�>KA�QEB�C>K�MOBPPROB�OFPB�;���<��#LKPBNRBKQIV��

3&0���Δptotal

ηtotal
��TEBOB��� � � � � � � ��������������������������	�

ΔMQLQ>I���QEB�C>K�MOBPPROB�OFPB��BNR>I�QL�QEB�QLQ>I�MOBPP�ILPP�FK�QEB�SBKQFI>QFLK�PVPQBJ�

ηQLQ>I���QEB�LSBO>II�C>K�BCCF@FBK@V��?BQTBBK���>KA��	�

4EB�$"�PFJRI>QFLK�LRQMRQ�FK@IRABP�QLQ>I�COBPE�>FO�FK�>FO�@E>KDBP�MBO�ELRO��>@E�	�>KA�?V�QROKFKD�
LCC� BUQBOK>I� FKCFIQO>QFLK�� FQ� FP� DR>O>KQBBA� QE>Q� QEB� S>IRB� OBMOBPBKQP� LKIV� QEB� >FO� PRMMIFBA� ?V�
JB@E>KF@>I�SBKQFI>QFLK��">PBA�LK�QE>Q�S>IRB��QEB�OBPMB@QFSB�QLQ>I�>RUFIF>OV�MLTBO�>KA�BKBODV�
@>K�?B�@>I@RI>QBA��>PPRJFKD�QE>Q�QEB�LSBO>II�C>K�BCCF@FBK@V�>KA�3&0�S>IRBP�OBJ>FK�@LKPQ>KQ��

-B@E>KF@>I�6BKQFI>QFLK�O>QB��m3/s	��  
Mechanical Ventilation (𝑎𝑐/ℎ) x Total Volume (𝑚3)

3600
��

!RUFIF>OV�0LTBO��kW	���-B@E>KF@>I�6BKQFI>QFLK��m3/s	�U�3&0�( 𝑘𝑊

𝑚3·𝑠
)�

4LQ>I�!RUFIF>OV�0LTBO��kW	��� Power (𝑘𝑊)

Fan Efficiency (%)
�

4LQ>I�!RUFIF>OV�0LTBO��kW/m2	 �� Total Power (𝑘𝑊)

Total Surface area (𝑚2)
������������������������������������������������������������	�

'FSBK�QEB�C>@Q�QE>Q�$BPFDK"RFIABO�RPBP�ELROIV�MBOFLAP�CLO�PFJRI>QFLK�MROMLPBP��MLTBO�>KA�QLQ>I�
MLTBO�>OB�>IPL�BNR>I�QL�BKBODV�>KA�QLQ>I�BKBODV��OBPMB@QFSBIV���4EB�5+�0>OQ�,�2BDRI>QFLKP�
FK@IRAB� >K� 3&0� S>IRB� LC� ���� H7��J�\P	� � OBD>OAFKD� PMB@FCF@>QFLKP� CLO� ?RFIAFKDP� LQEBO� QE>K�
ATBIIFKDP�;���<��#)"3%�'RFAB�!�OBCBOP�QL�QEB�OBI>QFLKPEFM�?BQTBBK�QEB�3&0�S>IRB�>KA�0>OQ�,�
@LJMIF>K@B� TEFIB� FQ� FP� PQ>QBA� QE>Q�� CLO� SLIRJBQOF@� CILTO>QBP� ILTBO� QE>K� ��J��P�� 3&0� E>P� >�
JFKFJRJ� S>IRB� LC� �� ARB� QL� C>K� FKBCCF@FBK@FBP� ;���<�� 4EB� .LK$LJBPQF@� "RFIAFKD� 3BOSF@BP�
#LJMIF>K@B�'RFAB�FK@IRABP�PMB@FCF@>QFLKP�OBD>OAFKD�QEB�J>UFJRJ�3&0�LC�PBSBO>I�JB@E>KF@>I�
SBKQFI>QFLK�PVPQBJP��FK�ABQ>FI��TFQE�>�O>KDB�LC�S>IRBP�?BQTBBK�����>KA������#BKQO>I�?>I>K@BA�
JB@E>KF@>I�SBKQFI>QFLK�PVPQBJP�FK�KBT�?RFIAFKDP�E>SB�OB@LJJBKABA�3&0�S>IRBP�LC����������
>KA�����ABMBKAFKD�LK�QEB�@LKCFDRO>QFLK�>KA�MOBPBK@B�LC�EB>QFKD�>KA�@LLIFKD��!�@LJM>O>QFSB�
LCCF@B�?RFIAFKD�PFJRI>QFLK�@>PB�PQRAV�TEF@E�FK@IRABA�QEOBB�@IFJ>QB�WLKBP��FK@IRAFKD�,LKALK��
@LKPFABOBA�3&0�S>IRBP�LC������>KA���>KA�C>K�BCCF@FBK@FBP�?BQTBBK�����>KA������;���<���)Q�FP�
QEBOBCLOB�@IB>O�QE>Q�QEB�>RUFIF>OV�C>K�IL>AP�>OB�>�CRK@QFLK�LC�QEB�(6!#�@LKCFDRO>QFLK��@IFJ>QB��
SBKQFI>QFLK�PBQMLFKQP�>KA�LQEBO�S>OF>?IBP��5PFKD�QEB�JBQELALILDV�>KA�>PPRJMQFLKP�ABP@OF?BA�
FK�QEFP�@E>MQBO��>�OB>PLK>?IB�S>IRB�@>K�?B�@>I@RI>QBA�FK�H7E�J���&LO�QEB�@>I@RI>QFLK�KBBAP��
30&�S>IRBP�LC���>KA�����TFII�?B�RPBA��>ILKD�TFQE�>K�LSBO>II�C>K�BCCF@FBK@V�LC������

!�KRJ?BO�LC�AFCCBOBKQ�?RFIAFKD�JLABIP�TBOB�PFJRI>QBA�FK�$BPFDK"RFIABO�CLO�QBPQFKD�MROMLPBP��
>PPRJFKD�MBOCB@Q�>FOQFDEQKBPP�>KA�QEBOBCLOB�WBOL�BUQBOK>I� FKCFIQO>QFLK��4EBK�� QEB�JB@E>KF@>I�
SBKQFI>QFLK� O>QB�T>P�RPBA� QL�@>I@RI>QB� QEB� C>K� IL>AP�� CLIILTFKD� QEB�BNR>QFLKP�PELTK�>?LSB��



����
�

5PFKD�>� QLQ>I� CILLO�>OB>�LC������J��>KA� QLQ>I�SLIRJB�LC�������J��� QEB� C>K� IL>AP�TBOB� QEBK�
KLOJ>IFWBA�MBO�PNR>OB�JBQBO��4EB�C>K�IL>AP�PFJRI>QFLK�OBPRIQP�E>A�>�O>KDB�?BQTBBK������>KA�
�����H7E�J���TFQE�>K�>SBO>DB�S>IRB�LC������H7E�J���)Q�PELRIA�?B�KLQBA�QE>Q�QEFP�O>KDB�LKIV�
@LOOBPMLKAP� QL� PFU� ?RFIAFKD� P@BK>OFLP� >KA� OBPRIQP� TFII� S>OV� ABMBKAFKD� LK� QEB� ?RFIAFKD�
@E>O>@QBOFPQF@P��&FK>IIV��>P�QEB�S>IRBP�FK�NRBPQFLK�OBMOBPBKQ�LKIV�QEB�BKBODV�@LKPRJBA�?V�QEB�
C>KP��>K�BPQFJ>QFLK�CLO�QEB�MRJMP�>KA�@LKQOLIP�IL>AP�E>P�QL�?B�>AABA�FK�LOABO�QL�CLOJRI>QB�QEB�
>RUFIF>OV�BKBODV�IL>AP��'FSBK�QEB�C>@Q�QE>Q�QEB�>RUFIF>OV�BKBODV�E>P�?BBK�@LKPFABOBA�QL�?B���
H7E�J��CLO�QEB�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP�TEBOB�QEBOB�>OB�KL�C>K�IL>AP�MOBPBKQ��>�S>IRB�LC�
��H7E�J��FP�>PPRJBA�CLO�>II�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�� 

������%KSFOLKJBKQ>I�#LKQOLI�
!II� QEB�KB@BPP>OV�BKSFOLKJBKQ>I� @LKQOLI�M>O>JBQBOP� CLO� QEB�PFJRI>QFLKP�>OB�PRJJ>OFPBA� FK�
4>?IB� ����� 4EB� PBQMLFKQ� QBJMBO>QROB� OBCBOP� QL� QEB� Q>ODBQ� LMBO>QFSB� QBJMBO>QROB� TEBK� QEB�
?RFIAFKD�FP�L@@RMFBA�AROFKD�TLOHFKD�ELROP�TEFIB�QEB�PBQ?>@H�QBJMBO>QROB�@LKPQFQRQBP�QEB�Q>ODBQ�
LMBO>QFSB� QBJMBO>QROB� TEBK� QEB� ?RFIAFKD� FP� S>@>KQ�� )K� QEFP� T>V�� FQ� FP� DR>O>KQBBA� QE>Q� QEB�
?RFIAFKD�TFII�J>FKQ>FK�OB>PLK>?IB�QBJMBO>QROB�S>IRBP�AROFKD�MOLILKDBA�MBOFLAP�LC�@ILPROB��CLO�
BU>JMIB� COLJ� &OFA>V� KFDEQ� RKQFI� -LKA>V� JLOKFKD� FK� QEB� TFKQBOQFJB�� )KFQF>IIV�� CLIILTFKD�
#)"3%�!3(2!%� DRFABIFKBP�� AFCCBOBKQ� S>IRBP� E>A� ?BBK� PBIB@QBA� CLO� B>@E� :LKB� TFQE� QEB�
IFCQ�PQ>FOTBII� >OB>� E>SFKD� IBPP� OBNRFOBJBKQP� >KA� JLOB� PMB@FCF@>IIV� ILTBO� EB>QFKD�
PBQMLFKQ�PBQ?>@H�QBJMBO>QROBP�>P�TBII�>P�EFDEBO�@LLIFKD�S>IRBP��(LTBSBO��QEFP�IBA�QL�>�PJ>II�
>JLRKQ� LC� AFP@LJCLOQ� ELROP� PMB@FCF@>IIV� CLO� QEB� PJ>IIBO� WLKB�� #LKPBNRBKQIV�� QBJMBO>QROBP�
TBOB�QEBK�OBSFPBA�>KA�QEB�P>JB�PBQMLFKQ�>KA�PBQ?>@H�QBJMBO>QROBP�TBOB�@ELPBK�CLO�?LQE�QEB�
J>FK�LCCF@B�>KA�PQ>FOTBII�WLKBP��

�

Table 3.5 – %KSFOLKJBKQ>I�#LKQOLI�0OLMBOQFBP�CLO�QEB�$BPFDK"RFIABO�3FJRI>QFLKP�?>PBA�LK�
#)"3%�#LJCLOQ��

Environmental Control 
Parameter 

Required Value(s) 
Setpoint Operative 

Temperature 
Setback Operative 

Temperature 
(B>QFKD� ��L#� ��L#�
#LLIFKD� ��L#� ��L#�

.>QRO>I�6BKQFI>QFLK� ��L#� .�!�
-B@E>KF@>I�6BKQFI>QFLK� .�!��4EB�B@LKLJFPBO�LMBO>QBP�>KA�MOLSFABP�COBB�

@LLIFKD�TEBK�4WLKB���4LRQ�>KA�@LLIFKD�IL>AP�>OB�
MOBPBKQ��

-B@E>KF@>I�6BKQFI>QFLK�!FO�3RMMIV� ���,�P�MBOPLK�
4>ODBQ�)IIRJFK>K@B� ����IRU�CLO�LCCF@B�>OB>�

����IRU�CLO�PQ>FOTBII�IFCQ�>OB>�
 

2BD>OAFKD�QBJMBO>QROB�@LKQOLI��$BPFDK"RFIABO�AL@RJBKQ>QFLK�JBKQFLKP�QE>Q�QEBOB�FP�>�ILQ�LC�
AB?>QB� >JLKDPQ� ?RFIAFKD� PFJRI>QFLK� BUMBOQP� LK� TEBQEBO� >K� >J?FBKQ� LO� >K� LMBO>QFSB�
QBJMBO>QROB�QEBOJLPQ>Q�FP�QEB�JLPQ�PRFQ>?IB�LMQFLK��5PFKD�>K�>J?FBKQ�QBJMBO>QROB�QEBOJLPQ>Q�
FDKLOBP�>KV�O>AF>KQ�BCCB@QP��LK�QEB�LQEBO�E>KA��OB>IIFCB�QEBOJLPQ>QP�AL�KLQ�PBKPB�FK�MO>@QF@B�
JLOB�QE>K�����O>AF>KQ�EB>Q�QO>KPCBO�>P�QEBV�QBKA�QL�JB>PROB�QEB�QBJMBO>QROB�LC�QEB�KB>O?V�
>FO��5PFKD�LMBO>QFSB�QBJMBO>QROB�@LKQOLI�TFQE�>�O>AF>KQ�CO>@QFLK�LC�����@>K�?B�?BKBCF@F>I�CLO�
QEB�?RFIAFKD�P�BKSFOLKJBKQ>I�@LKAFQFLKP�>P�(6!#�PVPQBJP�TFII�@LKQFKRB�@LKAFQFLKFKD�QEB�PM>@B�
�EB>QFKD�LO�@LLIFKD	�FK�LOABO�QL�CRICFII�QEB�QEBOJ>I�@LJCLOQ�@OFQBOF>���

4EFP�FP�KLQ�QEB�@>PB�TEBK�FQ�@LJBP�QL�>K�>J?FBKQ�>FO�QEBOJLPQ>Q�>P�J>FKQ>FKFKD�QEB�>J?FBKQ�
QBJMBO>QROB�ALBP�KLQ�KB@BPP>OFIV�QO>KPI>QB�QL�>�QEBOJ>IIV�@LJCLOQ>?IB�BKSFOLKJBKQ��ABMBKAFKD�



����
�

LK�QEB�FKQBOK>I�O>AF>KQ�QBJMBO>QROBP��(LTBSBO��FQ�PELRIA�?B�KLQBA�QE>Q�LMBO>QFSB�@LKQOLI�>IPL�
@LJBP� TFQE� ALTKPFABP� >P� PQ>OQRM� IL>AP� @>K� ?B� RKOB>PLK>?IV� EFDE� ARB� QL� QEB� QEBOJ>I�
response lag of the building’s envelope. If the flywheel effect is dominant, thB�ABPFDK�@LLIFKD�
>KA� EB>QFKD� IL>AP� >ILKD� TFQE� QEB� QLQ>I� @LLIFKD� >KA� EB>QFKD� BKBODV� @LKPRJMQFLK� @LRIA� ?B�
MLQBKQF>IIV�LSBOBPQFJ>QBA��)K�@LK@IRPFLK��?LQE�LMQFLKP�MOBPBKQ�>AS>KQ>DBP�>KA�AFP>AS>KQ>DBP�
?RQ�QEB�FJMLOQ>K@B�LC�QEB�LMBO>QFSB�QBJMBO>QROB�@LKQOLI�FP�OBCIB@QBA�?V�FQP�MOBPBK@B�FK�JRIQFMIB�
DRFABP� MR?IFPEBA� ?V� #)"3%� >KA� !3(2!%� FK� OBD>OAP� QL� QEBOJ>I� @LJCLOQ�� FK@IRAFKD� QEB�
!3(2!%� ��� 3Q>KA>OA� ;���<�� 4EBOBCLOB�� FQ� E>P� ?BBK� @ELPBK� >P� QEB� BKSFOLKJBKQ>I� @LKQOLI�
M>O>JBQBO�FK�QEB�@ROOBKQ�OBPB>O@E��

������-BQ>?LIF@�!@QFSFQV�>KA�/@@RM>K@V�
4EB�ABQ>FIP�OBD>OAFKD�QEB�JBQ>?LIF@�>@QFSFQV��L@@RM>K@V�>KA�QEB�A>VP�AROFKD�TEF@E�QEB�?RFIAFKD�
FP�KLQ�@LKPFABOBA�QL�?B�LMBO>QFKD�>OB�PRJJ>OFPBA�FK�4>?IB�!���>KA�I>ODBIV�?>PBA�LK�!3(2!%�
&RKA>JBKQ>IP��4EB�JBQ>?LIF@�>@QFSFQV�QE>Q�Q>HBP�MI>@B�FP�>PPRJBA�QL�?B�CFIFKD�PQ>KAFKD�TFQE�>�
S>IRB�LC�����7�MBOPLK��4EB�"OFQFPE�#LRK@FI�CLO�/CCF@BP�PRDDBPQP�>�TLOHMI>@B�ABKPFQV�?BQTBBK�
��–����J��MBOPLK�;���<�TEFIB�#)"3%�OB@LJJBKAP����–����J��MBOPLK�FK�FQP�#LK@FPB�(>KA?LLH�
;���<��&LO�QEFP�OBPB>O@E��QEB�L@@RM>K@V�ABKPFQV�E>P�?BBK�PBQ�QL��������MBLMIB�J��LO�������
J��MBOPLK��!AAFQFLK>IIV��QEB�A>FIV�L@@RM>K@V�MOLCFIB�CLO�>�TLOHFKD�A>V�FP�PELTK�FK�&FDROB�����
TFQE�QEB�L@@RM>K@V�C>@QLO�?BFKD�>�CO>@QFLK�?BQTBBK���>KA����TFQE����>KA������OBMOBPBKQFKD�
QEB�S>IRBP�CLO�WBOL�>KA�CRII�?RFIAFKD�L@@RM>K@V��OBPMB@QFSBIV��)Q�@>K�?B�PBBK�QE>Q�L@@RM>K@V�
OB>@EBP� FQP�J>UFJRJ� S>IRB� >P� B>OIV� >P� ��>J�TEFIB� QEBOB� >OB� PR?PBNRBKQ� AOLMP� TFQE� QEB�
M>PPFKD�LC�QFJB��>�@E>O>@QBOFPQF@�BU>JMIB�FP�QEB�IRK@E�?OB>H�QE>Q�PQ>OQP�>Q�JFAA>V�  

 

 
Figure 3.9 – "RFIAFKD�/@@RM>K@V�MOLCFIB�AROFKD�>�TLOHFKD�A>V�������	�

�

�������!@QFSFQV�>KA�3@EBARIBP�
4EFP�PR?@E>MQBO�MOBPBKQP�QEB�P@EBARIBP�LC�>II�QEB�(6!#�@LJMLKBKQP�>P�TBII�>P�IFDEQFKD�>KA�
$LJBPQF@�(LQ�7>QBO��$(7	��&FOPQIV��QEB�EB>QFKD�PVPQBJ�FP�>@QFSB�?BQTBBK��>J�–���MJ��QOVFKD�
QL�JBBQ�QEB�EB>QFKD�PBQMLFKQ�QBJMBO>QROB��QEBOBCLOB��QEBOB�FP�LKB�ELRO�LC�MOBEB>QFKD�QE>Q�Q>HBP�
MI>@B�?BCLOB�QEB�?RFIAFKD�PQ>OQP�LMBO>QFKD��3FJFI>OIV�QL�EB>QFKD��LKB�ELRO�LC�MOB@LLIFKD�>IPL�



����
�

Q>HBP�MI>@B�>KA�@LKPBNRBKQIV�QEB�@LLIFKD�PVPQBJ�FP�>@QFSB�?BQTBBK�QEB�P>JB�ELROP���>J�QL�
�MJ��JBBQFKD�QEB�@LLIFKD�PBQMLFKQ�QBJMBO>QROB��4EB�LMBO>QFLK�LC�EB>QFKD�>KA�@LLIFKD�FP�PELTK�
FK�&FDROB�������7EBK�LMBO>QFLK�FP�PBQ�QL����QEB�PVPQBJ�LMBO>QBP�FK�LOABO�QL�JBBQ�QEB�PBQMLFKQ�
QBJMBO>QROB�P	� TEFIB� RKABO� QEB� ���� S>IRB� QEB� PVPQBJ� HBBMP�JBBQFKD� QEB� IBPP� ABJ>KAFKD�
PBQ?>@H�QBJMBO>QROB�P	��

�4EB� LMBO>QFLK� S>IRB� FP� @LKPQ>KQIV� PBQ� QL� ���� CLO� >II� KLKTLOHFKD� A>VP� PR@E� >P�TBBHBKAP��
&ROQEBOJLOB��&FDROB������ABJLKPQO>QBP�QEB�TLOHFKD�A>V�P@EBARIB�LC� IFDEQFKD�CLO�>II�?RFIAFKD�
JLABIP�>KA�QEB�JB@E>KF@>I�SBKQFI>QFLK�PVPQBJ�QE>Q�>MMIFBP�QL�>II�IFDEQTBFDEQ�?RFIAFKDP�CLO�QEB�
BKQFOB�VB>O�>P�TBII�>P�EB>SVTBFDEQ�?RFIAFKDP�?BQTBBK���*>KR>OV�–����->V�>KA���/@QL?BO�–����
$B@BJ?BO��!P�EB>SVTBFDEQ�?RFIAFKDP�RQFIFPB�KFDEQ�@LLIFKD�AROFKD� QEB�PRJJBO����*RKB�–����
3BMQBJ?BO	��JB@E>KF@>I�SBKQFI>QFLK�E>P�@LKQFKRLRPIV�>�CO>@QFLK�S>IRB�LC��������	�CLO�QEB�BKQFOB�
MBOFLA�FK�NRBPQFLK��FK@IRAFKD�KLKTLOHFKD�A>VP��-LOBLSBO��>P�@LKPRJMQFLK�LC�$(7�FP�@ILPBIV�
OBI>QBA�QL�QEB�?RFIAFKD�L@@RM>K@V��FQP�P@EBARIB�FP�BU>@QIV�QEB�P>JB�>P�FK�&FDROB������&FK>IIV��
QEB� @LJMRQBOP� P@EBARIB� FP� SBOV� PFJFI>O� QL� IFDEQFKD�TFQE� LKB� AFCCBOBK@B�� AROFKD� KLKTLOHFKD�
ELROP�� QEB� CO>@QFLK� FP� PBQ� QL� ������� FKPQB>A� LC� �� >P� @LJMRQBOP� >OB� >PPRJBA� QL� ?B� FAIB�
�EF?BOK>QFLK�PIBBM�JLAB	��4EB�@LJMIBQB�P@EBARIBP��>P�RPBA�FK�$BPFDK"RFIABO��@>K�?B�CLRKA�
>Q�QEB�BKA�LC�!MMBKAFU�!��

 

�

Figure 3.10�–�/MBO>QFLK�LC�QEB�(B>QFKD�>KA�#LLIFKD�3VPQBJ�AROFKD�>�TLOHFKD�A>V������
OBMOBPBKQP�QEB�3BQ?>@H�QBJMBO>QROB�>KA���QEB�3BQMLFKQ�QBJMBO>QROB��

�

�������(6!#�>KA�"RFIAFKD�,L>AP�
For modelling the building model’s HVAC system, EnergyPlus’ simple autosizing function 

@LKPQFQRQBP�M>OQ�LC�QEB�J>FK�PFJRI>QFLK��)K�JLOB�ABQ>FI��>�EB>QFKD�ABPFDK�J>ODFK�FP�RPBA�QL�DFSB�
>�OB@LJJBKABA�PFWB�CLO�QEB�EB>QFKD�PVPQBJ��4EFP�BUQO>�>JLRKQ�LC�EB>Q�>IILTP�QEB�?RFIAFKD�QL�
FK@OB>PB� FQP� QBJMBO>QROB� AROFKD� >� ?OFBC� MOBEB>Q� MBOFLA� >KA� MOLSFABP� JLOB� @BOQ>FKQV� QE>Q�
QEBOJ>I�@LJCLOQ�@LKAFQFLKP�TFII�?B�JBQ��4EB�ABC>RIQ�PQ>KA>OA�ABPFDK�J>ODFK�FP������OBPRIQFKD�FK�
>K�LSBOPFWBA�EB>QFKD�PVPQBJ�?V������3FJFI>OIV��QEB�@LLIFKD�ABPFDK�J>ODFK�FP�RPBA�QL�MOLSFAB�
>AAFQFLK>I�@LLIFKD�@>M>@FQV�TEBK�QEB�QBJMBO>QROB�KBBAP�QL�?B�AB@OB>PBA�FK�>�?OFBC�MOB@LLI�



����
�

MBOFLA��BKPROFKD�QE>Q�QEBOJ>I�@LJCLOQ�FP�P>QFPC>@QLOV�BSBK�AROFKD�BUQOBJB�PRJJBO�@LKAFQFLKP��
4EB�@LLIFKD�ABPFDK�J>ODFK�FP�PBQ�QL������IB>AFKD�QL�>K�LSBOPFWBA�@LLIFKD�PVPQBJ�?V�����TEF@E�
FP�>IPL�QEB�OB@LJJBKABA�S>IRB�?V�!3(2!%��4EBOB�FP�KL�ERJFAFQV�@LKQOLI�LO�EB>Q�OB@LSBOV�
JB@E>KFPJ�Q>HBK�FKQL�>@@LRKQ�CLO�QEB�PFJRI>QFLKP��

�

 
Figure 3.11�–�3@EBARIB�LC�,FDEQFKD�>KA�QEB�-B@E>KF@>I�6BKQFI>QFLK�PVPQBJ�AROFKD�>�TLOHFKD�
A>V��4EB�SBKQFI>QFLK�P@EBARIB�>MMIFBP�QL�>II�IFDEQTBFDEQ�?RFIAFKDP�CLO�QEB�BKQFOB�VB>O�>P�TBII�>P�

EB>SVTBFDEQ�?RFIAFKDP�?BQTBBK���*>KR>OV�–����->V����/@QL?BO�–����$B@BJ?BO�� 

2BD>OAFKD�EB>QFKD�>KA�@LLIFKD��'3(0P�>OB�ABMILVBA�>KA�QEBOBCLOB�>II�QEB�?RFIAFKD�IL>AP�>OB�
CRIIV� BIB@QOF@�� !P� PRMMLOQBA� ?V� ;���<�� '3(0P� E>SB� PFDKFCF@>KQ� >AS>KQ>DBP� >P� QEBV� E>SB�
OBI>QFSBIV� PJ>II� DOLRKA� >OB>� OBNRFOBJBKQP�� QEBV� >OB� FK� @LKQ>@Q� TFQE� QEB� DOLRKA�TEBOB� QEB�
QBJMBO>QROB�S>OF>QFLKP�>OB�FKPFDKFCF@>KQ�TEFIB�ILTBO�>JLRKQP�LC�MRJMFKD�BKBODV�>KA�MFMBP�>OB�
KBBABA�� 4EBFO� @E>O>@QBOFPQF@P� >KA� @LKCFDRO>QFLK� IB>A� QL� EFDEBO� PVPQBJ� MBOCLOJ>K@B��
KBSBOQEBIBPP��FQ�PELRIA�?B�KLQBA�QE>Q�QEB�BUMBKPFSB�BNRFMJBKQ�>KA�QEB�OBNRFOBJBKQP�CLO�AOFIIFKD�
?LOBELIBP�>IPL�OBPRIQ�FK�EFDE�@LPQP�;���<��

)K� LOABO� QL� >PPRJB� OB>PLK>?IB� MBOCLOJ>K@B� PQ>KA>OAP� >KA� @>I@RI>QB� QEB� BIB@QOF@FQV�
@LKPRJMQFLK� >QQOF?RQBA� QL� EB>Q� MRJMP�� QEB� >MMOLMOF>QB� #L0P� >KA� 3#L0P� E>SB� QL� ?B�
@LKPFABOBA� FK� >@@LOA>K@B� TFQE� QEB� 5+� 0>OQ� ,� 2BDRI>QFLKP� >KA� !3(2!%� ������ � &LO�
PFJMIFCF@>QFLK�MROMLPBP��QEB�@LBCCF@FBKQ�LC�MBOCLOJ>K@B��#L0	�S>IRBP�>OB�@LKPFABOBA�BNR>I�QL�
QEB�OBPMB@QFSB�PB>PLK>I�S>IRBP��3#L0P	��OBPRIQFKD�FK�@LKPQ>KQ�#L0�S>IRBP�QEOLRDELRQ�QEB�VB>O��
4EB� ABCFKFQFLKP� LC� >II� #L0P� >KA� 3#L0P� CLO� ?LQE� EB>QFKD� >KA� @LLIFKD� >OB� CLRKA� ?BILT�� FK�
%NR>QFLKP�����–� ���� ;���<��4EB�@LLIFKD�#L0� FP�LCQBK�JBKQFLKBA� FK� QEB� IFQBO>QROB�>P�%KBODV�
%CCF@FBK@V�2>QFL��%&2	��

�

#/0(���  
Rate of Heat delivered (kW)

Power Input for heating(kW)
��� � � � � � � ��������������	 

�
#/0#��LO�%%2���

Rate of cooling energy delivered (kW)

Power Input for cooling (kW)
� � � � � ��������������	�

 



����
�

3#/0(�� 
Annual quantity of heat supplied (kWh)

Annual electrical energy consumed for heating (kWh)
��������������������������������������� ��������������	�

�
3#/0#�� 

Annual cooling energy supplied (kWh)

Annual energy input for cooling (kWh)
� � � � � � ��������������	 

�

&LO�QEFP�OBPB>O@E��#L0P�LC�����>KA���E>SB�?BBK�PBIB@QBA�CLO�EB>QFKD�>KA�@LLIFKD��OBPMB@QFSBIV�
>P�QEBV�JBBQ�QEB�S>IRBP�PBQ�FK�QEB�5+�2BDRI>QFLKP��CLIILT�QEB�#)"3%�DRFA>K@B�>P�TBII�>P�QEB�
!3(2!%�OB@LJJBKA>QFLKP��4EBPB�S>IRBP�JB>KP�QE>Q�QEB�@LKPRJMQFLK�LC���BIB@QOF@>I�H7E�?V�
QEB�GSHPs is translated to 3.5 thermal kWh in regard to the building’s thermal environment 

TEBK�QEB�EB>Q�MRJMP�LMBO>QB�FK�EB>QFKD�JLAB�>KA���H7E�FK�@LLIFKD�JLAB���

&LO�EB>QFKD��QEB�J>UFJRJ�PRMMIV�>FO�QBJMBO>QROB�>KA�J>UFJRJ�PRMMIV�>FO�ERJFAFQV�O>QFL�E>SB�
?BBK�PBQ�QL���L#�>KA�������D�D��OBPMB@QFSBIV��!AAFQFLK>IIV��CLO�@LLIFKD��QEB�JFKFJRJ�PRMMIV�>FO�
QBJMBO>QROB�>KA�QEB�JFKFJRJ�PRMMIV�>FO�ERJFAFQV�O>QFL�>OB���L#�>KA�������D�D��OBPMB@QFSBIV��
These values are DesignBuilder’s default settings.�

)K�QBOJP�LC�QEB�6BKQFI>QFLK�IL>AP��QEBPB�>OB�>PPRJBA�QL�?B�@LKPQ>KQ�QEOLRDELRQ�QEB�A>V�>KA�
VB>O��&LO�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�TFQE�>�QLQ>I�LC���H7E�J��LC�M>O>PFQF@�BKBODV�MBO�
>KKRJ�� QEBOB� FP�>�@LKQFKRLRP�ELROIV� IL>A�LC������H7�TEFIB� QEB�S>IRB�AOLMP� QL������H7�CLO�
K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�TFQE�>� QLQ>I� LC� ��H7E�J�� LC� >RUFIF>OV� BKBODV� @LKPRJMQFLK�MBO�
>KKRJ� 

)K�QBOJP�LC�QEB�IFDEQFKD�PVPQBJ�CLO�QEB�J>FK�LCCF@B�>OB>��,%$P�TFQE�>�OB@BPPBA�IRJFK>FOB�QVMB�
E>SB�?BBK�PBIB@QBA�TEFIB�QEB�IFDEQFKD�MLTBO�ABKPFQV�E>P�?BBK�PBQ�QL������7�J��FK�>@@LOA>K@B�
TFQE�!3(2!%������&RKA>JBKQ>IP�;���<�S>IRBP�CLO�>K�LMBKMI>K�LCCF@B��&LO�QEB�PJ>IIBO�WLKB��
>� ILTBO�S>IRB�LC�����7�J��E>P�?BBK�>PPFDKBA� �PROC>@B�JLRKQ	�>P� QEB� Q>ODBQ� FIIRJFK>K@B� FP�
AB@OB>PBA� COLJ����� QL����� IRU��!Q� QEB� ?RFIAFKD� IBSBI�� QEB� IFDEQFKD� ABKPFQV� QO>KPI>QBP� FKQL� >�
J>UFJRJ�ELROIV�IFDEQFKD�IL>A�LC�������H7��,FKB>O�@LKQOLI�FP�>MMIFBA�>KA�QEBOBCLOB�IFDEQP�TFII�
AFJ�@LKQFKRLRPIV�>KA�IFKB>OIV�FC�@LKAFQFLKP�>IILT�FQ��>P�ABJLKPQO>QBA�FK�&FDROB������;���<	��TFQE�
QEB�JFKFJRJ�IFDEQ�LRQMRQ�CO>@QFLK�>KA�J>UFJRJ�FKMRQ�MLTBO�CO>@QFLK�S>IRBP�PBQ�QL���������	��
&FK>IIV��@LK@BOKFKD� QEB� O>AF>KQ� CO>@QFLKP�LC� IFDEQFKD�� QEB�ABC>RIQ�S>IRBP�LC�$BPFDK"RFIABO�>OB�
RPBA�TEF@E�CLIILT�QEB�!3(2!%������3Q>KA>OA�������CLO�QEB�LCCF@B�>OB>�>KA������CLO�QEB�PJ>IIBO�
IFCQ�PQ>FOTBII�WLKB��

�

 
Figure 3.12 – ,FKB>O�@LKQOLI�LC�QEB�,FDEQFKD�3VPQBJ��!A>MQBA�COLJ�;���<	�
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!P�@LJMRQBO�BNRFMJBKQ� FP�>PPRJBA� QL�?B�RQFIFPBA� FK� QEB�?RFIAFKD�>P�M>OQ�LC� FQP�@LJJBO@F>I�
LMBO>QFLK��QEB�OBIBS>KQ�?RFIAFKD�IL>AP�CLO�QEB�LCCF@B�>OB>�E>SB�?BBK�PBQ�QL������7�J��TEF@E�
@LOOBPMLKAP�QL�QEB�!3(2!%�DRFABIFKB�S>IRB�CLO�>������J��TLOHPQ>QFLK��>II�I>MQLM�RPB�TFQE�QTL�
P@OBBKP�� �� MOFKQBO� MBO� ��� MBLMIB� >P� TBII� >P� >� O>AF>KQ� CO>@QFLK� LC� ���� ;���<�� 4EBOB� >OB� KL�
@LJMRQBO� IL>AP� MOBPBKQ� FK� QEB� PJ>IIBO� IFCQ�PQ>FOTBII� >OB>� LC� QEB� ?RFIAFKD�� 4EB� @LJMRQBO�
BNRFMJBKQ�ABKPFQV� IB>AP� QL�>�@LKPQ>KQ�ELROIV� IL>A�LC�������+7�AROFKD�?RFIAFKD�L@@RM>K@V�
TEFIB�QEB�S>IRB�AOLMP�QL������H7�AROFKD�KLKTLOHFKD�ELROP�ARB�QL�PIBBMFKD�EF?BOK>QFLK�JLAB�
LC� QEB� @LJMRQBO� BNRFMJBKQ�� 4EB�$(7� OBNRFOBJBKQP� >OB� ?>PBA� LK� QEB� ��� ,�MBOPLK� S>IRB�
OB@LJJBKABA� ?V� #)"3%� ;���<� TEFIB� QEB� OBPRIQFKD� >KKR>I� BIB@QOF@FQV� @LKPRJMQFLK� LC� �����
H7E�J��FP�FK�>@@LOA>K@B�TFQE�QEB�?BK@EJ>OH�S>IRBP�JBKQFLKBA�?V�QEB�3@LQQFPE�'LSBOKJBKQ�
;���<��!II�QEB�HBV�FKCLOJ>QFLK�MOLSFABA�FK�QEFP�PR?@E>MQBO�>OB�PRJJ>OFPBA�FK�4>?IB������

Table 3.6�–�(6!#�>KA�"RFIAFKD�,L>AP�3FJRI>QFLK�3RJJ>OV�

Building Parameter Value 
(B>QFKD���#LLIFKD�3VPQBJ� '3(0�

'3(0�#L0�
��(B>QFKD�JLAB	�

����

'3(0�#L0�
��#LLIFKD�JLAB	�

��

!RUFIF>OV�%KBODV�0LTBO� .>Q��6BKQ��"RFIAFKDP����H7E�J��MBO�>KKRJ�������H7�ELROIV�
IL>A�

-B@E��6BKQ��"RFIAFKDP����H7E�J��MBO�>KKRJ�������H7�
ELROIV�IL>A�

,FDEQFKD��,%$	�
%KBODV�0LTBO�

->FK�/CCF@B�!OB>�������7�J��
,FCQ�PQ>FOTBII�>OB>������7�J��

->UFJRJ�QLQ>I�ELROIV�IL>A��������H7�
,FKB>O�@LKQOLI�

#LJMRQBO�,L>AP� ->FK�/CCF@B�!OB>��LKIV	��������7�J��
->UFJRJ�ELROIV�IL>A��������H7�

$(7� ���,�MBOPLK�LO�������,�J��AROFKD�L@@RM>K@V�ELROP�
!KKR>I�BIB@QOF@FQV�@LKPRJMQFLK�LC������H7E�J��

�

�������4EBOJ>I�#LJCLOQ�
#LK@BOKFKD� QEBOJ>I�@LJCLOQ��$BPFDK"RFIABO�J>HBP�RPB�LC� QEB�3FJMIB�!3(2!%���� QEBOJ>I�
@LJCLOQ�@OFQBOF>�QL�@>I@RI>QB�QEB�KRJ?BO�LC�ELROP�AROFKD�TEF@E�AFP@LJCLOQ�Q>HBP�MI>@B�CLO�QEB�
?RFIAFKD�L@@RM>KQP��7EBK�QEB�ERJFAFQV�O>QFL�>KA�LMBO>QFSB�QBJMBO>QROB�S>IRBP�>OB�LRQPFAB�QEB�
ABPFDK>QBA� @LJCLOQ�>OB>P�� PELTK� FK�&FDROB� ������ QEB�ELRO� FP� @LKPFABOBA� QL� @OB>QB� QEBOJ>I�
AFP@LJCLOQ��4EB�LMBO>QFSB� QBJMBO>QROB�@>I@RI>QFLK� FP�PFJMIFCFBA�>KA� FQ� FP�BNR>I� QL� QEB�JB>K�
S>IRB�LC�QEB�>FO�>KA�O>AF>KQ�QBJMBO>QROBP��>P�PELTK�FK�%NR>QFLK������4EB�@LJCLOQ�>OB>P�>OB�
ABMBKABKQ�LK�QEB�MBOFLA�LC� QEB�VB>O�>P�AFCCBOBKQ�S>IRBP�LC�@ILQEBP� FKPRI>QFLK�>OB�Q>HBK�FKQL�
>@@LRKQ�>KA� QEB� O>KDB�LC� QEB�>@@BMQ>?IB�LMBO>QFSB� QBJMBO>QROBP� FP�EFDEBO� CLO� QEB�PRJJBO�
MBOFLA��!AAFQFLK>IIV��$BPFDK"RFIABO�RPBP�>�AFCCBOBKQ�JBQELALILDV�QE>K�%KBODV0IRP�QL�@>I@RI>QB�
AFP@LJCLOQ� ELROP� >Q� QEB� ?RFIAFKD� IBSBI�� -LOB� PMB@FCF@>IIV�� QEB� PFWB� LC� QEB� >OB>� �J�	� TEBOB�
AFP@LJCLOQ�Q>HBP�MI>@B�FP�KLT�@LKPFABOBA��

4EB�@LJCLOQ�A>Q>�>OB�@>I@RI>QBA� CLO�?IL@HP�?V�RQFIFPFKD� CILLO�>OB>�TBFDEQBA�>SBO>DBP�LC� QEB�
WLKBP��>P�PBBK�FK�%NR>QFLK������TEFIB�QEB�P>JB�MOFK@FMIB�>MMIFBP�QL�AFP@LJCLOQ�ELROP�TEF@E�
>OB�BPPBKQF>IIV�KLOJ>IFPBA�MBO�CILLO�>OB>�;���<��$FP@LJCLOQ�ELROP�>OB�>IPL�AFSFABA�?V�QEB�QLQ>I�
KRJ?BO� LC� L@@RM>K@V� ELROP� FK� LOABO� QL� @>I@RI>QB� AFP@LJCLOQ� >P� >K� >KKR>I� MBO@BKQ>DB�
�%NR>QFLK� �.11). A predicted percentage of persons dissatisfied (PPD) with the building’s 
QEBOJ>I�@LJCLOQ��LC����FP�@LKPFABOBA�QL�?B�P>QFPC>@QLOV�>@@LOAFKD�QL�#)"3%�;���<��

4/MBO>QFSB������\4>J?FBKQ������\4O>AF>KQ�� � � � ����������� ���������������������������������������	�
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4>���A1 x TaZ1+ A2 x TaZ2

A1+A2
� � � � � � � � �������������	�

 
Figure 3.13 – $BCFKFQFLK�LC�$FP@LJCLOQ�ELROP�FK�$BPFDK"RFIABO�>@@LOAFKD�QL�QEB�!3(2!%����

3Q>KA>OA�CLO�QEB��>	�TFKQBO�>KA��?	�PRJJBO�MBOFLAP�;���<�

�

7EBOB���

4>�FP�QEB�"IL@H�>SBO>DB�!FO�QBJMBO>QROB��L#	�

!���!��>OB�QEB�CILLO�>OB>P��J�	�LC�:LKBP���>KA����OBPMB@QFSBIV��

4>:���4>:��FP�QEB�>FO�QBJMBO>QROBP��L#	�FK�:LKBP���>KA����OBPMB@QFSBIV��

�

$FP@LJCLOQ���	���Amount of Discomfort hours (hours/annum)

Amount of Occupancy hours (hours/annum)
� � � � �������������	�

�

&ROQEBOJLOB��$BPFDK"RFIABO�FP�>?IB�QL�@>I@RI>QB�QEB�&>KDBO�0-6�S>IRBP�>Q�QEB�?RFIAFKD�IBSBI��
!KV� L@@RM>K@V� ELROP� AROFKD� TEF@E� 0-6� �� ���� LO� 0-6� �� ���� >OB� @LKPFABOBA� QL� FKAR@B�
AFP@LJCLOQ� QL� QEB� ?RFIAFKD� L@@RM>KQP�� FK� >@@LOA>K@B� TFQE� %.� ������ >KA� >P� MOBPBKQBA� FK�
3B@QFLK��������4EB�MBO@BKQ>DB�LC�AFP@LJCLOQ�ELROP�RKABO�&>KDBO�0-6�>OB�>IPL�@>I@RI>QBA�?V�
AFSFAFKD�TFQE�QEB�QLQ>I�KRJ?BO�LC�L@@RM>K@V�ELROP��PFJFI>OIV�QL�QEB�>MMOL>@E�CLIILTBA�>?LSB�FK�
%NR>QFLK�������(LTBSBO��&>KDBO�0-6�OBPRIQP�>OB�LKIV�DBKBO>QBA�CLO�SBOFCF@>QFLK�MROMLPBP�>KA�
AFP@LJCLOQ�ELROP�>OB�DLFKD�QL�?B�MOFJ>OFIV�?>PBA�LK�QEB�!3(2!%�3Q>KA>OA�����!�@RPQLJ�0-6�
LC������T>P�PBIB@QBA�CLO�QEB�KBBAP�LC�QEB�MOLGB@Q�QL�>SLFA�FK@IRAFKD�J>ODFK>I�S>IRBP�@ILPB�QL�
QEB�FKFQF>I�������

�������7B>QEBO�>KA�,L@>QFLK��
4EB� IL@>QFLK� @ELPBK� FP� "FOJFKDE>J� !FOMLOQ�� 3LIFERII�� 7BPQ� -FAI>KAP�� %KDI>KA�� 5KFQBA�
+FKDALJ��4EB�OBPMB@QFSB�TB>QEBO�A>Q>�CFIB�T>P�RPBA�COLJ�)7%#��QEB�OBPRIQ�LC�>K�!3(2!%�
MOLGB@Q�QE>Q�MOLSFABP�QVMF@>I�TB>QEBO�CFIBP�FK�%KBODV0IRP�CLOJ>Q�CLO�?RFIAFKD�BKBODV�PFJRI>QFLK�
MROMLPBP��!II�QEB�FKCLOJ>QFLK�FP�IFPQBA�FK�4>?IB�!����!AAFQFLK>I�5+�IL@>QFLKP�E>SB�?BBK�PBIB@QBA�
>KA�RPBA�FK�PFJRI>QFLKP�CLO�QEB�PBKPFQFSFQV�>K>IVPFP�TEF@E�FP�MOBPBKQBA�I>QBO�FK�PB@QFLK������

$>VIFDEQ� 3>SFKD� 4FJB� �$34	� FP� KLQ� L?PBOSBA� FK� QEB� ?RFIAFKD� PFJRI>QFLKP� >KA� QEB� QFJB� FP�
>PPRJBA� QL� OBJ>FK� @LKPQ>KQ� QEOLRDELRQ� QEB� VB>O� TFQELRQ� >KV� @E>KDBP� Q>HFKD� BCCB@Q�� 4EB�
MOFJ>OV� OB>PLK� CLO� QEFP� AB@FPFLK� FP� QE>Q� BK>?IFKD� $34� OBPRIQP� FK� @E>KDBP� QL� QEB� ?RFlding’s 
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BIB@QOF@FQV�MOLCFIB��TEF@E�FP�JLSBA�?V�LKB�ELRO�>CQBO�QEB�I>PQ�3RKA>V�FK�->O@E�TEBK�@IL@HP�>OB�
QROKBA�CLOT>OA��QL�?B�OBPQLOBA�QL�FQP�LOFDFK>I�M>QQBOK�FK�QEB�I>PQ�3RKA>V�LC�/@QL?BO��4EFP�AB@FPFLK�
E>P�?BBK�Q>HBK�FKQL�>@@LRKQ�SBOV�@>OBCRIIV�TEBK�J>Q@EFKD�?RFIAFKD�BKBODV�A>Q>�TFQE�BIB@QOF@FQV�
MOF@BP�FK�LOABO�QL�BKPROB�QE>Q�?LQE�QVMBP�LC�A>Q>�>OB�FK�>@@LOA>K@B�>KA�OBCBO�QL�QEB�P>JB�QFJB�
MBOFLA��
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3.4 Real-time Electricity Pricing Data 
$>Q>�COLJ�.LOA0LLI��QEB�?FDDBPQ�BIB@QOF@FQV�J>OHBQ�FK�%ROLMB��TBOB�RPBA�>KA�JLOB�PMB@FCF@>IIV�
QEB�TELIBP>IB�ELROIV�MOF@BP�LC�QEB�A>V>EB>A�J>OHBQ��QEB�J>FK�>OBK>�CLO�QO>AFKD�MLTBO��!P�
/CDBJ� OBMLOQBA�� ������� LC� QEB� QLQ>I� ALJBPQF@� BIB@QOF@FQV� ?FII� FK� �����T>P� >QQOF?RQBA� QL� QEB�
TELIBP>IB�@LPQ�LC�ALJBPQF@�BIB@QOF@FQV�;���<��TFQE�QEB�MBO@BKQ>DB�OBJ>FKFKD�>IJLPQ�@LKPQ>KQ�QL�
�������>P�LC�*>KR>OV������;���<��/QEBO�M>O>JBQBOP�FK@IRAB�LMBO>QFKD�@LPQP��QO>KPMLOQ>QFLK��
KBQTLOH�@LPQP��BKSFOLKJBKQ>I�>KA�PL@F>I�L?IFD>QFLK�@LPQP�>KA�6>IRB�!AABA�4>U��6!4	��4EB�
TELIBP>IB� MBO@BKQ>DB� FP� ?>PBA� LK� QEB� >KKR>I� OBMLOQP� MR?IFPEBA� ?V� QEB� PFU� ?FDDBPQ� 5+�
BIB@QOF@FQV� PRMMIFBOP�� >KA�JLOB�PMB@FCF@>IIV� QEBFO�#LKPLIFA>QBA�3BDJBKQ>I�3Q>QBJBKQP� ;���<��
4EBPB� A>Q>� FK@IRAB� ?LQE� ALJBPQF@� >KA� KLKALJBPQF@� RP>DB� CLO� BIB@QOF@FQV� >KA� AR>ICRBI�
@LKPRJBOP��)K�LOABO�QL�@LKSBOQ�TELIBP>IB�@LPQP�QL�QEB�CFK>I�OBQ>FI�MOF@BP��FQ�FP�>PPRJBA�QE>Q�QEB�
TELIBP>IB�MBO@BKQ>DB�LC� QEB�?FII� FP�@LKPQ>KQ�CLO� QEB�BKQFOB�VB>O��4EBOBCLOB��%NR>QFLK������FP�
RPBA�CLO�QEB�@>I@RI>QFLK�LC�QEB�KLKALJBPQF@�OBQ>FI�BIB@QOF@FQV�MOF@B��

2BQ>FI�%IB@QOF@FQV�0OF@B��Y�H7E	���Wholesale Electricity Price (£/kWh)

Direct Fuel Cost  Percentage (%)
�� � � �������������	�

2BD>OAFKD� KLKALJBPQF@� BIB@QOF@FQV�� QEB� @LKQOF?RQFLK� LC� B>@E� PB@QFLK�T>P�@>I@RI>QBA� >KA� FP�
MOBPBKQBA��FK�&FDROB�������)Q�FP�TLOQE�KLQFKD�QE>Q�TEFIB�QEB�OBAR@BA�6!4�O>QB�LC����>MMIFBP�CLO�
ALJBPQF@�BIB@QOF@FQV��@LKPRJFKD�KLKALJBPQF@�BIB@QOF@FQV�FP�Q>UBA�>Q�QEB�PQ>KA>OA�O>QB�LC�����
;���<��4EB�TELIBP>IB�@LKQOF?RQFLK�QL�QEB�KLKALJBPQF@�BIB@QOF@FQV�MOF@B��ABP@OF?BA�FK�QEB�OBMLOQP�
as “direct fuel costs”, was calculated to be 36.63% in 2017, approximately 3% more than the 

OBPMB@QFSB�S>IRB�CLO�ALJBPQF@�BIB@QOF@FQV��5PFKD�QEB�P>JB�A>Q>�>KA�JBQELALILDV�CLO�������FQ�
T>P�@>I@RI>QBA� QE>Q� QEB�TELIBP>IB�MBO@BKQ>DB�CLO� QEB�KLKALJBPQF@�BIB@QOF@FQV�?FII� OBJ>FKBA�
>MMOLUFJ>QBIV�QEB�P>JB�>Q��������CLO�QEB�VB>O�������!P�QEB�AFCCBOBK@B�FP�FKPFDKFCF@>KQ��LKIV�
QEB� ����� AFOB@Q� CRBI� @LPQ� MBO@BKQ>DB� LC� ������� E>P� ?BBK� @LKPFABOBA� FK� QEFP� OBPB>O@E�� >P�
MR?IFPEBA�FK�;�<��

 
Figure 3.14 – "OB>HALTK���	�LC�QEB������KLKALJBPQF@�BIB@QOF@FQV�?FII�?>PBA�LK�QEB�

Electricity Companies’ Annual Consolidated Segmental Statements�;�<��;��<��

&FK>IIV��FK�QEB�@>PB�LC�WBOL�LO�KB>OWBOL�TELIBP>IB�MOF@BP��>�JFKFJRJ�S>IRB�FP�PBQ�QL�>SLFA�>�
@LKPBNRBKQ�WBOL�LO�KB>OWBOL�OBQ>FI�MOF@B��4EFP�FP�KB@BPP>OV�>P�QEB�AFPQOF?RQFLK�@LPQP�>P�TBII�
>P� QEB�LQEBO�>AABA� Q>UBP�>IT>VP� OBPRIQ� FK�>�MLPFQFSB� OBQ>FI�MOF@B�� 4EBOBCLOB��>KV�TELIBP>IB�
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MOF@BP�?BILT�Y������H7E�>OB�>RQLJ>QF@>IIV�@LOOB@QBA�QL�������QEOLRDE�%NR>QFLK������TEF@E�
@LKPFPQP�LC�>�-!4,!"�@LAB�>PPFDKJBKQ���

RTP_wholesale(RTP_wholesale ≤ 0.004) = 0.004� � � � � �������������	�

!PPRJFKD� >� TELIBP>IB� MBO@BKQ>DB� LC� �������� QEB� OBPMB@QFSB� JFKFJRJ� OBQ>FI� MOF@B� FP�
Y�������H7E��4EB�OBPRIQFKD�PVKQEBQF@�ELROIV�OBQ>FI�BIB@QOF@FQV�MOF@BP�>OB�PELTK�FK�&FDROB������
>KA�FQ�FP�@IB>O�QE>Q�QEB�MOF@BP�S>OV�?LQE�LK�>�A>FIV�>KA�LK�>�PB>PLK>I�?>PFP��TFQE�>�?OL>A�O>KDB�
LC� A>Q>� ?BQTBBK� ����� QL� Y�����H7E�� &FDROB� ����� MOBPBKQP� QEB� J>UFJRJ�� JFKFJRJ� >KA�
>SBO>DB�S>IRBP�MBO�A>V�CLO�QEB�P>JB�VB>O��QEB�A>FIV�AFCCBOBK@B�?BQTBBK�QEB�ILTBPQ�>KA�QEB�
EFDEBPQ�MOF@BP��OBA�>KA�LO>KDB�IFKBP	�@LKPQFQRQB�QEB�CLRKA>QFLKP�LC�BIB@QOF@FQV�>O?FQO>DB���

4EB�AFCCBOBK@B�?BQTBBK�QEB�A>FIV�J>UFJRJ�>KA�QEB�JFKFJRJ�MOF@B� FP�PELTK�PBM>O>QBIV� FK�
&FDROB� ������ 4EB� MLQBKQF>I� CLO� @LKAR@QFKD� >O?FQO>DB� >KA� Q>HFKD� >AS>KQ>DB� LC� QEB� MOF@B�
AFCCBOBK@BP� FP�MOBPBKQ� QEOLRDELRQ� QEB�VB>O�� )Q� FP� FJMLOQ>KQ� QL�OB@LDKFPB� QEB� C>@Q� QE>Q�@BOQ>FK�
JLKQEP� >MMB>O� QL� ?B�JLOB� MOLJFPFKD� QE>K� LQEBOP� PR@E� >P� *>KR>OV�� &B?OR>OV� >KA�->O@E�
BPMB@F>IIV�PFK@B�QEB�MOF@B�AFCCBOBK@B�OB>@E�>�EFDEBO�O>KDB�TEBK�@LJM>OBA�TFQE�LQEBO�JLKQEP�
LC�QEB�VB>O��(LTBSBO��MOF@B�PMFHBP�>OB�LCQBK�L?PBOSBA�QL�Q>HB�MI>@B�AROFKD�PBSBO>I�JLKQEP�>KA�
LKIV� QEB�@LJMIBQB�>KKR>I� OBPRIQP�>OB�@>M>?IB�LC� OBMOBPBKQFKD�NR>KQFQFSBIV� QEB� CRII�>O?FQO>DB�
MLQBKQF>I��

&FK>IIV��QEB�P>JB�A>Q>�>KA�CFDROBP�E>SB�?BBK�DBKBO>QBA�CLO�QEB������VB>O��CLIILTFKD�QEB�P>JB�
JBQELALILDV�>KA�RPFKD�O>T�A>Q>�COLJ�QEB�.LOA0LLI�A>V>EB>A�J>OHBQ��TEF@E�@>K�?B�PBBK�FK�
!MMBKAFU� "�� 4EB� J>GLOFQV� LC� QEB� PFJRI>QFLKP� RQFIFPB� ����� A>Q>� TEF@E� >OB� LC� CRKA>JBKQ>I�
FJMLOQ>K@B�QL�JBBQ�QEB�L?GB@QFSBP�LC�QEFP�MOLGB@Q�TEFIB�QEB������A>Q>�>OB�RPBA�@LJMIFJBKQ>OFIV�
CLO�LKB�PFJRI>QFLK��&FDROB������ABJLKPQO>QBP�QEB�JFKFJRJ��J>UFJRJ�>KA�>SBO>DB�BIB@QOF@FQV�
MOF@BP�MBO�A>V� CLO� QEB������VB>O�� )Q� FP� BSFABKQ� QEB�ELROIV�MOF@BP�@E>KDB� COLJ�VB>O� QL� VB>O�
ABMBKAFKD�LK�>�KRJ?BO�LC�AFCCBOBKQ�C>@QLOP��FK@IRAFKD�ABJ>KA�IBSBIP��PRMMIV�FPPRBP��TB>QEBO�
BQ@��4EBOBCLOB��B>@E�PBQ�LC�>KKR>I�A>Q>�DBKBO>QBP�RKFNRB�OBPRIQP�TFQE�>�AFCCBOBKQ�MOLCFIB��

�

 
Figure 3.15 – 3VKQEBQF@�OB>IQFJB�OBQ>FI�BIB@QOF@FQV�MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V
>EB>A�A>Q>��4EB�TELIBP>IB�MBO@BKQ>DB�FP�>PPRJBA�@LKPQ>KQ�QEOLRDELRQ�QEB�VB>O�>Q�������� 
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Figure 3.16 – -FKFJRJ��J>UFJRJ�>KA�>SBO>DB�A>FIV�S>IRBP�CLO�QEB�PVKQEBQF@�OB>IQFJB�OBQ>FI�

BIB@QOF@FQV�MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V>EB>A�A>Q>�LC�&FDROB������;�< 

 
Figure 3.17 – ->UFJRJ�MOF@B�AFCCBOBK@B�MBO�A>V�CLO�QEB�PVKQEBQF@�OB>IQFJB�OBQ>FI�BIB@QOF@FQV�
MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V>EB>A�A>Q>�LC�&FDROB�������4EB�AFCCBOBK@B�FP�
@>I@RI>QBA�?V�PR?QO>@QFKD�QEB�A>FIV�JFKFJRJ�MOF@B�COLJ�QEB�A>FIV�J>UFJRJ�MOF@B��
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Figure 3.18��-FKFJRJ��J>UFJRJ�>KA�JB>K�A>FIV�S>IRBP�CLO�QEB�PVKQEBQF@�OB>IQFJB�OBQ>FI�
BIB@QOF@FQV�MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V>EB>A�A>Q>�LC�&FDROB�"��
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3.5 Battery Storage & Arbitrage Modelling 
������)KQOLAR@QFLK�QL�QEB�!O?FQO>DB�-LABI�
4EB� QB@EKF@>I� PFAB� LC� QEB� ?>QQBOV� PQLO>DB� PVPQBJ� @>K� ?B� PBBK� ?BILT�� FK� &FDROB� ������ 4EB�
PVPQBJ�@LJMLKBKQP� FK@IRAB� QEB�?>QQBOV�?>KH��LKB� FKSBOQBO��LKB� OB@QFCFBO�>KA� QEB�@LKQOLIIBO��
-LOB�PMB@FCF@>IIV��QEB�?>QQBOV�?>KH�J>V�FK@IRAB�>�KRJ?BO�LC�PBSBO>I�JLARIBP��@LKKB@QBA�FK�
PBOFBP�LO�FK�M>O>IIBI��ABMBKAFKD�LK�QEB�OBNRFOBA�S>IRBP�LC�MLTBO�>KA�SLIQ>DB��4EB�FKSBOQBO�FP�
used to convert the battery’s $#� to the grid’s !#�>IILTFKD� QEB�?>QQBOV� QL�?B�RPBA� QL�JBBQ�
?RFIAFKD�IL>AP�LO�BUMLOQ�BIB@QOF@FQV�?>@H�QL�QEB�DOFA��TEFIB�QEB�OB@QFCFBO�FP�RPBA�QL�@LKSBOQ�!#�QL�
$#� FK� LOABO� QL� @E>ODB� QEB� ?>QQBOV�� /CQBK�� QEB� OB@QFCFBO� >KA� FKSBOQBO� >OB� @LJ?FKBA� FK� >� ?F
AFOB@QFLK>I� FKSBOQBO�� >IPL� @>IIBA� ?FAFOB@QFLK>I� @LKSBOQBO� ;���<�4EB� @LKQOLI� PVPQBJ� OB@BFSBP�
FKCLOJ>QFLK�COLJ�QEB�-!4,!"�JLABI�>KA�J>K>DBP�>@@LOAFKDIV�QEB�BIB@QOLKF@�PTFQ@EBP�3���3��
>KA�3���ABMBKAFKD�LK�QEB�>IDLOFQEJ�RPBA�>KA�?>PBA�LK�QEB�S>IRBP�LC�QEB�?RFIAFKD�IL>AP�>KA�
BIB@QOF@FQV�MOF@BP��)Q�PELRIA�?B�KLQBA�QE>Q�BIB@QOF@FQV�@>K�CILT�?FAFOB@QFLK>IIV�TEFIB�FKCLOJ>QFLK�
CILT�FP�LKIV�QO>KPCBOOBA�LKBT>V�COLJ�QEB�-!4,!"�JLABI�QL�QEB�@LKQOLI�PVPQBJ�>KA�COLJ�QEB�
@LKQOLI�PVPQBJ�QL�QEB�QEOBB�PTFQ@EBP��!II�QEB�MLPPF?IB�P@BK>OFLP�@>K�?B�PBBK�FK�4>?IB������)Q�FP�
@IB>O�QE>Q�CLO�BSBOV�@LKCFDRO>QFLK��MLTBO�@>K�LKIV�CILT�FK�LKB�LC�QEB�MLPPF?IB�QTL�AFOB@QFLKP��>Q�
QEB�P>JB�QFJB��

�

Figure 3.19�–�0LTBO�>KA�FKCLOJ>QFLK�CILT�?BQTBBK�PVPQBJ�@LJMLKBKQP��)KPMFOBA�?V�;���<	�

!AAFQFLK>IIV��>P�QEB�FKSBOQBO�>KA�OB@QFCFBO�@>KKLQ�?B�LMBO>QFLK>I�PFJRIQ>KBLRPIV��@LKCFDRO>QFLKP�
���>KA����>OB�KLQ�>MMIF@>?IB��TEFIB�PTFQ@EFKD�LCC�>II�PTFQ@EBP�TLRIA�OBPRIQ�FK�QLQ>I�MLTBO�ILPP��
4EBOBCLOB��>� QLQ>I�LC� CLRO�"33�@LKCFDRO>QFLKP�>OB�MLPPF?IB��4EB�P@EBJ>QF@�T>P� FKPMFOBA�?V�
;���<�?RQ�JLAFCFBA�>KA�>A>MQBA�CLO�QEB�KBBAP�LC�QEFP�OBPB>O@E��2BD>OAFKD�QEB�PFWFKD�LC�QEB�"33�
@LJMLKBKQP��>�OB>PLK>?IB�ORIB�LC�QERJ?�T>P�RPBA�FK�LOABO�QL�?B�>?IB�QL�AFP@E>ODB�QEB�QLQ>I�
RP>?IB�?>QQBOV�@>M>@FQV�FK�>�J>UFJRJ�LC���ELROP�>KA�@E>ODB�FQ�RKABO���ELROP��">QQBOV�PFWBP�
?BQTBBK����>KA�����H7E�TBOB�@LKPFABOBA��TFQE�>���H7E�PQBM��
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4EB�?>PF@�FAB>�LC�QEB�>O?FQO>DB�JLABI�FP�OBI>QFSBIV�PFJMIB��@E>ODFKD�QEB�?>QQBOV�TEBK�MOF@BP�
>OB�@EB>M��RPR>IIV�AROFKD�QEB�KFDEQ�>KA�B>OIV�ELROP�LC�>�A>V��>KA�AFP@E>ODB�I>QBO�TEBK�MOF@BP�
>OB�JLOB�BUMBKPFSB��$FP@E>ODFKD�@>K�LKIV� Q>HB�MI>@B�TEBK�?RFIAFKD�>@QFSFQV�>KA� IL>AP�>OB�
present while it’s also possible to export any excess electricity back to the grid depending on 

QEB�LMBO>QFLK>I��AFPM>Q@E	�PQO>QBDV�RPBA��!�QLQ>I�LC�QEOBB�AFCCBOBKQ�LMBO>QFLK>I�PQO>QBDFBP�>OB�
JLABIIBA�>KA�BUMILOBA��

Table 3.7 –�3TFQ@EBP�>KA�"33�/MBO>QFLK�

Configuration # Switches Operation Description 
S1 S2 S3 

�� /.� /.� /.� .�!�
�� /.� /.� /&&� .�!�
�� /.� /&&� /&&� .�!�
�� /.� /&&� /.� ">QQBOV�@E>ODFKD�
�� /&&� /.� /.� ">QQBOV�AFP@E>ODFKD�QL�JBBQ�?RFIAFKD�IL>AP�

>KA�BUMLOQ�BU@BPP�BIB@QOF@FQV�?>@H�QL�QEB�DOFA�
�� /&&� /&&� /.� ">QQBOV�FAIB��IL>AP�>OB�JBQ�LKIV�?V�QEB�DOFA��

�� /&&� /.� /&&� ">QQBOV�AFP@E>ODFKD�QL�JBBQ�?RFIAFKD�IL>AP�
�

������">PF@�-LABI�6>OF>?IBP�
!P�QEB�JLABI�LMBO>QBP�LK�>K�ELROIV�?>PFP��QEB�>JLRKQ�LC�MLTBO��H7	�>KA�BKBODV��H7E	�>OB�
>IT>VP�BNR>I��!IPL��>P�QEBOB�>OB�CLRO�BCCF@FBK@FBP�FK�QLQ>I�QE>Q�Q>HB�MI>@B�>KA�>CCB@Q�QEB�BKBODV�
QO>KP>@QFLKP�>JLKDPQ�QEB�?RFIAFKD��QEB�?>QQBOV�>KA�QEB�!#�DOFA��FQ�FP�FJMLOQ>KQ�QL�BUMI>FK�ELT�
QEBPB�BCCF@FBK@FBP�>OB�OBCIB@QBA�FK�QEB�S>OF>?IBP�RPBA��4EFP�FP�PELTK�FK�&FDROB������TFQE�QTL�
PBQP�LC�BKBODV�BU@E>KDB�S>OF>?IBP��

•� 4EB�CFOPQ�PBQ�OBCBOP�QL�QEB�>JLRKQ�LC�BKBODV�QE>Q�>K�FJ>DFK>OV�L?PBOSBO��IL@>QBA�LRQPFAB�
QEB� ?>QQBOV�� TLRIA� FABKQFCV�� 4EBOBCLOB�� ?>QQBOV=@E>ODB=2%!,� FP� QEB� QLQ>I� >JLRKQ� LC�
BIB@QOF@FQV� MRO@E>PBA� COLJ� QEB� !#� DOFA� TFQE� QEB� MROMLPB� LC� @E>ODFKD� QEB� ?>QQBOV��
3FJFI>OIV��?>QQBOV=AFP@E>ODB=2%!,�FP�QEB�>JLRKQ�LC�RP>?IB�BIB@QOF@FQV�AFP@E>ODBA�?V�
QEB�?>QQBOV�TFQE�QEB�MROMLPB�LC�JBBQFKD�QEB�?RFIAFKD�IL>AP�LO�BUMLOQFKD�?>@H�QL�QEB�DOFA��
�

•� 4EB�PB@LKA�PBQ�FK@IRABP�BKBODV�S>OF>?IBP�QE>Q�>K�FJ>DFK>OV�L?PBOSBO��IL@>QBA�FKPFAB�
QEB�?>QQBOV��TLRIA�FABKQFCV��#LKPBNRBKQIV��?>QQBOV=@E>ODB�FP�QEB�>JLRKQ�LC�BKBODV�QE>Q�
J>K>DBP� QL�BKQBO� QEB�?>QQBOV�TEFIB�?>QQBOV=AFP@E>ODB� FP� QEB� QLQ>I�>JLRKQ�LC�BKBODV�
IB>SFKD�QEB�?>QQBOV�TEBK�QEB�?>QQBOV�AFP@E>ODBP��

�

Figure 3.20�–�%KBODV�BU@E>KDB�S>OF>?IBP�RPBA�?V�QEB�">QQBOV�3QLO>DB�-!4,!"�JLABI 
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Table 3.8 - ">QQBOV�3QLO>DB�-LABI�HBV�S>OF>?IBP�FK�-!4,!" 

Model variable Unit 
>KKR>I=BKBODV=@LPQ� !KKR>I�@LPQ�LC�BIB@QOF@FQV�MRO@E>PBP�;Y�VB>O<�
>KKR>I=KBQ=@LPQ� !KKR>I�BIB@QOF@FQV�KBQ�@LPQ�;Y�VB>O<�
>KKR>I=/-=@LPQ� !KKR>I�/MBO>QFLK�>KA�->FKQBK>K@B�@LPQ�CLO�QEB�"33�;Y�VB>O<�
>KKR>I=OBSBKRBP� !KKR>I�OBSBKRBP�COLJ�BIB@QOF@FQV�BUMLOQP�;Y�VB>O<�
?>QQBOV=@LPQ� #>MFQ>I�@LPQ�LC�QEB�?>QQBOV�FK@IRAFKD�@>?IFKD�>KA�LQEBO�E>OAT>OB�

;Y<�
?LQQIBKB@H� #>M>@FQV�QL�LMBO>QB�QEB�?>QQBOV�?>PBA�LK�@LKAFQFLKP�;H7<�
@LKSBOQBO=@LPQ� #>MFQ>I�@LPQ�LC�QEB�?FAFOB@QFLK>I�@LKSBOQBO�;Y<�

$/$� Battery’s Depth of Discharge [%]�
BKBODV=ABJ>KA� The building’s hourly electricity demand without storage [kWh]�

BKBODV=COLJ=QEB=DOFA� 4LQ>I�>JLRKQ�LC�ELROIV�BIB@QOF@FQV�MRO@E>PBA�?V�QEB�DOFA�;H7E<�
BKBODV=PEFCQBA� (LROIV�?RFIAFKD�IL>AP�PEFCQBA�ARB�QL�QEB�RQFIFP>QFLK�LC�QEB�?>QQBOV�

;H7E<�
BUMLOQBA=BKBODV� .BQ�>KKR>I�>JLRKQ�LC�BIB@QOF@FQV�BUMLOQBA�?>@H�QL�QEB�DOFA�

;H7E�VB>O<�
CFK>K@F>I=OBT>OA� &FK>K@F>I�OBT>OA�OBNRFOBA�QL�MOLSFAB�QEB�PBOSF@B��>O?FQO>DB	�

;Y�H7E<�
FKCI>QFLK=O>QB� !KKR>I�FKCI>QFLK�O>QB�
FKQBOBPQ=O>QB� !KKR>I�FKQBOBPQ�O>QB�

,#/%=TFQE=PQLO>DB� ,BSBIFPBA�@LPQ�LC�BIB@QOF@FQV�TFQE�PQLO>DB�CLO�QEB�PQRAV�MBOFLA�
;Y�H7E<�

,#/%=TFQELRQ=PQLO>DB� ,BSBIFPBA�@LPQ�LC�BIB@QOF@FQV�TFQELRQ�PQLO>DB�CLO�QEB�PQRAV�MBOFLA�
;Y�H7E<�

-#@E>ODB� ->ODFK>I�LMBO>QFLK>I�@LPQ�LC�@E>ODFKD�QEB�%33�;Y�H7<�
-#AFP@E>ODB� ->ODFK>I�LMBO>QFLK>I�@LPQ�LC�AFP@E>ODFKD�QEB�%33�;Y�H7<�

J>U(LRO)KABU� 0BOFLA�LC�J>UFJRJ�BIB@QOF@FQV�MOF@B�;FKABU<�
J>U(LRO0LTBO,FJFQ� 0LTBO�IFJFQ�?BILT�TEF@E�AFP@E>ODFKD�FP�KLQ�>IILTBA�;H7<�
J>U(LRO0OF@B� %IB@QOF@FQV�MOF@B�CLO�QEB�J>U(LRO)KABU�MBOFLA�;Y�H7E<�
J>U2>KDB)KABU� ,>QBPQ�MBOFLA�AROFKD�TEF@E�QEB�?>QQBOV�@>K�AFP@E>ODB�;FKABU<�
JFK(LRO)KABU� 0BOFLA�LC�JFKFJRJ�BIB@QOF@FQV�MOF@B�;FKABU<�

JFK(LRO0LTBO,FJFQ� 0LTBO�IFJFQ�>?LSB�TEF@E�@E>ODFKD�FP�KLQ�>IILTBA�;H7<�
JFK(LRO0OF@B� %IB@QOF@FQV�MOF@B�CLO�QEB�JFK(LRO)KABU�MBOFLA�;Y�H7E<�
JFK2>KDB)KABU� %>OIFBPQ�MBOFLA�AROFKD�TEF@E�QEB�?>QQBOV�@>K�@E>ODB�;FKABU<�
K?>QQ@E� #E>ODFKD�BCCF@FBK@V�
K?>QQA� $FP@E>ODFKD�BCCF@FBK@V�
KFKSBOQBO� )KSBOQBO�BCCF@FBK@V�
KOB@QFCFBO� 2B@QFCFBO�BCCF@FBK@V�

.0#=TFQE=PQLO>DB� .BQ�0OBPBKQ�#LPQ�RPFKD�PQLO>DB�CLO�QEB�PQRAV�MBOFLA�;Y<�
.0#=TFQELRQ=PQLO>DB� .BQ�0OBPBKQ�#LPQ�TFQELRQ�RPFKD�PQLO>DB�CLO�QEB�PQRAV�MBOFLA�;Y<�

/-=@LPQ� 4LQ>I�/MBO>QFLK�>KA�->FKQBK>K@B�"33�@LPQP�CLO�QEB�PQRAV�MBOFLA�
;Y<�

OBMI>@BJBKQ=@LPQG� #LPQ�LC�QEB�OBMI>@BJBKQ�LC�"33�@LJMLKBKQ�G�LC�QEB�PVPQBJ�;Y<�
240=OBQ>FI� #>I@RI>QBA�ELROIV�OBQ>FI�BIB@QOF@FQV�MOF@B�;Y�H7E<�

240=TELIBP>IB� (LROIV�TELIBP>IB�BIB@QOF@FQV�MOF@B�;Y�H7E<�
3/#� Battery’s State of Charge [%]�

 

2BD>OAFKD� QEB� HBV� S>OF>?IBP� RPBA� FK� QEB� -!4,!"� JLABI�� 4>?IB� ���� MOLSFABP� >� ABQ>FIBA�
PRJJ>OV�LC�QEBPB�S>OF>?IBP�>ILKD�TFQE�>�?OFBC�ABP@OFMQFLK�>KA�QEB�RKFQP�FKSLISBA��4EFP�IFPQ�ALBP�
KLQ�@LKPQFQRQB�>K�BUE>RPQFSB�IFPQ�>P�ALWBKP�LC�S>OF>?IBP�>OB�RPBA�CLO�QEB�PFJRI>QFLK�MROMLPBP��
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%U@BMQ�CLO�QEB�QB@EKF@>I�S>OF>?IBP�QE>Q�>OB�OBIBS>KQ�QL�QEB�BU@E>KDB�LC�BIB@QOF@FQV�>JLKD�QEB�
QEOBB�J>FK�MI>VBOP��QEBOB�>OB�>IPL�PBSBO>I�B@LKLJF@�S>OF>?IBP�OBI>QBA�QL�QEB�BIB@QOF@FQV�@LPQP��
OBSBKRBP� COLJ�BUMLOQP�BQ@��4EBFO�>PPL@F>QBA�RKFQP�>IPL�S>OV�>P� QEBOB�>OB�S>OF>?IBP�RPBA�QL�
ABP@OF?B�ELROIV��H7E��Y�H7E�BQ@�	�>KA�>KKR>I�M>O>JBQBOP��Y�VB>O��H7E�VB>O�BQ@�	�TEFIB�FKABU��
and logical variables are also utilised to identify the order of a certain variable’s values and FC�
>�PMB@FCF@�BSBKQ�@LKAFQFLK�Q>HBP�MI>@B�LO�KLQ��OBPMB@QFSBIV��

������/MBO>QFLK>I�$FPM>Q@E�3QO>QBDFBP�
!P�QEB�>IDLOFQEJ�Q>HBP�FKQL�>@@LRKQ�A>V>EB>A�OB>IQFJB�BIB@QOF@FQV�MOF@BP��FQ�FP�>PPRJBA�QE>Q�
QEB�MOF@BP�LC�QEB�CLIILTFKD�A>V�>OB�>KKLRK@BA�LKB�JFKRQB�?BCLOB�JFAKFDEQ��)K�OB>IFQV��QEB�MOF@BP�
>OB�MR?IFPEBA�>Q�KLLK�AROFKD� QEB�MOBSFLRP�A>V��?RQ� QEFP�ALBP�KLQ�>CCB@Q� QEB�T>V�QEB�JLABI�
LMBO>QBP��-LOB�PMB@FCF@>IIV��QEB�-!4,!"�JLABI�OB@BFSBP�>P�FKMRQ�QEB�ELROIV�BIB@QOF@FQV�MOF@BP�
and the buildings’ hourly electricity demand and based on the model algorithm, specifications, 

@LKPQO>FKQP� >KA� QEB� LMBO>QFLK>I� PQO>QBDV� CLIILTBA�� FQ� ABQBOJFKBP� QEB� ?BPQ� MLPPF?IB� A>FIV�
LMBO>QFLK�LC�QEB�"33�>KA�DBKBO>QBP�QEB�BIB@QOF@FQV�MOLCFIB�LC�?LQE�QEB�?>QQBOV�>KA�QEB�?RFIAFKD��
Therefore, a perfect prediction of the building’s energy demand is assumed every time the 

>IDLOFQEJ�ORKP��

4EFP�OLRQFKB�Q>HBP�MI>@B�����QFJBP��B>@E�@LSBOFKD�LKB�A>V�LC�QEB�VB>O��)Q�FP�TLOQE�KLQFKD�QE>Q�
QEB� >IDLOFQEJ� MOBP@EBARIBP� @E>ODFKD� >KA� AFP@E>ODFKD� >IT>VP� FK� M>FOP�� QEBOBCLOB�� @E>ODFKD�
@>KKLQ� Q>HB� MI>@B� TFQELRQ� AFP@E>ODFKD� >KA� SF@B� SBOP>�� &FK>IIV�� >P� JBKQFLKBA� >?LSB�� QEB�
BU>JFKBA�OB>IQFJB�MOF@BP�>KA�?RFIAFKD�IL>AP�>OB�ELROIV��>KV�MLTBO�S>OF>?IBP�>OB�BNR>I�QL�QEB�
OBPMB@QFSB�BKBODV�S>OF>?IBP�>KA�QEBOBCLOB�?LQE�RKFQP���H7�>KA�H7E	�@>K�?B�RPBA��4EB�LOFDFK>I�
SBOPFLK�LC�QEB�>IDLOFQEJ�CLO�RQFIFP>QFLK�LC�I>ODB�P@>IB�0(%3�T>P�MOBPBKQBA�FK�ABQ>FI�>KA�RPBA�
FK� ;���<�� ;���<�� ;���<�>KA� ;���<��(LTBSBO�� CLO� QEB�KBBAP�LC� QEB�@ROOBKQ� OBPB>O@E��PFDKFCF@>KQ�
@E>KDBP� >KA� >AAFQFLKP� E>SB� ?BBK�J>AB� QL� P@>IB� ALTK� QEB� >IDLOFQEJ� >KA� >AGRPQ� FQ� >Q� QEB�
building level and reality; the algorithm now considers the building’s activity and consequent 

BIB@QOF@FQV�IL>AP�QL�AB@FAB�LK�QEB�LMBO>QFLK�LC�QEB�"33��

7EBK� QEB�?>QQBOV� FP�AFP@E>ODBA�� QEB�PQLOBA�BIB@QOF@FQV�@>K�?B�RPBA�QL�BFQEBO�JBBQ� QEB� IL@>I�
?RFIAFKD�IL>AP�LO�QL�DBQ�BUMLOQBA�?>@H�QL�QEB�DOFA��OBPRIQFKD�FK�>K�>AAFQFLK>I�OBSBKRB�PQOB>J��
4EFP�MLQBKQF>I�AR>I�K>QROB�LC�QEB�AFP@E>ODFKD�ME>PB�IBA�QL�QEB�CLOJRI>QFLK�LC�QEOBB�LMBO>QFLK>I�
AFPM>Q@E�PQO>QBDFBP�TFQE�B>@E�PQO>QBDV�FK@IRAFKD�>Q�IB>PQ�LKB�LC�QEB�QTL�AFP@E>ODFKD�LMBO>QFLKP��
-LOB�PMB@FCF@>IIV��PQO>QBDV�%��RPBP�QEB�?>QQBOV�QL�JBBQ�IL@>I�?RFIAFKD�IL>AP�TEFIB�>KV�BU@BPP�
BIB@QOF@FQV�IBCQ�FK�QEB�?>QQBOV�FP�PBKQ�?>@H�QL�QEB�DOFA��!AAFQFLK>IIV��AROFKD�QEB�TBBHBKAP�TEBK�
QEBOB�FP�KL�?RFIAFKD�>@QFSFQV��QEB�?>QQBOV�FP�PQFII�@E>ODBA�>KA�AFP@E>ODBA�FK�LOABO�QL�DBQ�>AAFQFLK>I�
OBSBKRBP�COLJ�QEB�BUMLOQP��&ROQEBOJLOB��PQO>QBDV�%��FP�SBOV�PFJFI>O�QL�%��TFQE�QEB�AFCCBOBK@B�
QE>Q�QEB�?>QQBOV�ALBP�KLQ�LMBO>QB�LK�TBBHBKAP�>KA�MR?IF@�ELIFA>VP�TEFIB�QEB�"33�LMBO>QFLK�
OBJ>FKP� FABKQF@>I� AROFKD� TLOHFKD� A>VP�� &FK>IIV�� RKABO� PQO>QBDV� %��� QEB� ?>QQBOV� FP� LKIV�
AFP@E>ODBA� QL�JBBQ� QEB� ?RFIAFKD� IL>AP� >KA� KL� BUMLOQP� >OB� >IILTBA�� 4EB� QEOBB� LMBO>QFLK>I�
AFPM>Q@E�PQO>QBDFBP�>KA�QEBFO�HBV�@E>O>@QBOFPQF@P�>KA�AFCCBOBK@BP�>OB�PRJJ>OFPBA�?BILT�� FK�
4>?IB������

4EB�QLQ>I�@LPQ�LC�QEB�"33�LMBO>QFLK�FP�ABMBKABKQ�LK�QEB�BIB@QOF@FQV�MOF@B�RPBA�QL�?RV�BIB@QOF@FQV�
>KA�QEB�CLRO�BCCF@FBK@FBP�QE>Q�>OB�MOBPBKQ�CLO�@E>ODFKD�>KA�AFP@E>ODFKD�>ILKD�TFQE�QEB�OB@QFCFBO�
>KA�FKSBOQBO�BCCF@FBK@FBP��4EB�JLABI�BKPROBP�QE>Q�RPFKD�QEB�BIB@QOF@FQV�TEF@E�FP�PQLOBA�FK�QEB�
?>QQBOV�>KA�RPBA�QL�JBBQ�QEB�IL@>I�IL>AP�FP�@EB>MBO�QE>K�?RVFKD�BIB@QOF@FQV�AFOB@QIV�COLJ�QEB�
DOFA��&LO�QEB�@ROOBKQ�OBPB>O@E��QEB�J>ODFK>I�LMBO>QFLK>I�@LPQP�LC�@E>ODFKD�>KA�AFP@E>ODFKD�QEB�
PVPQBJ��LCQBK�@FQBA�>KA�RPBA�FK�0(%3�>O?FQO>DB�OBPB>O@E��>OB�@LKPFABOBA�QL�?B�FKPFDKFCF@>KQ��

�

�



����
�

Table 3.9��/SBOSFBT�LC�QEB�/MBO>QFLK>I�3QO>QBDFBP�;�<�

Activity Operational 
Strategy 

%�� %�� %��
">QQBOV�FP�>IILTBA�QL�AFP@E>ODB�QL�JBBQ�?RFIAFKD�IL>AP�LK�

TLOHFKDA>VP�
✓� ✓� ✓�

%UMLOQP�@>K�Q>HB�MI>@B�LK�TLOHFKDA>VP� ✓� ✓� �
%UMLOQP�@>K�Q>HB�MI>@B�LK�KLKTLOHFKD�A>VP� ✓� � �

#E>ODFKD�Q>HBP�MI>@B�TEBK�BIB@QOF@FQV�MOF@BP�>OB�@EB>M�>KA�
?RFIAFKD�IL>AP�FKPFDKFCF@>KQ��

✓� ✓� ✓�

$FP@E>ODFKD�Q>HBP�MI>@B�TEBK�BIB@QOF@FQV�MOF@BP�>OB�BUMBKPFSB�
>KA�?RFIAFKD�IL>AP�PFDKFCF@>KQ�

✓� ✓� ✓�

�

4EBOBCLOB��-#@E>ODB���-#AFP@E>ODB�������&FK>IIV��LMBO>QFLK>I�?LQQIBKB@HP�>IPL�>MMIV��LOABOFKD�QEB�
"33�QL�@E>ODB�LO�AFP@E>ODB�TFQE�>�PMB@FCF@�MLTBO�FK�JFKA�ABMBKAFKD�LK�QEB�MBO@BKQR>I�PQ>QB�
LC�@E>ODB��3/#	�LC�QEB�?>QQBOV��-LOB�PMB@FCF@>IIV��@LKPQO>FKQP�TFII�>MMIV�FK�LOABO�QL�MOLEF?FQ�QEB�
?>QQBOV�QL�@E>ODB�JLOB�QE>K�QEB�J>UFJRJ�>IILTBA�3/#������	�LO�AFP@E>ODB�IBPP�QE>K�QEB�
JFKFJRJ�>IILTBA�3/#� ����	��4EB�PQLO>DB�@LKQBKQ�LC� QEB�?>QQBOV� FP� QEBK�RMA>QBA�>KA� QEB�
JLABIIFKD�MOL@BPP�FP�@LJMIBQB�LKIV�TEBK�>II�QFJB�MBOFLAP�E>SB�?BBK�BS>IR>QBA�CLO�>�A>V�>KA�
CFK>IIV�CLO�QEB�BKQFOB�VB>O��4EB�LMBO>QFLK>I�AFPM>Q@E�PQO>QBDFBP�E>SB�?BBK�RPBA�>KA�MR?IFPEBA�
FK�;�<��

3.5.3.1 Arbitrage – Exports allowed with retail revenues (E7) 
4EB�CFOPQ�LMBO>QFLK>I�PQO>QBDV�FABKQFCFBP�QEB�@EB>MBPQ�>KA�JLPQ�BUMBKPFSB�ELROP�LC�QEB�A>V�>KA�
P@EBARIBP�QEB�"33�QL�Q>HB�>AS>KQ>DB�LC�QEB�MOF@B�AFCCBOBK@B��@LKPFABOFKD�PMB@FCF@�QB@EKF@>I�
>KA� B@LKLJF@� @LKAFQFLKP�� 4EB� MOL@BPP� OBCBOP� QL� >� A>V� >KA� FP� OBMB>QBA� RKQFI� QEB� BKA� LC� >�
@>IBKA>O�VB>O�>KA�RKQFI�>II�MBOFLAP�E>SB�?BBK�BU>JFKBA�CLO�QEBFO�PRFQ>?FIFQV��.L�AFPQFK@QFLK�FP�
J>AB�?BQTBBK�TLOHFKD�>KA�KLKTLOHFKD�A>VP�>KA�QEBOBCLOB�QEB�>IDLOFQEJ�TFII�QOV�QL�LMBO>QB�
QEB�?>QQBOV�>P�J>KV�QFJBP�>P�MLPPF?IB��4EB�PQBMP�>OB�>P�CLIILTP��

�>	�)ABKQFCV�QEB�EFDEBPQ�MOF@B�LC�QEB�PBOFBP�>P�J>U(LRO)KABU��>PPFDKFKD�>K�FKABU�KRJ?BO�QL�
QE>Q�MBOFLA��>KA�MOFLOFQV�FP�DFSBK�QL�QOV�>KA�AFP@E>ODB�QEB�?>QQBOV�AROFKD�QE>Q�ELRO��4EB�S>OF>?IB�
J>U(LRO0OF@B�FP�>PPFDKBA�>P�FQP�OBPMB@QFSB�MOF@B��

�?	�)C�QEB�OBPMB@QFSB�?RFIAFKD�IL>AP��BU@BBA�>�PMB@FCF@�S>IRB��J>U(LRO0LTBO,FJFQ��QEBK�OBJLSB�
QEB�ELRO�FK�NRBPQFLK�COLJ�QEB�QFJB�PBOFBP�>KA�MOL@BBA�QL�QEB�KBUQ�FQBO>QFLK�QL�FABKQFCV�QEB�KBUQ�
PRFQ>?IB�J>U(LRO)KABU��4EFP� FP� KB@BPP>OV� FK�LOABO� QL�>SLFA�AFP@E>ODFKD� QEB�?>QQBOV�AROFKD�
ELROP�TEBOB�QEB�?RFIAFKD�IL>AP�>OB�FKPFDKFCF@>KQ��4EFP�QEOBPELIA�FP�@>I@RI>QBA�>P�QEB�>SBO>DB�
S>IRB�LC�QEB�?RFIAFKD�IL>AP�LC�QEB�CFOPQ�A>V��TEF@E�FP�>IT>VP�>�KLKTLOHFKD�A>V��MIRP�>K�LMQFLK>I�
J>ODFK�LC���H7�QL�>IILT�CLO�BOOLO��

�	�$BQBOJFKB�QEB�O>KDB�>OLRKA�J>U(LRO)KABU�TEBOB�@E>ODFKD�JFDEQ�L@@RO��4EB�B>OIFBPQ�ELRO�
QEB�?>QQBOV�@>K�@E>ODB�FP�>CQBO�QEB�JLPQ�OB@BKQ�MBOFLA�QL�J>U(LRO)KABU�TEBK�QEB�?>QQBOV�T>P�
CRII� �JFK2>KDB)KABU	�� ,FHBTFPB�� QEB� I>QBPQ� ELRO� TEBK� @E>ODFKD� @>K� E>MMBK� >CQBO�
J>U(LRO)KABU� FP� QEB� ELRO� ?BCLOB� QEB� ?>QQBOV� E>P� OB>@EBA� FQP� JFKFJRJ� 3/#�
�J>U2>KDB)KABU	��

�>	�)ABKQFCV�QEB�JFKFJRJ�BIB@QOF@FQV�MOF@B�?BQTBBK�JFK2>KDB)KABU�>KA�J>U2>KDB)KABU��4EB�
FKABU�LC�QEB�JFKFJRJ�MOF@B�FP�K>JBA�JFK(LRO)KABU�>KA�QEB�OBPMB@QFSB�MOF@B�J>U(LRO0OF@B��

�?	�3FJFI>OIV�QL��?��FC�QEB�?RFIAFKD�IL>AP�QE>Q�Q>HB�MI>@B�AROFKD�JFK(LRO)KABU�BU@BBA�>�PMB@FCFBA�
IFJFQ��JFK(LRO0LTBO,FJFQ��TEF@E� FP� PBQ� >P�BNR>I� QL�J>U(LRO0LTBO,FJFQ�� QEBK� QEB�MBOFLA� FP�



����
�

OBJLSBA� COLJ� QEB� MOF@B� PBOFBP� >KA� QEB� KBUQ� FQBO>QFLK� PQ>OQP� >D>FK� QL� FABKQFCV� >� KBT�
J>U(LRO)KABU�>KA�JFK(LRO)KABU��4EFP�BKPROBP�QE>Q�@E>ODFKD�ALBP�KLQ�Q>HB�MI>@B�AROFKD�QEB�
building’s operation as doing so would result in higher peak loads.�

�	�#>I@RI>QB�QEB�J>ODFK>I�LMBO>QFKD�@LPQ�?>PBA�LK�QEB�?RVFKD�BIB@QOF@FQV�MOF@B�>KA�QEB�OLRKAQOFM�
BCCF@FBK@V��%NR>QFLK�����	��)C�QEB�J>UFJRJ�BIB@QOF@FQV�MOF@B��FABKQFCFBA�FK�PQBM���FP�CLRKA�QL�?B�
EFDEBO�QE>K�QEB�J>ODFK>I�@LPQ�LC�MOLAR@QFLK��QEB�@>I@RI>QFLKP��MOL@BBA�QL�PQBM����/QEBOTFPB��
OBJLSB� J>U(LRO)KABU� COLJ� QEB� PBOFBP� >KA� OBQROK� QL� PQBM� ��� %NR>QFLK� ����� @LKPQFQRQBP� >�
PFJMIFCFBA�SBOPFLK�LC�%NR>QFLK�������Q>HFKD�FKQL�>@@LRKQ�QE>Q�QEB�J>ODFK>I�LMBO>QFLK>I�@LPQP�LC�
@E>ODFKD�>KA�AFP@E>ODFKD�>OB�FKPFDKFCF@>KQ��

-#MOLAR@QFLK���-#AFP@E>ODB��� minHourPrice + MCcharge

𝑛𝑏𝑎𝑡𝑡𝑐ℎ ·𝑛𝑏𝑎𝑡𝑡𝑑·𝑛𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟· 𝑛𝑟𝑒𝑐𝑡𝑖𝑓𝑖𝑒𝑟
� � � � �������������	�

J>U(LRO0OF@B���� minHourPrice

nbattch · nbattd · ninverter · nrectifier
� � � � � �������������	�

5) Determine the “operational bottlenecks”. The bottlenecks will instruct the BSS with the exact 

>JLRKQ�LC�MLTBO�QL�@E>ODB�>KA�AFP@E>ODB�>Q�ABMBKA�LK�QEB�>JLRKQ�LC�QEB�BKBODV�PQLOBA�FK�
QEB� ?>QQBOV�� AROFKD�JFK(LRO)KABU� >KA�J>U(LRO)KABU�� #LKPQO>FKQP� TFII� >IPL� >MMIV� QL� >SLFA�
@E>ODFKD�>?LSB�>�3/#�LC������>KA�AFP@E>ODFKD�?BILT�QEB�JFKFJRJ�3/#�OBNRFOBA�����	��
4EBOBCLOB�� QEB� CFOPQ� ?LQQIBKB@H� FP� QEB� >S>FI>?IB� AFP@E>ODFKD� @>M>@FQV� AROFKD� J>U(LRO)KABU�
�?LQQIBKB@H�	�>KA� QEB�PB@LKA�?LQQIBKB@H� FP�BNR>I� QL� QEB�>S>FI>?IB� @E>ODFKD�@>M>@FQV�AROFKD�
JFK(LRO)KABU� �?LQQIBKB@H�	�� #LK@BOKFKD� QEB� QEFOA� ?LQQIBKB@H� �?LQQIBKB@H�	�� QEBOB� >OB� QTL�
PR?@>PBP�FK�QLQ>I��

•� )C�@E>ODFKD�Q>HBP�MI>@B�?BCLOB�AFP@E>ODFKD��JFK(LRO)KABU�J>U(LRO)KABU	��
4EB�QEFOA�?LQQIBKB@H�FP�QEB�JFKFJRJ�COBB�PQLO>DB�PM>@B��@>I@RI>QBA�?V�PR?QO>@QFKD�QEB�
J>UFJRJ� >JLRKQ� LC� QEB� BKBODV� PQLOBA� FK� QEB� ?>QQBOV�� ?BQTBBK�JFK(LRO)KABU� >KA�
J>U(LRO)KABU�� COLJ� QEB� ?>QQBOV� O>QBA� @>M>@FQV�� 4EFP� TFII� MOBSBKQ� QEB� ?>QQBOV� COLJ�
@E>ODFKD�LSBO�>�3/#�LC�������
�
?LQQIBKB@H��	���PQLO>DB&OBB���?>Q=@>M��J>U�BKBODV=PQLOBA	�
�

•� )C�@E>ODFKD�Q>HBP�MI>@B�>CQBO�AFP@E>ODFKD��JFK(LRO)KABU�J>U(LRO)KABU	��
4EB� QEFOA� ?LQQIBKB@H� FP� QEB�JFKFJRJ�PQLO>DB� @LKQBKQ�� @>I@RI>QBA� ?V� PR?QO>@QFKD� QEB�
JFKFJRJ� ?>QQBOV� @>M>@FQV� >IILTBA� COLJ� QEB� JFKFJRJ� BKBODV� PQLOBA� ?BQTBBK�
J>U(LRO)KABU� >KA� JFK(LRO)KABU�� 4EFP� @LKPQO>FKQ� MOBSBKQP� QEB� ?>QQBOV� COLJ�
AFP@E>ODFKD�?BILT�QEB�JFKFJRJ�3/#�>IILTBA��
�
?LQQIBKB@H��	���PQLO>DB,BCQ���JFK�BKBODV=PQLOBA	��3/#=JFK�\�?>Q=@>M�

4EB� CFK>I� ?LQQIBKB@H� RPBA� CLO� B>@E� FQBO>QFLK� FP� BNR>I� QL� QEB�JFKFJRJ�LC� � QEB� QEOBB� S>IRBP��
JBKQFLKBA�>?LSB��4EBOBCLOB��

CFK>I�?LQQIBKB@H���JFK�?LQQIBKB@H���?LQQIBKB@H���?LQQIBKB@H�	��

�	�$FP@E>ODB� QEB�?>QQBOV�>Q�J>U(LRO)KABU�>KA�@E>ODB� QEB�?>QQBOV�>Q�JFK(LRO)KABU�?V� QEB�
@>M>@FQV�ABQBOJFKBA�FK�3QBM����QEOLRDE�QEB�>MMOLMOF>QB�?LQQIBKB@H��

�	�5MA>QB�QEB�PQLO>DB�@LKQBKQ�QL�OBCIB@Q�QEB�@E>ODFKD�>KA�QEB�AFP@E>ODFKD�ME>PBP�QE>Q� Q>HB�
MI>@B��



����
�

�

� Figure 3.21 –�&ILT�@E>OQ�CLO�!O?FQO>DB�TFQE�%UMLOQP��%��>KA�%�	�;�<�



����
�

�	�)C�QEB�?>QQBOV�E>P�RPBA�>II�FQP�@E>ODFKD�@>M>@FQV�AROFKD�JFK(LRO)KABU��OBJLSB�JFK(LRO)KABU�
COLJ� QEB� MOF@B� PBOFBP�� 3FJFI>OIV�� FC� QEB� ?>QQBOV� E>P� RPBA� >II� FQP� AFP@E>ODFKD� @>M>@FQV� AROFKD�
J>U(LRO)KABU��QEBK�OBJLSB�J>U(LRO)KABU�COLJ�QEB�MOF@B�PBOFBP��

�	�)QBO>QB�?>@H�QL�3QBM���RKQFI�>II�QFJB�MBOFLAP�>OB�BS>IR>QBA��

3.5.3.2 Arbitrage - Exports allowed only on weekdays (E5) 
4EFP�SBOPFLK�LC�QEB�>IDLOFQEJ�ALBP�KLQ�FKQOLAR@B�>KV�PFDKFCF@>KQ�@E>KDBP�TEBK�@LJM>OBA�TFQE�
QEB�>IDLOFQEJ�MOBPBKQBA�FK����������4EB�LKIV�AFCCBOBK@B�FP�QE>Q�KLKTLOHFKD�A>VP��.7$P	�>OB�
BU@IRABA� COLJ� QEB�?>QQBOV�LMBO>QFLK��4EBOBCLOB��>KV�ELROP� QE>Q�?BILKD� QL�.7$P�>KA�E>SB�
?BBK�FABKQFCFBA�>P�MLQBKQF>I�J>U(LRO)KABU�>KA�JFK(LRO)KABU�@>KAFA>QBP�>OB�OBJLSBA�COLJ�
QEB� PBOFBP� >KA� QEB� >IDLOFQEJ� FQBO>QBP� ?>@H� QL� 3QBM� ��� 2BD>OAFKD�J>U(LRO)KABU� @>KAFA>QB�
ELROP��QEBFO�BIFJFK>QFLK�Q>HBP�MI>@B�?BQTBBK�PQBMP��?�>KA���TEFIB�JFK(LRO)KABU�BIFJFK>QFLKP�
?BQTBBK�PQBMP��?�>KA����$BPMFQB�QEB�C>@Q�QE>Q�QEFP�>AAFQFLK>I�@LKPQO>FKQ�FP�JFKLO��PQOR@QRO>IIV�
>KA� @LABTFPB�� FQP� FJM>@Q� FP� PFDKFCF@>KQ� >P� .7$P� FK@IRAB� ��� TBBHBKAP� >KA� �� 5+� MR?IF@�
ELIFA>VP��>�QLQ>I�LC�����A>VP��QEB�BNRFS>IBKQ�LC�������ELROP�>KA�����LC�QEB�BKQFOB�@>IBKA>O�
VB>O�AROFKD�TEF@E�QEB�?>QQBOV�FP�KLQ�>IILTBA�QL�@E>ODB�LO�AFP@E>ODB���

7EBK�>IPL�@LKPFABOFKD�QEB�C>@Q�QE>Q�QEB�"33�FP�>?IB�LC�@V@IFKD�JLOB�QE>K�LK@B�AROFKD�>�PFKDIB�
A>V�� FQ� @>K� ?B� @LK@IRABA� QE>Q� QEFP� BU@IRPFLK� @>K� E>SB� PFDKFCF@>KQ� @LKPBNRBK@BP� LK� QEB�
BIB@QOF@FQV� BUMLOQP� >KA� QEB� OBPMB@QFSB� OBSBKRB� PQOB>JP� TEF@E� >OB� BUMB@QBA� QL� ?B� DOB>QIV�
OBAR@BA��/K�QEB�LQEBO�E>KA��>P�QEB�?>QQBOV�FP�RQFIFPBA�IBPP�COBNRBKQIV�RKABO�QEB�%��PQO>QBDV��
QEFP�>IPL�IB>AP�QL�>�EFDEBO�?>QQBO�IFCB��4EB�@LJ?FKBA�CILT@E>OQ�CLO�?LQE�PQO>QBDFBP�%��>KA�%��FP�
MOBPBKQBA�FK�&FDROB��������

3.5.3.3 Arbitrage – No Exports allowed (E0) 
!IDLOFQEJP�%��>KA�%��J>HB�RPB�LC�>II�QEB�>S>FI>?IB�?>QQBOV�>KA�FKSBOQBO�@>M>@FQFBP��QOVFKD�QL�
AFP@E>ODB�>P�JR@E�>P�MLPPF?IB�AROFKD� QEB�JLPQ�BUMBKPFSB�ELRO�P	�LC� QEB�A>V��TFQE�BU@BPP�
BIB@QOF@FQV�?BFKD�BUMLOQBA�?>@H�QL�QEB�DOFA��4EB�QEFOA�SBOPFLK�LC�QEB�>IDLOFQEJ�FKQOLAR@BP�LKB�
>AAFQFLK>I�@LKPQO>FKQ� QL�BKPROB� QE>Q�>II� QEB�AFP@E>ODBA�BKBODV�COLJ�QEB�?>QQBOV� FP�LKIV�RPBA�
IL@>IIV�QL�@LSBO�?RFIAFKD�IL>AP��BIFJFK>QFKD�FK�QEFP�T>V�>II�BUMLOQP��4TL�PR?@>PBP�>OB�FKQOLAR@BA�
CLO�QEB�CFOPQ�?LQQIBKB@H��@LJM>OFKD�QEB�?RFIding loads at maxHourIndex and the inverter’s rated 

MLTBO�@>M>@FQV���

)K� QEFP�T>V�� QEB�>IDLOFQEJ�AB@FABP�TEBQEBO� QL�MOL@BBA�TFQE� QEB� CLOJBO�LO� QEB� I>QQBO��>P� QEB�
BKBODV�>JLRKQ�>PPFDKBA�QL� QEB�CFOPQ�?LQQIBKB@H��4EFP� IB>AP� QL�>�DBKBO>QFLK�LC� CLRO�MLPPF?IB�
?LQQIBKB@H�PBQP��ABMBKAFKD�LK�QEB�@LKAFQFLKP��!P�JLPQ�LC�QEB�@LOB�>IDLOFQEJ�OBJ>FKP�QEB�P>JB��
LKIV� QEB�PQBMP� QE>Q�AFCCBO�>OB�MOBPBKQBA�?BILT��3FJFI>OIV� QL�/MBO>QFLK>I�3QO>QBDV�%���ELROP�
?BILKDFKD� QL� .7$P� >OB� BIFJFK>QBA� COLJ� QEB� PBOFBP� >P� JFK(LRO)KABU� >KA� J>U(LRO)KABU�
@>KAFA>QBP��

�	�4EB�CFK>I�?LQQIBKB@H�RPBA�CLO�B>@E�FQBO>QFLK�FP�BNR>I�QL�QEB�JFKFJRJ�LC��QEB�QEOBB�S>IRBP��
MOBPBKQBA�?BILT�FK�3QBMP��>���?�>KA��@��

>	�4EB�PB@LKA�?LQQIBKB@H�FP�QEB�>S>FI>?IB�@E>ODFKD�@>M>@FQV�>Q�JFK(LRO)KABU��

?	� )C� AFP@E>ODFKD� Q>HBP� MI>@B� >CQBO� @E>ODFKD� �JFK(LRO)KABU�J>U(LRO)KABU	�� QEB� QEFOA�
?LQQIBKB@H�FP�QEB�JFKFJRJ�COBB�PQLO>DB�PM>@B��@>I@RI>QBA�?V�PR?QO>@QFKD�QEB�J>UFJRJ�>JLRKQ�
LC� QEB� BKBODV� PQLOBA� FK� QEB� ?>QQBOV�� ?BQTBBK�JFK(LRO)KABU� >KA� J>U(LRO)KABU�� COLJ� QEB�
?>QQBOV�O>QBA�@>M>@FQV��4EFP�TFII�MOBSBKQ�QEB�?>QQBOV�COLJ�@E>ODFKD�LSBO�>�3/#�LC��������
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Figure 3.22 –�&ILT@E>OQ�CLO�!O?FQO>DB�TFQELRQ�BUMLOQP��%�	�;�<�
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?LQQIBKB@H��	���PQLO>DB&OBB���?>Q=@>M��J>U�BKBODV=PQLOBA	�

)C�@E>ODFKD�Q>HBP�MI>@B�>CQBO�AFP@E>ODFKD��JFK(LRO)KABU�J>U(LRO)KABU	��QEB�QEFOA�?LQQIBKB@H�
FP� QEB� JFKFJRJ� PQLO>DB� @LKQBKQ�� @>I@RI>QBA� ?V� PR?QO>@QFKD� QEB� JFKFJRJ� ?>QQBOV� @>M>@FQV�
>IILTBA� COLJ� QEB�JFKFJRJ�BKBODV�PQLOBA�?BQTBBK�J>U(LRO)KABU�>KA�JFK(LRO)KABU��4EFP�
@LKPQO>FKQ�MOBSBKQP�QEB�?>QQBOV�COLJ�AFP@E>ODFKD�?BILT�QEB�JFKFJRJ�3/#�>IILTBA��

?LQQIBKB@H��	���PQLO>DB,BCQ���JFK�BKBODV=PQLOBA	��3/#=JFK�\�?>Q=@>M�

@	�4EB�I>PQ�?LQQIBKB@H�FP�QEB�>S>FI>?IB�AFP@E>ODFKD�@>M>@FQV�>Q�J>U(LRO)KABU��)C�QEB�?RFIAFKD�
loads at maxHourIndex are greater or equal to the inverter’s rated power capacity, the third 

?LQQIBKB@H�FP�BNR>I�QL�QEB�?RFIAFKD�IL>AP��/QEBOTFPB��FQ�FP�BNR>I�QL�the inverter’s rated power 

@>M>@FQV��

�	�)C�QEB�?>QQBOV�E>P�RPBA�>II�FQP�@E>ODFKD�@>M>@FQV�AROFKD�JFK(LRO)KABU��OBJLSB�JFK(LRO)KABU�
COLJ�QEB�MOF@B�PBOFBP��3FJFI>OIV��FC�QEB�?>QQBOV�E>P�RPBA�>II�FQP�CRII�AFP@E>ODFKD�@>M>@FQV�AROFKD�
J>U(LRO)KABU�� QEBK� OBJLSB�J>U(LRO)KABU� COLJ� QEB� MOF@B� PBOFBP�� 4EB� >JLRKQ� LC� QEB� CRII�
AFP@E>ODFKD�@>M>@FQV�AFCCBOP��ABMBKAFKD�LK�QEB�OBI>QFLKPEFM�?BQTBBK�QEB�?RFIAFKD�IL>AP�>KA�QEB�
invert’s rated power capacity, as described previously in Step 5c. The flow chart for the 

LMBO>QFLK>I�PQO>QBDV�%��FP�MOBPBKQBA�FK�&FDROB�������

������"33�3FWFKD�
The sizing of BSS is based on the “three hours to charge” and “two hours to discharge” rules 
LC�QERJ?�;�<��.BSBOQEBIBPP��CLO�QEB�I>ODBPQ�PVPQBJP�BU@BBAFKD�>�?>QQBOV�@>M>@FQV�LC�����H7E��
initial results suggested that the inverters’ power capacity were oversized when compared with 
QEB� JB>K� LO� BSBK� QEB� MB>H� ELROIV� ?RFIAFKD� IL>AP�� #LKPBNRBKQIV�� RKABO� QEB� %�� >KA� %��
P@BK>OFLP��PFDKFCF@>KQ�>JLRKQP�LC�QEB�BIB@QOF@FQV�PQLOBA�FK�QEB�?>QQBOV�TLRIA�?B�BUMLOQBA�?>@H�
QL� QEB�DOFA�AROFKD� QEB�AFP@E>ODFKD�ME>PB� FKPQB>A�LC�JBBQFKD� QEB� IL@>I�?RFIAFKD� IL>AP�� )KFQF>I�
OBPRIQP� CLO�>II�PVPQBJP�RPFKD�>�?>QQBOV�?>KH� I>ODBO� QE>K�����H7E�TLRIA�OBPRIQ� FK� QEB�P>JB�
>JLRKQ�LC�MB>H�IL>AP�PEFCQBA��OBKABOFKD�QEB�>AAFQFLK>I�?>QQBOV�@>M>@FQV�RPBIBPP�CLO�QEB�?RFIAFKD��
4EBOBCLOB��QEB�PFWFKD�@OFQBOF>�TBOB�OBSFPBA�CLO�QEB� I>ODBO�PVPQBJP�>KA�@LKPFPQBKQ�PFWBP�TBOB�
>ALMQBA��-LOB�PMB@FCF@>IIV��>�J>UFJRJ�MLTBO�@>M>@FQV�LC����H7�T>P�PBIB@QBA�CLO�QEB�FKSBOQBO�
TEFIB�>� S>IRB�LC���� H7�T>P�PBIB@QBA� CLO� >II� QEB� FKSBOQBOP�>P� FQ�T>P�ABBJBA� QE>Q� PRCCF@FBKQ�
>JLRKQ� LC� QFJB� FP� MOLSFABA� QL� QEB� ?>QQBOV� QL� CRIIV� @E>ODB�� 4EB� FKFQF>I� >KA� OBSFPBA� "33�
@LJMLKBKQP�@>K�?B�PBBK�?BILT��FK�4>?IB�������4EB�?FDDBPQ�?>QQBOV�PFWB�LC�����H7E�����H7��
���H7	�FP�RPBA�CLO�QEB�J>FK�OBPRIQP�TEFIB�QEB�OBPQ�LC�QEB�PFWBP��������H7E	�>OB�BU>JFKBA�>P�
M>OQ�LC�QEB�PBKPFQFSFQV�>K>IVPFP� 

Table 3.10 - "33�#LJMLKBKQP�3FWFKD�?>PBA�LK�QEB�OLRKAQOFM�BCCF@FBK@V�������	�>KA�
JFKFJRJ�3/#�����	�;�<�

Battery 
Size (kWh) 

Initial Inverter & 
 Rectifier Rated 
Power (kW/-kW) 

Revised Inverter 
& 

 Rectifier Rated 
Power (kW/-kW) 
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2BSFPFLK�KBBABA�CLO�QEB�OBPMB@QFSB�FKSBOQBO�>KA�OB@QFCFBO�PFWBP��
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������">QQBOV�,FCBQFJB�>KA�#LPQ"BKBCFQ!K>IVPFP��#"!	�
4EB�?>QQBOV�RPBA�T>P�?>PBA�LK�>�KLJFK>I�,FFLK�IFCB@V@IB�LC�������@V@IBP�TFQE�>�JFKFJRJ�3/#�
LC������OBPRIQFKD�FK�QEB�BNRFS>IBKQ�LC�������CRII�@V@IBP�;���<��&LO�AFPM>Q@E�PQO>QBDFBP�%��>KA�
%�� RKABO� TEF@E� BUMLOQP� >OB� >IILTBA� QL� Q>HB� MI>@B�� QEB� OBPMB@QFSB� OBSBKRB� PQOB>JP� >OB�
@>I@RI>QBA�LK�>K�>KKR>I�?>PFP�?V�JRIQFMIVFKD�QEB�ELROIV�TELIBP>IB�MOF@BP�TFQE�QEB�>JLRKQ�LC�
QEB� OBPMB@QFSB� BUMLOQBA� BIB@QOF@FQV�� 4EB� >KKR>I� KBQ� @LPQP� LC� BIB@QOF@FQV� >OB� @>I@RI>QBA� ?V�
PR?QO>@QFKD�QEB�BUMLOQ�OBSBKRBP�COLJ�QEB�BIB@QOF@FQV�DOFA�MRO@E>PBP��4EB�>KKR>I�BIB@QOF@FQV�@LPQ�
FP�DFSBK�FK�%NR>QFLK������TEFIB�QEB�OBPMB@QFSB�OBSBKRBP�>KA�KBQ�@LPQ�>OB�@>I@RI>QBA�QEOLRDE�
%NR>QFLKP������>KA�������OBPMB@QFSBIV��/�-�@LPQP�CLO�QEB�"33�>OB�@>I@RI>QBA�QEOLRDE�%NR>QFLK�
�����TFQE�QEB�IFCBQFJB�OBCBOOFKD�QL�QEB�ARO>QFLK�LC�QEB�PQRAV�MBOFLA�FK�VB>OP��4EB�OBMI>@BJBKQ�
@LPQP�>OB�@>I@RI>QBA�FK�%NR>QFLK������TFQE�.OBMG�OBMOBPBKQFKD�QEB�KRJ?BO�LC�QEB�OBMI>@BJBKQP�
KBBABA� CLO�>�@LJMLKBKQ� G�� PR@E�>P� QEB�?>QQBOV�>KA� QEB�@LKSBOQBO��>KA� IFCBG� OBCBOOFKD� QL� QEB�
BPQFJ>QBA� IFCBQFJB�LC� >� @LJMLKBKQ� G�� 4EB� I>PQ� M>OQ� LC� QEB� BNR>QFLK� FP� RPBA� QL� @LKPFABO� QEB�
OBSBKRBP�ARB�QL�QEB�OBJ>FKFKD�IFCBPM>K�LC�QEB�@LJMLKBKQP�?RQ�@LKPFABOBA�QL�?B�WBOL�CLO�QEB�
��VB>O�MBOFLA�;�<��

4EB�"33�MOF@BP�RPBA�E>SB�?BBK�@>I@RI>QBA�MBO�H7E�>KA�H7��?>PBA�LK�>�EFDEBKA�@LJJBO@F>I�
MLTBO�M>@H�;���<��4EB�BU>@Q�@>MFQ>I�@LPQP�E>SB�?BBK�@>I@RI>QBA�QL�?B�>MMOLUFJ>QBIV�Y����H7E�
>KA�Y����H7�;���<��;���<��PIFDEQIV�EFDEBO�S>IRBP�LC�Y����H7E�>KA�Y����H7�>OB�@LKPFABOBA�QL�
>AGRPQ�CLO�BOOLO�>KA�FKCI>QFLK��4EB�@LPQP�LC�@>?IFKD�>KA�LQEBO�E>OAT>OB�>OB�FK@IRABA�FK�QEB�QLQ>I�
?>QQBOV�@LPQ�>KA�>OB�BPQFJ>QBA�QL�?B�>OLRKA�Y���H7E�;�<��

Table 3.11 – "33�4B@EKF@>I�>KA�B@LKLJF@�M>O>JBQBOP�RPBA�CLO�JLABIIFKD�MROMLPBP�;�<�

Parameter Value Comments 
">QQBOV�@LPQ Y����H7E ">PBA�LK�;���<��;���< 

"FAFOB@QFLK>I�@LKSBOQBO�
@LPQ 

Y����H7 ">PBA�LK�;���<��;���< 

/�-�@LPQ Y����MBO�>KKRJ� ">PBA�LK�;���<��;���< 
">QQBOV�IFCB@V@IB ������@V@IBP�>Q�$/$�����

��������CRII�BNRFS>IBKQ�
@V@IBP	 

">PBA�LK�;���< 

%PQFJ>QBA�?>QQBOV�IFCBQFJB �����VB>OP��%�	�
�����VB>OP��%���%�	 

%�����@V@IB�MBO�A>V�CLO�TLOHFKD�
A>VP�

���������@V@IBP�MBO�A>V�CLO�.7$P��
%��>KA�%�����@V@IB�MBO�A>V�CLO�

TLOHFKD�A>VP�LKIV 
%PQFJ>QBA�@LKSBOQBO�

IFCBQFJB 
���VB>OP��%���%���%�	 ">PBA�LK�;���< 

)KCI>QFLK�O>QB �� �
">PBA�LK�;���<��;���<��;���<�
%CCF@FBK@FBP�>OB�>PPRJBA�QL�?B�

@LKPQ>KQ� 

)KQBOBPQ�O>QB �� 
#E>ODFKD�BCCF@FBK@V ��� 
$FP@E>ODFKD�BCCF@FBK@V ��� 
)KSBOQBO�BCCF@FBK@V ��� 
2B@QFCFBO�BCCF@FBK@V� ����
2LRKAQOFM�BCCF@FBK@V� ������ #>I@RI>QBA�
-FKFJRJ�3/#� ���� !PPRJBA�
->UFJRJ�3/#� �����

�

!K�>KKR>I�FKCI>QFLK�O>QB�LC����>KA�>K�FKQBOBPQ�O>QB�LC����TBOB�Q>HBK�FKQL�>@@LRKQ��CLO���VB>O�
>KA���VB>O�MBOFLAP��%NR>QFLKP������–�����	� QL�@>I@RI>QB� QEB�KBQ�MOBPBKQ�@LPQP��.0#P	� CLO�
B>@E�P@BK>OFL��4EB�IBSBIFPBA�@LPQP�LC�BIB@QOF@FQV��,#/%	�TBOB�@>I@RI>QBA�?V�AFSFAFKD�B>@E�.0#�
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S>IRB�?V�QEB�OBPMB@QFSB�>JLRKQP�LC�BIB@QOF@FQV��>P�PELTK�FK�%NR>QFLKP������>KA�������BU@IRAFKD�
>KV�?>QQBOV�ILPPBP�CLO�@E>ODFKD�>KA�AFP@E>ODFKD��&FK>IIV��QEB�CFK>K@F>I�OBT>OA�OBNRFOBA�FP�DFSBK�
FK�%NR>QFLK������QL�OBCIB@Q�QEB�CFK>K@F>I�?BKBCFQ�QE>Q�>�?RFIAFKD�JRPQ�B>OK�MBO�H7E�PEFCQBA�QL�
J>HB�QEB�QTL�.0#P�BNR>I�>KA�QEBOBCLOB�J>HB�QEB�P@EBJB�@LPQBCCB@QFSB��CLO�QEB�BKQFOB�MOLGB@Q�
IFCBQFJB��

4EB�?>QQBOV�IFCBQFJB�AFCCBOP�?>PBA�LK�QEB�AFPM>Q@E�PQO>QBDV�CLIILTBA��>P�PELTK�FK�4>?IB������
>ILKD�TFQE�HBV�QB@EKF@>I�>KA�B@LKLJF@�M>O>JBQBOP�@LKPFABOBA�FK�QEB�JLABIIFKD�MOL@BPP��&LO�
PQO>QBDV�%���QEB�BPQFJ>QBA�?>QQBOV�IFCBQFJB�FP�>MMOLUFJ>QBIV����VB>OP�TEFIB�QEB�IFCBQFJB�FP�>IJLPQ�
ALR?IBA� QL�>OLRKA����VB>OP�� CLO�AFPM>Q@E�PQO>QBDFBP�%��>KA�%���4EB�?FAFOB@QFLK>I�@LKSBOQBO�
IFCBQFJB�FP�@LKPFABOBA�QL�?B����VB>OP�CLO�>II�P@BK>OFLP��&FK>IIV��QEB�#"!�CLO�QEB�@ROOBKQ�OBPB>O@E�
FP�@LKPFABOBA�LSBO����>KA���VB>O�MBOFLAP��QEBOBCLOB��TEFIB�QEBOB�>OB�KL�OBMI>@BJBKQP�KBBABA�
CLO�QEB�CLOJBO�MBOFLA��>K�>AAFQFLK>I�?>QQBOV�>KA�@LKSBOQBO�FP�OBNRFOBA�RKABO�PQO>QBDV�%��TEFIB�
%��>KA�%��OBNRFOB�LKIV�QEB�>AAFQFLK�LC�>�OBMI>@BJBKQ�@LKSBOQBO��CLO�QEB���VB>O�MBOFLA���

>KKR>I=BKBODV=@LPQ���∑ (RTPretail · energy_from_the_grid)8760
t=1 � � �������������������������	 

>KKR>I=OBSBKRBP���∑ (RTPwholesale  · exported_energy)8760
t=1 � � � �������������������������	 

>KKR>I=KBQ=@LPQ���>KKR>I=BKBODV=@LPQ�–�>KKR>I=OBSBKRBP� � � �������������	 

/-=@LPQ���∑ [annual_OM_cost ·  (
1+ inflation_rate

1+ interest_rate
)

𝑘
] 

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
𝑘=1 � � � �������������������������	 

OBMI>@BJBKQ=@LPQG���∑ [component_costj  ·  (
1+ inflation_rate

1+ interest_rate
)

𝑘 ·𝑙𝑖𝑓𝑒𝑗

] 
𝑁𝑟𝑒𝑝𝑗

𝑘=1 ����− component_costG�\�

[
 (Nrepj+1)· lifej−lifetime

lifej
]·(1+inflation_rate)lifetime  

(1+interestrate)lifetime 
� � � � � �������������������������	�

.0#=TFQELRQ=PQLO>DB���∑ [annual_energy_cost ·  (
1+ inflation_rate

1+ interest_rate
)

k
 ] lifetime

k=1 � �������������������������	�

.0#=TFQE=PQLO>DB���?>QQBOV=@LPQ���@LKSBOQBO=@LPQ���OBMI>@BJBKQ=@LPQ���/-=@LPQ�����

∑ [annual_net_cost  ·  (
1+ inflationrate

1+ interestrate
)

𝑘
] 

𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
𝑘=1 �����������������������������������������������������������������������	�

,#/%=TFQELRQ=PQLO>DB��� NPC_without_storage

lifetime ·∑ energy_demand8760
t=1

� � � � � �������������	�

,#/%=TFQE=PQLO>DB���� NPC_with_storage

lifetime · ∑ (energy_demand + exported_energy)8760
t=1

� � � �������������	�

CFK>K@F>I=OBT>OA����NPC_with_storage – NPC_without_storage

lifetime ·∑ (energy_shifted8760
t=1 ) 

� � � � �������������	 

�

5KIFHB�QEB�OBPQ�LC�QEB�PFJRI>QFLKP��QEB�#"!�FP�@LKAR@QBA�CLO�>�PJ>IIBO�KRJ?BO�LC�P@BK>OFLP��
PELTK�FK�4>?IB�������4EB�PJ>IIBO�?>QQBOV�PVPQBJP�E>SB�?BBK�OBJLSBA�FK�LOABO�QL�FKSBPQFD>QB�
LKIV�QTL�?FDDBO�?>QQBOV�PFWBP������>KA�����H7E��4EB�?FAFOB@QFLK>I�@LKSBOQBO�@>M>@FQFBP�E>SB�
?BBK�>AGRPQBA�>@@LOAFKDIV�� FK@IRAFKD� QEOBB�P@BK>OFLP� CLO� QEB�CLOJBO�?>QQBOV�>KA�CFSB�CLO� QEB�
I>QQBO��)K�QEB�@ROOBKQ�QEBPFP��LKIV�QTL�"33�P@BK>OFLP�>OB�MOBPBKQBA������H7E�����H7����H7	�
>KA�����H7E�����H7����H7	�>P�MR?IFPEBA�FK�;�<��&FK>IIV��>P�,FLK�?>QQBOV�@LPQP�E>SB�?BBK�
@LKQFKRLRPIV�AB@OB>PFKD�FK�QEB�OB@BKQ�VB>OP��>�PBKPFQFSFQV�>K>IVPFP�E>P�?BBK�@LKAR@QBA�QL�>IILT�
CLO�>K�LSBO>II�"33�@>MFQ>I�@LPQ�OBAR@QFLK�LC����������>KA������.L�KBT�?RFIAFKD�PFJRI>QFLKP�
E>SB�?BBK�KB@BPP>OV�CLO�QEFP�P@BK>OFL��4EB�P>JB�"33�PFWBP�E>SB�?BBK�RPBA�>P�FK�QEB�FKFQF>I�
#"!��>P�MOBSFLRPIV�PELTK�FK�4>?IB�������
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Table 3.12 – "33�3FWFKD�3@BK>OFLP�CLO�QEB�#"! 

Battery Size 
(kWh) 

Rectifier 
(kW) 

Inverter (- kW) 
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���
� ���
� ����
�
���� ��� ����
���� ��� ����
����
� ���
� ����
�
���� ��� ����
���� ��� �����
���� ��� �����

����������������������������������
0OBPBKQBA�FK�QEB�@ROOBKQ�QEBPFP�

3.6 Selection of Models for further investigation 
4EB� ?RFIAFKD� JLABIP� >KA� QEB� "33� P@BK>OFLP� QE>Q� >OB� FKSBPQFD>QBA� FK� QEFP� OBPB>O@E� >OB�
PRJJ>OFPBA�FK�!MMBKAFU�#��%>@E�?RFIAFKD�E>P�>�@>PB�KRJ?BO�>P�TBII�>P�>�@>PB�)$�CLO�NRF@H�
OBCBOBK@FKD�� 4EB� @>PB� OBCBOBK@FKD� PVPQBJ� @LKPFPQP� LC� QTL� BIBJBKQP�� >� KRJBOF@>I� S>IRB� QL�
ABJLKPQO>QB�QEB�LOABO�RKABO�TEF@E�QEB�?RFIAFKDP�E>SB�?BBK�PFJRI>QBA�>KA�>�IBQQBO�QL�FKAF@>QB�
the building’s shape (r for rectangular, s for square). One additional letter (N) follows the 

MOBSFLRP�IBQQBO�FC�QEB�?RFIAFKD�FK�NRBPQFLK�FP�K>QRO>IIVSBKQFI>QBA��3@BK>OFL�)$�FP�JLOB�ABP@OFMQFSB�
>P�FQ�FK@IRABP�>II�QEB�J>GLO�?RFIAFKD�ABPFDK�@E>O>@QBOFPQF@P��QEBOJ>I�J>PP��BKBODV�BCCF@FBK@V�>KA�
TFKALTQLT>IIO>QFL��)C�QEB�?RFIAFKD�FP�KLQ�OB@Q>KDRI>O��>AAFQFLK>I�FKCLOJ>QFLK�FP�MOLSFABA�>Q�QEB�
?BDFKKFKD�LC�QEB�)$�TEFIB�>�AFCCBOBKQ�QE>Q�3LRQEBOK.LOQEBOK�LOFBKQ>QFLK�FP�FK@IRABA�>Q�QEB�BKA��
&LO�BU>JMIB��(T"0��37�FP�EB>SVTBFDEQ��"BPQ�0O>@QF@B������DI>WBA�>KA�E>P�>�PLRQEBOK
TBPQBOK�LOFBKQ>QFLK��)Q�FP�@IB>O�QE>Q�QEB�PFJRI>QFLKP�FKSLISB����?RFIAFKD�JLABIP�>KA����AFCCBOBKQ�
"33�PFWBP��KRJ?BOFKD�>�QLQ>I�LC�����P@BK>OFLP��!P�FQ�TLRIA�?B�EFDEIV�FJMO>@QF@>I�QL�MOBPBKQ�>II�
OBPRIQP��CL@RP�FP�DFSBK�LK�QEB�?FDDBPQ�?>QQBOV�PFWB������H7E	�QL�>IILT�CLO�NRF@H�@LJM>OFPLKP�
?BQTBBK�QEB�?RFIAFKD�JLABIP��)Q�PELRIA�?B�KLQBA�QE>Q�>KV�@LJM>OFPLK�J>AB�FP�?>PBA�KLQ�LKIV�
LK�QEB�?RFIAFKD�BKBODV�PFJRI>QFLK�OBPRIQP�?RQ�LK�QEB�"33�-!4,!"�OBPRIQP�>P�TBII��4EFP�>IILTP�
CLO�JLOB�QO>KPM>OBKQ�>KA�QELOLRDE�>K>IVPFP�LC�QEB�OBPRIQP�>P�CLO�BU>JMIB�?RFIAFKDP�TFQE�PFJFI>O�
BIB@QOF@FQV�@LKPRJMQFLK�MOLCFIBP�@LRIA�FK�QEBLOV�MBOCLOJ�JR@E�AFCCBOBKQIV�TEBK�FQ�@LJBP�QL�QEB�
!O?FQO>DB�-LABI��!CQBO�MOBPBKQFKD�QEB�OBPRIQP�CLO�QEB������@>IBKA>O�VB>O��>�PBKPFQFSFQV�>K>IVPFP�
CLIILTP�RPFKD�QEB������240�A>Q>�TEFIB�QEB�OBPQ�LC�QEB�PBKPFQFSFQV�>K>IVPFP�@E>MQBO�FP�@LKAR@QBA�
CLO�>�IFJFQBA�>JLRKQ�LC���?RFIAFKD�JLABIP��4EB�?RFIAFKD�JLABIP�FK�NRBPQFLK�@LKPFPQ�LC�QEB�JLPQ�
>KA�IB>PQ�BCCF@FBKQ�@>PBP��?>PBA�LK�QEBFO�@LJ?FKBA�$BPFDK"RFIABO�>KA�-!4,!"�OBPRIQP��4EB�
#"!�FP�>IPL�MBOCLOJBA�LKIV�CLO�QEB�CFK>I���?RFIAFKD�JLABIP��

4EB�-!4,!"�@LAB��RPBA�FK�QEFP�MOLGB@Q��@>K�?B�CLRKA�FK�!MMBKAFU�$�>KA�@LKPFPQP�LC�QEOBB�
parts: the first file (data_analysis_oneyear.m) imports DesignBuilder’s data generated from 

QEB�?RFIAFKD�BKBODV�PFJRI>QFLKP��>PPFDKP�QEBJ�FK�S>OF>?IBP�>KA�J>HBP�NRF@H�@>I@RI>QFLKP��4EB�
second file (RTP_NEW_ONEYEAR.m) imports NordPool’s realQFJB�MOF@FKD�A>Q>�QL�@>OOV�LRQ�
QEB�P>JB�L?GB@QFSBP�>ILKD�TFQE�>�NRF@H�PQ>QFPQF@>I�>K>IVPFP��TEFIB� QEB� QEFOA�>KA� I>ODBPQ�M>OQ�
@LKPFPQP� LC� QEOBB� CFIBP�� B>@E� CLO� BSBOV� LMBO>QFLK>I� PQO>QBDV�� J>HFKD� RM� QEB� -!4,!"� "33�
!O?FQO>DB�-LABI��!MMBKAFU�$�>IPL�FK@IRABP�>�ABQ>FIBA�S>IFA>QFLK�LC�QEB�JLABI��

�

3.7 Sensitivity Analysis 
4EB�PBIB@QBA�?RFIAFKD�JLABIP�>OB�CROQEBO�FKSBPQFD>QBA�?V�@E>KDFKD�LKB�LO�QTL�J>GLO�PFJRI>QFLK�
M>O>JBQBOP�� BFQEBO� OBI>QBA� QL� QEB� "RFIAFKD� 3FJRI>QFLK� LO� QEB� ">QQBOV� !O?FQO>DB�-LABI�� 4EB�
?RFIAFKD�BKBODV�PFJRI>QFLK�OBPRIQP�>OB�QEBK�BUMLOQBA�QL�QEB�-!4,!"�JLABI�TEF@E�QEBK�ORKP�



����
�

CLO�LKIV�QEB�����H7E�����H7�������H7	�"33��TFQE�QEB�BU@BMQFLK�LC�PB@QFLKP�������–��������!�
QLQ>I�LC�PFU�M>O>JBQBOP�>OB�FK@IRABA�FK�QEB�PBKPFQFSFQV�>K>IVPFP�FK�LOABO�QL�RKABOPQ>KA�ELT�QEB�
OBPRIQP�>OB�>CCB@QBA��3B@QFLKP�������–�������J>HB�RPB�LC�>AAFQFLK>I�TB>QEBO�A>Q>�TEFIB�QEB�OBPQ�
RPB�QEB�FKFQF>I�"FOJFKDE>J�)7%#�429�TB>QEBO�A>Q>��

������240�%IB@QOF@FQV�$>Q>��"FOJFKDE>J�)7%#	�
!P�QEB�FKFQF>I�PFJRI>QFLKP�RPB�QEB������A>V>EB>A�.LOA0LLI�A>Q>��.�%8	��QEB�MOF@BP�LC�LKB�
>AAFQFLK>I�@>IBKA>O�VB>O������	�FP�@LKPFABOBA�>P�QEB�240�FKMRQ�LC�QEB�>O?FQO>DB�JLABI��

������,L@>QFLK�>KA�7B>QEBO�$>Q>�
!P�JBKQFLKBA��>II�FKFQF>I�PFJRI>QFLKP�E>SB�?BBK�?>PBA�LK�QEB�"FOJFKDE>J�)7%#�TB>QEBO�A>Q>�
that consist of “typical year” data. Birmingham is located in Central England and the weather 

CFIB� FK� NRBPQFLK� @LKQ>FK� A>Q>� TEF@E� >OB� ABOFSBA� COLJ� RM� QL� ��� VB>OP� ���������� CLO� JLPQ�
IL@>QFLKP	�;���<��4EBOBCLOB��FQ�FP�FJMLOQ>KQ�QL�FKSBPQFD>QB�AFCCBOBKQ�5+�IL@>QFLKP�>P�TBII�>P�OB>I�
TB>QEBO�A>Q>�OB@LOABA�COLJ�>�TB>QEBO�PQ>QFLK��)K�QEFP�AFOB@QFLK��QEB�PFJRI>QFLKP�?BILT�E>SB�
?BBK�@LKAR@QBA��

>	� 4VMF@>I� VB>O� TB>QEBO� A>Q>� CFIBP� �429	� E>SB� ?BBK� MRO@E>PBA� ?V� #)"3%� CLO�
3LRQE>JMQLK��"LROKBJLRQE�!FOMLOQ	�>KA�%AFK?RODE��IL@>QBA�FK�3LRQEBOK�>KA�.LOQEBOK�
%KDI>KA�OBPMB@QFSBIV��

?	� 2B>I� TB>QEBO� A>Q>� CLO� QEB� ����� #>IBKA>O� 9B>O� E>SB� ?BBK� >IPL� MRO@E>PBA� CLO�
->K@EBPQBO�!FOMLOQ��IL@>QBA�FK�.LOQE�7BPQ�%KDI>KA��

"LQE� TB>QEBO� CFIBP� E>SB� OB@BFSBA� >MMOLMOF>QB� JLAFCF@>QFLKP� FK� LOABO� CLO� $BPFDK"RFIABO� QL�
DO>MEF@>IIV� LRQMRQ� QEB� OBPRIQP� >KA� >IILT�BUQBOK>I� QO>KPCBO� LC� QEB� A>Q>��-LOB� PMB@FCF@>IIV�� >II�
ELROIV�QFJBPQ>JMP�E>SB�?BBK�@E>KDBA�QL�QEB�VB>O�������>P�OBNRFOBA�?V�$BPFDK"RFIABO��

������%UQOBJB�7B>QEBO�#LKAFQFLKP�–�/SBOEB>QFKD�
4EFP� @>QBDLOV� FP� @ILPBIV� OBI>QBA� QL� QEB� MOBSFLRP� PR?@E>MQBO� >P� FQ� FK@IRABP� QEB� RP>DB� LC�
>AAFQFLK>I�TB>QEBO�A>Q>�QL�FKSBPQFD>QB�ELT�BUQOBJB�ELQ�TB>QEBO�@LKAFQFLKP�>CCB@Q�QEB�OBPRIQP��
)K�JLOB�ABQ>FI��$BPFDK�3RJJBO�VB>O����$39�	�E>SB�?BBK�RPBA�CLO�,LKALK�?>PBA�LK�QEB������
A>Q>�TEBK�>�MOLILKDBA�MBOFLA�LC�PRPQ>FKBA�T>OJQE�QLLH�MI>@B�;���<��4EB�CLIILTFKD�PFJRI>QFLKP�
>OB�@LKPFABOBA��

>	� $39��TB>QEBO�A>Q>�TFQE�KL�CROQEBO�JLAFCF@>QFLKP�QL�BS>IR>QB�QEB�?RFIAFKD�FK�QBOJP�LC�
QEBOJ>I�@LJCLOQ��BKBODV�ABJ>KA��QEB�MBOCLOJ>K@B�LC�EB>Q�MRJMP�FK�@LLIFKD�JLAB�>KA�
!O?FQO>DB��

?	� $39��TB>QEBO�A>Q>�–�.L�&OBB�#LLIFKD��!P�>?LSB�TFQE�QEB�>AAFQFLK>I�>PPRJMQFLK�QE>Q�
KL�B@LKLJFPBOP�>OB�RPBA�>KA�QEBOBCLOB�@LLIFKD� FP�LKIV�MOLSFABA�?V�QEB�'3(0��4EFP�
@LJ?FKBA�P@BK>OFL� FP�BUMB@QBA� QL�BS>IR>QB� QEB�B@LKLJFPBO�@LKQOF?RQFLK� FK� QBOJP�LC�
BIB@QOF@FQV�@LKPRJMQFLK�OBAR@QFLK�>P�TBII�>P�QEBOJ>I�@LJCLOQ��LK�QLM�LC�TE>Q�FP�FK@IRABA�
FK��>	��

@	� $39��TB>QEBO�A>Q>�–�2BAR@BA�#L0P��3>JB�>P��>	�TFQE�QEB�>AAFQFLK>I�>PPRJMQFLK�QE>Q�
QEB�EB>Q�MRJMP�MBOCLOJ>K@B�FP�OBAR@BA�?V�>MMOLUFJ>QBIV�����>KA�����CLO�EB>QFKD�
>KA�@LLIFKD��OBPMB@QFSBIV��4EB�KBT�#L0�S>IRBP�>OB������>KA����ALTK�COLJ�QEB�LOFDFK>I�
S>IRBP�LC�����>KA����4EFP�@LJ?FKBA�P@BK>OFL�FP�BUMB@QBA�QL�BS>IR>QB�ELT�QEB�'3(0�
#LPs affect the building’s electricity consumption results on top of what is included in 

�>	��

������2BAR@BA�%NRFMJBKQ�,L>AP��"FOJFKDE>J�)7%#	�
4EB�LKIV�M>O>JBQBO�QE>Q�@E>KDBP�>OB�QEB�%NRFMJBKQ��@LJMRQBO	�IL>AP��TEF@E�>OB�OBAR@BA�?V�
����� .L� KBT� ?RFIAFKD� PFJRI>QFLKP� E>SB� ?BBK� MBOCLOJBA� CLO� QEFP� P@BK>OFL� >KA� FQ� E>P� ?BBK�
>PPRJBA�QE>Q�QEBOB�>OB�KL�@E>KDBP�OBD>OAFKD�QEB�FKQBOK>I�EB>Q�D>FKP�LO�QEBOJ>I�@LJCLOQ��4EFP�



����
�

>IILTP�QL�FKSBPQFD>QB�ELT�QEB�@LKPQ>KQ�IL>AP�LC�QEB�?RFIAFKD�QEOLRDELRQ�>�TLOHFKD�A>V�>CCB@Q�
QEB�!O?FQO>DB�OBPRIQP��

������)KSBOQBO�3FWBP��"FOJFKDE>J�)7%#	�
���FKSBOQBO�PFWBP�E>SB�?BBK�PBIB@QBA�QL�FKSBPQFD>QB�FC�>KA�ELT�QEB�CFK>I�!O?FQO>DB�OBPRIQP�>OB�
>CCB@QBA�TFQELRQ� >KV�KBT�?RFIAFKD� PFJRI>QFLKP�?BFKD�KB@BPP>OV��/KIV�LKB�?>QQBOV� PFWB�E>P�
?BBK�RPBA� CLO� QEFP�PBKPFQFSFQV�>K>IVPFP� �����H7E	��4EB� OB@QFCFBO� @>M>@FQV� FP� QEB�P>JB� CLO�>II�
@>PBP�����H7	�TEFIB�QEB�FKSBOQBO�PFWBP�CLIILT������������������������������������������>KA�����
+7��

������">QQBOV�3FWBP��"FOJFKDE>J�)7%#	�
���?>QQBOV�PFWBP�>OB�RPBA�FK�QEB�>O?FQO>DB�JLABI�TFQELRQ�>KV�KBT�?RFIAFKD�PFJRI>QFLKP�?BFKD�
KB@BPP>OV��PFJFI>OIV�QL�3B@QFLK��������PQ>OQFKD�COLJ�>�OBI>QFSBIV�PJ>II�@>M>@FQV�LC����H7E��4EB�
?FAFOB@QFLK>I�@LKSBOQBO�@>M>@FQV�FP�QEB�P>JB�CLO�>II�@LKPFABOBA�P@BK>OFLP�����H7����H7	�TFQE�
>����H7E�PQBM�FK@OB>PB�CLO�QEB�?>QQBOFBP������������������������������������������>KA�����
H7E��

�

3.8 Arbitrage Model Validation 
������)KQOLAR@QFLK�
2BD>OAFKD�QEB�K>QROB�LC�QEB�-!4,!"�S>OF>?IBP�RPBA��FKQOLAR@BA�FK�PB@QFLK��������FQ�PELRIA�?B�
KLQBA�QE>Q�BKBODV=BU@E>KDB�>KA�BKBODV=BU@E>KDB=2%!,�E>SB�KBD>QFSB�S>IRBP�AROFKD�QEB�
AFP@E>ODFKD�ME>PB�>KA�MLPFQFSB�S>IRBP�CLO�QEB�@E>ODFKD�ME>PB��4EB�S>OF>?IBP�?>QQBOV=@E>ODB�
>KA�?>QQBOV=AFP@E>ODB�>OB�FK�BPPBK@B�QEB�>?PLIRQB�S>IRBP�LC�QEB�BKBODV=BU@E>KDB�S>OF>?IB��
AROFKD�QEB�@E>ODFKD�>KA�AFP@E>ODFKD�ME>PB��OBPMB@QFSBIV��

">QQBOV�LMBO>QFLK��energy_exchange ≠ ��

     energy_exchange_REAL�≠ 0�

#E>ODFKD�ME>PB���battery_charge � energy_exchange 

      battery_charge_REAL � energy_exchange_REAL 

$FP@E>ODFKD�ME>PB��battery_discharge���–�energy_exchange 

� �� ��������battery_discharge_REAL���–�energy_exchange_REAL 

������6>IFA>QFLK�TFQE�3VKQEBQF@�240�$>Q>�
)K�QEFP�PB@QFLK��QEB�>O?FQO>DB�JLABI�FP�S>IFA>QBA�?V�RPFKD�AFCCBOBKQ�QVMBP�LC�240�BIB@QOF@FQV�A>Q>�
QL�BKPROB�QEB�@LOOB@Q�LMBO>QFLK�LC�QEB�"33��FK@IRAFKD�>�@LKPQ>KQ�MOF@B�CLO�QEB�BKQFOB�VB>O��LKB�
A>FIV�MB>H�>KA�LKB�A>FIV�LCCMB>H�MOF@B��MOF@BP�CLIILTFKD�>�PFKB�AFPQOF?RQFLK�>KA�CFK>IIV�RPFKD�>�
#O>QB�EFDEBO�QE>K����LO��#	��

>	�#LKPQ>KQ�MOF@B�CLO�QEB�BKQFOB�VB>O��

RTP_wholesale(:,:) = constant_price; 

!P�BUMB@QBA��QEB�?>QQBOV�TFII�KBSBO�@E>ODB�LO�AFP@E>ODB�>P�QEBOB�FP�KL�CFK>K@F>I�JLQFSB�CLO�FQP�
LMBO>QFLK� �&FDROB�����	��-LOB�PMB@FCF@>IIV�� QEB�B@LKLJF@�@LKAFQFLK�LC� QEB�JLABI��MOBPBKQBA�
?BILT�FP�KLQ�JBQ��-#MOLAR@QFLK�>IPL�Q>HBP�FKQL�>@@LRKQ�>II�QEB�CLRO�BCCF@FBK@FBP�LC�QEB�?>QQBOV�
>KA�QEB�@LKSBOQBO��4EBOBCLOB��BSBK�FC�QEB�MOF@BP�TBOB�J>ODFK>IIV�AFCCBOBKQ�AROFKD�QEB�A>V��QEB�
?>QQBOV�TLRIA�PQFII�KLQ�@E>ODB��

if (MCproduction + MCmargin) < (RTP_retail(maxHourIndex)) 
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 &&(minHourIndex ~= maxHourIndex)  
�

�

Figure 3.23�–�"33�/MBO>QFLK�CLO�@LKPQ>KQ�240�MOF@BP�

�

�

Figure 3.24�–�">QQBOV�/MBO>QFLK�CLO�MOF@BPQBM�240�A>Q>�

?	�0B>H�>KA�LCCMB>H�MOF@B�

)K�QEFP�@>PB��LKIV�LKB�ILTBO�MOF@B�FP�MOBPBKQ�AROFKD�QEB�CFOPQ�QTBISB�ELROP�LC�>�@>IBKA>O�A>V�>KA�
>�JLOB�BUMBKPFSB��MB>H	�MOF@B�CLIILTP�CLO�QEB�OBPQ�LC�QEB�A>V��

RTP_wholesale(1:12,:) = off_peak_price; 



����
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RTP_wholesale(13:24,:) = peak_price; 
�
!P�PLLK�>P�QEB�MOF@B�AOLM�Q>HBP�MI>@B�>Q�Q����QEB�?>QQBOV�@E>ODBP�RQFIFPing the rectifier’s full rate 
RKQFI�FQ�OB>@EBP�FQP�CRII�@>M>@FQV��,>QBO��TEBK�QEB�MB>H�MOF@B�FP�FK�BCCB@Q��QEB�?>QQBOV�FP�AFP@E>ODBA�
>Q�QEB�CRII�FKSBOQBO�O>QB�RKQFI�FQ�OB>@EBP�QEB�JFKFJRJ�3/#��&FDROB�����	��(LTBSBO��FQ�FP�FJMLOQ>KQ�
QL�BU>JFKB�QEB�OBSBOPBA�@>PB��F�B��TEBK�QEB�BUMBKPFSB�MOF@B�@LJBP�CFOPQ�FK�QEB�A>V�>KA�QEB�
@EB>MBO�O>QB�CLIILTP��7EFIB�QEFP�ALBP�KLQ�OBCIB@Q�>�OB>IFPQF@�P@BK>OFL��FQ�FP�TLOQE�BU>JFKFKD�FQ�QL�
CROQEBO�S>IFA>QB�QEB�JLABI����
�

�

Figure 3.25�–�">QQBOV�/MBO>QFLK�CLO�OBSBOPBA�MOF@BPQBM�240�A>Q>�

 
RTP_wholesale(1:12,:) = peak_price; 
RTP_wholesale(13:24,:) = off_peak_price; 
�

!P� PELTK� FK� &FDROB� ������ FK� QEFP� @>PB�� QEB� ?>QQBOV� OBJ>FKP� FK>@QFSB� >KA� KBSBO� @E>ODBP� LO�
AFP@E>ODBP��7EFIB� QEFP� PBBJP�>Q� CFOPQ� RKBUMB@QBA�� FQ� FP� BU>@QIV�TE>Q� QEB�>O?FQO>DB�JLABI� FP�
>PHBA�QL�PFJRI>QB��>P�FQ�LMQFJFPBP�QEB�@E>ODB�AFP@E>ODB�M>FOP��KLQ�QEB�@E>ODFKD�LO�AFP@E>ODFKD�
MOL@BPP�LK�QEBFO�LTK��)Q�PELRIA�?B�OBJFKABA�QE>Q�QEB�JLABI�LMQFJFPBP�QEB�P@EBARIB�BSBOV����
ELROP�>KA�>P�FQ�FP�@LPQBCCB@QFSB�QL�@E>ODB�QEB�?>QQBOV�LKIV�AROFKD�QEB�PB@LKA�E>IC�LC�QEB�A>V��
QEB�?>QQBOV� FP�>IT>VP�>Q� FQP�JFKFJRJ�3/#�>Q�QEB�?BDFKKFKD�LC�QEB���ELRO�MBOFLA��QEBOBCLOB�
QEBOB� FP� KL� BKBODV� PQLOBA� QL� ?B� AFP@E>ODBA� >KA� FQ� OBJ>FKP� FK>@QFSB�� )K� @LK@IRPFLK�� TEBK�
maxHourIndex�Q>HBP�MI>@B�?BCLOB�QEB�minHourIndex��QEB�?>QQBOV�ALBP�KLQ�LMBO>QB��

@	�0OF@B�PBOFBP�CLIILTFKD�>�PFKB�AFPQOF?RQFLK����CRII�@V@IB�MBO�A>V	�

RTP_wholesale = sine_price * sin(2*pi*ttt / 24);  
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�

Figure 3.26�–�3VKQEBQF@�240�A>Q>�CLIILTFKD�>�PFKB�AFPQOF?RQFLK����@V@IB�MBO�A>V	�

�

4EB�240�AFPQOF?RQFLK�@>K�?B�PBBK�FK�&FDROB�������TEBOB�LKB�CRII�@V@IB�FP�@LKAR@QBA�A>FIV��>KA�
KBD>QFSB�BIB@QOF@FQV�MOF@BP�>OB�>IPL�FK@IRABA��!P�QEB�MOF@B�PBOFBP�BKQBO�>K�FK@OB>PFKD�PFKB�QOBKA�
>Q�QEB�?BDFKKFKD�LC�QEB�A>V��QEB�?>QQBOV�@E>ODBP�AROFKD�QEB�CFOPQ�ELROP�RKQFI�QEB�3/#�OB>@EBP�
�����>KA�QEBK� FQ� FJJBAF>QBIV�AFP@E>ODBP�QL� Q>HB�>AS>KQ>DB� FC� QEB�?FDDBPQ�MOF@B�AFCCBOBK@B��
?BCLOB�QEB�BKA�LC�QEB�FK@OB>PFKD�MOF@B�MBOFLA��I>QBO�FK�QEB�A>V��QEB�?>QQBOV�FP�FAIB�RKQFI�QEB�ILTBPQ�
MOF@B�P	�>OB�L?PBOSBA��KBD>QFSB�MB>H	��OBPRIQFKD� FK�QEB�?>QQBOV�@E>ODFKD�>D>FK�� CLO�>�PB@LKA�
QFJB�FK�QEB�A>V��&FDROB�����	��

)K�QEFP�@>PB��QEB�OBPRIQP�EFDEIV�ABMBKA�LK�QEB�COBNRBK@V�LC�QEB�PFKB�AFPQOF?RQFLK��)K�&FDROB�������
AFCCBOBKQ�MOF@B�PBOFBP�@>K�?B�PBBK�>P�LKIV���@V@IBP�Q>HB�MI>@B�MBO�VB>O��4EB�?>QQBOV�LMBO>QBP�
CLO�>�SBOV�PJ>II�M>OQ�LC�QEB�VB>O��BU@IRPFSBIV�TEBK�QEBOB�FP�>K�FK@OB>PFKD�QOBKA�FK�QEB�MOF@BP��
4EFP�@>K�?B�BUMI>FKBA�?V�@>OBCRIIV� ILLHFKD�>Q� QEB�240�MOF@B�O>KDB�CLO�BSBOV���ELRO�MBOFLA�
�&FDROB�����	���

4EB�AFCCBOBK@B�?BQTBBK�QEB�J>UFJRJ�>KA�QEB�JFKFJRJ�MOF@B�MBO�A>V�FP�OBI>QFSBIV�FKPFDKFCF@>KQ�
>KA�QEBOBCLOB�QEB�CFK>K@F>I�@LKAFQFLK�FP�KLQ�JBQ��TEBK�@LKPFABOFKD�QEB�OLRKAQOFM�BCCF@FBK@V�LC�
QEB�"33��%SBK�FK�QEB�JLPQ�LMQFJFPQF@�P@BK>OFL��>PPRJFKD�>II�BCCF@FBK@FBP�E>SFKD�>�S>IRB�LC������
QEB�OLRKAQOFM�BCCF@FBK@V�LC�QEB�PVPQBJ�FP�BNR>I�QL��������OBPRIQFKD�FK�QEB�?>QQBOV�?BFKD�FK>@QFSB�
>P� QEB� J>ODFK>I� @LPQ� LC� MOLAR@QFLK� TFII� J>ODFK>IIV� BU@BBA� QEB� BIB@QOF@FQV� MOF@B� AROFKD�
J>U(LRO)KABU��

MCproduction = MCdischarge + (RTP_retail(minHourIndex)+ 
MCcharge)/(pbidi_eff_RECTIFIER * nbattch * pbidi_eff * nbattd); 
 
if (MCproduction + MCmargin) < (RTP_retail(maxHourIndex)) 
 &&(minHourIndex ~= maxHourIndex) 

4L�@LKCFOJ�QEFP�� QEB�BCCF@FBK@FBP�TBOB�OBJLSBA�COLJ�QEB� CFK>K@F>I�@LKAFQFLK�>KA�KBT�OBPRIQP�
TBOB�DBKBO>QBA��&FDROB�����	��)Q� FP�@IB>O�QEB�?>QQBOV�LMBO>QBP�TEBOBSBO�QEB�MOF@B�CLIILTP�>K�
FK@OB>PFKD�QOBKA��"V�FK@IRAFKD�QEB�BCCF@FBK@FBP�QL�@>I@RI>QB�QEB�J>ODFK>I�@LPQ�LC�MOLAR@QFLK��QEB�
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�

A>VP�TEBK�QEB�?>QQBOV�LMBO>QBP�>OB�K>OOLTBA�ALTK�QL�QEB�OBPRIQP�B>OIFBO�PELTK�FK�&FDROB�������
4EBOBCLOB���
�
MCproduction = MCdischarge + (RTP_retail(minHourIndex)+ MCcharge 
�

�

Figure 3.27�–�">QQBOV�/MBO>QFLK�RKABO�PFKB�240�A>Q>����@V@IB�MBO�A>V	�

�

�

Figure 3.28�–�">QQBOV�/MBO>QFLK�RKABO�PFKB�240�A>Q>����@V@IBP�MBO�VB>O	�

�
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2BD>OAFKD� QEB� OB>PLK�TEV� QEBOB� FP�KL�?>QQBOV�>@QFSFQV�AROFKD� QEB�OBPQ�LC� QEB�VB>O�TEBK� QEB�
MOF@BP�AOLM�� QEFP� FP�?>PBA�LK� QEB�P>JB�MOFK@FMIBP��>P� FK�&FDROB� ������TEBOB�maxHourIndex 
@LJBP�?BCLOB�minHourIndex��3FJFI>OIV��FK�QEB�AB@OB>PFKD�M>OQ�LC�QEB�PFKB�MOF@B�PBOFBP��QEBOB�
@>KKLQ�?B�LMQFJFP>QFLK�LC�QEB�@E>ODB�AFP@E>ODB�M>FOP��

 

�

Figure 3.29�–�">QQBOV�FK>@QFSB�AROFKD�PFKB�240�A>Q>����@V@IBP�MBO�VB>O	�

�

�

Figure 3.30�–�">QQBOV�RKABO�PFKB�240�A>Q>�TFQE�BCCF@FBK@FBP�OBJLSBA�

�
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A	�6>IFA>QFLK�RPFKD�#O>QBP�EFDEBO�BNR>I�LO�EFDEBO�QE>K���

4L�CROQEBO�QBPQ�QEB�S>IFAFQV�LC�QEB�JLABI��#O>QBP�BNR>I�>KA�EFDEBO�QE>K���TBOB�>MMIFBA��&FDROB�
����). It was discovered that the battery’s SOC violated the initial constraints, acquiring of a 

S>IRB�EFDEBO�QE>K������TEBK�@E>ODFKD�>KA�>�S>IRB�IBPP�QE>K������FK�QEFP�@>PB��QEB�>@@BMQ>?IB�
JFKFJRJ�3/#	��4EFP�FJJBAF>QBIV�FKAF@>QBA�QE>Q�QEB�@>I@RI>QFLK�LC�QEB�QEFOA�?LQQIBKB@H��TEF@E�
is responsible to guarantee that the battery’s SOC will not exceed 100% is incorrect��

�

�

Figure 3.31 –�">QQBOV�3/#�TEBK�RPFKD�>�#O>QB�LC����$/$������	�

�

�

Figure 3.32�–�%KBODV�3QLOBA�TEBK�RPFKD�>�#O>QB�LC����#LOOB@QBA�SBOPFLK	�
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4EB�P>JB�OBPRIQP�TBOB�DBKBO>QBA�CLO�>KV�#O>QB�EFDEBO�QE>K����)KABBA��FQ�T>P�CLRKA�LRQ�QEB�
FK@IRPFLK� LC� QEB� @E>ODFKD� >KA� QEB� OB@QFCFBO� BCCF@FBK@FBP� >OB� KLQ� OBNRFOBA� CLO� QEB� ?LQQIBKB@H�
@>I@RI>QFLK��>P�FKSBOQBO���AFP@E>ODFKD�BCCF@FBK@FBP�>OB�>MMIFBA�QL�QEB�?>QQBOV�>@QFSFQV�MLPQILLM��
TEFIB� QEB� OB@QFCFBO� �� @E>ODFKD� BCCF@FBK@FBP� >OB� FKQOLAR@BA� >Q� QEB� ?BDFKKFKD� LC� QEB� JLABI��
>PPRJFKD�QEB�OB>I pbidi_cap_ch FKPQB>A�LC�QEB�KLJFK>I�LKB��4EB�LIA�>KA�QEB�@LOOB@Q�BNR>QFLKP�
>OB�IFPQBA�?BILT��

bottleneck(3) = storageFree/(batch*pbidi_eff_RECTIFIER) 
bottleneck(3) = storageFree 
�

!CQBO�QEB�BCCF@FBK@FBP�TBOB�OBJLSBA��QEB�PFJRI>QFLK�LC�QEB�JLABI�OBSB>IBA�QE>Q�QEB�?>QQBOV�KLT�
L?BVP� QL� QEB� ?LQQIBKB@HP� >KA� QEB� 3/#� @LKPQO>FKQP� �&FDROB� ����	� OBD>OAIBPP� LC� QEB� #O>QB�
>MMIFBA��

������->ODFK>I�#LPQ�LC�0OLAR@QFLK�
4EB�JLABI�FK@LOMLO>QBP�?LQE�MLPFQFSB�>KA�KBD>QFSB�MOF@BP��QEBOBCLOB�QEB�CLOJRI>�@>I@RI>QFLK�
QEB�J>ODFK>I�@LPQ�MOLAR@QFLK�JRPQ�E>SB�QTL�@>PBP��&LO�KLKKBD>QFSB�S>IRBP��>@@LOAFKD�QL�QEB�
IFQBO>QROB��

MCproduction = MCdischarge + (RTP_retail(minHourIndex)+ 
MCcharge)/(pbidi_eff_RECTIFIER * nbattch * pbidi_eff * nbattd); 
�
4EB�?RVFKD�MOF@B��MIRP�QEB�LMBO>QFKD�@LPQ�CLO�@E>ODFKD	�FP�AFSFABA�?V�QEB�@E>ODFKD�BCCF@FBK@FBP�
>P�QEB�?>QQBOV�FP�@E>ODBA�IBPP�ARB�QL�QEB�@E>ODFKD�OB@QFCFBO�ILPPBP�>KA�QEBOBCLOB�JLOB�BKBODV�
JRPQ�?B�MRO@E>PBA��)K�QEFP�T>V��QEB�-#MOLAR@QFLK�FK@OB>PBP��!IPL��>P�QEBOB�>OB�>IPL�BKBODV�
ILPPBP�TEFIB�AFP@E>ODFKD��COLJ�QEB�?>QQBOV�>KA�QEB�FKSBOQBO��IBPP�BKBODV�FP�RPBA��OBPRIQFKD�FKQL�
>�ILTBO�MOLCFQ�>KA�>�ILTBO�BKBODV�MLQBKQF>I��4EBOBCLOB��QEB�?RVFKD�MOF@B�JRPQ�?B�AFSFABA�?V�QEB�
AFP@E>ODFKD�BCCF@FBK@FBP�>P�TBII���(LTBSBO��FK�QEB�@>PB�LC�KBD>QFSB�BIB@QOF@FQV�MOF@BP��QEB�CLOJRI>�
E>P�QL�@E>KDB�OBD>OAFKD�FQP�AFP@E>ODFKD�BIBJBKQ�>P�QEB�AFP@E>ODFKD�BCCF@FBK@FBP�FK@OB>PB�QEB�
J>ODFK>I�MOLAR@QFLK�@LPQ��PFJFI>OIV�QL�QEB�CFOPQ�P@BK>OFL�LC�MLPFQFSB�MOF@FKD��
�
MCproduction = MCdischarge + ((RTP_retail(minHourIndex) + MCcharge) * nbattd * 
pbidi_eff)/(pbidi_eff_RECTIFIER * nbattch);�
�
������%IB@QOF@FQV�%UMLOQP�
>	�7EBK�BUMLOQP� >OB� >IILTBA�?V� QEB� ?>QQBOV� PQLO>DB�JLABI�� QEBV� >OB� @>I@RI>QBA� PFJMIV� ?V�
PR?QO>@QFKD�QEB�?RFIAFKD�IL>AP�COLJ�QEB�QLQ>I�?>QQBOV�AFP@E>ODBA�BKBODV��)Q�FP�FJMLOQ>KQ�QL�MLFKQ�
LRQ� QE>Q� energy_exchange_REAL� OBMOBPBKQP� QEB� OB>I� BIB@QOF@FQV� FJMLOQP� >CQBO� ILPPBP��
@LKPFABOFKD�QEB�FKSBOQBO�>KA�QEB�?>QQBOV�AFP@E>ODFKD�BCCF@FBK@FBP��!P�QEB�ELROP�TFQE�FKPFDKFCF@>KQ�
?RFIAFKD� IL>AP� >OB� BU@IRABA� COLJ� AFP@E>ODFKD� ARB� QL� QEB� NR>IFQ>QFSB� @LKPQO>FKQP� BUMI>FKBA�
>?LSB��QEB�BUMLOQBA�BKBODV�FP�JFKFJFPBA���

However, when the battery is oversized or when the building’s electricity consumption during 

QEB�JLPQ�BUMBKPFSB�ELRO�P	�LC� QEB�A>V� FP� ILTBO�QE>K�QEB� FKSBOQBO�@>M>@FQV��BUMLOQP�TFII� Q>HB�
MI>@B�LK�TBBHA>VP��&ROQEBOJLOB�� >P� QEB�NR>IFQ>QFSB� OBPQO>FKQP�AL�KLQ�@LSBO�TBBHBKAP�� QEB�
?>QQBOV� PQLO>DB� PVPQBJ� FP� >?IB� QL� @E>ODB� >KA� QEB� S>PQ�J>GLOFQV� LC� QEB� AFP@E>ODBA� BKBODV�
�BU@IRAFKD�>RUFIF>OV�IL>AP	�FP�BUMLOQBA�?>@H�QL�QEB�DOFA��4EB�S>OF>?IB�remaining_loads OBCBOP�QL�
QEB� BIB@QOF@FQV� QE>Q� E>P� QL� ?B� MRO@E>PBA� COLJ� QEB� DOFA�TEBK� QEB� BKBODV� AFP@E>ODBA�?V� QEB�
?>QQBOV�FP�KLQ�PRCCF@FBKQ�QL�JBBQ������LC�QEB�?RFIAFKD�IL>AP�AROFKD�maxHourIndex��

�

�



����
�

for ee = 1:length(RTP_retail) 

if battery_discharge_REAL(ee) >= totalenergyLIFE(ee) 
    remaining_loads(ee) = 0; 
    exported_energy(ee) = battery_discharge_REAL(ee) - totalenergyLIFE(ee); 
else 
    remaining_loads(ee) = totalenergyLIFE(ee) - battery_discharge_REAL(ee); 
    exported_energy(ee) = 0; 
end 
end 
�
?	�%IB@QOF@FQV�BUMLOQP�>OB�KLQ�>IILTBA� FK�QEB�PB@LKA�SBOPFLK�LC� QEB�?>QQBOV�PQLO>DB�JLABI� FK�
order to maximise the building’s selfOBIF>K@B�?V�RPFKD������LC�QEB�?>QQBOV�AFP@E>ODBA�BKBODV�
QL�LKIV�JBBQ�QEB�?RFIAFKD�IL>AP��4EFP�E>P�>IPL�>�PFDKFCF@>KQ�BCCB@Q�LK�QEB�QLQ>I�?>QQBOV�IFCB@V@IBP�
>KA�@LKPBNRBKQIV�LK�QEB�LSBO>II�?>QQBOV�IFCB��4L�BIFJFK>QB�BUMLOQP�COLJ�QEB�JLABI��FQP�@LOB�E>P�
QL�?B�@E>KDBA�>KA�JLOB�PMB@FCF@>IIV�QEB�?LQQIBKB@HP��!P�FQ�@>K�?B�PBBK�CLO�QEB�@LAB�?BILT��>K�
if statement� T>P� FKQOLAR@BA� QE>Q� @EB@HP� QEB� OBI>QFLKPEFM� ?BQTBBK� QEB� ?RFIAFKD� IL>AP� LC�
maxHourIndex�>KA�QEB�FKSBOQBO�@>M>@FQV��)C�QEB�?RFIAFKD�IL>AP�S>IRB�FP�EFDEBO�QE>K�QEB�FKSBOQBO�
@>M>@FQV�� FK� QBOJP� LC� >?PLIRQB� S>IRBP�� QEB� CFOPQ� ?LQQIBKB@H� OBJ>FKP� QEB� P>JB�>P� FK� QEB� CFOPQ�
SBOPFLK�LC�QEB�JLABI��(LTBSBO��FC�QEB�?RFIAFKD�IL>AP�>OB�EFDEBO�QE>K�QEB�FKSBOQBO�@>M>@FQV��QEBV�
TFII�Q>HB�FQP�MI>@B�>Q�?LQQIBKB@H��	��

if totalenergy(maxHourIndex) >= -pbidi_cap_disch 
   bottleneck(1) = energy_exchange(maxHourIndex)- pbidi_cap_disch ; 
else 
 bottleneck(1) = energy_exchange(maxHourIndex) + totalenergy(maxHourIndex); 
end             
�

/KB�JLOB�@E>KDB��@ILPBIV�@LKKB@QBA�TFQE�QEB�if-statement�>?LSB��FP�>IPL�KBBABA�>Q�QEB�SBOV�
BKA�LC�QEB�?>QQBOV�PQLO>DB�JLABI�FK�LOABO�QL�BIFJFK>QB�QEB�ELROP�FKSBPQFD>QBA�CLO�AFP@E>ODFKD�
COLJ� QEB� QFJB�PBOFBP��4EFP�@E>KDB� FP� FJMIBJBKQBA�>IPL�?V� QTL�>AAFQFLK>I� if-statements� QE>Q�
@LJM>OB�QEB�OBI>QFLKPEFM�>JLKDPQ�QEB�BKBODV�AFP@E>ODBA�?V� QEB�?>QQBOV�� QEB�?RFIAFKD� IL>AP�
>KA�QEB�FKSBOQBO�@>M>@FQV��

if totalenergy(maxHourIndex) <= -pbidi_cap_disch  
   if (energy_exchange(maxHourIndex) <= -totalenergy(maxHourIndex)) 
       HourIndexExamined(maxHourIndex) = 0; 
   end 
else 
   if (energy_exchange(maxHourIndex) <= pbidi_cap_disch) 
       HourIndexExamined(maxHourIndex) = 0; 
   end 
end 
 

&FK>IIV��QEB�JLABIIFKD�FPPRBP�OBD>OAFKD�$34�@>K�?B�CLRKA�>Q�QEB�BKA�LC�!MMBKAFU�$��

������$BQBOJFKFPQF@�K>QROB�LC�QEB�JLABI�
2BD>OAFKD� FQP�K>QROB�� QEB�"33�JLABI�LMBO>QBP�ABQBOJFKFPQF@>IIV�>P�QEBOB� FP�KL�O>KALJKBPP�
FKSLISBA��QEBOBCLOB��QEB�P>JB�FKMRQ�>IT>VP�OBPRIQP�FKQL�QEB�DBKBO>QFLK�LC�QEB�P>JB�BU>@Q�LRQMRQ��
)K�JLOB�ABQ>FI��>CQBO�MOLSFAFKD�QEB�KB@BPP>OV�FKMRQ�QL�QEB�JLABI��QEB�>IDLOFQEJ�FP�CLIILTBA�>KA�
KL�E>OA@LABA�OBPRIQP�>OB�DBKBO>QBA��FK@IRAFKD�HBV�LRQMRQ�M>O>JBQBOP�PR@E�>P�QEB�OBI>QFLKPEFM�
?BQTBBK�PEFCQBA�>KA�BUMLOQBA�BIB@QOF@FQV�QE>Q�>IPL�>CCB@QP�@LKPBNRBKQ�@>I@RI>QFLKP�� FK@IRAFKD�
QEB� CFK>K@F>I�JLQFSB� OBNRFOBA�� )K� QEFP� AFOB@QFLK�� FQ� FP� FJMLOQ>KQ� QL� ABJLKPQO>QB� QE>Q� QEB� O>QFL�



����
�

?BQTBBK�QEB�>KKR>I�PEFCQBA�BIB@QOF@FQV�>KA�BUMLOQP�S>OFBP�COLJ�P@BK>OFL�QL�P@BK>OFL��)K�4>?IB�
������BUMLOQBA�>KA�PEFCQBA�BIB@QOF@FQV�@>K�?B�PBBK�CLO�>�PBIB@QFLK�LC�?RFIAFKDP��CLO�/MBO>QFLK>I�
3QO>QBDV�%��>KA�>�?>QQBOV�PFWB�LC�����H7E��)Q�FP�@IB>O�QE>Q�ARB�QL�QEB�ABQBOJFKFPQF@�K>QROB�LC�
QEB�"33�JLABI�� QEB� O>QFL�?BQTBBK� QEB� QTL�M>O>JBQBOP�S>OFBP� MBO�?RFIAFKD�@>PB�>KA�E>P�>�
O>KDB�LC������–�������3FJFI>OIV��4>?IB������MOBPBKQP�QEB�OBPRIQP�CLO�QEB�P>JB�?RFIAFKDP��CLO�>�
PIFDEQIV� PJ>IIBO� ?>QQBOV� LC� ���� H7E� CLO� QEB� P>JB� ?RFIAFKDP� TEBOB� QEB� OBPMB@QFSB� O>KDB� FP�
@LJM>O>QFSBIV� EFDEBO� ?BQTBBK� ����� –� ������ "B@>RPB� LC� QEB� PJ>IIBO� ?>QQBOV� PFWB� >KA� QEB�
MOFLOFQFP>QFLK� LC� IL>APEFCQFKD�� QEB� OBJ>FKFKD� ?>QQBOV� @>M>@FQV� >S>FI>?IB� CLO� BUMLOQP� FP� >IPL�
PJ>IIBO�>KA�QEBOBCLOB�QEB�O>QFLP�>OB�EFDEBO�TEBK�@LJM>OBA�QL�QEB�FKFQF>I�S>IRBP�LC�4>?IB�������

�

Table 3.13�–�2BI>QFLKPEFM�?BQTBBK�PEFCQBA�>KA�BUMLOQBA�BIB@QOF@FQV�RKABO�/MBO>QFLK>I�
3QO>QBDV�%��>KA�"33�LC�����H7E��������H7	�CLO�>�PBIB@QFLK�LC�?RFIAFKDP�

Building ID Electricity Shifted 
(kWh) 

Exported Electricity 
(kWh) 

Ratio 

�O� ��������� ��������� �����
�O� ��������� ��������� �����
�O� ��������� ��������� �����
��O� ��������� ��������� �����
�O.� ��������� ��������� �����
�O.� ��������� ��������� �����

�

Table 3.14�–�2BI>QFLKPEFM�?BQTBBK�PEFCQBA�>KA�BUMLOQBA�BIB@QOF@FQV�RKABO�/MBO>QFLK>I�
3QO>QBDV�%��>KA�"33�LC�����H7E��������H7	�CLO�>�PBIB@QFLK�LC�?RFIAFKDP�

Building ID Electricity Shifted 
(kWh) 

Exported Electricity 
(kWh) 

Ratio 

�O� ��������� ��������� �����
�O� ��������� ��������� �����
�O� ��������� ��������� �����
��O� ��������� ��������� �����
�O.� ��������� ��������� �����
�O.� ��������� ��������� �����

�

������%UMB@QBA�>KA�>@QR>I�"33�LMBO>QFLK�
)K�QEFP�PB@QFLK��QEB�>@QR>I�LRQMRQ�LC�QEB�JLABI�FP�@LJM>OBA�>D>FKPQ�QEB�BUMB@QBA�LMBO>QFLK�LC�
QEB�"33��&LO�/MBO>QFLK>I�3QO>QBDV�%��QE>Q�ALBP�KLQ�>IILT�BUMLOQFKD�?>@H�QL�QEB�DOFA��QEB�?>QQBOV�
FP�BUMB@QBA�QL�LMBO>QB�LKB�@V@IB�MBO�TLOHFKD�A>V��#LKPFABOFKD�QEB�C>@Q�QE>Q�QEB�"33�ALBP�KLQ�
LMBO>QB�LK�TBBHBKAP�>KA�QEB�PBQ�KLKTLOHFKD�A>VP��QEFP�QO>KPI>QBP�FKQL�>�QLQ>I�LC�����@V@IBP�
MBO�VB>O��&LO�>�"33�LC�����H7E��������H7	�>KA�Q>HFKD�FKQL�>@@LRKQ�QEB�JFKFJRJ�3/#�LC�
���� >KA� QEB� AFP@E>ODFKD� BCCF@FBK@FBP� LC� ���� >KA� ���� CLO� QEB� ?>QQBOV� >KA� QEB� FKSBOQBO��
OBPMB@QFSBIV�� QEB� QEBLOBQF@>I�J>UFJRJ�"33�AFP@E>ODB� FP� >MMOLUFJ>QBIV���������� H7E�MBO�
VB>O��4EBOBCLOB��CLO�S>IFA>QFLK�MROMLPBP��FQ�FP�FJMLOQ>KQ�QL�FKSBPQFD>QB�QEB�>@QR>I�"33�LRQMRQ�LC�
QEB�JLABIP��@LJM>OB�QEBJ�TFQE�QEB�S>IRB�FK�NRBPQFLK�>KA�@>I@RI>QB�QEB�>KKR>I�"33�RQFIFP>QFLK�
O>QB���	��)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�QEB�>@QR>I�"33�RQFIFP>QFLK�O>QB�ABMBKAP�LK�QEB�240�A>Q>�
as well as the temporal distribution of the buildings’ loads.�!AAFQFLK>IIV��@BOQ>FK�@LKAFQFLKP�KBBA�
QL� ?B� JBQ� FK� LOABO� CLO� QEB� "33� QL� LMBO>QB�� >P� BUMI>FKBA� B>OIFBO� FK� 3B@QFLK� ������� -LOB�
specifically, the electricity prices during the buildings’ operating hours need to be higher than 

QEB�J>ODFK>I�@LPQ�LC�MOLAR@QFLK��%NR>QFLKP������–�����	��&ROQEBOJLOB�� QEB�>JLRKQ�LC�ELROP�
AROFKD�TEF@E�@E>ODFKD�Q>HBP�MI>@B�E>P�QL�?B�BNR>I�QL�QEB�KRJ?BO�LC�AFP@E>ODFKD�ELROP�>KA�



����
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@E>ODFKD�@>KKLQ�Q>HB�MI>@B�TFQELRQ�AFP@E>ODFKD�>KA�SF@B�SBOP>��>P�AF@Q>QBA�?V�QEB�>IDLOFQEJ�
>KA�QEB�LMBO>QFLK>I�AFPM>Q@E�PQO>QBDV��4EB�"33�LRQMRQP�>KA�RQFIFP>QFLK�O>QBP�>OB�MOBPBKQBA�FK�
4>?IB�������CLO�>�PBIB@QFLK�LC�?RFIAFKDP��

Table 3.15�–�!KKR>I�"33�5QFIFP>QFLK�O>QBP�CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�"33�LC�����H7E�
�������H7	�

Building ID Electricity Consumption 
without storage (kWh) 

Battery output 
(kWh) 

BSS Utilisation 
Rate (%) 

�O� ���������� ��������� ������
�O� ���������� ��������� ������
��O� ���������� ��������� ������
��O� ���������� ��������� ������
�O.� ���������� ��������� ������
�O.� ���������� ��������� ������
�O.� ���������� ��������� ������
�O.� ���������� ��������� ������

�

)K�JLOB�ABQ>FI��QEB�"33�O>QBP�CLO�QEB�J>GLOFQV�LC�QEB�?RFIAFKDP�>OB�SBOV�@ILPB�QL�QEB�J>UFJRJ�
QEBLOBQF@>I�S>IRB�LC�������7FQE�QEB�BU@BMQFLK�LC�"RFIAFKDP��O��(T"0��	�>KA���O��(T"0��%	��
QEB�OBPQ�LC�QEB�?RFIAFKD�@>PBP�E>SB�>@EFBSBA�EFDE�RQFIFP>QFLK�O>QBP�?BQTBBK�������–���������
QEBOBCLOB��QEB�JLABI�TLOHP�>P�BUMB@QBA�TEFIB�FQ�FP�FJMLOQ>KQ�QL�FKSBPQFD>QB�QEB�ILTBO�O>QBP�LC�
"RFIAFKDP��O�>KA���O��4EB�QTL�?RFIAFKDP�FK�NRBPQFLK�?BILKD�QL�QEB�"BPQ�0O>@QF@B�DOLRM�>KA�QEBFO�
BIB@QOF@FQV�@LKPRJMQFLK�FP�>JLKD�QEB� ILTBPQ�LC�>II� QEB�?RFIAFKD�P@BK>OFLP�FKSBPQFD>QBA�FK�QEB�
@ROOBKQ�QEBPFP��4EFP�FP�>IPL�@IB>O�TEBK�@LJM>OFKD�QEBFO�@LKPRJMQFLK�S>IRBP������������>KA�
���������� H7E�� OBPMB@QFSBIV	� TFQE� QEB� OBPQ� LC� QEB� P@BK>OFLP�� TELPB� O>KDB� FP� ?BQTBBK�
����������–�����������H7E��#LKPBNRBKQIV��FQ�FP�TLOQE�@LJM>OFKD�QEB�BIB@QOF@FQV�MOLCFIB�LC�QTL�
?RFIAFKDP��LKB�TFQE�>�EFDE�RQFIFP>QFLK�O>QB���O�–�������	�>KA��LKB�TFQE�>�OBI>QFSBIV�ILTBO�S>IRB�
��O�–�������	��

,LLHFKD�>Q�QEB�>O?FQO>DB�%��OBPRIQP�CLO�QEB���QE�->O@E�LC�������CLO�"RFIAFKD��O��QEB�"33�LRQMRQ�
OB>@EBP�FQP�J>UFJRJ�A>FIV�AFP@E>ODB�S>IRB�LC��������H7E�TEFIB�CLO�"RFIAFKD��O��QEB�OBPMB@QFSB�
"33� A>FIV� LRQMRQ� FP� PJ>IIBO�� >Q� ������� H7E�� >� AFCCBOBK@B� LC� >MMOLUFJ>QBIV� ��� H7E�� 4EB�
BIB@QOF@FQV�MOLCFIB�LC�"RFIAFKD��O�@>K�?B�PBBK�?BILT��FK�&FDROB������>KA�FQ�FP�@IB>O�QE>Q�CLO�QE>Q�
M>OQF@RI>O�A>V��BIB@QOF@FQV�MOF@BP�>OB�KLQ�PFDKFCF@>KQIV�@EB>MBO�AROFKD�QEB�B>OIV�ELROP�LC�QEB�A>V��
4EBOBCLOB�� QEBOB� FP� LKIV�>� PJ>II�TFKALT�LC� ��ELROP� ����>J�>KA���MJ	�AROFKD�TEF@E� QEB�
@LKAFQFLKP�>OB�JBQ�>KA� QEB�"33�@>K�AFP@E>ODB� FQP�@>M>@FQV�� )K� QEFP� PMB@FCF@� @>PB�� QEB�"33�
AFP@E>ODBP���������������������>KA�������H7�H7E�CLO�QEB�CLRO�PMB@FCF@�QFJB�MBOFLAP��(LTBSBO��
QEFP�FP�KLQ�QEB�@>PB�TEBK�ILLHFKD�>Q�QEB�BIB@QOF@FQV�MOLCFIB�"RFIAFKD��O��FK�&FDROB�������TEF@E�E>P�
@LJM>O>QFSBIV� ILTBO� BIB@QOF@� IL>AP� AROFKD� FQP� L@@RM>K@V� ELROP� ARB� QL� FQP� EFDEBO� QEBOJ>I�
BCCF@FBK@V�>KA� FJMOLSBA�>FOQFDEQKBPP��$BPMFQB� QE>Q� C>@Q� QEB�"33�ALBP�AFP@E>ODB�AROFKD� QEB�
P>JB� �� ELROP�� QEB� >JLRKQP� LC� MLTBO�BKBODV� >OB� PJ>IIBO� �������� ������� ������ >KA� ������
H7�H7E	�>P�>II� IL@>I�IL>AP�>OB�PR@@BPPCRIIV�JBQ�?V�QEB�"33��4EBOBCLOB��QEB�@LJ?FK>QFLK�LC�
ILT� ?RFIAFKD� IL>AP� >KA� EFDE� BIB@QOF@FQV� MOF@BP� AROFKD� QEB� B>OIV� ����>J	� >KA� I>QB� ���MJ	�
LMBKFKD�ELROP�LC�QEB�?RFIAFKD�>P�TBII�>P�QEB�>?PBK@B�LC�@EB>M�BIB@QOF@FQV�MOF@BP�AROFKD�PBSBO>I�
B>OIV�ELROP�LC�QEB�A>V��JFAKFDEQ�–��>J	�OBPRIQBA�FK�>�PIFDEQ�RKABORQFIFP>QFLK�LC�QEB�?>QQBOV��CLO�
"RFIAFKD��O��

3RJJFKD� RM�� QEB� >O?FQO>DB� JLABI� TLOHP� >P� BUMB@QBA� >KA� QEB� "33� RQFIFP>QFLK� O>QBP� >OB�
DBKBO>IIV�SBOV�EFDE�>KA�@ILPB�QL�QEB�QEBLOBQF@>I�J>UFJRJ��(LTBSBO��CLO�IFJFQBA�@>PBP�LC�SBOV�
BCCF@FBKQ�?RFIAFKDP�QE>Q�E>SB�PJ>IIBO�?RFIAFKD�IL>AP�QEOLRDELRQ�QEB�A>V��RQFIFP>QFLK�@>K�AOLM�?V�
RM�QL�CLRO�MBO@BKQ>DB�MLFKQP��
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Figure 3.33�–�">QQBOV�/MBO>QFLK������H7E��������H7	�LK�QEB���QE�LC�->O@E������CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�"RFIAFKD��O��(T0,��	�
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Figure 3.34�–�">QQBOV�/MBO>QFLK������H7E��������H7	�LK�QEB���QE�LC�->O@E�������CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�"RFIAFKD��O��(T"0��	
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������0OB@FPFLK�LC�QEB�JLABI�FKMRQ�LRQMRQ�>KA�A>Q>�
&FK>IIV�� QEFP�PB@QFLK�MOBPBKQP�JLOB� FKCLOJ>QFLK�OBD>OAFKD� QEB�MOB@FPFLK�>KA�>@@RO>@V�LC� QEB�
OBMLOQBA�S>IRBP�FK�#E>MQBOP���–����-LOB�PMB@FCF@>IIV��QEB�>O?FQO>DB�JLABI�OB@BFSBP�QTL�J>GLO�
QVMBP�LC�FKMRQ�A>Q>��QEB�ELROIV�wholesale electricity prices and the building’s hourly electricity 

@LKPRJMQFLK��CLO���VB>O��"LQE�QEBPB�QVMBP�LC�O>T�A>Q>�E>SB���AB@FJ>I�MI>@BP�>KA�RPBA�?V�
-!4,!"�FK�QEB�@LKPBNRBKQ�@>I@RI>QFLKP�LC�QEB�JLABI��!II�-!4,!"�S>OF>?IBP�LC�KRJBOF@�K>QROB�
RPBA�>OB�ALR?IBMOB@FPFLK�>OO>VP�QE>Q�FK@IRAB�RM�QL����AB@FJ>I�MI>@BP��4EB�J>GLOFQV�LC�CFK>K@F>I�
M>O>JBQBOP��QE>Q�@LKPQFQRQB�M>OQ�LC�QEB�>O?FQO>DB�OBPRIQP�>KA�>OB�MOBPBKQBA�FK�QEB�@ROOBKQ�QEBPFP��
E>SB�?BBK�OLRKABA�QL���AB@FJ>I�MI>@BP�CLO�MO>@QF@>IFQV�>KA�MOBPBKQ>QFLK�MROMLPBP��)Q�PELRIA�
?B�KLQBA�QE>Q�BIB@QOF@FQV�PRMMIFBOP�>IPL�RPB���AB@FJ>I�MI>@BP�CLO�QEB�ABCFKFQFLK�LC�QEBFO�RKFQ�O>QB��
&LO�BU>JMIB��QEB�S>OF>?IBCIBUF?IB�Q>OFCC�LCCBOBA�?V�/@QLMRP�%KBODV�FK�QEB�I>PQ�NR>OQBO�LC������
T>P�Y�������LO������M�H7E�;���<���

+BV�FKMRQ�>KA�LRQMRQ�S>OF>?IBP�@>K�?B�PBBK�?BILT��FK�4>?IB�������>ILKD�TFQE�QEBFO�RKFQP�>KA�
MOB@FPFLK�>KA�OLRKAFKD�PMB@FCF@>QFLKP��When results are normalised in terms of the building’s 

>OB>��PR@E�>P�BIB@QOF@FQV�@LKPRJMQFLK��KBQ�@LPQ�BQ@���OLRKAFKD�FK���AB@FJ>I�MI>@BP�Q>HBP�MI>@B��
B�D�������H7E�J���

�

Table 3.16�–�0OB@FPFLK�LC�FKMRQ�LRQMRQ�A>Q>�>KA�OLRKAFKD�LC�QEB�S>IRBP�>P�MOBPBKQBA�FK�QEB�
@ROOBKQ�QEBPFP�

Parameter Source Precision Rounding Example & Unit 
Building’s hourly 
%IB@QOF@FQV�

#LKPRJMQFLK���
0LTBO�

$BPFDK"RFIABO�
3FJRI>QFLK�
LRQMRQ�

��AB@FJ>I�
MI>@BP�

.�!� ������H7��MLTBO	�
������H7E��BIB@QOF@FQV	�

7ELIBP>IB�
%IB@QOF@FQV�0OF@B�

.LOA0LLI� ��AB@FJ>I�
MI>@BP�

.�!� ������Y�-7E�

7ELIBP>IB�
%IB@QOF@FQV�0OF@B�

-!4,!"�
#>I@RI>QFLK�

��AB@FJ>I�
MI>@BP�

.�!� �������Y�H7E�

2BQ>FI�%IB@QOF@FQV�
0OF@BP�

-!4,!"�
@>I@RI>QFLK�

ALR?IBMOB@FPFLK�
J>U�����AB@FJ>I�

MI>@BP�

��AB@FJ>I�
MI>@BP�

�������Y�H7E�

&FK>K@F>I�-LQFSB� -!4,!"�
@>I@RI>QFLK�

ALR?IBMOB@FPFLK�
J>U�����AB@FJ>I�

MI>@BP�

��AB@FJ>I�
MI>@BP�

�������Y�H7E�PEFCQBA�
�0OBPBKQBA�>P�

�����M�H7E�PEFCQBA	�
,#/%� -!4,!"�

@>I@RI>QFLK�
ALR?IBMOB@FPFLK�
J>U�����AB@FJ>I�

MI>@BP�

��AB@FJ>I�
MI>@BP�

�������Y�H7E��
�0OBPBKQBA�>P�
�����M�H7E	�

.0#� -!4,!"�
@>I@RI>QFLK�

ALR?IBMOB@FPFLK�
J>U�����AB@FJ>I�

MI>@BP�

��AB@FJ>I�
MI>@BP�

��������Y�

�

�

�

�

�

�
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4. Building Simulation Results 
)K�QEFP�@E>MQBO��QEB�BKBODV�>KA�QEBOJ>I�@LJCLOQ�OBPRIQP�>OB�MOBPBKQBA�CLO�>II����?RFIAFKD�JLABIP��
��� LRQ� LC� TEF@E� >OB� JB@E>KF@>IIV� SBKQFI>QBA� TEFIB� K>QRO>I� SBKQFI>QFLK� FP� ABMILVBA� FK� QEB�
OBJ>FKFKD����JLABIP��4EB�TB>QEBO�A>Q>�CLO�"FOJFKDE>J��7BPQ�-FAI>KAP��5+�FP�RPBA�CLO�>II�QEB�
PFJRI>QBA�?RFIAFKD�@>PBP��&FOPQIV�� QEB�>KKR>I� OBPRIQP� CLO� QEOBB�?RFIAFKD�@>PBP�>OB�PELTK� CLO�
ABJLKPQO>QFLK� MROMLPBP�� CLIILTBA� ?V� >� ABQ>FIBA� @LJM>OFPLK� ?BQTBBK� HBV� ?RFIAFKD�
@E>O>@QBOFPQF@P� CLIILTP�� PR@E� >P� PE>MB�� LOFBKQ>QFLK� >KA� SBKQFI>QFLK� PQO>QBDV�� CLO� >II� ?RFIAFKD�
scenarios. Finally, the evaluation of buildings’ thermal comfort is presented according to the 

ASHRAE Standard 55 and Fanger’s PMV�QL�BKPROB�QE>Q�QEB�PFJRI>QBA�?RFIAFKD�@>PBP�TLOH�
@LOOB@QIV�>KA�>OB�@LJM>O>?IB�FK�QBOJP�LC�MBOCLOJ>K@B��

4.1 Model Results Demonstration�
)K�QEFP�@E>MQBO��QEB�JLKQEIV�OBPRIQP�MBO�?RFIAFKD�PB@QLO�>OB�MOBPBKQBA�CLO�QEBB�PMB@FCF@�?RFIAFKDP�
in order to demonstrate the output of DesignBuilder models and the fact that each building’s 

MOLCFIB�FP�RKFNRB��4EB�A>FIV�?RFIAFKD�BIB@QOF@FQV�@LKPRJMQFLK�FK@IRABP���AFCCBOBKQ�QVMBP�LC�?RFIAFKD�
IL>AP�QE>Q�>OB� IFPQBA�?BILT�>KA�E>SB�?BBK�MOBPBKQBA�FK�ABQ>FI�� FK�#E>MQBO���>KA�QEB�BKA�LC�
!MMBKAFU�!�QEOLRDE�QEB�$BPFDK"RFIABO�P@EBARIB�MOLCFIBP�RPBA��

•� !RUFIF>OV�IL>AP��M>O>PFQF@�BKBODV	�ARB�QL�C>KP��MRJMP�>KA�@LKQOLIP��4EBFO�ELROIV�S>IRB�
FP�>PPRJBA�QL�?B�@LKPQ>KQ�CLO�QEB�BKQFOB�PFJRI>QFLK�MBOFLA��)Q�PELRIA�?B�KLQBA�QE>Q�QEB�
OBIBS>KQ�BIB@QOF@FQV�@LKPRJMQFLK�AFCCBOP�PIFDEQIV�LK�>�JLKQEIV�?>PFP�ARB�QL�QEB�RKBNR>I�
KRJ?BO�LC�A>VP�FK@IRABA�FK�B>@E�JLKQE��

•� $(7�IL>AP�QL�MOLSFAB�ELQ�T>QBO�QL�QEB�?RFIAFKD�L@@RM>KQP�AROFKD�QEB�LMBKFKD�ELROP��
4EB�P>JB�S>IRB� FP�>PPRJBA�CLO�>II�L@@RM>K@V�ELROP��3IFDEQ�S>OF>QFLKP�@>K�?B�PBBK�
COLJ�JLKQE�QL�JLKQE�ARB�QL�QEB�AFCCBOBKQ�KRJ?BO�LC�TLOHFKD�A>VP�@LKQ>FKBA�FK�B>@E�
JLKQE��

•� (B>QFKD�>KA�@LLIFKD�IL>AP�@LKPRJBA�?V�QEB�'3(0�QL�JBBQ�QBJMBO>QROB�PBQMLFKQ�>KA�
PBQ?>@H� OBNRFOBJBKQP� �L#	�� 4EBPB� @>K� S>OV� LK� >K� ELROIV� ?>PFP� ?>PBA� LK� QEB�
BKSFOLKJBKQ>I�@LKAFQFLKP��

•� ,FDEQFKD�IL>AP�QL�>@EFBSB�>�P>QFPC>@QLOV�FIIRJFK>K@B�S>IRB��IRU	�TEF@E�@>K�S>OV�LK�>K�
ELROIV�?>PFP�>P�TBII��

•� 2LLJ�%IB@QOF@FQV�OBCBOP�QL�QEB�IL>AP�OBNRFOBA�?V�QEB�?RFIAFKD�BNRFMJBKQ�TELPB�S>IRB�FP�
@LKPQ>KQ�QEOLRDELRQ�QEB�L@@RM>K@V�ELROP��!�PFDKFCF@>KQIV�ILTBO�MLTBO�@LKPRJMQFLK�FP�
MOBPBKQ��>MMOLUFJ>QBIV����LC�QEB�TLOHFKDELROP�S>IRB���QL�>@@LRKQ�CLO�QEB�KBBAP�LC�QEB�
equipment’s hibernation/sleeping mode. 
 

"BCLOB�AFP@RPPFKD�QEB�FKAFSFAR>I�OBPRIQP�MOBPBKQBA�FK�&FDROBP�����–������FQ�FP�FJMLOQ>KQ�QL�KLQB�
QE>Q�QEBPB�S>IRBP�OBMOBPBKQ�QEB�BIB@QOF@FQV�>JLRKQ�@LKPRJBA�LK�>�JLKQEIV�?>PFP��MBO�?RFIAFKD�
PB@QLO��4EB�>@QR>I�LRQMRQ�LC�QEB�JLABIP�FK@IRABP�ABQ>FIBA�?RFIAFKD�IL>AP�LK�>K�ELROIV�?>PFP��
ELTBSBO�� CLO� MOBPBKQ>QFLK� MROMLPBP��JLKQEIV� S>IRBP� >OB� AFP@RPPBA� FK� QEB� @ROOBKQ� @E>MQBO��
4EBOBCLOB�� QEB� >JLRKQ� LC�TLOHFKD� A>VP� FK@IRABA�TFQEFK� B>@E�JLKQE� >CCB@Q� QEB� OBPRIQP�� &LO�
BU>JMIB��ELROIV�BNRFMJBKQ� IL>AP�>OB�>IT>VP�@LKPQ>KQ�AROFKD�L@@RM>K@V�>KA� QEBOBCLOB� QEB�
BIB@QOF@FQV�@LKPRJBA�CLO�BNRFMJBKQ�FP�QEB�P>JB�LK�>�A>FIV�?>PFP���

(LTBSBO�� >P� JBKQFLKBA� >?LSB�� S>OF>QFLKP� @>K� ?B� PBBK� OBD>OAFKD� QEB� JLKQEIV� BIB@QOF@FQV�
@LKPRJMQFLK� S>IRBP� AL� CIR@QR>QB� COLJ� JLKQE� QL� JLKQE�� 4EB� ILTBPQ� S>IRBP� Q>HB� MI>@B� FK�
&B?OR>OV��!MOFI�>KA�$B@BJ?BO�ARB�QL�BFQEBO�>�ILT�QLQ>I�KRJ?BO�LC�A>VP�FK@IRABA�FK�QEB�JLKQE�
FK�NRBPQFLK��B�D�����A>VP�FK�&B?OR>OV	�LO�QEB�FK@IRPFLK�LC�MR?IF@�ELIFA>VP��PR@E�>P�%>PQBO�>KA�
#EOFPQJ>P��TEF@E�OBPRIQ�FKQL�>�ILTBO�>JLRKQ�LC�TLOHFKD�A>VP��
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Figure 4.1 – !KKR>I�%IB@QOF@FQV�#LKPRJMQFLK�OBPRIQP�MBO�PB@QLO�CLO�"RFIAFKD�(T0,�����O	�
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Figure 4.2 – !KKR>I�%IB@QOF@FQV�#LKPRJMQFLK�OBPRIQP�MBO�PB@QLO�CLO�"RFIAFKD�(T"0�����O	�
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2BD>OAFKD� "RFIAFKD� (T0,����O� �&FDROB� ���	�� >RUFIF>OV� >KA� BNRFMJBKQ� IL>AP� >OB� I>ODBIV�
@LKPQ>KQ�QEOLRDELRQ�QEB�VB>O��#LLIFKD�IL>AP�>OB�SFOQR>IIV�KLKBUFPQBKQ�CLO�QEB�J>GLOFQV�LC�QEB�
VB>O� TFQE� QEB� BU@BMQFLK� LC� QEB� PRJJBO� MBOFLA�� ELTBSBO�� QEB� OBPMB@QFSB� MB>H� S>IRB� FP�
>MMOLUFJ>QBIV� ����� H7E�J�� FK� *RIV�� FKAF@>QFKD� QE>Q� COBB� @LLIFKD� ABMILVBA� QEOLRDE� QEB�
B@LKLJFPBOP�FP�PRCCF@FBKQ�CLO�QEB�@LLIFKD�KBBAP�LC�QEB�?RFIAFKD��(B>QFKD�FP�LC�M>OQF@RI>O�FKQBOBPQ�
>P�FQ�>MMB>OP�QL�?B�QEB�?RFIAFKD’s loads type TFQE�QEB�EFDEBPQ�S>OF>QFLKP��KLQ�LKIV�FK�JLKQEIV�
QBOJP�?RQ�PB>PLK>IIV�>P�TBII��4EB�EFDEBPQ�EB>QFKD�IL>AP�Q>HB�MI>@B�FK�QEB�TFKQBO�QFJB��OB>@EFKD�
>� MB>H� S>IRB� LC� >OLRKA� ���� H7E�J�� FK� *>KR>OV�� (LTBSBO�� EB>QFKD� IL>AP� @>K� ?B� PBBK� QL�
@LKQFKRLRPIV�AOLMMFKD�?BQTBBK�&B?OR>OV�>KA�*RIV�TEBK�QEB� ILTBPQ�S>IRB�LC�����H7E�J�� FP�
OB@LOABA��&FK>IIV��IFDEQFKD�IL>AP�OBJ>FK�FK�QEB�P>JB�IBSBIP�?BQTBBK�!MOFI�>KA�!RDRPQ��>OLRKA�
�����H7E�J��TFQE�QEB�S>IRBP�FK@OB>PFKD�AROFKD�QEB�>RQRJK�>KA�TFKQBO�MBOFLAP�ARB�QEB�ILTBO�
>JLRKQP�LC�A>VIFDEQ��>�MB>H�IFDEQFKD�@LKPRJMQFLK�LC�����H7E�J��@>K�?B�PBBK�CLO�*>KR>OV� 

)Q�FP�BPPBKQF>I�QL�?OFBCIV�@LJM>OB�QEB�JLKQEIV�OBPRIQP�MBO�PB@QLO�CLO�AFCCBOBKQ�?RFIAFKDP�FK�LOABO�
QL�ABJLKPQO>QB�QEB�S>IFAFQV�LC�QEB�$BPFDK"RFIABO�JLABI�>KA�FQP�FKMRQ��&LO�BU>JMIB��&FDROB�����
FIIRPQO>QBP�QEB�BIB@QOF@FQV�@LKPRJMQFLK�OBPRIQP�CLO�"RFIAFKD�(T"0�����O	�QE>Q�AFCCBOP�FK�QTL�HBV�
@E>O>@QBOFPQF@P�TEBK�@LJM>OBA�TFQE�QEB�MOBSFLRPIV�MOBPBKQBA�>KA�AFP@RPPBA�?RFIAFKD�LC�&FDROB�
�����EFDEBO�BKBODV�BCCF@FBK@V�CLO�QEB�C>?OF@�>KA�EFDEBO�TFKALTQLT>IIO>QFL��4L�?BDFK�TFQE��QEB�
>RUFIF>OV�� BNRFMJBKQ� >KA�$(7� IL>AP� >OB� @LKPFPQBKQ� >KA� SFOQR>IIV� FABKQF@>I� FK� ?LQE� ?RFIAFKD�
@>PBP��>P�BUMB@QBA��/K�QEB�LQEBO�E>KA��J>GLO�AFCCBOBK@BP�@>K�?B�PBBK�CLO�QEB�OBPQ�LC�QEB�IL>A�
QVMBP�� %IB@QOF@FQV� @LKPRJMQFLK� CLO� @LLIFKD� FP� KLT� MOBPBKQ� CLO� CFSB�JLKQEP� LC� QEB� VB>O� >KA�
OB>@EFKD�>�MB>H�LC���H7E�J�� FK�*RIV��>K� FK@OB>PB�LC� QEOBB�JLKQEP�>KA�������OBPMB@QFSBIV�
TEBK�@LJM>OBA�QL�"RFIAFKD�(T0,����4EFP�FP�ARB�QL�QEB�>AAFQFLK>I�PLI>O�EB>Q�D>FKP�QE>Q�Q>HB�
MI>@B�ARB�QL�QEB�EFDEBO�DI>WFKD�MBO@BKQ>DB������FKPQB>A�LC����	�QE>Q�IB>AP�QL�>�QLQ>I�>KKR>I�
@LKPRJMQFLK�LC������H7E�J���>K�LSBO>II�FK@OB>PB�LC�������!AAFQFLK>IIV��TEFIB�IFDEQFKD�@>K�?B�
PBBK�QL� CLIILT�>�SBOV�PFJFI>O�MOLCFIB�� QEB� IFDEQFKD� IL>AP�>OB�DBKBO>IIV�PIFDEQIV� ILTBO�?LQE� FK�>�
JLKQEIV�>KA�>KKR>I�?>PFP��

3FJFI>OIV� QL� @LLIFKD�� QEB�BUQO>� PLI>O� EB>Q� D>FKP� E>SB� >IPL� >CCB@QBA� QEB� BIB@QOF@FQV� MOLCFIB� CLO�
EB>QFKD�MROMLPBP�>P� ILTBO�>JLRKQP�LC�BIB@QOF@FQV�>OB�KLT�OBNRFOBA�QL�@LKAFQFLK�QEB�?RFIAFKD�
>KA�@LKQOLI� FQP� FKQBOK>I� QBJMBO>QROB� QL� QEB� OBNRFOBA� S>IRBP�� )Q� FP� FJMLOQ>KQ� QL�MLFKQ� LRQ� QE>Q�
EB>QFKD�KBBAP�>OB�FKPFDKFCF@>KQ�LO�BSBK�WBOL�?BQTBBK�!MOFI�>KA�/@QL?BO��>�PFDKFCF@>KQ�@E>KDB�
TEBK�@LJM>OBA�QL�"RFIAFKD�(T0,�����O	��TFQE�QEB�QLQ>I�>KKR>I�EB>QFKD�ABJ>KA�?BFKD�OBAR@BA�
COLJ�������QL������H7E�J������	��3RJJFKD�RM��ARB�QL�QEB�BUQBKPFSB�BIB@QOF@FQV�P>SFKDP�LK�
EB>QFKD�>P�TBII�>P�QEB�>AAFQFLK>I�P>SFKDP�LK�IFDEQFKD��"RFIAFKD�(T"0�����O	�E>P�MOLSBK�QL�?B�
QEB� JLPQ� BKBODV� BCCF@FBKQ� LC� >II� ��� ?RFIAFKD� JLABIP� ARB� QL� QEB� @LJ?FK>QFLK� LC� FQP� HBV�
@E>O>@QBOFPQF@P��JBKQFLKBA�>KA�AFP@RPPBA��>?LSB��7EFIB�@LLIFKD�IL>AP�E>SB�FK@OB>PBA��QEBFO�
@LKQOF?RQFLKP� >OB� ABBJBA� QL� ?B� QOFSF>I� TEBK� @LJM>OBA� QL� EB>QFKD� >KA� QEB� QLQ>I� BIB@QOF@FQV�
@LKPRJMQFLK�P>SFKDP��

&FK>IIV��FQ�FP�FJMLOQ>KQ�QL�AFP@RPP�QEB�OBPRIQP�LC�>�K>QRO>IIVSBKQFI>QBA�?RFIAFKD��(T0,��
��&FDROB�
���	�� TEF@E� FP� FABKQF@>I� QL� QEB� ?RFIAFKD� @>PB� MOBPBKQBA� FK� &FDROB� ���� �(T0,��	� TFQE� QEB�
SBKQFI>QFLK�PQO>QBDV�@LKPQFQRQFKD�QEB�LKIV�@E>KDB��-LOB�PMB@FCF@>IIV��BIB@QOF@FQV�@LKPRJMQFLK�CLO�
>RUFIF>OV�IL>AP�FP�����PJ>IIBO�ARB�QL�QEB�ILTBO�KBBAP�CLO�C>KP��MRJMP�>KA�@LKQOLIP�TEFIB�QEBOB�
>OB�KL�@LLIFKD�IL>AP��4EB�IFDEQFKD�KBBAP�OBJ>FK�BU>@QIV�QEB�P>JB�>KA�KL�AFCCBOBK@BP�@>K�?B�
seen either on a monthly or an annual basis. Nevertheless, heating’s electricity profile is�KLT�
PQOR@QRO>IIV�>KA�NR>KQFQ>QFSBIV�AFCCBOBKQ�?B@>RPB�LC�QEB�PFDKFCF@>KQ�BUQBOK>I�FKCFIQO>QFLK�BKQBOFKD�
QEB�?RFIAFKD��4EBOBCLOB��FQ�FP�@IB>O�QE>Q�QEBOB�>OB�EB>QFKD�IL>AP�MOBPBKQ�AROFKD�>II�QEB�JLKQEP�LC�
QEB�VB>O�TFQE�QEB�LKIV�BU@BMQFLK�LC�*RIV��)Q�@>K�?B�L?PBOSBA�QE>Q�@BOQ>FK�LRQLCM>QQBOK�EB>QFKD�
S>OF>QFLKP� Q>HB�MI>@B�?BQTBBK�&B?OR>OV�>KA�->V��7EFIB�PLJB�LC� QEBJ�@LRIA�?B�MLQBKQF>IIV�
explained by looking at the number of working days included in each month, May’s heating 

IL>AP�FKAF@>QB�QEFP�JFDEQ�KLQ�?B�QEB�OB>PLK�>P�QEB�AFCCBOBK@BP�>OB�PFDKFCF@>KQ��
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Figure 4.3 – !KKR>I�%IB@QOF@FQV�#LKPRJMQFLK�OBPRIQP�MBO�PB@QLO�CLO�"RFIAFKD�(T0,��
���O.	 

)Q�PELRIA�?B�OBJFKABA�QE>Q�BUQBOK>I� FKCFIQO>QFLK�KLT�@LKPQFQRQBP�>K�>AAFQFLK>I�M>O>JBQBO�QE>Q�
>CCB@QP�QEB�QBJMBO>QROB�?>I>K@B�LC�QEB�?RFIAFKD�QEOLRDELRQ�QEB�VB>O��%UQBOK>I�FKCFIQO>QFLK�S>OFBP�
>KA�FQP�S>IRBP�CIR@QR>QB�?>PBA�LK�PBSBO>I�JBQBLOLILDF@>I�>KA�TB>QEBO�C>@QLOP�PR@E�>P�MOBPPROB�
AFCCBOBK@BP�>KA�TFKA�PMBBAP��4EB�OBPRIQFKD�QEBOJ>I�ILPPBP�>IPL�CIR@QR>QB��>P�PBBK�FK�&FDROB�
%�� LC� QEB� !MMBKAFU�� CLO� QEB� ?RFIAFKD� JLABI� FK� NRBPQFLK�� 4EB� EFDEBO� >JLRKQP� LC� BUQBOK>I�
FKCFIQO>QFLK� CLO� ->V� >KA� @BOQ>FK�JLKQEP� PRMMLOQ� QEB� EB>QFKD� CIR@QR>QFLKP� LC� &FDROB� ���� >KA�
QEBOBCLOB�QEB�?RFIAFKD�JLABI�PBBJP�QL�?B�CRK@QFLKFKD�TBII��/SBO>II��FQ�FP�@IB>O�QE>Q�EB>QFKD�IL>AP�
@>K� ?B� RKMOBAF@Q>?IB� >KA� QEBFO� M>QQBOK� >KA� S>IRBP� >OB� KLT�BSBK�JLOB� PRP@BMQF?IB� QL� QEB�
S>OF>QFLK�LC�BUQBOK>I�TB>QEBO�@LKAFQFLKP��.BSBOQEBIBPP��"RFIAFKD�(T0,��
�@LKPRJBP�������
H7E�J�� MBO� VB>O� TEF@E� FP� ���� H7E�J��EFDEBO� QE>K� QEB� OBPMB@QFSB� JB@E>KF@>IIVSBKQFI>QBA�
?RFIAFKD�@>PB���

 

4.2 Electricity Consumption 
4EB�BIB@QOF@FQV�@LKPRJMQFLK�OBPRIQP�COLJ�QEB�"RFIAFKD�3FJRI>QFLKP�>OB�MOBPBKQBA�FK�ABQ>FI�� FK�
4>?IBP� %�� >KA� %�� LC� QEB� !MMBKAFU� CLO� JB@E>KF@>IIVSBKQFI>QBA� >KA� K>QRO>IIVSBKQFI>QBA�
?RFIAFKDP��OBPMB@QFSBIV��!II�PFU�?RFIAFKD�IL>A�QVMBP�@>K�?B�PBBK�>ILKD�TFQE�QEB�QLQ>I�>JLRKQ�LC�
BIB@QOF@FQV� @LKPRJBA� ?V� B>@E� ?RFIAFKD� @>PB�� KLOJ>IFPBA� ?V� >OB>�� FK� H7E�J��� 3LJB� NRF@H�
L?PBOS>QFLKP�@>K�?B�J>AB��

>	� 4EB� $(7� >KKR>I� @LKPRJMQFLK� LC� ����� H7E�J�� FP� QEB� P>JB� CLO� >II� ?RFIAFKD� @>PBP�
OBD>OAIBPP�LC�SBKQFI>QFLK�QVMB��4EFP�FP�BUMB@QBA�ARB�QL�QEB�T>V�$(7�IL>AP�E>SB�?BBK�
JLABIIBA��
�

?	� !RUFIF>OV� IL>AP� >OB� >IPL� QEB� P>JB� FK� >II� ?RFIAFKD� @>PBP�� ELTBSBO�� QEB� BU>@Q� S>IRB�
ABMBKAP�LK� QEB�SBKQFI>QFLK�PQO>QBDV��-LOB�PMB@FCF@>IIV�������H7E�J�� MBO�>KKRJ�>OB�
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@LKPRJBA�CLO�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�MBO�TEFIB�QEB�OBPMB@QFSB�>KKR>I�S>IRB�
FP������H7E�J��CLO�?RFIAFKDP�RPFKD�K>QRO>I�SBKQFI>QFLK��
�

@	� 2LLJ� BNRFMJBKQ� OBNRFOBP� QEB� P>JB� >JLRKQ� LC� BIB@QOF@FQV� CLO� >II� ?RFIAFKD� @>PBP�
OBD>OAIBPP�LC�SBKQFI>QFLK�PQO>QBDV�TFQE�>�S>IRB�LC�������H7E�J��?BFKD�OBNRFOBA��
�

A	� #LLIFKD� IL>AP� >OB� KLKBUFPQBKQ� CLO� K>QRO>IIVSBKQFI>QBA� ?RFIAFKDP�� QEBOBCLOB�� QEB�
OBPMB@QFSB� @LIRJK� E>P� LKIV� ?BBK� >AABA� FK� 4>?IB� %�� CLO� @LJMIBQFLK� MROMLPBP� QL�
ABJLKPQO>QB�QE>Q�C>@Q��
�

B	� ">PBA�LK�QEB�>?LSB��>A	��QEB�BKBODV�MBOCLOJ>K@B�LC�QEB�AFCCBOBKQ�?RFIAFKD�@>PBP�>KA�
QEBFO�@LKPBNRBKQ�@LJM>OFPLK�FK�QEFP�#E>MQBO�CL@RPBP�LK�EB>QFKD�>KA�IFDEQFKD�IL>AP�CLO�
K>QRO>IIVSBKQFI>QBA� ?RFIAFKDP� TEFIB� @LLIFKD� @LKPQFQRQBP� >K� >AAFQFLK>I� C>@QLO� CLO�
JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP���

4EB�>KKR>I�@LKPRJMQFLK�LC�BIB@QOF@FQV�@>K�?B�PBBK�DO>MEF@>IIV�CLO�>II�?RFIAFKD�@>PBP��FK�&FDROB�
�����4EB�PBM>O>QB�@LKPRJMQFLK�CLO�EB>QFKD��@LLIFKD�>KA�IFDEQFKD�MROMLPBP�>OB�PELTK�FK�&FDROBP�
���������>KA������OBPMB@QFSBIV��&FOPQ�LC�>II��FQ�@>K�?B�KLQF@BA�QE>Q�QEB�OBPRIQP�LC�&FDROB�����@>K�
?B�CROQEBO�@>QBDLOFPBA�FK�QTL�DOLRMP��)K�JLOB�ABQ>FI��QEB�CFOPQ�DOLRM�@LKQ>FKP�QEB�0>OQ�,�?RFIAFKD�
@>PBP�>KA�E>P�>�EFDEBO� O>KDB�LC�S>IRBP�?BQTBBK�������–�������H7E�J��TEFIB� QEB�PB@LKA�
DOLRM�FK@IRABP�QEB�"BPQ�0O>@QF@B�@>PBP�TFQE�>�ILTBO�O>KDB�?BQTBBK�������–�������H7E�J���
4EB�OBPMB@QFSB�JB>K�S>IRBP�>OB�������CLO� QEB�0>OQ�,�?RFIAFKD�@>PBP�>KA�������H7E�J�� CLO�
"BPQ�0O>@QF@B�� >K�>SBO>DB�AFCCBOBK@B�LC� ����� H7E�J��TEF@E� QO>KPI>QBP� FKQL��������H7E�LC�
BIB@QOF@FQV�@LKPRJMQFLK�CLO�>�VB>O��4EBOBCLOB��QEB�fabric’s BKBODV�BCCF@FBK@V�FK�QBOJP�LC�QEBOJ>I�
FKPRI>QFLK�>KA�>FOQFDEQKBPP�@LKPQFQRQBP�QEB�JLPQ� FJMLOQ>KQ�M>O>JBQBO� FK�OBD>OA�QL� FQP�LSBO>II�
BKBODV�@LKPRJMQFLK��)QP�PFDKFCF@>K@B�@>KKLQ�?B�LSBOPQ>QBA�>P�FQP�FJM>@Q�FP�@IB>O�>KA�@LKPFPQBKQ�
QEOLRDELRQ� >II� QEB� ?RFIAFKD� JLABIP� OBD>OAIBPP� LC� QEB� LQEBO� ?RFIAFKD� ABPFDK� @E>O>@QBOFPQF@P�
FK@IRAFKD�SBKQFI>QFLK��

&ROQEBOJLOB��ILLHFKD�FKPFAB�QEB�0>OQ�,�>KA�"BPQ�0O>@QF@B�DOLRMP�CLO�JB@E>KF@>IIVSBKQFI>QBA�
?RFIAFKDP��FQ�@>K�?B�L?PBOSBA�B>@E�DOLRM�FP�CROQEBO�AFSFABA�FKQL�QTL�PR?DOLRMP�?>PBA�LK�QEB�
LSBO>II�BIB@QOF@FQV�@LKPRJMQFLK��4EB�PR?DOLRM�TFQE�QEB�EFDEBO�S>IRBP�@LKPFPQP�LC�QEB�?RFIAFKD�
@>PBP�TFQE�����DI>WFKD�TEFIB�>II�����DI>WBA�?RFIAFKDP�OBNRFOB�@LJM>O>QFSBIV�ILTBO�>JLRKQP�
LC�BIB@QOF@FQV��4EFP�FP�>IPL�BUMB@QBA�>P�EFDEBO�TFKALTQLT>II�O>QFL�OBPRIQP�FK�>�I>ODBO�>JLRKQ�LC�
QEBOJ>I�PLI>O�D>FKP�while the glazing’s low US>IRBP�HBBM�QEB�EB>QFKD� ILPPBP� QL�SBOV�PJ>II�
IBSBIP�� )Q� PELRIA� ?B� KLQBA� QE>Q� KL� PR@E� @LJM>OFPLK� @>K� ?B� J>AB� CLO� K>QRO>IIVSBKQFI>QBA�
?RFIAFKDP� >P� LKIV� QEB� DI>WFKD� LMQFLK� LC� ����T>P� PBIB@QBA� >KA� PFJRI>QBA�� !AAFQFLK>IIV�� QEB�
building’s shape does not seem to affect the results in any significant way when looking at 

"RFIAFKDP��P�–��P�>KA��O�–��O��

2BD>OAFKD�QEB�QEBOJ>I�J>PP�FJM>@Q�LK�QEB�OBPRIQP��EB>SVTBFDEQ�?RFIAFKDP�>MMB>O�QL�?B�IBPP�
BKBODV� BCCF@FBKQ� CLO� >II� K>QRO>IIVSBKQFI>QBA� ?RFIAFKDP� >KA� QEB�0>OQ� ,�JB@E>KF@>IIVSBKQFI>QBA�
?RFIAFKDP��(LTBSBO��QEBV�>MMB>O�QL�@LKPRJB�PIFDEQIV�IBPP�BKBODV�TEBK�FQ�@LJBP�QL�QEB�"BPQ�
0O>@QF@B�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�TFQE�QEB�AFCCBOBK@B�?BFKD�J>ODFK>I�FK�PLJB�@>PBP��
&FK>IIV��FQ�FP�BSFABKQ�QE>Q�>ALMQFKD�K>QRO>I�SBKQFI>QFLK�IB>AP�QL�EFDEBO�BKBODV�@LKPRJMQFLK�CLO�
>IJLPQ�>II�?RFIAFKD�P@BK>OFLP��.BSBOQEBIBPP��QEBOB�FP�>�IFJFQBA�KRJ?BO�LC�"BPQ�0O>@QF@B�?RFIAFKD�
BU@BMQFLKP�TFQE�E>SB�BFQEBO�>�PLRQEB>PQBOK�LO�>K�B>PQBOK�LOFBKQ>QFLK��)K�ABQ>FI��"RFIAFKDP��O�–�
�O� @LKPRJB�?BQTBBK�������–� ������ H7E�J��� OBMI>@FKD�JB@E>KF@>I�TFQE�K>QRO>I� SBKQFI>QFLK�
IB>AP� QL� QEB� OBPMB@QFSB� O>KDB� LC� ������ –� ������ H7E�J�� CLO� "RFIAFKDP� �O.� –� �O.�� 4EFP� FP�
BUMB@QBA�>P�QEB�FK@OB>PBA�IBSBIP�LC�BUQBOK>I�FKCFIQO>QFLK�>P�TBII�>P�QEB�TFKALTP�LMBO>QFLK�QE>Q�
OBPRIQP� FK� PFDKFCF@>KQ� QEBOJ>I� ILPPBP�� 4EB� DOLRMP� >KA� PR?DOLRMP�� ?>PBA� LK� QEB� ?RFIAFKD�
BIB@QOF@FQV�@LKPRJMQFLK�LC�&FDROB������@>K�?B�PBBK�FK�&FDROB�%��LC�QEB�!MMBKAFU���
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)Q� FP� >IPL� TLOQE� BU>JFKFKD� QEB� FJM>@Q� LC� QEBOJ>I� J>PP� LK� QEB� EB>QFKD� >KA� @LLIFKD� IL>AP��
PBM>O>QBIV�� &LO� ?RFIAFKDP�TFQE�JB@E>KF@>I� SBKQFI>QFLK�� >� EB>SV� QEBOJ>I�J>PP� OBPRIQP� FKQL� >�
EFDEBO�BIB@QOF@FQV�@LKPRJMQFLK�CLO�EB>QFKD�?V������H7E�J��TEFIB�IL>AP�CLO�@LLIFKD�>OB�PJ>IIBO�
?V������H7E�J���LK�>SBO>DB��)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�QEFP�OBAR@QFLK�LC�@LLIFKD�IL>AP�FP�KLQ�
DBKBO>IIV�@LKPFABOBA�QL�?B�PFDKFCF@>KQ�>KA�KLQ�>P�EFDE�>P�BUMB@QBA��4EFP�@>K�?B�>QQOF?RQBA�QL�
QEB� C>@Q� QEB� @LLIFKD� IL>AP� LC� QEB� ?RFIAFKDP� >OB� DBKBO>IIV� PJ>II� ARB� QL� QEB� OBI>QFSBIV� EFDE�
BCCF@FBK@V�LC� QEB�'3(0��7EBK�K>QRO>I� SBKQFI>QFLK� FP�RPBA��TEFIB� QEBOB�>OB�KL�@LLIFKD� IL>AP�
MOBPBKQ�QL�J>HB�>�@LJM>OFPLK��EB>SVTBFDEQ�?RFIAFKDP�OBNRFOB�EFDEBO�EB>QFKD� IL>AP�?V������
H7E�J���LK�>SBO>DB��4EFP�FK@OB>PB�FP�EFDEBO�QE>K�QEB�OBPMB@QFSB�S>IRB�CLO�QEB�JB@E>KF@>IIV
SBKQFI>QBA�@>PBP�ARB�QL�QEB�EFDEBO�BUQBOK>I�FKCFIFQO>QFLK���

#LK@BOKFKD�QEB�BIB@QOF@FQV�@LKPRJMQFLK�QLT>OAP�EB>QFKD�>KA�&FDROB������>�SBOV�PFJFI>O�M>QQBOK�
FP�MOBPBKQ�>P�OBPRIQP�@>K�PQFII�?B�AFSFABA�FK�QTL�DOLRMP�?>PBA�LK�QEB�fabric’s BKBODV�BCCF@FBK@V��
7EBK� JB@E>KF@>I� SBKQFI>QFLK� FP� RPBA�� QEB� 0>OQ� ,� DOLRM� E>P� >� O>KDB� LC� BIB@QOF@FQV� S>IRBP�
?BQTBBK�������–�������TEFIB�QEB�OBPMB@QFSB�S>IRBP�CLO�"BPQ�0O>@QF@B�"RFIAFKDP�>OB������–������
H7E�J���!P�JBKQFLKBA�>?LSB������DI>WBA�?RFIAFKDP�BUMBOFBK@B�EFDEBO�QEBOJ>I�PLI>O�D>FKP�
TEF@E�OBPRIQ�FKQL�>�OBAR@QFLK�LC�QEB�EB>QFKD�IL>AP�>KA�QEB�@LKPBNRBKQ�OBNRFOBA�BIB@QOF@FQV�CLO�
EB>QFKD��-LOBLSBO��FQ�PELRIA�?B�MLFKQBA�LRQ�QE>Q�QEB�OBPRIQP�CLO�QEB�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�
CLIILT�>�PFJFI>O�M>QQBOK�TEBK�FQ�@LJBP�QL�FQP�DOLRMP�>KA�PR?DOLRMP��

2BD>OAFKD� EB>QFKD� IL>AP� >KA� SBKQFI>QFLK� PQO>QBDV�� "BPQ� 0O>@QF@B� "RFIAFKDP� TFQE� K>QRO>I�
SBKQFI>QFLK�>OB�@LJM>O>?IB�QL�JB@E>KF@>IIVSBKQFI>QBA�0>OQ�,�?RFIAFKDP��&LO�BU>JMIB��"RFIAFKDP�
�O�–� �O� @LKPRJB�?BQTBBK������–� ������H7E�J�� CLO�EB>QFKD�TEFIB� QEB� OBPMB@QFSB� O>KDB� CLO�
"RFIAFKDP��O.�–��O.�FP�������–�������H7E�J���7EFIB�FQ�FP�@IB>O�QE>Q�K>QRO>I�SBKQFI>QFLK�IB>AP�QL�
EFDEBO�LSBO>II�?RFIAFKD�IL>AP��&FDROB����	��@LJM>OFKD�QEB�EB>QFKD�IL>AP�PBM>O>QBIV�OBSB>IP�QE>Q�
PFDKFCF@>KQIV� DOB>QBO� >JLRKQP� LC� BIB@QOF@FQV� >OB� OBNRFOBA� QL� EB>Q� QEB� BU>@Q� P>JB� ?RFIAFKD��
Regarding the shape’s impact on heating demand and consequent electricity, it can be noticed 

QE>Q�PNR>OB�?RFIAFKDP�AL�OBNRFOB�PIFDEQIV�EFDEBO�>JLRKQP�LC�BKBODV�QE>K�QEB�OB@Q>KDRI>OPE>MBA�
@>PBP��4EB�?RFIAFKD�DOLRMP�?>PBA�LK�QEB�EB>QFKD�BIB@QOF@FQV�@LKPRJMQFLK�LC�&FDROB�����@>K�?B�
PBBK�FK�&FDROB�%���

)Q�FP�FJMLOQ>KQ�QL�KLQB�QE>Q��TEFIB�EB>QFKD�ABJ>KA�MI>VP�>�J>GLO�OLIB�QLT>OAP�QEB�QLQ>I�BIB@QOF@FQV�
used, it does not always reflect the building’s energy trends or overall energy needs. For 

BU>JMIB�� QEBOJ>I� J>PP� ALBP� >CCB@Q� QEB� BIB@QOF@FQV� @LKPRJMQFLK� CLO� EB>QFKD� MROMLPBP� >P�
AFP@RPPBA� >?LSB�� ELTBSBO�� TEBK� Q>HFKD� FKQL� >@@LRKQ� QEB� OBPQ� LC� QEB� ?RFIAFKD� PB@QLOP�� QEB�
AFCCBOBK@B�FK�QEB�QLQ>I�@LKPRJMQFLK�@>K�?B�JFKFJ>I�ABMBKAFKD�LK�QEB�P@BK>OFL��3FJFI>OIV��TEFIB�
FQ�FP�@IB>O�QE>Q�EB>QFKD�ABJ>KA�FP�M>OQF@RI>OIV�DOB>QBO�FK�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP��FQ�PELRIA�
?B� OBJFKABA� QE>Q� QEB� >RUFIF>OV� BKBODV� OBNRFOBA� CLO� QEB� (6!#� PVPQBJ� QL� LMBO>QB� FK�
JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�FP���H7E�J��MBO�>KKRJ��EFDEBO�QE>K�QEB�OBPMB@QFSB�S>IRB�LC�
��H7E�J��CLO�?RFIAFKDP�TFQE�K>QRO>I�SBKQFI>QFLK��&FK>IIV��FQ�FP�FJMLOQ>KQ�QL�EFDEIFDEQ�QE>Q�EB>QFKD�
ABJ>KA� FP� KLQ� BNR>I� QL� QEB� OBPMB@QFSB� BIB@QOF@FQV� @LKPRJMQFLK�� QEBOBCLOB�� QEB� >JLRKQP� LC�
QEBOJ>I�>KA�BIB@QOF@>I�H7E�>OB�AFCCBOBKQ�>KA�EB>QFKD�ABJ>KA�FP�����QFJBP�EFDEBO�ARB�QL�QEB�
'3(0�#L0�S>IRB��

#LLIFKD� BIB@QOF@FQV� @LKPRJMQFLK� �&FDROB� ���	� @LKPQFQRQBP� >� @LJM>O>QFSBIV� IBPP� FJMLOQ>KQ�
M>O>JBQBO�>P� FQP� O>KDB�CLO�>II� QEB�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP� FP�?BQTBBK������–������
H7E�J��� 7EFIB� QEBOB� >OB� PLJB� AFCCBOBK@BP� Q>HFKD� MI>@B� ?>PBA� LK� QEB� ?RFIAFKD� ABPFDK�
@E>O>@QBOFPQF@P��FQ�FP�@IB>O�QE>Q�QEB�JLPQ�SFQ>I�M>O>JBQBO�FK�OBD>OA�QL�@LLIFKD�FP�QEB�TFKALTQL
T>II� O>QFL�� -LOB� PMB@FCF@>IIV�� "RFIAFKDP� �O� –� �O� ����� DI>WBA	� E>SB� >� @LLIFKD� BIB@QOF@FQV�
@LKPRJMQFLK�?BQTBBK������–������TEFIB�FK@OB>PFKD�QEBFO�DI>WFKD�QL�����OBNRFOB������–������
H7E�J���"RFIAFKDP��O�–��O	��3FJFI>OIV�QL�EB>QFKD��QEB�@LLIFKD�ABJ>KA�FP���QFJBP�EFDEBO�QE>K�QEB�
>@QR>I�BIB@QOF@FQV�@LKPRJMQFLK�CLO�@LLIFKD�?B@>RPB�LC�QEB�EB>Q�MRJM�MBOCLOJ>K@B��
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Figure 4.5 –�%IB@QOF@FQV�#LKPRJMQFLK�CLO�(B>QFKD��H7E�J�	�CLO�>II�?RFIAFKD�JLABIP�
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� Figure 4.6 –�%IB@QOF@FQV�#LKPRJMQFLK�CLO�#LLIFKD��H7E�J�	�CLO�>II�?RFIAFKD�JLABIP�
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&L@RPFKD�LK�QEB�I>PQ�OBJ>FKFKD�J>GLO�QVMB�LC�?RFIAFKD�IL>AP��IFDEQFKD��QEB�OBPRIQP�@>K�?B�PBBK�
>ILKD�TFQE�>�?OFBC�>K>IVPFP�FK�&FDROBP�%��–�%���4EB�?RFIAFKD�PE>MB�FP�>�PFDKFCF@>KQ�M>O>JBQBO�
>P�3NR>OB�"RFIAFKDP��P�–��P�@LKPRJB�>MMOLUFJ>QBIV���H7E�J��TEFIB�OB@Q>KDRI>O�"RFIAFKDP��O�
–��O�E>SB�ILTBO�OBNRFOBJBKQP��>OLRKA������H7E�J���6BKQFI>QFLK�PQO>QBDV�ALBP�KLQ�IB>A�QL�>KV�
AFCCBOBK@BP� FK� IFDEQFKD� @LKPRJMQFLK� TEFIB� FQ� FP� @IB>O� QE>Q� TEBK� >ALMQFKD� AFCCBOBKQ� ?RFIAFKD�
LOFBKQ>QFLKP�� QEB� IFDEQFKD� @LKPRJMQFLK� FK@OB>PBP� PIFDEQIV� TEBK� JLSFKD� >T>V� COLJ� QEB�
3LRQEBOK.LOQEBOK�FKFQF>I�LOFBKQ>QFLK���

!AAFQFLK>IIV��QEB�PB@LKA�JLPQ�J>GLO�ABPFDK�M>O>JBQBO�QE>Q�>CCB@QP�IFDEQFKD�FP�QEB�TFKALTQL
T>II�O>QFL�>P�>�EFDEBO�DI>WFKD�MBO@BKQ>DB�FP�QO>KPI>QBA�FKQL�FK@OB>PBA�IBSBIP�LC�A>VIFDEQ��&LO�>�
NRF@H�@LJM>OFPLK��OB@Q>KDRI>O�"RFIAFKDP��O�–��O�TEF@E�>OB�����DI>WBA�@LKPRJB������H7E�J��
TEFIB� "RFIAFKDP� �O� –� �O� >KA� QEB� EFDEBO� DI>WFKD� PBQQFKD� KBBA� ����� H7E�J��� OBPRIQFKD� FK� >K�
>SBO>DB�AFCCBOBK@B�LC������H7E�J���3RJJFKD�RM��QTL�M>O>JBQBOP��DI>WFKD�>KA�PE>MB��AL�E>SB�
>K� FJM>@Q�LK�QEB�BIB@QOF@FQV�@LKPRJMQFLK�KBBABA�CLO� IFDEQFKD��(LTBSBO��>P� QEB�O>KDB�LC� QEB�
L?PBOSBA�S>IRBP�FP�?BQTBBK������>KA������H7E�J���QEB�PFDKFCF@>K@B�LC�QEFP�FJM>@Q�FP�AB?>Q>?IB�
>KA�MLQBKQF>IIV�FKPFDKFCF@>KQ��

3RJJ>OFPFKD�QEB�BIB@QOF@FQV�@LKPRJMQFLK�OBPRIQP�LC�QEB�?RFIAFKD�PFJRI>QFLKP��QEB�fabric’s eKBODV�
BCCF@FBK@V� @IB>OIV� @LKPQFQRQBP� QEB� JLPQ� PFDKFCF@>KQ� ?RFIAFKD� M>O>JBQBO� >P� ILTBO� >JLRKQP� LC�
FKPRI>QFLK�>KA�EFDEBO�IBSBIP�LC�BUQBOK>I�FKCFIQO>QFLK�OBPRIQ�FK�KLQF@B>?IV�EFDEBO�BKBODV�ABJ>KA�
>KA�QEBOBCLOB�BIB@QOF@FQV�@LKPRJMQFLK��)K@OB>PFKD�QEB�TFKALTQLT>IIO>QFL�COLJ�����QL�����
OBAR@BP�QEB�BIB@QOF@FQV�KBBAP�CLO�>II�?RFIAFKD�P@BK>OFLP��?V�>OLRKA������H7E�J��LK�>SBO>DB��
2BD>OAFKD� QEBOJ>I�J>PP�� OBPRIQP�>OB� FK@LK@IRPFSB�>P� QEB�AFCCBOBK@BP�?BQTBBK�EB>SVTBFDEQ�
>KA� IFDEQTBFDEQ� ?RFIAFKDP� >OB� KLQ� PFDKFCF@>KQ� TEBK� JB@E>KF@>I� SBKQFI>QFLK� Q>HBP� MI>@B��
(LTBSBO��TEBK�K>QRO>I�SBKQFI>QFLK�FP�>ALMQBA��FQ�FP�BSFABKQ�QE>Q�IFDEQTBFDEQ�?RFIAFKDP�MBOCLOJ�
PFDKFCF@>KQIV�?BQQBO�QE>K�QEBFO�EB>SVTBFDEQ�@LRKQBOM>OQP�QL�QEB�MLFKQ�QE>Q�QEBV�>OB�@LJM>O>?IB�
QL�QEB�OBPMB@QFSB�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKD�@>PBP��ELTBSBO��IFDEQTBFDEQ�?RFIAFKDP�OBPRIQ�
FKQL�EFDEBO�IBSBIP�LC�AFP@LJCLOQ�>P�MOBPBKQBA�FK�#E>MQBO������&FK>IIV��K>QRO>I�SBKQFI>QFLK�IB>AP�
QL� EFDEBO� BIB@QOF@FQV� IL>AP� TFQE� >� PJ>II� KRJ?BO� LC� BU@BMQFLKP� ?BILKDFKD� QL� ?RFIAFKDP� TFQE�
%>PQBOK7BPQBOK� LOFBKQ>QFLK�� ,FDEQTBFDEQ� ?RFIAFKDP� TFQE� K>QRO>I� SBKQFI>QFLK� >@EFBSB� PFJFI>O�
S>IRBP�TFQE�QEBFO�JB@E>KF@>IIVSBKQFI>QBA�@LRKQBOM>OQP��>P�MOBSFLRPIV�AFP@RPPBA��

��

4.3 Thermal Comfort 
7EFIB� QEB� MOFJ>OV� CL@RP� LC� QEFP� @E>MQBO� >KA� QEB� @ROOBKQ� OBPB>O@E� FP� LK� QEB� BIB@QOF@FQV�
@LKPRJMQFLK�LC� QEB� PFJRI>QBA�?RFIAFKDP�� FQ� FP� >IPL�BPPBKQF>I� QL�>PPBPP� FC� QEBV�>OB� QEBOJ>IIV�
@LJCLOQ>?IB�QL�QEB�L@@RM>KQP��?>PBA�LK�QEB�@OFQBOF>�PBQ�FK�3B@QFLK��������>KA�JLOB�PMB@FCF@>IIV�
&>KDBO�0-6�>KA�!3(2!%����3Q>KA>OA��%S>IR>QFKD� QEBOJ>I�@LJCLOQ�>IPL�BKPROBP� QE>Q� QEB�
PFJRI>QBA� ?RFIAFKD� @>PBP� >OB� @LJM>O>?IB� FK� QBOJP� LC� MBOCLOJ>K@B� TEF@E� FP� FJMLOQ>KQ� CLO�
?>QQBOV� ABMILVJBKQ�� 4EB� MBO@BKQ>DBP� LC� L@@RM>K@V� ELROP� TFQE� QEBOJ>I� AFP@LJCLOQ� >OB�
MOBPBKQBA� FK�ABQ>FI�� FK�&FDROBP�%��–�%��LC� QEB�!MMBKAFU�>P�TBII�>P� FK�4>?IBP�%��–�%���!P�
mentioned in the methodology, a percentage of occupants dissatisfied with the building’s 

QEBOJ>I�@LJCLOQ�LC����FP�@LKPFABOBA�QL�?B�P>QFPC>@QLOV�>KA�QEBOBCLOB�FQ�FP�SFQ>I�QL�MLFKQ�LRQ�>KV�
?RFIAFKD�@>PBP�TEF@E�BU@BBA�QEFP�S>IRB��FC�>KV��

,LLHFKD�>Q� QEB�OBPRIQP�� FQ� FP�@IB>O� QE>Q� QEB�J>GLOFQV�LC� QEB�?RFIAFKD�@>PBP�E>SB� ILTBO� QEBOJ>I�
AFP@LJCLOQ�MBO@BKQ>DBP�QE>K�QEB�QEOBPELIA�S>IRB��)K�C>@Q������LC�QEB�@>PBP�E>SB�>�AFP@LJCLOQ�
IBPP� QE>K�LO�BNR>I� QL������ CLIILTFKD� QEB�!3(2!%�MOL@BAROB�TEFIB� QE>Q� S>IRB� FK@OB>PBP� QL�
�����CLO�&>KDBO�0-6��&LO�?LQE�PQ>KA>OAP��LKIV���?RFIAFKD�@>PBP�BU@BBA� QEB�PBQ� IFJFQ��3N
,T"0���� ,T"0��37�� ,T"0��3%� >KA� ,T"0��%�� !Q� QEB� P>JB� QFJB�� ,T0,��%� E>P� >�



����
�

QEBOJ>I� AFP@LJCLOQ� S>IRB� LC� ������ ?>PBA� LK� !3(2!%� ?RQ� QEB� OBPMB@QFSB� &>KDBO� 0-6� FP�
��������

.BSBOQEBIBPP��FQ�FP�BSFABKQ�QE>Q�>II�AFP@LJCLOQ�@>PBP�FK@IRAB�S>OF>QFLKP�LC�QEB�P>JB�?RFIAFKD�FK�
OBD>OA�QL�FQP�PE>MB�>KA�LOFBKQ>QFLK��4EFP�PMB@FCF@�?RFIAFKD�FP�IFDEQTBFDEQ��"BPQ�0O>@QF@B�>KA�����
DI>WBA�>KA�>II�QEB�P@BK>OFLP�@LKPFABOBA��TEF@E�FK@IRAB�>�OB@Q>KDRI>O�LO�>�PNR>OB�PE>MB�>P�
TBII�>P�>II�CLRO�AFCCBOBKQ�LOFBKQ>QFLKP��IB>A�QL�QEBOJ>I�AFP@LJCLOQ�?BVLKA�>@@BMQ>?IB�IBSBIP���

">PBA�LK�!32(!%�����"RFIAFKD�3N,T"0���E>P�>@EFBSBA�>� QEBOJ>I� AFP@LJCLOQ� LC� ������
TEFIB�FQP�OB@Q>KDRI>O�SBOPFLK�E>P�>�OBPMB@QFSB�S>IRB�LC�������TEF@E�FP�KB>O�QEB�PBQ�IFJFQ��!P�
ILKD� >P� QEB� LOFBKQ>QFLK� LC� QEB� ?RFIAFKD� JLSBP� >T>V� COLJ� QEB� LOFDFK>I� .LOQEBOK3LRQEBOK�
AFOB@QFLK�� QEBOJ>I� AFP@LJCLOQ� FKQBKPFCFBP� >KA� OB>@EBP� >MMOLUFJ>QBIV� ���� CLO� QEB� %>PQBOK
7BPQBOK�LOFBKQ>QFLK��4EB�@LJ?FK>QFLK�LC�ILT�QEBOJ>I�J>PP�>KA�QEB�@LKPBNRBKQ�FKPFDKFCF@>KQ�
QEBOJ>I� I>D� TFQE� EFDE� DI>WFKD� >KA� QEB� FK@OB>PBA� >JLRKQ� LC� PLI>O� EB>Q� D>FKP� OBPRIQP� FKQL�
BIBS>QBA� IBSBIP� LC� AFP@LJCLOQ��7EFIB� FQ� J>V� FKFQF>IIV� PBBJ� RKBUMB@QBA� CLO� >� DOLRM� LC� "BPQ�
0O>@QF@B� "RFIAFKDP� QL� E>SB� RK@LJCLOQ>?IB� IBSBIP� LC� QEBOJ>I� @LJCLOQ��JR@E� EFDEBO� QE>K� QEB�
OBPMB@QFSB�0>OQ�,�"RFIAFKDP�QE>Q�>OB�@E>O>@QBOFPBA�?V�ILTBO�BKBODV�BCCF@FBK@V��QEFP�@>K�?B�B>PFIV�
BUMI>FKBA�TEBK�Q>HFKD�FKQL�>@@LRKQ�QEB�AFCCBOBK@BP�?BQTBBK�QEB�QTL�BKBODV�BCCF@FBK@V�DOLRMP��

4EB� BKSBILMBP� LC� � "BPQ� 0O>@QF@B� "RFIAFKDP� AL� KLQ� LKIV� E>SB� ILTBO� 5S>IRBP� >KA� QEBOJ>I�
QO>KPJFQQ>K@BP� ?RQ� >IPL� JLOB� BCCB@QFSB� >FOQFDEQKBPP�� JFKFJFPFKD� QEB� IBSBIP� LC� BUQBOK>I�
FKCFIQO>QFLK��/K�QEB�LQEBO�E>KA��QEFP�>AAFQFLK>I� FKCFIQO>QFLK�QE>Q� Q>HBP�MI>@B�FK�0>OQ�,�"RFIAFKDP�
QO>KPI>QBP�FKQL�PFDKFCF@>KQ�EB>Q�ILPPBP�AROFKD�QEB�TFKQBO��OBPRIQFKD�FK�BUQO>�EB>QFKD�ABJ>KA�>KA�
BIB@QOF@FQV�@LKPRJMQFLK��!Q�QEB�P>JB�QFJB�� FQ�>IPL�MOLSFABP�BUQO>�@LLIFKD�AROFKD�QEB�PRJJBO�
MBOFLA�?V�ILTBOFKD�QEB�QBJMBO>QROBP�TFQEFK�QEB�>@@BMQ>?IB�O>KDBP��FJMOLSFKD�FK�QEFP�T>V�QEB�
occupants’ thermal comfort. Consequently, Best Practice Buildings can potentially become 

“airtight vessels” should certain building design characteristics are adopted and more 

PMB@FCF@>IIV�EFDE�TFKALTQLT>IIO>QFL�>KA�IFDEQ�QEBOJ>I�J>PP��4EFP�FP�@IB>OIV�>�ABPFDK�FPPRB�QE>Q�
@>K�?B�OB@QFCFBA� QEOLRDE�QEB� FJMIBJBKQ>QFLK�LC�PBSBO>I�PQO>QBDFBP�PR@E�>P� ILTBOFKD� QEB�PBQ
MLFKQ�QBJMBO>QROB��>KA�>ALMQFKD�>�PRFQ>?IB�PE>AFKD�PQO>QBDV��(LTBSBO��QEFP�FP�@LKPFABOBA�QL�
?B�LRQPFAB�QEB�P@LMB�LC�QEB�@ROOBKQ�MOLGB@Q�>P�FQ�FP�FJMLOQ>KQ�CLO�>II�?RFIAFKD�@>PBP�QL�E>SB�QEB�
BU>@Q�P>JB�PFJRI>QFLK�PBQQFKDP�FK�LOABO�QL�?B�@LJM>O>?IB�TFQE�B>@E�LQEBO� 

"BPFABP�QEFP�>KLJ>IV��FQ�FP�PELTK�QE>Q�KBFQEBO�LOFBKQ>QFLK�KLO�QEB�?RFIAFKD�PE>MB�>CCB@QP�QEB�
OBPRIQP� FK�>KV�PFDKFCF@>KQ�T>V�� CLO�>II�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP��3BSBO>I�����DI>WBA�
?RFIAFKDP�PBBJ�QL�MOLSFAB�>�EFDEBO�QEBOJ>I�@LJCLOQ�TEBK�@LJM>OBA�QL�QEBFO�ILTBO�T>IIQLO>QFL�
@LRKQBOM>OQP��FKAF@>QFKD�QE>Q��QE>Q�QEB�FK@OB>PBA�>JLRKQP�LC�PLI>O�EB>Q�D>FKP�FK�QEB�TFKQBO�OBPRIQ�
FKQL� ?BQQBO� QEBOJ>I� @LJCLOQ� AROFKD� QEB� TFKQBO� MBOFLA� TEFIPQ� MBOCLOJFKD� P>QFPC>@QLOFIV� FK� QEB�
PRJJBO�>P�TBII��&FK>IIV��FQ�FP�@IB>O�QE>Q�K>QRO>I�SBKQFI>QFLK�FK�@LJ?FK>QFLK�TFQE�QEB�MOL?IBJ>QF@�
%>PQBO7BPQBOK�LOFBKQ>QFLK�@>K�IB>A�QL�BIBS>QBA�IBSBIP�LC�QEBOJ>I�AFP@LJCLOQ��$BPMFQB�QE>Q��QEB�
QEBOJ>I�@LJCLOQ�LC�>II�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�FP�TFQEFK�QEB�PBQ�IFJFQP��MOLSFAFKD�SBOV�PFJFI>O�
OBPRIQP� QL� QEBFO�JB@E>KF@>IIVSBKQFI>QBA� @LRKQBOM>OQP� >KA� FK� @BOQ>FK� @>PBP� MBOCLOJFKD� BSBK�
?BQQBO��

&FK>IIV�� FQ� PELRIA� ?B� KLQBA� QE>Q� OBPRIQP� COLJ� ?LQE� PQ>KA>OAP� >OB� PFJFI>O� >KA� TEFIB� PJ>II�
KRJBOF@>I�AFCCBOBK@BP�AL�>MMB>O�ARB�QL�QEB�JBQELALILDFBP�CLIILTBA��QEBV�MOLSFAB�>�@LKPFPQBKQ�
OBCIB@QFLK�LC�QEB�QEBOJ>I�AFP@LJCLOQ�Q>HFKD�MI>@B�FK�>II�?RFIAFKD�JLABIP��$BPMFQB�QEB�C>@Q�QE>Q�
&>KDBO�0-6�S>IRBP�FK@IRAB�EFDEBO�IBSBIP�LC�S>OF>QFLK��QEB�AFCCBOBK@BP�>OB�KLQ�PFDKFCF@>KQ�>KA�
QEBOBCLOB�QEB�S>PQ�J>GLOFQV�LC�QEB�?RFIAFKDP�JBBQ�QEB�@LJCLOQ�@OFQBOF>�PBQ�FK�QEB�JBQELALILDV�
PB@QFLK��)K�C>@Q��MOL?IBJ>QF@�?RFIAFKDP�E>SB�?BBK�FABKQFCFBA�FK�?LQE�PQ>KA>OAP�CLO�QEB�OB>PLKP�
BUMI>FKBA�>?LSB��

�



����
�

4.4 Summary 
)K� QEFP� @E>MQBO�� >� ABJLKPQO>QFLK� >KA� AFP@RPPFLK� LC�"RFIAFKD�3FJRI>QFLK�2BPRIQP� E>SB� ?BBK�
@LKAR@QBA� FK�LOABO� QL�S>IFA>QB� QEB�$BPFDK"RFIABO�JLABI�>KA� FQP� FKMRQ��!AAFQFLK>IIV��ABQ>FIBA�
OBPRIQP�E>SB�?BBK�MOBPBKQBA�RPFKD�PBSBO>I�CFDROBP�CLO�>II�?RFIAFKD�P@BK>OFLP�TEFIB�QEB�FJM>@Q�
LC� BPPBKQF>I� ABPFDK� @E>O>@QBOFPQF@P� E>P� ?BBK� AFP@RPPBA� >ILKD� TFQE� QEBFO� QEBOJ>I� @LJCLOQ�
MBOCLOJ>K@B��3RJJ>OFPFKD��

•� 4EB�BIB@QOF@FQV�@LKPRJMQFLK�OBPRIQP�AFCCBO�COLJ�?RFIAFKD�QL�?RFIAFKD�FK�QBOJP�LC�EB>QFKD��
@LLIFKD�>KA�IFDEQFKD�>P�BNRFMJBKQ�>KA�$(7�IL>AP�>OB�>IT>VP�QEB�P>JB��!RUFIF>OV�IL>AP�
>OB�QEB�P>JB�CLO�?RFIAFKDP�TFQE�QEB�P>JB�SBKQFI>QFLK�PQO>QBDV��
�

•� -LKQEIV�BIB@QOF@FQV�OBPRIQP�>OB�>CCB@QBA�?V�QEB�KRJ?BO�LC�TLOHFKD�A>VP�FK@IRABA�FKPFAB�
B>@E�@>IBKA>O�JLKQE��!�EFDEBO�KRJ?BO�LC�TBBHBKAP�>KA�MR?IF@�ELIFA>VP�@>K�IB>A�QL�
C>IPB�FJMOBPPFLKP�QE>Q�>�?RFIAFKD�@>K�?B�JLOB�BKBODV�BCCF@FBKQ�AROFKD�PMB@FCF@�JLKQE�P	�
LC�QEB�VB>O��
�

•� 4EB�JBQELALILDV� CLIILTBA� QL�JLABI�K>QRO>I�SBKQFI>QFLK�>AAP�QEB�BUQBOK>I� FKCFIQO>QFLK��
>KA�QEBOBCLOB�IL@>I�TB>QEBO�@LKAFQFLKP��>P�>�M>O>JBQBO�QE>Q�IB>AP�QL�PFDKFCF@>KQ�QEBOJ>I�
ILPPBP��
�

•� The fabric’s eKBODV�BCCF@FBK@V�@LKPQFQRQBP�QEB�JLPQ�FJMLOQ>KQ�ABPFDK�@E>O>@QBOFPQF@�>P�
FQ�IB>AP�QL�PFDKFCF@>KQ�AFCCBOBK@BP�FK�QEB�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK��ABJLKPQO>QFKD�QEB�
significance of the envelope’s US>IRBP�>KA�BUQBOK>I�FKCFIQO>QFLK��
�

•� 7EFIB� PLJB�AFCCBOBK@BP�AL� Q>HB�MI>@B�� QEBOJ>I�J>PP�ALBP�KLQ� >CCB@Q� QEB�BIB@QOF@FQV�
OBPRIQP� FK�>KV�PFDKFCF@>KQ�T>V�CLO� QEB�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP��/K�QEB�LQEBO�
E>KA�� FQ� FP� @IB>O� QE>Q� IFDEQTBFDEQ� ?RFIAFKDP� @LKPRJB� IBPP� BIB@QOF@FQV� QE>K� QEBFO�
EB>SVTBFDEQ�@LRKQBOM>OQP�TEBK�K>QRO>I�SBKQFI>QFLK�FP�FK�MI>@B��
�

•� 7FKALTQLT>IIO>QFL� FP� QEB� PB@LKA�JLPQ� FJMLOQ>KQ� ABPFDK� @E>O>@QBOFPQF@��'BKBO>IIV��
FK@OB>PFKD�DI>WFKD�COLJ�����QL�����IB>AP�QL�>�@OFQF@>I�OBAR@QFLK�LC�BIB@QOF@FQV�QLT>OAP�
EB>QFKD�>KA�IFDEQFKD�TEFIB�@LLIFKD�@LKPRJMQFLK�FK@OB>PBP��KBSBOQEBIBPP��QEFP�FK@OB>PB�
FP�ABBJBA�QL�?B�@LJM>O>QFSBIV�JR@E�PJ>IIBO�QE>K�QEB�EB>QFKD�>KA�IFDEQFKD�@E>KDBP��
�

•� 5PFKD� K>QRO>I� SBKQFI>QFLK� FKPQB>A� LC� JB@E>KF@>I� OBPRIQP� FK� >K� LSBO>II� FK@OB>PB� LC�
BIB@QOF@FQV�@LKPRJMQFLK�>P�QEB�EB>QFKD�MOLCFIB�@E>KDBP�CRKA>JBKQ>IIV�ARB�QL�QEB�BUQO>�
>JLRKQP�LC�BUQBOK>I�FKCFIQO>QFLK��
�

•� 4EB� S>PQ�J>GLOFQV� LC� QEB� ?RFIAFKD� @>PBP� MOLSFAB� P>QFPC>@QLOV� QEBOJ>I� @LJCLOQ� QL� QEB�
L@@RM>KQP��?>PBA�LK�?LQE�!3(2!%����>KA�&>KDBO�0-6���

�

(LTBSBO�� >P� QEB� @ROOBKQ� OBPB>O@E� BS>IR>QBP� QEB� >O?FQO>DB� MLQBKQF>I� LC� ?RFIAFKD� @>PBP� TFQE�
AFCCBOBKQ�ABPFDK�@E>O>@QBOFPQF@P��RPFKD�"33�� QEB�>KKR>I�>KA�JLKQEIV�BIB@QOF@FQV�@LKPRJMQFLK�
OBPRIQP��TEFIB�SBOV�RPBCRI��@>KKLQ�MOLSFAB�>�@LJMIBQB�MF@QROB�FK�QEFP�AFOB@QFLK��!O?FQO>DB�>KA�
LQEBO�?>I>K@FKD�PBOSF@BP�MOLSFABA�?V�%33�Q>HB�MI>@B�LK�>K�ELROIV�?>PFP�>KA�QEBOBCLOB� FQ� FP�
BPPBKQF>I�QL�FK@IRAB�>II�?RFIAFKD�@>PBP�CLO�QEB�"33�PFJRI>QFLKP��#E>MQBO��	�QL�?B�>?IB�QL�J>HB�
QEB� MOLMBO� L?PBOS>QFLKP� >KA� OB>@E� QEB� MOLMBO� @LK@IRPFLKP�� 4EBOBCLOB�� BU@IRAFKD� ?RFIAFKD�
@>PBP�?>PBA�BU@IRPFSBIV�LK�QEB�OBPRIQP�FK�QEB�@ROOBKQ�@E>MQBO�TLRIA�KLQ�?B�>MMOLMOF>QB��
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5.Arbitrage Results�
)K�QEFP�@E>MQBO��QEB�!O?FQO>DB�-LABI�OBPRIQP�>OB�MOBPBKQBA�CLO�>II�?RFIAFKD�@>PBP��@LKPFABOFKD�
QEB������BIB@QOF@FQV�MOF@BP�>KA�"FOJFKDE>J�)7%#�>P�QEB�TB>QEBO�@IFJ>QB�A>Q>��7EFIB�JRIQFMIB�
?>QQBOV�PFWBP�E>SB�?BBK�PFJRI>QBA�� FQ�T>P�ABBJBA� FJMO>@QF@>I� QL� FKQOLAR@B�>KA�>K>IVPB�>II�
OBPRIQP�� BPMB@F>IIV� PFK@B� QEB� MBOCLOJ>K@B� LC�J>KV� ?RFIAFKDP� FP� SBOV� PFJFI>O� CLO� QEB� PJ>IIBO�
?>QQBOV�PFWBP��4EBOBCLOB�� QEB�OBPRIQP�CLO�QEB�?FDDBPQ�?>QQBOV�PFWB�LC�����H7E��TFQE�>�OB@QFCFBO�
@>M>@FQV�LC����H7�>KA�>K�FKSBOQBO�@>M>@FQV�LC����+7�����H7����H7	��>OB�AFP@RPPBA�FK�ABQ>FI�
TEFIB�QEB�OBPQ�LC�QEB�PVPQBJP�>OB�MOBPBKQBA�>P�M>OQ�LC�QEB�3BKPFQFSFQV�!K>IVPFP�@E>MQBO�TEF@E�
FK@IRABP�PBSBO>I�LQEBO�M>O>JBQBOP��

5.1 Introduction and Demonstration of the Model 
4EB�CLIILTFKD�M>O>JBQBOP�>OB�RPBA�QL�@LJM>OB�QEB�J>FK�LRQMRQ�OBPRIQP�LC�QEB�JLABI��

•� %IB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	�OBCBOP�QL�QEB�>JLRKQ�LC�BIB@QOF@FQV�PEFCQBA�COLJ�QEB�
MB>H�MBOFLAP�QL�QEB�LCCpeak periods of the day as a percentage of the building’s peak 

IL>AP�� !KV� BIB@QOF@>I� IL>AP� TEF@E� Q>HB� MI>@B� ?BQTBBK� �>J�MJ� >OB� @LKPFABOBA� QL�
?BILKD�QL�QEB�MB>H�category in accordance with the building’s activity profile, as set in 

3B@QFLK���������
�

•� %IB@QOF@FQV�BUMLOQP��H7E�J�	� FP� QEB�>JLRKQ�LC�BU@BPP�BIB@QOF@FQV�PQLOBA� FK� QEB�?>QQBOV�
>KA�PBKQ�?>@H� QL� QEB�BIB@QOF@>I�DOFA��%UMLOQP�>OB�>IILTBA�LKIV�RKABO� QEB�%��>KA�%��
LMBO>QFLK>I�PQO>QBDFBP��
�

•� %IB@QOF@FQV�PEFCQBA��H7E�J�	��7EFIB�QEFP�M>O>JBQBO�PBBJP�QL�?B�NRFQB�PFJFI>O�FK�K>QROB�
QL�QEB�CFOPQ��FQP�RKFQ�FP�CRKA>JBKQ>IIV�AFCCBOBKQ�>KA�OBCBOP�QL�QEB�QLQ>I�>JLRKQ�LC�BIB@QOF@FQV�
PEFCQBA�COLJ�MB>H�QL�LCCMB>H�MBOFLAP�LC� QEB�A>V�� )Q�MI>VP�>�JFKLO�OLIB� FK�QEB�OBPRIQP��
BPMB@F>IIV� TEBK� @LJM>OBA�TFQE� QEB� PEFCQBA� BIB@QOF@FQV� >P� >� MBO@BKQ>DB� LC� QEB� MB>H�
IL>AP��
�

•� %IB@QOF@FQV�.BQ�#LPQ��Y�J�	�FP�>�CFK>K@F>I�S>OF>?IB�QE>Q�JB>PROBP�QEB�KBQ�@LPQ�LC�BIB@QOF@FQV�
KBBABA�QL�@LSBO�>II�?RFIAFKD� IL>AP�@LKPFABOFKD�QEB�BUMBKPBP�>P�TBII�>P�QEB�OBSBKRB�
PQOB>J� COLJ� QEB�BUMLOQP��/QEBO�BUMBKAFQROBP� �B�D�� @>MFQ>I	�>OB�KLQ�@LKPFABOBA� FK� FQP�
@>I@RI>QFLK��

2BD>OAFKD�QEB�#"!�MOBPBKQBA�FK�#E>MQBO����QEOBB�>AAFQFLK>I�HBV�B@LKLJF@�S>OF>?IBP�>OB�RPBA��

•� .BQ�0OBPBKQ�#LPQ��.0#	�FK@IRABP�>II�QEB�KBD>QFSB�>KA�MLPFQFSB�CRQROB�@>PE�CILTP�LSBO�
QEB�BKQFOB�IFCB�LC�QEB�MOLGB@Q��AFP@LRKQBA�QL�QEB�MOBPBKQ��Q>HFKD�FKQL�>@@LRKQ�FKQBOBPQ�>KA�
FKCI>QFLK�O>QBP��#>MFQ>I�>KA�J>FKQBK>K@B�@LPQP�>OB�FK@IRABA�FK�FQP�@>I@RI>QFLK��
�

•� ,BSBIFPBA� #LPQ� LC� %IB@QOF@FQV� �,#/%	� FP� LCQBK� RPBA� QL� @LJM>OB� MLTBO� DBKBO>QFKD�
QB@EKLILDFBP�� )Q� OBCIB@QP� QEB�@LPQ�LC�BIB@QOF@FQV�MBO�H7E� CLO� QEB�BKQFOB�ARO>QFLK�LC� QEB�
MOLGB@Q�>KA�FP�@>I@RI>QBA�RPFKD�QEB�.0#�S>IRB��
�

•� &FK>K@F>I�JLQFSB��Y�H7E	�KBBABA�FP�LC�M>O>JLRKQ�LC�FJMLOQ>K@B�>P�FQ�@LKPQFQRQBP�QEB�
?RFIAFKD�OBT>OA�OBNRFOBA�FK�LOABO�QL�J>HB�QEB�.0#�LC�QEB�"33�>O?FQO>DB�P@EBJB�BNR>I�
QL�QEB�KL�PQLO>DB�P@BK>OFL��@LSBOFKD�FK�QEFP�T>V�>II�QEB�>AAFQFLK>I�BUMBKPBP��PR@E�>P�
@>MFQ>I�>KA�J>FKQBK>K@B�@LPQP���
�

�



����
�

"BCLOB�MOBPBKQFKD�>KA�AFP@RPPFKD� QEB� OBPRIQP� CLO�>II�?RFIAFKD�@>PBP�� FQ� FP�BPPBKQF>I� QL�?OFBCIV�
ABJLKPQO>QB�QEB�@LK@BMQ�LC�>O?FQO>DB�CLO�>II�QEOBB�AFPM>Q@E�PQO>QBDFBP�>KA�ELT�FQP�LMBO>QFLK�
>CCB@QP� QEB�BIB@QOF@FQV�MOLCFIB�LC�>�?RFIAFKD�� )K� QEFP�AFOB@QFLK��&FDROB�����MOBPBKQP� FK�ABQ>FI� QEB�
>O?FQO>DB�OBPRIQP� CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�"RFIAFKD�(T0,�����O	�� FK@IRAFKD�OB>IQFJB�
BIB@QOF@FQV�MOF@BP��BIB@QOF@FQV�BUMLOQP��?RFIAFKD�IL>AP�TFQE�>KA�TFQELRQ�QEB�RQFIFP>QFLK�LC�PQLO>DB�
>P�TBII�>P�QEB�?>QQBOV�@E>ODFKD�AFP@E>ODFKD�LMBO>QFLK��4EB�OBPRIQP�OBCBO�QL�QEB�MBOFLA�?BQTBBK�
��QE� –� ��PQ� LC� &B?OR>OV� ����� TEF@E� @LKPFPQP� LC� LKB� KLKTLOHFKD� A>V� �3RKA>V	� >KA� QTL�
@LKPB@RQFSB�TLOHFKD�A>VP��-LKA>V�>KA�4RBPA>V	���

!P�%��>IILTP�QEB�LMBO>QFLK�LC�QEB�"33�LK�KLKTLOHFKD�A>VP��QEB�?>QQBOV�@E>ODBP�AROFKD�QEB�
B>OIV�ELROP�LC�3RKA>V����–��>J����–��>J	�>KA�I>QBO�QEB�P>JB�>CQBOKLLK����–��MJ	�>Q�QFJBP�
TEBK�M>OQF@RI>OIV�ILT�BIB@QOF@FQV�MOF@BP�>MMIV��OB>@EFKD�>�JFKFJRJ�S>IRB�LC�Y������H7E��4EB�
?>QQBOV�AFP@E>ODBP�>Q�AFCCBOBKQ�MBOFLAP�AROFKD�QEB�A>V��KLLK�–��MJ����–��MJ	�TEBK�MOF@BP�>OB�
PFDKFCF@>KQIV�JLOB�BUMBKPFSB��BU@BBAFKD�Y�����H7E�?BQTBBK���–��MJ��4EB�LMBO>QFLK�LC�QEB�
?>QQBOV�@LKPFPQP�LC�QTL�>@QFSFQFBP��

•� -BBQFKD�QEB�>RUFIF>OV�?RFIAFKD�IL>AP�TEF@E�OBJ>FK�@LKPQ>KQIV�>Q������H7��!P�QEB�?>QQBOV�
PQ>KAP�>Q�>�QLQ>I�@>M>@FQV�LC�����H7E��FQ�@>K�@LSBO�QEB�BKQFOBQV�LC�QEBPB�IL>AP�CLO�QEB�
ELROP�QE>Q�FQ�FP�>@QFSB�>KA�>Q�FQP�AFP@E>ODFKD�ME>PB��

•� %UMLOQFKD�QEB�OBJ>FKFKD�LC�FQP�@>M>@FQV�?>@H�QL�QEB�DOFA��!P�>K�FKSBOQBO�LC����H7�FP�RPBA��
QEB�S>PQ�J>GLOFQV�LC�QEB�BIB@QOF@>I�BKBODV�FP�OBQROKBA�?>@H�QL�QEB�DOFA��

4EB�CLIILTFKD�A>V�FP�-LKA>V��>�TLOHFKD�A>V��QEBOBCLOB��QEB�?>QQBOV�@E>ODBP�?BQTBBK�JFAKFDEQ�
>KA��>J�>KA�FP�I>QBO�AFP@E>ODBA�AROFKD�QEB�TLOHFKD�ELROP�LC�QEB�?RFIAFKD��>Q�S>OFLRP�@>M>@FQFBP��
?BQTBBK���–���>J�>KA���–�6pm. For the former time period, the building’s electricity profile is 

OBAR@BA�AO>J>QF@>IIV�COLJ����QL����H7�TEFIB�CLO�QEB�I>QQBO�QEB�DOFA�MRO@E>PBP�AB@OB>PB�COLJ�
��� QL� ��� H7��!P� QEB� ?RFIAFKD� IL>AP� >OB� @LKPQ>KQIV� EFDE� AROFKD�TLOHFKD� ELROP�� QEBOB� FP� KL�
BIB@QOF@>I�BKBODV�IBCQ�FK�QEB�?>QQBOV�QL�?B�BUMLOQBA�?>@H�QL�QEB�DOFA��&LO�QEB�CFK>I�A>V�PELTK��QEB�
"33�LMBO>QBP�FK�QEB�P>JB�T>V��BU@IRPFSBIV�@LSBOFKD�QEB�IL@>I�IL>AP��ELTBSBO��QEB�BU>@Q�QFJB�
MBOFLAP�LC�@E>ODFKD�>KA�AFP@E>ODFKD�>P�TBII�>P�QEB�MLTBO�@>M>@FQFBP�RQFIFPBA�?V�QEB�OB@QFCFBO�
>KA�QEB�FKSBOQBO�>OB�>IT>VP�RKFNRB�>P�QEB�ELROIV�BIB@QOF@FQV�MOF@BP�>OB�AFCCBOBKQ�LK�>�A>FIV�?>PFP���

4EB�>O?FQO>DB�OBPRIQP�CLO�/MBO>QFLK>I�3QO>QBDV�%��>OB�PELTK�FK�&FDROB������CLO�QEB�P>JB�"33�
@LKCFDRO>QFLK�>KA�?RFIAFKD��?BQTBBK��QE�–���QE�LC�/@QL?BO������QE>Q�PFJFI>OIV�FK@IRABP�LKB�KLK
TLOHFKD�A>V��3RKA>V	��CLIILTBA�?V�QTL�TLOHFKD�A>VP��-LKA>V�>KA�4RBPA>V	��)Q�FP�BSFABKQ�QE>Q�
QEB�?>QQBOV�OBJ>FKP�FAIB�CLO�QEB�CFOPQ�A>V�>P�BUMLOQP�>OB�KLQ�>IILTBA�>KA�KL�PFDKFCF@>KQ�?RFIAFKD�
IL>AP�>OB�MOBPBKQ��&LO�QEB�OBPQ�LC�QEB�A>VP��?RFIAFKD�OBPRJBP�FQP�KLOJ>I�TLOHFKD�LMBO>QFLK�>KA�
during the battery’s discharging phase, MRO@E>PBP�COLJ�QEB�DOFA�>OB�>D>FK�OBAR@BA�>KA�QEBOB�
FP�>�QFJB�MBOFLA����–���>J�CLO�-LKA>V����–���>J�CLO�4RBPA>V	�TEBK�QEB�BIB@QOF@FQV�MRO@E>PBP�
COLJ�QEB�DOFA�>OB�WBOL��J>HFKD�QEB�?RFIAFKD�PBICOBIF>KQ�AROFKD�MB>H�QFJBP��&ROQEBOJLOB��AROFKD�
QEBPB�QFJBP�LC�PBICOBIF>K@B��QEBOB�FP�>�PJ>II�>JLRKQ�LC�BIB@QOF@FQV�BUMLOQBA�?>@H�QL�QEB�DOFA��
TFQE�FQP�OBPMB@QFSB�MLTBO�S>OVFKD�?BQTBBK���–���H7��4EFP�HBV�AFCCBOBK@B�Q>HBP�MI>@B�?B@>RPB�
the building’s energy demand for October is relatively lower when compared with the TFKQBO�
JLKQE�LC�&B?OR>OV��>P�PELTK�FK�&FDROB������IB>SFKD�>AAFQFLK>I�BKBODV�PQLOBA�FK�QEB�?>QQBOV�QL�
?B�RPBA�IL@>IIV�>KA�BSBK�QL�?B�PBKQ�?>@H��

&FK>IIV��&FDROB����� FIIRPQO>QBP� QEB�>O?FQO>DB�OBPRIQP� CLO� QEB� CFK>I�/MBO>QFLK>I�3QO>QBDV�%��QE>Q�
MOLEF?FQP�>KV�BUMLOQP��?BQTBBK���QE�–���KA�LC�!RDRPQ�������3FJFI>OIV�QL�%���QEBOB�FP�KL�?>QQBOV�
>@QFSFQV�LK�QEB�CFOPQ�A>V��3RKA>V	�>KA�>KV�?>QQBOV�AFP@E>ODBP�>OB�>RQLJ>QF@>IIV�QO>KPI>QBA�QL�
QEB�OBAR@QFLK�LC�QEB�DOFA�MRO@E>PBP�QEOLRDE�@LSBOFKD�QEB�IL@>I�?RFIAFKD�IL>AP��



����
�

�

Figure 5.1 – /MBO>QFLK�LC�"33�>KA�FQP�FJM>@Q�LK�QEB�BIB@QOF@FQV�MOLCFIB�LC�"RFIAFKD�(T0,�����O	�CLO�/MBO>QFLK>I�3QO>QBDV�%�������H7E��������
H7	� 
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Figure 5.2 – /MBO>QFLK�LC�"33�>KA�FQP�FJM>@Q�LK�QEB�BIB@QOF@FQV�MOLCFIB�LC�"RFIAFKD�(T0,�����O	�CLO�/MBO>QFLK>I�3QO>QBDV�%�������H7E��������
H7	 



����
�

�

Figure 5.3 – /MBO>QFLK�LC�"33�>KA�FQP�FJM>@Q�LK�QEB�BIB@QOF@FQV�MOLCFIB�LC�"RFIAFKD�(T0,�����O	�CLO�/MBO>QFLK>I�3QO>QBDV�%�������H7E��������
H7	
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4EB� ?>QQBOV� FP� @E>ODBA� AROFKD� QEB� B>OIV� ELROP� LC� B>@E� TLOHFKD� A>V� >KA� QEBK� AFP@E>ODBA�
through the building’s opening hours 8am�–��MJ��)Q�JRPQ�?B�EFDEIFDEQBA�QE>Q�CLO�QEB�CFK>I�A>V�
PELTK��QEB�LMBO>QFLK�LC�QEB�?>QQBOV�>IILTP�QEB�?RFIAFKD�QL�E>SB�WBOL�BIB@QOF@FQV�DOFA�MRO@E>PBP�
?BQTBBK��>J�–��MJ��TEF@E�@LKPQFQRQBP�>�MB>H�MBOFLA�LC���ELROP��4EFP�FP�>IPL�>QQOF?RQBA�QL�QEB�
ILTBO�BKBODV�ABJ>KA�LC�QEB�?RFIAFKD�CLO�QEB�JLKQE�LC�!RDRPQ�>KA�QEB�JFKFJ>I��FC�>KV��BIB@QOF@FQV�
@LKPRJMQFLK� CLO� EB>QFKD�� /SBO>II�� ABPMFQB� QEB� I>@H� LC� BUMLOQP� >KA� QEB� >AAFQFLK>I� OBSBKRB�
PQOB>J�� /MBO>Qional Strategy E0 can transform a building’s electricity profile should the 

@LKAFQFLKP�>IILT�FQ��BPMB@F>IIV�>�?BKBCF@F>I�AFPQOF?RQFLK�LC�?RFIAFKD�IL>AP�>KA�BIB@QOF@FQV�MOF@BP� 

2BD>OAFKD�QEB�QLQ>I�BIB@QOF@FQV�MRO@E>PBA�COLJ�QEB�DOFA�RKABO�%���QEB�>JLRKQ�S>OFBP�?BQTBBK�
������–�������H7E�J���CLO�QEB�����H7E�?>QQBOV��7EFIB�QEB�BIB@QOF@FQV�RPBA�QL�@LSBO�QEB�IL@>I�
KBBAP� >IT>VP� OBJ>FK� QEB� P>JB� MBO� ?RFIAFKD� P@BK>OFL�� >AAFQFLK>I� >JLRKQP� >OB� KBBABA� QL�
@E>ODB� QEB� ?>QQBOV� LK� >� A>FIV� ?>PFP�� FK@IRAFKD� BIB@QOF@FQV� QL� @LSBO� CLO� QEB� @E>ODFKD� >KA�
AFP@E>ODFKD�ILPPBP��TFQE�BU@BPP�BKBODV�BUMLOQBA�?>@H�QL�QEB�DOFA��4EB�BIB@QOF@FQV�MRO@E>PBP�
COLJ�QEB�DOFA�>OB�CROQEBO�>RDJBKQBA�?V�QEB�?>QQBOV�LMBO>QFLK�AROFKD�QEB�TBBHBKA�TEBK�QEB�
IL@>I�IL>AP�>OB�QOFSF>I��!AAFQFLK>IIV��QEB�O>KDBP�CLO�LMBO>QFLK>I�PQO>QBDV�%��>OB�������–�������
H7E�J��� PFDKFCF@>KQIV� OBAR@BA� ARB� QL� QEB� I>@H� LC� BUMLOQP� AROFKD� TBBHBKAP�� &LO� %��� QEB�
OBPMB@QFSB�O>KDB�FP�CROQEBO�OBAR@BA�QL�������–�������H7E�J��?B@>RPB�LC�QEB�@LJMIBQB�I>@H�LC�
BUMLOQP��&LO�@LJM>O>QFSB�MROMLPBP��QEB�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK�S>OFBP�?BQTBBK�������–�
������H7E�J��TEBK�KL�PQLO>DB�FP�LMBO>QFLK>I��

4EB�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	�OB>@EBP�FQP�EFDEBPQ�O>KDB�CLO�3QO>QBDV�%���������–�
������	��7FQE�BUMLOQP�BK>?IBA�AROFKD�KLKTLOHFKD�A>VP��QEB�%��O>KDB�FP�OBAR@BA��������–�
������	�>KA�OB>@EFKD�?BQTBBK�������–��������CLO�%��TFQE�BUMLOQP�BK>?IBA�PBSBK�A>VP�>�
TBBH��#LK@BOKFKD�QEB�BUMLOQBA�BIB@QOF@FQV��PFDKFCF@>KQ�AFCCBOBK@BP�@>K�?B�PBBK�?BQTBBK�QEB�
QTL� CFOPQ� LMBO>QFLK>I� PQO>QBDFBP��-LOB� PMB@FCF@>IIV�� RKABO�%��>�K>OOLT� O>KDB�LC� ����� –� �����
H7E�J��Q>HBP�MI>@B�@LJM>OBA�QL�QEB�������–�������H7E�J��%��@LRKQBOM>OQ��4EB�@LJ?FK>QFLK�
LC� QFJBPEFCQFKD� >KA� BUMLOQP� E>P� >K� FJM>@Q� LK� QEB� BIB@QOF@FQV� >KKR>I� KBQ� @LPQ�� 4>HFKD� FKQL�
>@@LRKQ� QEB� OBIBS>KQ� OBSBKRB� PQOB>JP� >KA� QEB� >AAFQFLK>I� DOFA� MRO@E>PBP�� RKABO� %��� QEB�
buildings’ electricity costs between �����–������Y�J��TEF@E�@LKPQFQRQBP�QEB�EFDEBPQ�O>KDB�LC�>II�
PQO>QBDFBP��4EB�OBPMB@QFSB�O>KDB�CLO�%��FP������–������Y�J��TEF@E�FP�PFJFI>O�QL�QEB�%��S>IRBP��
FKAF@>QFKD� QE>Q� QEB� %�� BUMLOQP� Q>HFKD� MI>@B� >OB� KLQ� PFDKFCF@>KQ�� !II� QEB� OBIBS>KQ� CFDROBP� CLO�
/MBO>QFLK>I�3QO>QBDFBP�%���%��>KA�%���>OB�PELTK�FK�!MMBKAFU�&�� CLO�>II�?RFIAFKD�P@BK>OFLP��
&FK>IIV�� 4>?IB� ���� ?BILT� PRJJ>OFPBP� QEB� FKCLOJ>QFLK� MOLSFABA� CLO� >II� QEOBB� /MBO>QFLK>I�
3QO>QBDFBP�>KA�QEB�JLPQ�FJMLOQ>KQ�M>O>JBQBOP�CLO�>II�QEB�PFJRI>QBA�?RFIAFKD�P@BK>OFLP��

Table 5.1 –�!O?FQO>DB�>KKR>I�OBPRIQP�CLO�/MBO>QFLK>I�3QO>QBDFBP�CLO�QEB�����H7E�"33�����
H7����H7	�>KA�.L�3QLO>DB��

Parameter (Unit) Operational Strategy 
E7 E5 E0 No Storage 

%IB@QOF@FQV�3EFCQBA��
���LC�MB>H�IL>AP	�

������–������� ������–������� ������–������� .�!�

%IB@QOF@FQV�%UMLOQP�
�H7E�J�	�

������–������� �����–������ �� .�!�

%IB@QOF@FQV�.BQ�#LPQ�
�Y�J�	�

�����–������ �����–������ �����–������ .�!�

4LQ>I�%IB@QOF@FQV�
#LKPRJMQFLK��H7E�J�	�

������–������� ������–������� ������–������� ������–�������

%IB@QOF@FQV�3EFCQBA�
�H7E�J�	�

������–������� ���–������� ������–������� .�!�
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5.2 Birmingham IWEC Results (2017 RTP Data) 
)K�QEFP�@E>MQBO��QEB�OBPRIQP�E>SB�?BBK�@>QBDLOFPBA�MBO�ABPFDK�@E>O>@QBOFPQF@�FK�LOABO�QL�>PPBPP�
QEB� FKAFSFAR>I� FJM>@Q� QE>Q� B>@E� ?RFIAFKD� BIBJBKQ� E>P� LK� QEB� >O?FQO>DB� MBOCLOJ>K@B� >KA�
B@LKLJF@P��4L�ABJLKPQO>QB� QEFP�� QEB�AFCCBOBK@BP�?BQTBBK� QEB�S>IRBP�LC� QTL�J>FK�"RFIAFKD�
'OLRMP�>OB�MOBPBKQBA�FK�QBOJP�LC�QEB�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP�>KA�H7E�J�	��BUMLOQP�
�H7E�J�	� >KA� KBQ� @LPQ� �Y�J�	� >ILKD� TFQE� QEBFO� LSBO>II� JB>K� S>IRB� CLO� B>@E� /MBO>QFLK>I�
3QO>QBDV��!P�BUMLOQP�>OB�AFP>?IBA�RKABO�%���QEB�OBPMB@QFSB�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	�
OBPRIQP� @>K� ?B� RPBA� >P� QEB� PLIB� QB@EKF@>I� JBQOF@� CLO� @LJM>OFKD� QEB� ?RFIAFKDP’� >O?FQO>DB�
MBOCLOJ>K@B�>ILKD�TFQE� QEB�KBQ�@LPQ� CLO� QEB� CFK>K@F>I�>PMB@Q�LC� QEB�P@EBJB��4EB� QTL�J>FK�
?RFIAFKD�DOLRMP�E>SB�?BBK�PBIB@QBA�FK�PR@E�>�T>V�QE>Q�?RFIAFKDP�?BILKDFKD�QL�LKB�DOLRM�AFCCBO�
LKIV�FK�LKB�MOFJ>OV�ABPFDK�@E>O>@QBOFPQF@�COLJ�QEB�?RFIAFKDP�LC�QEB�LQEBO�DOLRM�TELPB�FJM>@Q�
FP� QL� ?B� >PPBPPBA�� !AAFQFLK>IIV�� B>@E�J>FK� ?RFIAFKD� DOLRM� @LKPFPQP� LC� PBSBO>I� �PB@LKA>OV	�
PR?DOLRMP�� CLRKA� FK� B>@E� IFKB� LC� QEB� Q>?IB�P	�� "RFIAFKDP� LC� B>@E� PR?DOLRM� AFCCBO� LKIV� FK� >�
PB@LKA>OV� ?RFIAFKD� BIBJBKQ� TEBK� @LJM>OBA� QL� QEB� OBPMB@QFSB� ?RFIAFKD� @>PBP� LC� LQEBO�
PR?DOLRMP�QE>Q�?BILKD�FKQL�QEB�P>JB�J>FK�?RFIAFKD�DOLRM��

)K� QEFP�T>V�� FKPQB>A�LC�DBKBO>QFKD�LKIV�>�JB>K�S>IRB� CLO�B>@E�J>FK�DOLRM�� FQ� FP�MLPPF?IB� QL�
FABKQFCV�FC�>�J>GLO�ABSF>QFLK�COLJ�QEB�JB>K�S>IRB�Q>HBP�MI>@B�?BQTBBK�?RFIAFKD�PR?DOLRMP�ARB�
QL�QEB�PB@LKA>OV�?RFIAFKD�BIBJBKQ��!P�?LQE�MLPFQFSB�>KA�KBD>QFSB�S>IRBP�@>K�?B�MOBPBKQ�CLO�
QEB�PBSBO>I�?RFIAFKD�PR?DOLRMP��QEB�JB>K�S>IRB�LC�QEB�>?PLIRQB�AFCCBOBK@BP�FP�>IPL�DFSBK�MBO�
M>O>JBQBO��@LIRJK	�FK�LOABO�QL�MLFKQ�LRQ�>KV�PFDKFCF@>KQ�S>OF>QFLKP�TEF@E�TLRIA�LQEBOTFPB�?B�
RKABQB@QBA�?V�QEB�JB>K�S>IRB��7EFIB�QEB�JB>K�S>IRB�LC�QEB�AFCCBOBK@BP�@>K�MLFKQ�LRQ�TEF@E�
?RFIAFKD�@>QBDLOV�@>K�PEFCQ�JLOB�BIB@QOF@FQV��CLO�BU>JMIB��QEB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP�
@>K�?B�RPBA�QL�@I>PPFCV�QEB�?RFIAFKD�ABPFDK�BIBJBKQP�>@@LOAFKD�QL�QEB�>SBO>DB�FJM>@Q�QEBV�
have on the buildings’�>O?FQO>DB�MBOCLOJ>K@B��)K�QEB�MOBPBKQ�@E>MQBO��QEB�FKAFSFAR>I�FJM>@Q�LC�
PBSBO>I�?RFIAFKD�BIBJBKQP�FP�FKSBPQFD>QBA�>KA�MOBPBKQBA�FK�QEB�CLIILTFKD�LOABO��PBM>O>QBIV�CLO�
B>@E�LMBO>QFLK>I�PQO>QBDV��)Q�PELRIA�?B�OBJFKABA�QE>Q�LKIV�>KKR>I�OBPRIQP�CLO�QEB�?FDDBPQ�"33�
PFWB�LC�����H7E�>OB�PELTK��

>	� Fabric’s %KBODV�%CCF@FBK@V�
?	� 7FKALTQL7>II�O>QFL��DI>WFKD	�
@	� /OFBKQ>QFLK�
A	� 4EBOJ>I�J>PP�
B	� 6BKQFI>QFLK�JBQELA�
C	� 3E>MB�

������)JM>@Q�LC�%KBODV�%CCF@FBK@V�
2BD>OAFKD� QEB� FJM>@Q� LC� the fabric’s� BKBODV� BCCF@FBK@V� �MBOCLOJ>K@B	� FK� QEB� >O?FQO>DB�
MBOCLOJ>K@B�LC�?RFIAFKDP��OBPRIQP�>OB�PELTK�FK�4>?IB�����CLO�/MBO>QFLK>I�3QO>QBDV�%���-LOB�
PMB@FCF@>IIV��QEB��PQ�"RFIAFKD�'OLRM�@LKPFPQP�LC�"BPQ�0O>@QF@B�?RFIAFKDP�TEFIB�QEB��KA�DOLRM�LC�
0>OQ�,�@LJMIF>KQ�@>PBP��!AAFQFLK>IIV��B>@E�PR?DOLRM�LC�QEB�"BPQ�0O>@QF@B�>KA�0>OQ�,�"RFIAFKDP�
AFCCBO�FK�QEB�?RFIAFKD�LOFBKQ>QFLK�QE>Q�@LKPQFQRQBP�QEB�PB@LKA>OV�?RFIAFKD�BIBJBKQ��)Q�FP�@IB>O�QE>Q�
PFK@B�>II� S>IRBP�>OB�MLPFQFSB� CLO� QEB� PEFCQBA�BIB@QOF@FQV� ���LC� MB>H� IL>AP	�>KA�BUMLOQP��"BPQ�
0O>@QF@B�?RFIAFKDP�>OB�>?IB�QL�PEFCQ�������JLOB�BIB@QOF@FQV�>P�>�MBO@BKQ>DB�LC�QEBFO�MB>H�IL>AP�
>KA�BUMLOQ������H7E�J��JLOB�BIB@QOF@FQV�?>@H�QL�QEB�DOFA��FK�>SBO>DB��4EFP�@>K�?B�L?PBOSBA�
CLO�>II�PB@LKA>OV�@>QBDLOFBP�>P�QEB�AFCCBOBK@BP�FK�BIB@QOF@FQV�PEFCQBA�DO>AR>IIV�FK@OB>PBP�COLJ�
����� QL� ������TEFIB�JLSFKD� >T>V� COLJ� QEB� LOFDFK>I� PLRQEBOKKLOQEBOK� LOFBKQ>QFLK�� CLO� � QEB�
OB@Q>KDRI>O�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP���O�–���O	��%KBODV�BCCF@FBK@V�>MMB>OP�QL�E>SB�>�
PIFDEQIV� ILTBO� FJM>@Q� CLO� K>QRO>IIV� SBKQFI>QBA� ?RFIAFKDP� TFQE� >� JB>K� AFCCBOBK@B� LC� �������
$FCCBOBK@BP�FK�BIB@QOF@FQV�BUMLOQP�>MMB>O�QL�?B�@LKPFPQBKQ�TFQE�SBOV�JFKLO�S>OF>QFLKP�>@OLPP�QEB�
AFCCBOBKQ�PB@LKA>OV�PR?DOLRMP��
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Table 5.2�–��)JM>@Q�LC�%KBODV�%CCF@FBK@V�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�
%��>KA�QEB�����H7E�"33�

Building Category Parameter (Unit) 
1st Building 

Group 
 (Best 

Practice) 

2nd Building 
Group  
( Part L 

Compliant) 

Differences 
in 

Electricity 
shifted (% 

of peak 
loads) 

Differences 
in Exports 
(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences 
in 

Electricity 
Shifted 

(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� ����� ����� �����
�O���O���O���O� �O���O���O���O� ����� ����� ����� �����
�O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

��O����O��
���O����O�

��O����O��
���O����O�

����� ����� ����� �����

��O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

�O.���O.��
��O.����O.��
��O.����O.��
��O.����O.�

�O.���O.��
��O.����O.��
��O.����O.��
��O.����O.�

����� ����� ����� �����

-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

Table 5.3�–�)JM>@Q�LC�%KBODV�%CCF@FBK@V�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�
%��>KA�QEB�����H7E�"33�

Building Category Parameter (Unit) 
1st Building 
Group (Best 

Practice) 

2nd Building 
Group  
( Part L 

Compliant) 

Differences 
in 

Electricity 
shifted (% 

of peak 
loads) 

Differences 
in Exports 
(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences 
in 

Electricity 
Shifted 

(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� ����� ����� �����
�O���O���O���O� �O���O���O���O� ����� ����� ����� �����
�O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

��O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

��O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

�O.���O.���
�O.����O.��
��O.����O.��
��O.����O.�

�O.���O.��
��O.����O.��
��O.����O.��
��O.����O.�

����� ����� ����� �����

-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

�



����
�

2BD>OAFKD�QEB�B@LKLJF@P��>P�"BPQ�0O>@QF@B�?RFIAFKDP�MBOCLOJ�?BQQBO�FK�QBOJP�LC�PEFCQFKD�>KA�
BUMLOQFKD��QEBV�>OB�>IPL�@EB>MBO�LSBO>II�QL�LMBO>QB��-LOB�PMB@FCF@>IIV��QEBFO�BIB@QOF@FQV�KBQ�@LPQ�
FP�LK�>SBO>DB������Y�J��ILTBO�QL�0>OQ�,�#LJMIF>KQ�?RFIAFKDP�TFQE�JFKLO�S>OF>QFLKP�>D>FK�?BFKD�
MOBPBKQ� >@OLPP� QEB� AFCCBOBKQ� PR?DOLRMP�� &FK>IIV�� FQ� FP� FJMLOQ>KQ� QL� MLFKQ� LRQ� QE>Q�TEFIB�"BPQ�
0O>@QF@B� ?RFIAFKDP� PEFCQ�JLOB� BIB@QOF@FQV� >P� >� MBO@BKQ>DB� LC� QEBFO� MB>H� IL>AP�� FQ� FP� QEB� IBPP�
BCCF@FBKQ�0>OQ�,�?RFIAFKDP� QE>Q�PEFCQ������H7E�J��JLOB�BIB@QOF@FQV�>KA�@LKPBNRBKQIV�>�EFDEBO�
>JLRKQ�LC�PEFCQBA�H7E��4EFP�FP�KLQ�PROMOFPFKD�>P�DBKBO>IIV��>�?RFIAFKD�TEF@E�FP�IBPP�QEBOJ>IIV�
BCCF@FBKQ� OBNRFOBP� >KA� RPBP� JLOB� BIB@QOF@FQV� CLO� QEB� BU>@Q� P>JB� CRK@QFLKP� >KA� LMBO>QFLKP��
QEBOBCLOB��FQ�@>K�MLQBKQF>IIV�PEFCQ�JLOB�BIB@QOF@FQV�FK�>?PLIRQB�KRJ?BOP�QEOLRDE�>O?FQO>DB�TEBK�
>�"33�FP�ABMILVBA���

(LTBSBO��BSBK�FC�>� IBPP�BCCF@FBKQ�?RFIAFKD��0>OQ�,	�PEFCQP�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV�QE>K�>�
JLOB�BCCF@FBKQ�?RFIAFKD��"BPQ�0O>@QF@B	�FK�H7E��FQ�PQFII�PEFCQP�IBPP�BKBODV�>P�>�MBO@BKQ>DB�LC�FQP�
MB>H� IL>AP� TEF@E� @LKPQFQRQBP� a clearly more appropriate metric of a building’s arbitrage 

@>M>?FIFQFBP��!IQBOK>QFSBIV��DFSFKD�MOFLOFQV�QL�QEB�QLQ>I�BIB@QOF@FQV�PEFCQBA��H7E�J�	�TLRIA�OBPRIQ�FK�
MOFLOFQFPFKD�?RFIAFKDP�TFQE�EFDEBO�QEBOJ>I�ILPPBP�QL�?B�@LKPFABOBA�>P�JLOB�>MMOLMOF>QB�>O?FQO>DB�
SB@QLOP��>K�BKA� OBPRIQ�TEF@E�@LRIA�?B�MBO@BFSBA�>P�@LRKQBOMOLAR@QFSB��!P� QEFP�L?PBOS>QFLK�
>MMIFBP�QL�>II�>O?FQO>DB�OBPRIQP��BIB@QOF@FQV�PEFCQBA��H7E�J�	�FP�QEBOBCLOB�KLQ�@LKPFABOBA�>�@OR@F>I�
M>O>JBQBO�>KA�FQP�FK@IRPFLK�FK�QEB�OBPRIQP�PB@QFLK�FP�CLO�@LJMIBQFLK�>KA�SBOFCF@>QFLK�MROMLPBP��

4EB�OBPMB@QFSB�@LJM>OFPLK�CLO�/MBO>QFLK>I�3QO>QBDV�%��FP�PELTK�FK�4>?IB������)Q�@>K�?B�PBBK�
QE>Q�QEB�EFDEBO�BKBODV�BCCF@FBK@V�LC�QEB�"BPQ�0O>@QF@B�"RFIAFKDP�IB>AP�QL�>�JB>K�S>IRB�LC�������
JLOB� BIB@QOF@FQV� PEFCQBA� TEFIB� ����� H7E�J�� LC� BUQO>� BKBODV� FP� BUMLOQBA� ?>@H� QL� QEB� DOFA��
-LOBLSBO��"BPQ�0O>@QF@B�?RFIAFKDP�>OB������Y�J��JLOB�>CCLOA>?IB� FK�QBOJP�LC� QEBFO�KBQ�@LPQ��
3FJFI>OIV� QL� QEB� %�� OBPRIQP�� QEB� AFCCBOBK@B� FK� BIB@QOF@FQV� PEFCQBA� ��� LC� MB>H� IL>AP	� PIFDEQIV�
FK@OB>PBP� TEBK� JLSFKD� >T>V� COLJ� QEB� LOFDFK>I� PLRQEBOKKLOQEBOK� LOFBKQ>QFLK�� CLO� QEB�
OB@Q>KDRI>O� JB@E>KF@>IIV� SBKQFI>QBA� @>PBP� ��O� –� ��O	�� )K� >AAFQFLK�� QEB� S>IRBP� >OB� >D>FK�
@LKPFPQBKQ�>@OLPP�QEB�PB@LKA>OV�?RFIAFKD�DOLRMP�TFQE�QOFSF>I�S>OF>QFLKP��&FK>IIV��FQ�FP�@IB>O�QE>Q�
QEB� FJM>@Q�LC�BKBODV�BCCF@FBK@V� FP�PFJFI>O� CLO�?LQE�PQO>QBDFBP�%��>KA�%��TFQE�LKIV� QEB�JB>K�
AFCCBOBK@B�FK�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	�?BFKD�PIFDEQIV�EFDEBO�RKABO�%���������FKPQB>A�
LC������	��

/K�QEB�LQEBO�E>KA��QEFP�FP�KLQ�QEB�@>PB�CLO�/MBO>QFLK>I�3QO>QBDV�%��ARB�QL�FQP�AFCCBOBKQ�K>QROB�
>KA� QEB� I>@H�LC� BUMLOQP�� >P�MOBPBKQBA�?BILT� FK�4>?IB� �����-LOB�PMB@FCF@>IIV��"BPQ�0O>@QF@B�
?RFIAFKDP�>OB�>?IB�QL�PEFCQ�LK�>SBO>DB�������LC�QEBFO�MB>H�IL>AP��PFDKFCF@>KQIV�EFDEBO�QE>K�QEB�
%��>KA�%��S>IRBP�TEF@E�>OB�������>KA��������OBPMB@QFSBIV��@LKPBNRBKQIV��QEB�fabric’s’ energy 

BCCF@FBK@V�E>P�FQP�EFDEBPQ�FJM>@Q�FK�BKBODV�PEFCQFKD�CLO�%���)K�QBOJP�LC�QEB�B@LKLJF@�LRQMRQ��QEB�
JB>K�AFCCBOBK@B�FK�KBQ�@LPQ�?BQTBBK�"BPQ�0O>@QF@B�>KA�0>OQ�,�?RFIAFKDP�FP�>IJLPQ�FABKQF@>I�QL�
QEB�S>IRBP�>@EFBSBA�TFQE�QEB�MOBSFLRP�PQO>QBDFBP�������Y�J�	����

4EFP� FP�BUMB@QBA�>P� QEB�BIB@QOF@FQV�KBQ�@LPQ� FP�>IT>VP�ABMBKABKQ�LK� QEB�@LJ?FK>QFLK�LC� QEB�
PEFCQFKD� >KA� BUMLOQFKD� >@QFSFQFBP� TEF@E� FP� OBI>QFSBIV� @LKPQ>KQ� >P� >� PRJ� CLO� >II� LMBO>QFLK>I�
PQO>QBDFBP��#LK@BOKFKD�QEB�AFCCBOBK@BP�FK�BIB@QOF@FQV�PEFCQBA��H7E�J�	��QEB�IBPP�BCCF@FBKQ�0>OQ�,�
"RFIAFKDP� PQFII� @LKPRJB� >KA� QEBOBCLOB� PEFCQ� JLOB� BIB@QOF@FQV�� KBSBOQEBIBPP�� QEB� AFCCBOBK@B�
?BQTBBK�QEB�QTL�J>FK�?RFIAFKD�DOLRM�RKABO�%��FP�@LKPFABO>?IV�PJ>IIBO�������H7E�J�	�TEBK�
@LJM>OBA�QL�QEB�OBPMB@QFSB�S>IRBP�CLO�%��>KA�%��������>KA������H7E�J�) due to the strategies’ 

AFCCBOBKQ�>MMOL>@EBP�>KA�MOFLOFQFBP��

�

�

�



����
�

Table 5.4�–�)JM>@Q�LC�%KBODV�%CCF@FBK@V�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�
%��>KA�QEB�����H7E�"33�

Building Category Parameter (Unit) 
1st Building 
Group (Best 

Practice) 

2nd Building 
Group  
( Part L 

Compliant) 

Differences 
in 

Electricity 
shifted (% 

of peak 
loads) 

Differences 
in Exports 
(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences 
in 

Electricity 
Shifted 

(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� .�!� ����� �����
�O���O���O���O� �O���O���O���O� ����� .�!� ����� �����
�O����O��
���O����O�

��O����O���
��O����O�

����� .�!� ����� �����

��O����O���
��O����O�

��O����O��
���O����O�

����� .�!� ����� �����

��O����O��
���O����O�

��O����O���
��O����O�

����� .�!� ����� �����

�O.���O.��
��O.����O.��
��O.����O.��
��O.����O.�

�O.���O.��
��O.����O.��
��O.����O.��
��O.����O.�

����� .�!� ����� �����

-B>K�S>IRB� ����� .�!� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� .�!� ����� �����

 

������)JM>@Q�LC�7FKALTQL7>II�O>QFL��DI>WFKD	�
2BD>OAFKD�QEB�FJM>@Q�LC�DI>WFKD��QEB�>O?FQO>DB�MBOCLOJ>K@B�LC�����>KA�����DI>WBA�?RFIAFKDP�
FP�MOBPBKQBA�FK�4>?IB�����CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�OBPRIQP�>OB�I>ODBIV�@LKPFPQBKQ�>@OLPP�
>II�M>O>JBQBOP�>KA�PB@LKA>OV�PR?DOLRMP��/OFBKQ>QFLK�@LKPQFQRQBP�>D>FK�QEB�PB@LKA>OV�?RFIAFKD�
@E>O>@QBOFPQF@��)K�JLOB�ABQ>FI��?RFIAFKDP�TFQE�����DI>WFKD�PEFCQ�������LC�QEBFO�MB>H�IL>AP�JLOB�
QE>K� ?RFIAFKDP� TFQE� ���� DI>WFKD� TEFIB� QEBFO� BIB@QOF@FQV� KBQ� @LPQ� FP� ����� Y�J�� @EB>MBO�� LK�
>SBO>DB��/K�QEB�LQEBO�E>KA��>P�����DI>WBA�?RFIAFKD�@>PBP�@LKPRJB�JLOB�BIB@QOF@FQV��QEBV�>OB�
@>M>?IB�LC�PEFCQFKD�EFDEBO�>JLRKQP�LC�BKBODV�QE>K�QEB�����DI>WBA�@>PBP�>KA�JLOB�PMB@FCF@>IIV��
�����H7E�J��JLOB��

4EB� OBPMB@QFSB� OBPRIQP� CLO� %�� >OB� MOBPBKQBA� ?BILT� FK� 4>?IB� ����� #LK@BOKFKD� QEB� PEFCQBA�
BIB@QOF@FQV����LC�MB>H�IL>AP	��QEB�AFCCBOBK@B�?BQTBBK�QEB�QTL�J>FK�DOLRMP�FP�FKPFDKFCF@>KQ�>P�
����DI>WBA�?RFIAFKDP�>OB�>?IB�LC�PEFCQFKD�������JLOB��(LTBSBO��QEB�>SBO>DB�LC�QEB�>?PLIRQB�
AFCCBOBK@BP� FP�������� OB>IIV�@ILPB� QL� QEB�%��S>IRB�� FKAF@>QFKD� QE>Q� QEBOB� FP�>�@BOQ>FK� IBSBI�LC�
S>OF>QFLK�FKPFAB�QEB�PB@LKA>OV�PR?DOLRMP��/KIV�QEB�EB>SVTBFDEQ�?RFIAFKDP�QE>Q�>OB�����DI>WBA�
>OB�>?IB�QL�PEFCQ�JLOB�LC�QEBFO�MB>H�IL>AP�@LJM>OBA�QL�QEB�����DI>WBA�EB>SVTBFDEQ�@>PBP��/K�
QEB�LQEBO�E>KA�� IFDEQTBFDEQ�?RFIAFKDP�TFQE�����DI>WFKD�PEFCQ�PIFDEQIV� IBPP�BIB@QOF@FQV� QE>K�QEB�
OBPMB@QFSB�����DI>WBA�@>PBP�FK�QBOJP�LC�QEBFO�MB>H�IL>AP���

#LKPBNRBKQIV�� QEBOJ>I�J>PP�ALBP�MI>V�>�JFKLO�OLIB�TEBK�BU>JFKFKD�QEB�OBPRIQP� FKPFAB� QEB�
PR?DOLRMP��ELTBSBO��FK�QEFP�M>OQF@RI>O�@>PB�FQP�LSBO>II�FKCIRBK@B�FP�JFKFJ>I��!�PFJFI>O�QOBKA�@>K�
?B�L?PBOSBA�TEBK�ILLHFKD�>Q�QEB�%��PEFCQBA�BIB@QOF@FQV����LC�MB>H�IL>AP	�OBPRIQP�COLJ�>�QEBOJ>I�
J>PP�MBOPMB@QFSB�>P�QEB�AFCCBOBK@B�?BQTBBK�����>KA�����DI>WBA�?RFIAFKDP�FP�EFDEBO�TEBK�
@LJM>OFKD�QEB�EB>SVTBFDEQ�@>PBP��&ROQEBOJLOB��QEB�JB>K�AFCCBOBK@B�FK�KBQ�@LPQ�FP�FABKQF@>I�QL�
QEB�%��S>IRB�������Y�J�	�TEFIB�����DI>WBA�?RFIAFKDP�PEFCQ������H7E�J��JLOB�BIB@QOF@FQV��PIFDEQIV�
EFDEBO�TEBK�@LJM>OBA�QL�QEB�OBPMB@QFSB�%��S>IRB������	��



����
�

Table 5.5�–�)JM>@Q�LC�7FKALTQL7>II�O>QFL��DI>WFKD	 LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�
/MBO>QFLK>I�3QO>QBDV�%��>KA�QEB�����H7E�"33 

Building Category Parameter (Unit) 
1st Building 
Group (30% 

glazed)  

2nd Building 
Group  

(80% glazed) 
 

Average of 
Differences 

in 
Electricity 
shifted (% 

of peak 
loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� ����� ����� �����
�O���O���O���O� �O���O���O���O� ����� ����� ����� �����
�O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

��O����O��
���O����O�

��O����O���
��O����O�

����� ����� ����� �����

��O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

� -B>K�S>IRB� � ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

Table 5.6�–�)JM>@Q�LC�7FKALTQL7>II�O>QFL��DI>WFKD	 LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�
/MBO>QFLK>I�3QO>QBDV�%��>KA�QEB�����H7E�"33 

Building Category Parameter (Unit) 
1st Building 

Group 
(30% glazed)   

2nd Building 
Group  

(80% glazed) 
 

Average of 
Differences 

in 
Electricity 
shifted (% 

of peak 
loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� ����� ����� �����
�O���O���O���O� �O���O���O���O� ����� ����� ����� �����
�O����O���
��O����O�

��O����O��
���O����O�

����� ����� ����� �����

��O����O���
��O����O�

��O����O���
��O����O�

����� ����� ����� �����

��O����O���
��O����O�

��O����O��
��O����O�

����� ����� ����� �����

-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

&FK>IIV�� QEB�%��OBPRIQP�>OB�LC� CRKA>JBKQ>I� FJMLOQ>K@B�QLT>OAP�ABJLKPQO>QFKD� QEB� FJM>@Q�LC�
DI>WFKD�LK�>O?FQO>DB�MBOCLOJ>K@B��4>?IB����	������DI>WBA�?RFIAFKDP�@>K�PEFCQ�������LC�QEBFO�
MB>H�IL>AP�JLOB�@LJM>OBA�QL�QEB�OBPMB@QFSB�����DI>WBA�?RFIAFKD�@>PBP��!P�QEB�IB>PQ�BKBODV�
BCCF@FBKQ�?RFIAFKD�DOLRM������DI>WBA�?RFIAFKDP�>OB�PQFII�>?IB�QL�PEFCQ�JLOB�BIB@QOF@FQV��H7E�J�	��
ELTBSBO��QEB�AFCCBOBK@B�E>P�KLT�?BBK�AB@OB>PBA�QL������H7E�J���)K�B@LKLJF@�QBOJP��QEBOB�
>OB�KL�AFCCBOBK@BP�COLJ�QEB�MOBSFLRP�QTL�LMBO>QFLK>I�PQO>QBDFBP��>P�JBKQFLKBA�FK�QEB�MOBSFLRP�



����
�

@E>MQBO��>P�����DI>WBA�?RFIAFKDP�PQFII�OBNRFOB������Y�J��ILTBO�KBQ�@LPQ��/SBO>II��QEBOB�>OB�KL�
M>OQF@RI>O�AFCCBOBK@BP�?BQTBBK�QEB�JB>K�S>IRB�>KA�QEB�JB>K�S>IRB�LC�QEB�>?PLIRQB�AFCCBOBK@BP� 

Table 5.7�–�)JM>@Q�LC�7FKALTQL7>II�O>QFL��DI>WFKD	 LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�
/MBO>QFLK>I�3QO>QBDV�%��>KA�QEB�����H7E�"33 

Building Category Parameter (Unit) 
1st Building 

Group 
(30% glazed)   

2nd Building 
Group  

(80% glazed) 
 

Average of 
Differences 

in 
Electricity 
shifted (% 

of peak 
loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� .�!� ����� �����
�O���O���O���O� �O���O���O���O� ����� .�!� ����� �����
�O����O���
��O����O�

��O����O��
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-B>K�S>IRB� ����� .�!� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� .�!� ����� �����

 

������)JM>@Q�LC�/OFBKQ>QFLK�
)K� 4>?IB� ����� QEB� >O?FQO>DB� OBPRIQP� @>K� ?B� PBBK� OBD>OAFKD� QEB� FJM>@Q� LC� LOFBKQ>QFLK� LK� QEB�
building’s arbitrage performance, for Operational Strategy E7. Firstly, considering the southern 

LOFBKQ>QFLK�>P�QEB�ABC>RIQ�LKB��>�@LJM>OFPLK�FP�J>AB�CLO�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�>KA�
PB@LKAIV� QEB� P>JB� @LJM>OFPLK� CLIILTP� CLO� ?RFIAFKDP� >ALMQFKD� K>QRO>I� SBKQFI>QFLK�� -LOB�
PMB@FCF@>IIV�� TEBK�JB@E>KF@>I� SBKQFI>QFLK� FP� RPBA�� FQ� FP� @IB>O� QE>Q� ?RFIAFKDP�TFQE� QEB� ABC>RIQ�
PLRQEBOK� LOFBKQ>QFLK� PEFCQ� ������JLOB� MB>H� BIB@QOF@FQV� @LJM>OBA� QL� QEB� PLRQETBPQBOK� >KA�
PLRQEB>PQBOK�LOFBKQ>QFLKP�TEFIB�QEBV�>OB�>?IB�LC�PEFCQFKD�������JLOB�FK�@LKQO>PQ�QL�?RFIAFKDP�
TFQE� QEB� B>PQBOK� LOFBKQ>QFLK�� QEB� JB>K� AFCCBOBK@B� TEBK� JLSFKD� >T>V� COLJ� QEB� ABC>RIQ�
LOFBKQ>QFLK�OB>@EBP�QEB�S>IRB�LC�������CLO�>II�?RFIAFKDP�LC�?LQE�SBKQFI>QFLK�PQO>QBDFBP��

!AAFQFLK>IIV�� FQ� FP� PELTK� QE>Q� QEBOB� >OB� KL� J>GLO� AFCCBOBK@BP� FK� QBOJP� LC� BUMLOQP� >KA� QEB�
BIB@QOF@FQV�KBQ�@LPQ�?BQTBBK�QEB�QTL�J>FK�?RFIAFKD�DOLRMP��?RFIAFKDP�TFQE�PLRQEBOK�LOFBKQ>QFLK�
PQFII�MBOCLOJ�PIFDEQIV�?BQQBO�TEBK�JB@E>KF@>I�SBKQFI>QFLK�FP�ABMILVBA�?RQ�QEFP�FP�KLQ�>IT>VP�QEB�
@>PB�CLO�K>QRO>IIV�SBKQFI>QBA�@>PBP�TEF@E�@>K�MBOCLOJ�J>ODFK>IIV�?BQQBO�LO�TLOPB�TEBK�JLSFKD�
>T>V�COLJ�QEB�ABC>RIQ�LOFBKQ>QFLK��B�D��"RFIAFKDP��O.�–��O.�SBOPRP��O.�–���O.	��4EFP�FP�ARB�QL�
>�@BOQ>FK� IBSBI�LC� S>OF>QFLKP�LC�KL�AFP@BOKF?IB�M>QQBOK� QE>Q�>OB�MOBPBKQ�TEBK�@LJM>OFKD� QEB�
PBSBO>I�PR?DOLRMP�LC� QEB� QTL�J>FK�?RFIAFKD�@>QBDLOFBP�>KA�K>QRO>I�SBKQFI>QFLK� FP�RPBA�� 4EB�
LSBO>II�AFCCBOBK@B�FP�QOFSF>I�CLO�BUMLOQP�>KA�BIB@QOF@FQV�PEFCQBA��H7E�J�) while it’s relatively small 

CLO� QEB� BIB@QOF@FQV� KBQ� @LPQ� ������ Y�J�	�� C>SLROFKD� QEB� ABC>RIQ� LOFBKQ>QFLK�� "B@>RPB� LC� QEB�
MOBSFLRPIV�AFP@RPPBA�S>OF>QFLKP�QE>Q�BUFPQ�TEBK�K>QRO>I�SBKQFI>QFLK�FP�RPBA��QEB�JB>K�>KA�QEB�
>?PLIRQB� JB>K� S>IRBP� >OB� RKPROMOFPFKDIV� KLQ� BNR>I�� KBSBOQEBIBPP�� QEBFO� AFCCBOBK@B� FP� KLQ�
PR?PQ>KQF>I��!P� PELTK� FK�4>?IB� ����� QEB� OBPRIQP� CLO�%��>OB� SBOV�PFJFI>O� >KA� FK� PLJB�@>PBP�
FABKQF@>I�QL�QEBFO�OBPMB@QFSB�%��S>IRBP��

�
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Table 5.8�–�)JM>@Q�LC�LOFBKQ>QFLK LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�%��
>KA�QEB�����H7E�"33 

Building Category Parameter (Unit) 
1st Building 

Group 
(Southern 

Orientation)  

2nd Building Group  
(9-16: South-West 
17-24: South-East 

25-32: East) 
 

Average of 
Differences in 

Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 
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-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

Table 5.9�–�)JM>@Q�LC�LOFBKQ>QFLK LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�%��
>KA�QEB�����H7E�"33 

Building Category Parameter (Unit) 
1st Building 

Group 
(Southern 

Orientation)  

2nd Building Group  
(9-16: South-West 
17-24: South-East 

25-32: East) 
 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of  
Differences 
in Exports 
(kWh/m2) 

Average of  
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 
in Electricity 

Shifted 
(kWh/m2) 
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Table 5.10�–�)JM>@Q�LC�LOFBKQ>QFLK LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Southern 

Orientation)  

2nd Building 
Group  

(9-16: South-West 
17-24: South-East 

25-32: East) 
 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 
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7EBK�BUMLOQFKD�?>@H�QL�QEB�DOFA�FP�KLQ�>IILTBA�RKABO�QEB�%��PQO>QBDV��4>?IB�����	��>O?FQO>DB�
PQFIIP�MBOCLOJP�?BQQBO�FK�QBOJP�LC�QEB�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	�>KA�@EB>MBO�TEBK�>�
PLRQEBOK� LOFBKQ>QFLK� FP� >ALMQBA� TFQE� LKIV� LKB� BU@BMQFLK� L?PBOSBA� >P� K>QRO>IIV� SBKQFI>QBA�
?RFIAFKDP�TFQE�>�PLRQEBOKB>PQBOK�LOFBKQ>QFLK�PEFCQ�JLOB�MB>H�BIB@QOF@FQV���	�� �"RFIAFKDP�TFQE�
PLRQEBOK� LOFBKQ>QFLK� @>K� PEFCQ� ������JLOB� MB>H� BIB@QOF@FQV� TEFIB� QEBFO� ILTBO� KBQ� @LPQ� >KA�
BIB@QOF@FQV� PEFCQBA� �H7E�J�	� E>SB� KLQ� @E>KDBA� COLJ� QEB� %�� >KA� %�� PQO>QBDFBP�� .>QRO>IIV�
SBKQFI>QBA�?RFIAFKDP� PQFII� FK@IRAB�@BOQ>FK�S>OF>QFLKP� QE>Q� >CCB@Q� QEB�JB>K�S>IRB�LC� QEB� PEFCQBA�
BIB@QOF@FQV� ��	�>KA�@LKPBNRBKQIV� QEB�>?PLIRQB�JB>K�TEF@E� FK� QEFP�M>OQF@RI>O� @>PB� FP��������
QEBOBCLOB��?RFIAFKDP�TFQE�PLRQEBOK�LOFBKQ>QFLK�PEFCQ�JLOB�BIB@QOF@FQV�?LQE�FK�QBOJP�LC�QEBFO�MB>H�
IL>AP�>KA�QEB�QLQ>I�>JLRKQ�LC�BIB@QOF@FQV�PEFCQBA��H7E�J�	��RKABO�>II�PQO>QBDFBP��&LO�QEB�I>QQBO�
M>O>JBQBO�� QEB� O>KDB� LC� QE>Q� AFCCBOBK@B� FP� ILT�� ?BQTBBK� ����� –� ����� H7E�J�� ?RQ� FQ� ALBP�
@LKPQFQRQB�>�PFDKFCF@>KQ�@E>KDB�>P��CLO�QEB�CFOPQ�QFJB��?LQE�JBQOF@P�LC�QEB�PEFCQBA�BIB@QOF@FQV�>OB�
MLPFQFSB�TEF@E�T>P�KLQ�QEB�@>PB�TEBK�AFP@RPPFKD�QEB�FJM>@Q�LC�BKBODV�BCCF@FBK@V�>KA�DI>WFKD��
4EB�EFDEBPQ�AFCCBOBK@B�FP�L?PBOSBA��CLO�>II�QEOBB�PQO>QBDFBP��CLO�QEB�B>PQBOK�LOFBKQ>QFLK�TEF@E�
IB>AP�QL�ILTBO�MB>H�IL>AP�PEFCQBA�?V�������CLO�%���TEBK�JB@E>KF@>I�SBKQFI>QFLK�FP�ABMILVBA��

������)JM>@Q�LC�4EBOJ>I�->PP�
4EBOJ>I�J>PP�@LKPQFQRQBP�QEB�CLROQE�?RFIAFKD�BIBJBKQ�TELPB�FJM>@Q�FP�FKSBPQFD>QBA��4EB�CFOPQ�
PR?DOLRM�LC�?LQE�J>FK�?RFIAFKD�DOLRMP�@LKPFPQP�LC�PNR>OB�?RFIAFKDP�TEFIB�QEB�PB@LKA>OV�ABPFDK�
BIBJBKQ� CLO� QEB� OBJ>FKFKD�PNR>OB�PR?DOLRMP� FP�LK@B�>D>FK�LOFBKQ>QFLK� �4>?IB�����	��7EBK�
JB@E>KF@>I� SBKQFI>QFLK� FP� ABMILVBA�� IFDEQTBFDEQ� ?RFIAFKDP� >OB� @>M>?IB� LC� PEFCQFKD� EFDEBO�
>JLRKQP�LC�BIB@QOF@FQV�� FK�QBOJP�LC�QEBFO�MB>H�IL>AP�>P�TBII�>P�QEB�QLQ>I�PEFCQBA�BIB@QOF@FQV��?V�
������ >KA� ����� H7E�J��� OBPMB@QFSBIV�� 4EBV� >OB� >IPL� PIFDEQIV� @EB>MBO� QE>K� EB>SVTBFDEQ�
?RFIAFKDP�?V������Y�J���LK�QEB�LQEBO�E>KA��QEBV�BUMLOQ������H7E�J��IBPP�BIB@QOF@FQV�?>@H�QL�QEB�
DOFA�� 4EFP� FP� QEB� CFOPQ� QFJB� QE>Q� >� ?RFIAFKD� @>QBDLOV�� FK� QEFP� @>PB� IFDEQTBFDEQ� JB@E>KF@>IIV�
SBKQFI>QBA�?RFIAFKDP��@>K�PEFCQ�JLOB�BIB@QOF@FQV�?RQ�>Q�QEB�P>JB�QFJB�BUMLOQ�IBPP�QE>K�QEB�LQEBO�
J>FK�?RFIAFKD�@>QBDLOV��)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�TEBK�KL�?>QQBOV�FP�RPBA��QEB�AFCCBOBK@B�



����
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FK� QEB� QLQ>I� BIB@QOF@FQV� @LKPRJMQFLK� ?BQTBBK� IFDEQTBFDEQ� >KA� EB>SVTBFDEQ� ?RFIAFKDP� FP� KLQ�
PFDKFCF@>KQ�>P�IFDEQTBFDEQ�@>PBP�OBNRFOB�LKIV������Y�J��IBPP��LK�>SBO>DB���

While the buildings’ overall consumptions are similar, the temporal distribution of their 

OBPMB@QFSB�IL>AP�JFDEQ�AFCCBO�?B@>RPB�LC�QEB�JB@E>KFPJ�QEBOJ>I�J>PP�LMBO>QBP�LK�>KA�QEB�
OBIBS>KQ� QEBOJ>I� I>D�� KBSBOQEBIBPP�� QEB� AFCCBOBK@B� FK� BUMLOQP� FP� LSBO>II� PJ>II�� &FK>IIV��TEFIB�
OBPRIQP�>OB�@LKPFPQBKQ�CLO�QEB�J>GLOFQV�LC�IFDEQTBFDEQ�?RFIAFKDP�QE>Q�RPB�JB@E>KF@>I�SBKQFI>QFLK�
>KA�FQ�FP�@IB>O�QEBV�MBOCLOJ�?BQQBO�CLO�>II�JBQOF@P�?RQ�BUMLOQP��QEFP�FP�KLQ�QEB�@>PB�CLO�����DI>WBA�
"BPQ�0O>@QF@B�?RFIAFKDP�>P�QEBOJ>I�J>PP�ALBP�KLQ�PBBJ�QL�E>SB�>KV�J>GLO�FJM>@Q�LK�QEBJ�
OBD>OAIBPP�LC�QEB�LOFBKQ>QFLK�RPBA��)Q�FP�FKQBOBPQFKD�QL�KLQF@B�QE>Q�QEB�IFDEQTBFDEQ�@>PBP�LC�QEFP�
M>OQF@RI>O�BU@BMQFLK�@LKPQFQRQB�QEB�?RFIAFKDP�TFQE�QEB�EFDEBPQ�IBSBIP�LC�QEBOJ>I�AFP@LJCLOQ��>P�
>IOB>AV�FKAF@>QBA�FK�#E>MQBO������

$BPMFQB�QEB�C>@Q� QE>Q�QEB�OBPRIQP�CLO�?RFIAFKDP�TFQE�K>QRO>I�SBKQFI>QFLK�>OB�@LKPFPQBKQ�TFQE�QEB�
JB@E>KF@>I�SBKQFI>QFLK�@>PBP�>KA�PFJFI>O� QOBKAP�@>K�?B�L?PBOSBA�� FQ� FP� FJMLOQ>KQ� QL�MOBPBKQ�
QEBJ�PBM>O>QBIV�ARB�QL�@BOQ>FK�SFQ>I�AFCCBOBK@BP��-LOB�PMB@FCF@>IIV�� IFDEQTBFDEQ�?RFIAFKDP�TFQE�
K>QRO>I�SBKQFI>QFLK�PEFCQ�������EFDEBO�MB>H�IL>AP�QE>K�QEBFO�EB>SVTBFDEQ�OBPMB@QFSB�?RFIAFKDP��
&LO�@LJM>OFPLK�MROMLPBP��QEFP�FP�QO>KPI>QBA�QL�>MMOLUFJ>QBIV������EFDEBO�PEFCQFKD�LC�BIB@QOF@FQV�
FK�QBOJP�LC�QEB�MB>H�IL>AP�QE>K�QEB�>SBO>DB�S>IRB�L?PBOSBA�RKABO�JB@E>KF@>I�SBKQFI>QFLK��4EB�
PEFCQFKD� @>K� OB>@E� BSBK� EFDEBO� S>IRBP� FK� PMB@FCF@� @>PBP�� CLO� BU>JMIB� IFDEQTBFDEQ� 0>OQ� ,�
?RFIAFKDP�@>K�PEFCQ�������JLOB�MB>H�IL>AP�QE>K�QEBFO�EB>SVTBFDEQ�@LRKQBOM>OQP�� 

Table 5.11�–�)JM>@Q�LC�QEBOJ>I�J>PP�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�
%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Heavyweight)  

2nd Building 
Group  

(Lightweight) 

Average of 
Differences in 

Electricity 
shifted (% of 
peak loads) 

Average of  
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 
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-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����
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&ROQEBOJLOB��IFDEQTBFDEQ�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP�>OB�>IPL�IBPP�BUMBKPFSB�FK�QBOJP�LC�QEB�
BIB@QOF@FQV�KBQ�@LPQ�?V������Y�J��>KA�PEFCQ�JLOB�BIB@QOF@FQV�FK�>?PLIRQB�QBOJP�?V������H7E�J���
/K� QEB� @LKQO>OV�� QEBFO� BUMLOQP� >OB� PIFDEQIV� ILTBO� ?V� ����� H7E�J�� TEBK� @LJM>OBA� QL� QEB�
OBPMB@QFSB�EB>SVTBFDEQ�?RFIAFKDP��4>HFKD�FKQL�>@@LRKQ�QEB�LSBO>II�JB>K�S>IRBP��FQ�FP�@IB>O�QE>Q�
>�IFDEQ�QEBOJ>I�J>PP�OBPRIQP�FKQL�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV�PEFCQBA�?V����LC�MB>H�IL>AP�>KA�
�����H7E�J��>P�TBII�>P�>�ILTBO�KBQ�@LPQ�?V������Y�J���ELTBSBO��>Q�QEB�P>JB�QFJB�BUMLOQP�>OB�
OBAR@BA� ?V� ����� H7E�J��� &FK>IIV�� FQ� E>P� ?BBK� PELTK� QE>Q� QEB� FJM>@Q� LC� QEBOJ>I�J>PP� LK�
>O?FQO>DB�MBOCLOJ>K@B�FP�JR@E�JLOB�PBSBOB�TEBK�K>QRO>I�SBKQFI>QFLK�FP�>ALMQBA��
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#LK@BOKFKD�QEB�%��PQO>QBDV�OBPRIQP��FQP�>O?FQO>DB�MBOCLOJ>K@B�FP�PFJFI>O�QL�%��?LQE�FK�QBOJP�LC�
@LKPFPQBK@V� >KA� S>IRBP� �4>?IB� ����	�� 4EB� AFCCBOBKQF>QFLK� ?BQTBBK� K>QRO>I� >KA�JB@E>KF@>I�
SBKQFI>QFLK� ?RFIAFKDP� OBJ>FKP� >P� QEB� FJM>@Q� LC� QEBOJ>I� J>PP� FP� PQFII� J>GLO� TEBK� K>QRO>I�
SBKQFI>QFLK�FP�>ALMQBA��&LO�BU>JMIB��IFDEQTBFDEQ�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�>OB�@>M>?IB�LC�
PEFCQFKD�������LC�QEB�MB>H�IL>AP�EFDEBO�QE>K�QEBFO�EB>SVTBFDEQ�@LRKQBOM>OQP��QEFP�AFCCBOBK@B�FP�
OBAR@BA�QL�������CLO�JB@E>KF@>IIV�SBKQFI>QBA�@>PBP��4EB�J>GLO�AFCCBOBK@B�?BQTBBK�%��>KA�%��
OBPRIQP� @LK@BOKP� QEB� ���� DI>WBA� "BPQ� 0O>@QF@B� "RFIAFKDP� >P� CLO� QEBPB� M>OQF@RI>O� ABPFDK�
@E>O>@QBOFPQF@P�� EB>SV� QEBOJ>I� J>PP� IB>AP� QL� >� ?BQQBO� >O?FQO>DB� MBOCLOJ>K@B� QE>K� QEB�
OBPMB@QFSB� IFDEQTBFDEQ� @>PBP�� )K� JLOB� ABQ>FI�� EB>SVTBFDEQ� ?RFIAFKDP� ����� DI>WBA�� "BPQ�
0O>@QF@B	�@>K�KLT�PEFCQ�LK�>SBO>DB�JLOB�BIB@QOF@FQV�?V�������LC� QEBFO�MB>H� IL>AP�>KA������
H7E�J��TEFIPQ�?BFKD�JLOB�B@LKLJF@>I�?V������Y�J���

Table 5.12�–�)JM>@Q�LC�QEBOJ>I�J>PP�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�
%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Heavyweight)  

2nd Building 
Group  

(Lightweight) 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of  
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 
in Electricity 

Shifted 
(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� ����� ����� �����
�O���O���O���O� �O���O���O���O� ����� ����� ����� �����
�O����O����O����O� ��O����O����O����O� ����� ����� ����� �����
��O����O����O����O� ��O����O����O����O� ����� ����� ����� �����
��O����O����O����O� ��O����O����O����O� ����� ����� ����� �����
�O.���O.���O.��
��O.����O.����O.���
��O.����.�

�O.���O.����O.���
��O.����O.����O.��
���O.�����.�

����� �����
�

����� �����

-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

Table 5.13��)JM>@Q�LC�QEBOJ>I�J>PP�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�3QO>QBDV�%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Heavyweight)  

2nd Building 
Group  

(Lightweight) 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 
in Electricity 

Shifted 
(kWh/m2) 

�P���P���P���P� �P���P���P���P� ����� .�!� ����� �����
�O���O���O���O� �O���O���O���O� ����� .�!� ����� �����
�O����O����O����O� ��O����O����O����O� ����� .�!� ����� �����
��O����O����O����O� ��O����O����O����O� ����� .�!� ����� �����
��O����O����O����O� ��O����O����O����O� ����� .�!� ����� �����
�O.���O.���O.���
��O.����O.����O.��
��O.����.�

�O.���O.����O.���
��O.����O.����O.��
���O.�����.�

����� .�!� ����� �����

-B>K�S>IRB� ����� .�!� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� .�!� ����� �����

�
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�

#LKPFABOFKD�>II� QEB�P@BK>OFLP�RKABO�%��� IFDEQTBFDEQ�?RFIAFKDP�>OB�JLOB�B@LKLJF@>I�?V������
Y�J���P>JB�S>IRB�>P�FK�%�	�>KA�QEBV�>OB�>?IB�QL�PEFCQ�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV�?V�������LC�
QEBFO�MB>H�IL>AP�>P�TBII�>P������H7E�J���6>OF>QFLKP�AL�Q>HB�MI>@B�CLO�QEB�BUMLOQP��>P�FKAF@>QBA�
?V�QEB�@LJM>OFPLK�?BQTBBK�QEB�JB>K�S>IRB�>KA�QEB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP������>KA�
�����H7E�J���OBPMB@QFSBIV��

4EB�OBPRIQP�CLO�QEB�CFK>I�%��LMBO>QFLK>I�PQO>QBDV�>OB�PELTK�FK�4>?IB�������7EBK�JB@E>KF@>I�
SBKQFI>QFLK�FP�ABMILVBA��IFDEQTBFDEQ�?RFIAFKDP�PEFCQ�������JLOB�MB>H�IL>AP�>KA������H7E�J��
JLOB�BIB@QOF@FQV��4EB�CLOJBO�S>IRB�FP�PIFDEQIV�OBAR@BA�TEBK�@LJM>OBA�QL�QEB�OBPMB@QFSB�%��>KA�
%��OBPRIQP�������>KA������	��ELTBSBO��IFDEQ�QEBOJ>I�J>PP�PQFII�IB>AP�QL�>�PJ>II�OBAR@QFLK�LC�KBQ�
@LPQP�?V������Y�J���4EB�OBAR@QFLK�LC�QEB�JB>K�PEFCQBA�BIB@QOF@FQV�S>IRB�FP�QEB�OBPRIQ�LC�S>OF>QFLKP�
L?PBOSBA�TFQEFK�QEB�J>FK�?RFIAFKD�DOLRMP��&LO�BU>JMIB������DI>WBA�"BPQ�0O>@QF@B�"RFIAFKDP�
KLT�PEFCQ�������JLOB�MB>H�IL>AP�TEBK�E>SFKD�EB>SV�QEBOJ>I�J>PP�TEFIB�QEBOJ>I�J>PP�PBBJP�
QL�E>SB�LKIV�>�SBOV�JFKLO�FJM>@Q�CLO�QEB�����DI>WBA�"BPQ�0O>@QF@B�OB@Q>KDRI>O�?RFIAFKDP��/K�
QEB�LQEBO�E>KA��RKABO�%���QEB�AFCCBOBK@B�E>P�FK@OB>PBA�CLO�QEB�K>QRO>IIV�SBKQFI>QBA�@>PBP�>P�
IFDEQTBFDEQ�?RFIAFKDP�PEFCQ�������JLOB�LC�MB>H�IL>AP��)Q�PELRIA�?B�OBJFKABA�QE>Q�QEB�OBPMB@QFSB�
MBO@BKQ>DB�T>P� ����� >KA������� CLO� PQO>QBDFBP�%��>KA�%��� OBPMB@QFSBIV��7FQE� PLJB�JFKLO�
BU@BMQFLKP��QEBOB�>OB�KL�J>GLO�AFCCBOBK@BP�?BQTBBK�QEB�JB>K�S>IRB�>KA�QEB�JB>K�S>IRB�LC�
QEB�>?PLIRQB�AFCCBOBK@BP��CLO�>II�PQO>QBDFBP��(LTBSBO��>P�AFP@RPPBA��QEFP�ALBP�KLQ�KB@BPP>OFIV�
QO>KPI>QB�QL�>�I>@H�LC�S>OF>QFLKP�TFQEFK�QEB�J>FK�?RFIAFKD�DOLRMP��

&FK>IIV�� FQ� FP�TLOQE�MLFKQFKD�LRQ�QE>Q� CLO�>II�LMBO>QFLK>I�PQO>QBDFBP�>KA�>II�PR?DOLRMP��CLO�?LQE�
JB@E>KF@>I�>KA�K>QRO>I�SBKQFI>QFLK�PBQQFKDP��QEB�FJM>@Q�LC�QEBOJ>I�J>PP�FP�OBI>QFSBIV�EFDEBO�CLO�
0>OQ�,�?RFIAFKDP�@LJM>OBA�QL�"BPQ�0O>@QF@B��&LO�BU>JMIB��@LJM>OFKD�"BPQ�0O>@QF@B�"RFIAFKDP�
�O�>KA��O�RKABO�%���EB>SV�QEBOJ>I�J>PP�IB>AP�QL�>�AFCCBOBK@B�FK�PEFCQBA�MB>H�IL>AP�?V�GRPQ�
������TEFIB�QEB�AFCCBOBK@B�FK�KBQ�@LPQP�FP�@ILPB�QL�WBOL��4EB�P>JB�MBO@BKQ>DB�OBD>OAFKD�QEB�
AFCCBOBK@B�?BQTBBK�0>OQ�,�?RFIAFKDP��O�>KA��O�FP�������CLO�QEB�PEFCQBA�IL>AP�>KA�>�PFDKFCF@>KQ�
����� Y�J�� CLO� QEB� KBQ� @LPQ�� ELTBSBO�� QEFP� D>M� S>OFBP� COLJ� PR?DOLRM� QL� PR?DOLRM� >P� LQEBO�
?RFIAFKD�BIBJBKQP�>CCB@Q�QEB�>O?FQO>DB�MBOCLOJ>K@B�OBPRIQP�PVKBODFPQF@>IIV�>KA�FQ�JFDEQ�KLQ�?B�
>P� BUQOBJB� >P� FK� QEB� BU>JMIB� JBKQFLKBA� >?LSB�� #LKPBNRBKQIV�� >� IBPP� BCCF@FBKQ� BKBODV�
BCCF@FBK@V�FKQBKPFCFBP�QEB�AFCCBOBK@BP�FK�>O?FQO>DB�MBOCLOJ>K@B�TEBK�@LJM>OFKD�EB>SVTBFDEQ�
>KA�IFDEQTBFDEQ�?RFIAFKDP���

������)JM>@Q�LC�6BKQFI>QFLK�-BQELA�
4EB�I>PQ�J>GLO�?RFIAFKD�BIBJBKQ�FKSBPQFD>QBA�FP�QEB�SBKQFI>QFLK�PQO>QBDV�>ALMQBA�CLO�QEB�KBBAP�
LC� QEB� ?RFIAFKDP�� 4EB� PB@LKA>OV� ?RFIAFKD� @E>O>@QBOFPQF@� FP� >D>FK� LOFBKQ>QFLK�� ,LLHFKD� >Q� QEB�
LSBO>II� >SBO>DB� S>IRBP� CLO� %�� �4>?IB� ����	�� JB@E>KF@>IIV� SBKQFI>QBA� ?RFIAFKDP� PEFCQ� ������
EFDEBO�MB>H�IL>AP��BUMLOQ�PIFDEQIV�JLOB�BIB@QOF@FQV�?V������H7E�J��>KA�>OB�J>ODFK>IIV�JLOB�
>CCLOA>?IB� ?V� ����� Y�J�� QE>K� QEBFO� K>QRO>IIV� SBKQFI>QBA� @LRKQBOM>OQP�� )K� JLOB� ABQ>FI�� QEBPB�
S>IRBP�S>OV�?>PBA�LK�QEB�PBIB@QBA�LOFBKQ>QFLK�>P�TEBK�@LJM>OFKD�?RFIAFKD�@>PBP�TFQE�>�PLRQE
TBPQBOK� LOFBKQ>QFLK�� QEB� AFCCBOBK@B� FK� PEFCQBA� MB>H� IL>AP� FP� ������ TEFIB� >� PLRQEB>PQBOK�
LOFBKQ>QFLK� OBPRIQP� FKQL� >� JFKFJ>I� ������ AFCCBOBK@B� ?BQTBBK� JB@E>KF@>I� >KA� K>QRO>I�
SBKQFI>QFLK��(LTBSBO��FQ�@>K�?B�PBBK�QE>Q�QEB�JB>K�S>IRB�LC�QEB�>?PLIRQB�AFCCBOBK@BP�CLO�QEB�
PEFCQBA�MB>H�IL>AP�PQ>KAP�EFDEBO�>Q��������FKAF@>QFKD�S>OF>QFLKP�TFQEFK�QEB�PR?DOLRMP��

As shown previously while discussing the impact of thermal mass, the buildings’ arbitrage 

MBOCLOJ>K@B�E>P�?BBK�ABMBKABKQ�LK�QEB�SBKQFI>QFLK�JBQELA�RPBA��4EFP�PVKBODV�?BQTBBK�QEB�
QTL�?RFIAFKD�BIBJBKQP�FK�NRBPQFLK�FP�OBMB>QBA�>P�OBPRIQP�>OB�AFPPFJFI>O�?BQTBBK�EB>SVTBFDEQ�
>KA�IFDEQTBFDEQ�@>PBP��-LOB�PMB@FCF@>IIV��JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�AL�MBOCLOJ�?BQQBO�
LSBO>II��>P�JBKQFLKBA�FK�QEB�MOBSFLRP�M>O>DO>ME��>KA�QEFP�FP�QEB�@>PB�>P�TBII�CLO�EB>SVTBFDEQ�
?RFIAFKDP�TFQE�JB@E>KF@>I�SBKQFI>QFLK��/K�QEB�LQEBO�E>KA��>II� IFDEQTBFDEQ�?RFIAFKDP�>@EFBSB�>�
EFDEBO�MBO@BKQ>DB�LC�PEFCQBA�MB>H�IL>AP�TEBK�K>QRO>I�SBKQFI>QFLK�FP�RPBA��&LO�BU>JMIB��CLO�QEB�



����
�

ABC>RIQ� LOFBKQ>QFLK� �"RFIAFKDP��O�–� �O� >KA��O.�–� �O.	�� EB>SVTBFDEQ�JB@E>KF@>IIV� SBKQFI>QBA�
?RFIAFKDP�@>K�PEFCQ�LK�>SBO>DB�������EFDEBO�MB>H�IL>AP�TEFIB�IFDEQTBFDEQ�K>QRO>IIV�SBKQFI>QBA�
@>PBP��@>K�PEFCQ�������EFDEBO�@LJM>OBA�QL�QEBFO�JB@E>KF@>I�SBKQFI>QFLK�@LRKQBOM>OQP��QEFP�QOBKA�
FP� @LKPFPQBKQ� TFQEFK� >II� ?RFIAFKD� PR?DOLRMP� >KA� ABJLKPQO>QBP� >D>FK� QEB� @ILPB� OBI>QFLKPEFM�
?BQTBBK�SBKQFI>QFLK�JBQELA�>KA�QEBOJ>I�J>PP���

Table 5.14�–�)JM>@Q�LC�SBKQFI>QFLK�JBQELA�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�
3QO>QBDV�%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Mechanical 
Ventilation)  

2nd Building Group  
(Natural 

Ventilation) 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 

in 
Electricity 

Shifted 
(kWh/m2) 

�O���O���O���O� �O.���O.���O.���O.� ����� ����� ����� �����
�O����O���
��O����O�

�O.����O.��
���O.����O.�

����� ����� ����� �����

��O����O���
��O����O�

��O.����O.���
��O.����O.�

����� ����� ����� �����

������O���
��O����O�

��O.����O.���
��O.����O.�

����� ����� ����� �����

-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

Table 5.15�–�)JM>@Q�LC�SBKQFI>QFLK�JBQELA�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�
3QO>QBDV�%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Mechanical 
Ventilation)  

2nd Building 
Group  

(Natural 
Ventilation) 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of  
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 
in Electricity 

Shifted 
(kWh/m2) 

�O���O���O���O� �O.���O.���O.���O.� ����� ����� ����� �����
�O����O���
��O����O�

�O.����O.���
��O.����O.�

����� ����� ����� �����

��O����O���
��O����O�

��O.����O.���
��O.����O.�

����� ����� ����� �����

������O���
��O����O�

��O.����O.��
���O.����O.�

����� ����� ����� �����

-B>K�S>IRB� ����� ����� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� ����� ����� �����

 

2BD>OAFKD� QEB�%��OBPRIQP� �4>?IB�����	��JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�>OB�>?IB� QL�PEFCQ�>�
PIFDEQIV� EFDEBO� >JLRKQ� LC� MB>H� IL>AP� ?V� ������ TEFIB� QEB� JB>K� S>IRB� LC� QEB� >?PLIRQB�
AFCCBOBK@BP�FP�EFDEBO�>Q��������FKAF@>QFKD�FKQBOK>I�S>OF>QFLKP�TFQEFK�QEB�PR?DOLRM��PFJFI>OIV�QL�
QEB�%��OBPRIQP��&ROQEBOJLOB��QEBFO�LSBO>II�BUMLOQP�>OB�EFDEBO�?V������H7E�J��@LJM>OBA�QL�QEB�
OBPMB@QFSB�?RFIAFKD�@>PBP�TFQE�K>QRO>I�SBKQFI>QFLK��&FK>IIV��>P�PBBK�FK�4>?IB�������RKABO�QEB�%��
PQO>QBDV�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�PEFCQ�LK�>SBO>DB�JLOB�MB>H�IL>AP�?V�������TFQE�
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QEB�OBPMB@QFSB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP�OB>@EFKD��������)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�
QEB�AFCCBOBK@B� FK�KBQ� @LPQ� FP� PFJFI>O� CLO� >II� PQO>QBDFBP��4EB� FJM>@Q� LC� QEB�SBKQFI>QFLK�JBQELA�
PELRIA�?B�@LKPFABOBA�>ILKD�TFQE�QEBOJ>I�J>PP��>P�JBKQFLKBA�FK�QEB�MOBSFLRP�M>O>DO>ME� 

Table 5.16�–�)JM>@Q�LC�SBKQFI>QFLK�JBQELA�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�/MBO>QFLK>I�
3QO>QBDV�%� 

Building Category Parameter (Unit) 
1st Building 

Group 
(Mechanical 
Ventilation)  

2nd Building 
Group  

(Natural 
Ventilation) 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of 
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 
in Electricity 

Shifted 
(kWh/m2) 

�O���O���
�O���O�

�O.���O.��
��O.���O.�

����� .�!� ����� �����
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����� .�!� ����� �����
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���O����O�

��O.����O.���
��O.����O.�

����� .�!� ����� �����

������O��
���O����O�

��O.����O.��
���O.����O.�

����� .�!� ����� �����

-B>K�S>IRB� ����� .�!� ����� �����
-B>K�S>IRB�LC�QEB�>?PLIRQB�

AFCCBOBK@BP�
����� .�!� ����� �����

�

������)JM>@Q�LC�3E>MB�
4EB�I>PQ�?RFIAFKD�BIBJBKQ�TELPB�@LJM>OFPLK�FK@IRABP�LKIV�>�PJ>II�>JLRKQ�LC�?RFIAFKDP�FP�QEB�
PE>MB��>P�PELTK� FK�4>?IB�������2B@Q>KDRI>O�?RFIAFKDP�MBOCLOJ�?BQQBO� CLO�>II� QEB�MOBPBKQBA�
M>O>JBQBOP�� ELTBSBO�� QEB� BUQBKQ� LC� QE>Q� AFCCBOBK@B� @>K� ?B� >ODRBA� QL� ?B� FKPFDKFCF@>KQ� CLO�
PQO>QBDFBP�%��>KA�%���4EFP�FP�?B@>RPB�QEB�>SBO>DB�CFK>K@F>I�?BKBCFQ�FP�@ILPB�QL�WBOL�TEFIB�QEB�
AFCCBOBK@B�FK�PEFCQBA�MB>H�IL>AP�FP�>OLRKA��������4E>Q�AFCCBOBK@B�FK@OB>PBP�QL�������CLO�%��
TFQE�KL�J>GLO�S>OF>QFLKP�?BFKD�MOBPBKQ��4EBOBCLOB��FQ�@>K�?B�@LK@IRABA�QE>Q�QEB�?RFIAFKD�PE>MB�
E>P�>K�FKPFDKFCF@>KQ�FJM>@Q�LK�QEB�>O?FQO>DB�MBOCLOJ>K@B��TEBK�BUMLOQP�Q>HB�MI>@B��>KA�>�PJ>II�
FJM>@Q�CLO�LMBO>QFLK>I�PQO>QBDV�%���

�

Table 5.17�–�)JM>@Q�LC�PE>MB�LK�AFCCBOBKQ�?RFIAFKD�DOLRMP�CLO�>II�/MBO>QFLK>I�3QO>QBDFBP�>KA�
QEB�����H7E�"33��4EB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP�CLO�B>@E�M>O>JBQBO�FP�MOLSFABA�FK�

?O>@HBQP� 

Operational 
Strategy 

Building Category Parameter 

 1st 
Building 
Group 

 (Square 
shape)  

2nd Building 
Group  

(Rectangular 
Shape) 

Average of 
Differences 
in Electricity 
shifted (% of 
peak loads) 

Average of 
Differences 
in Exports 
(kWh/m2) 

Average of  
Differences 
in Net Cost 

(£/m2) 

Average of 
Differences 
in Electricity 

Shifted 
(kWh/m2) 

%�� �
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�P���P�

�
�
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5.3 Summary of 2017 Arbitrage Results 
4EB�OBPRIQP�COLJ�QEB�BKQFOB�#E>MQBO�����>OB�PRJJ>OFPBA�FK�4>?IBP�&��–�&��LC�QEB�!MMBKAFU�FK�
QBOJP� LC� QEB� JB>K� S>IRBP� LC� QEB� AFCCBOBK@BP� >KA� >?PLIRQB� AFCCBOBK@BP�� OBPMB@QFSBIV�� CLO�
/MBO>QFLK>I� 3QO>QBDV� %��� 4EBOBCLOB�� FQ� FP� MLPPF?IB� QL� @LK@IRAB� QEFP� @E>MQBO� TFQE� QEB� JLOB�
PRFQ>?IB�"RFIAFKD�@>QBDLOFBP�CLO�>O?FQO>DB��

F�� "BPQ�0O>@QF@B�LSBO�0>OQ�,�
FF�� ����DI>WFKD�LSBO�����DI>WFKD�
FFF�� 3LRQEBOK�LOFBKQ>QFLK�LSBO�37�3%�%�LOFBKQ>QFLK�
FS�� ,FDEQTBFDEQ�LSBO�EB>SVTBFDEQ�
S�� -B@E>KF@>IIVSBKQFI>QBA�LSBO�K>QRO>IIVSBKQFI>QBA�
SF�� 2B@Q>KDRI>O�LSBO�3NR>OB�

)Q�FP�>IPL�@OFQF@>I�QL�MLFKQ�LRQ�QE>Q�TEFIB�QEBOB�FP�L?SFLRPIV�>�@LKKB@QFLK�?BQTBBK�AFCCBOBK@BP�FK�
BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	�>KA�QEB�BIB@QOF@FQV�@LKPRJMQFLK�TFQE�KL�PQLO>DB��QEB�LOABO�
LC� QEB� CLOJBO� ALBP� KLQ� KB@BPP>OFIV� CLIILT� QEB� LOABO� LC� QEB� I>QQBO�� &LO� BU>JMIB�� SBKQFI>QFLK�
PQO>QBDV�@LJBP�QEFOA�FK�QBOJP�LC�QEB�AFCCBOBK@BP�FK�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK�?V������H7E�J��
?RQ�CFKFPEBP�PFUQE�OBD>OAFKD�QEB�JB>K�AFCCBOBK@BP�FK�BIB@QOF@FQV�PEFCQBA�������	���

!�PFJFI>O�@>PB�@>K�?B�J>AB�CLO�QEB�PE>MB�>P�TBII�TEFIB�OBPRIQP�CLO�QEB�EFDEBPQ�AFCCBOBK@BP�FK�
MB>H� IL>AP� PEFCQBA� �BKBODV� BCCF@FBK@V� >KA� DI>WFKD	� >OB� @LKPFPQBKQ� CLO� ?LQE� M>O>JBQBOP��
ELTBSBO�� FQ� @LRIA� ?B� >ODRBA� QE>Q� QEB� O>KDBP� LC� QEB� S>IRBP� CLO� LOFBKQ>QFLK�� QEBOJ>I� J>PP��
SBKQFI>QFLK�>KA�PE>MB� FP� OBI>QFSBIV�PELOQ� �4>?IB�&�	�� )K�LOABO� QL�NR>KQFCV� QEB� FJM>@Q�LC�B>@E�
?RFIAFKD� BIBJBKQ� >KA� @I>PPFCV� QEBJ� FK� LOABO� LC� ABP@BKAFKD� FJMLOQ>K@B�� FQ� FP� BPPBKQF>I� QL�
@LKPFABO�QEB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP��4>?IB�&�	���

F�� %KBODV�%CCF@FBK@V�
FF�� 6BKQFI>QFLK�3QO>QBDV�
FFF�� 7FKALTQLT>IIO>QFL��'I>WFKD	�
FS�� 4EBOJ>I�J>PP�
S�� /OFBKQ>QFLK�
SF�� 3E>MB�

�

5KALR?QBAIV��the fabric’s QEBOJ>I�BCCF@FBK@V�@LKPQFQRQBP�QEB�JLPQ�PFDKFCF@>KQ�?RFIAFKD�BIBJBKQ�
of the current research and has the highest impact on a building’s arbitrage performance. The 

@LJM>OFPLK�LC�QEB�QTL�J>FK�?RFIAFKD�@>QBDLOFBP�DFSBP�>�JB>K�>?PLIRQB�S>IRB�LC�>IJLPQ����FK�
QBOJP�LC�QEBFO�MB>H�IL>AP�PEFCQBA�>KA������Y�J��OBD>OAFKD�QEB�BIB@QOF@FQV�KBQ�@LPQ��&ROQEBOJLOB��
SBKQFI>QFLK� PQO>QBDV� @LJBP�PB@LKA�TFQE�������AFCCBOBK@B�� CLIILTBA�?V�DI>WFKD� ������	�>KA�
J>ODFK>IIV�?V�QEBOJ>I�J>PP�������	��/OFBKQ>QFLK�@LJBP�CFCQE�������	�TEFIB�PE>MB�MOLSBP�QL�
?B�QEB�IB>PQ�FKCIRBKQF>I�?RFIAFKD�BIBJBKQ�������	��

4EB�FJM>@Q�LC�>II�?RFIAFKD�BIBJBKQP�@>K�?B�PBBK�FK�ABP@BKAFKD�LOABO�LC�FJM>@Q�LK�>O?FQO>DB�
MBOCLOJ>K@B�� FK�&FDROB������4EB�PB@LKA�EFDEBPQ�KBQ�@LPQ�AFCCBOBK@B� FP�L?PBOSBA�CLO�DI>WFKD�
������Y�J�	�TEFIB�QEB�O>KDB�CLO� QEB�OBPQ�LC�QEB�BIBJBKQP� FP�?BQTBBK������>KA������Y�J���"V�
@LJM>OFKD�QEB�QTL�Q>?IBP��FQ�FP�@IB>O�QE>Q�@LKPFABOFKD�QEB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP�>KA�
QEB�OBPMB@QFSB�S>OF>QFLKP�>AAP�JLOB�DO>SFQV�QL�QEB�SBKQFI>QFLK�PQO>QBDV��.BSBOQEBIBPP��KL�LQEBO�
J>GLO�@E>KDBP�Q>HB�MI>@B�?RQ�FQ�PELRIA�?B�KLQBA�QE>Q�ARB�QL�QEB�S>OF>QFLKP�Q>HBK�FKQL�>@@LRKQ��
QEB�AFCCBOBK@BP�FK�KBQ�@LPQ�AL�KLQ�>IT>VP�CLIILT�QEB�P>JB�LOABO�>P�QEB�PEFCQBA�MB>H�IL>AP��4>?IB�
&�	��&FK>IIV��QTL�?RFIAFKD�P@BK>OFLP�KBBA�QL�?B�JBKQFLKBA��

�



����
�

•� 4EB�?RFIAFKD�TFQE�>II�QEB�OB@LJJBKABA�?RFIAFKD�ABPFDK�BIBJBKQP�MOLSBP�QL�E>SB�LKB�
LC� QEB�?BPQ�MBOCLOJFKD�?RFIAFKD� FK�QBOJP�LC�>O?FQO>DB��!PPRJFKD�>�C>?OF@�BCCF@FBK@V�LC�
"BPQ� 0O>@QF@B�� DI>WFKD� LC� ����� JB@E>KF@>I� SBKQFI>QFLK�� OB@Q>KDRI>O� PE>MB�� EB>SV�
QEBOJ>I�J>PP�>KA�>�PLRQEBOKKLOQEBOK�LOFBKQ>QFLK��"RFIAFKD�(T"0�����O	�FP�>?IB�QL�PEFCQ�
�������LC�FQP�MB>H�IL>AP���OA�LC�LRQ�LC����?RFIAFKDP	�>KA�BUMLOQ�������H7E�J����PQ�LRQ�
LC���	�TFQE�>K�>KKR>I�KBQ�@LPQ�LC������Y�J�� ��PQ�LRQ�LC���	��RKABO�3QO>QBDV�%���7FQE�
BUMLOQP�KLQ�>IILTBA��%�	���������LC�FQP�MB>H�IL>AP�>OB�PEFCQBA���OA�LRQ�LC���	�TFQE�>K�
>KKR>I�KBQ�@LPQ�LC������Y�J����PQ�LRQ�LC���	��
�

•� /K� QEB� LQEBO� E>KA�� >PPRJFKD� >� 0>OQ� ,� @LJMIF>KQ� QEBOJ>I� BCCF@FBK@V�� ���� K>QRO>I�
SBKQFI>QFLK�� OB@Q>KDRI>O� PE>MB� >KA� PLRQEBOKTBPQBOK� LOFBKQ>QFLK�� "RFIAFKD� (T0,��
37
����O.	�E>P�@LJM>O>QFSBIV�JR@E�MLLOBO�>O?FQO>DB�MBOCLOJ>K@B��5KABO�3QO>QBDV�
%����������LC�FQP�MB>H�IL>AP�>OB�PEFCQBA����QE�LRQ�LC���	��������H7E�J��>OB�BUMLOQBA�
?>@H�QL�QEB�DOFA����OA�LRQ�LC���	�TFQE�>K�>KKR>I�KBQ�@LPQ�LC������Y�J�����QE�LRQ�LC���	��
&LO�3QO>QBDV�%����������LC�FQP�MB>H�IL>AP�>OB�PEFCQBA����QE�LRQ�LC���	�TFQE�>�KBQ�@LPQ�LC�
�����Y�J�����QE�LRQ�LC���	��

 

�

Figure 5.4 – )JM>@Q�LC�"RFIAFKD�$BPFDK�%IBJBKQP�LK�!O?FQO>DB�0BOCLOJ>K@B�CLO�/MBO>QFLK>I�
3QO>QBDV�%�������H7E�"33	��6>IRBP�OBCBO�QL�QEB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP��4>?IB�&�	 
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5.4 Selection of Buildings for further analysis 
$RB�QL�QEB�I>ODB�KRJ?BO�LC�?RFIAFKD�P@BK>OFLP�>KA�PFJRI>QFLKP�OBNRFOBA��QEB�"FOJFKDE>J�)7%#�
2BPRIQP�������240�$>Q>	�AFP@RPPBA�FK�#E>MQBO�����>OB�RPBA�QL�K>OOLT�ALTK�QEBFO�KRJ?BO�>KA�
DBQ�OFA�LC�RKKB@BPP>OV�@LJM>OFPLKP�FK�@>PBP�TEBOB�QEB�AFCCBOBK@BP�FK�>O?FQO>DB�MBOCLOJ>K@B�
>OB�QOFSF>I��4EB�OBSFPBA�>JLRKQ�LC�?RFIAFKDP�TFII�QEBK�?B�RPBA�CLO�CROQEBO�PFJRI>QFLKP��FK�#E>MQBO�
���4EB�MOL@BPP�FP�PFJMIB�>KA�FK@IRABP�OBSFPFKD�QEB�MOBPBKQBA�OBPRIQP��CL@RPBA�BU@IRPFSBIV�LK�
QEB�%��/MBO>QFLK>I�3QO>QBDV�S>IRBP�>KA�QEB�AFCCBOBK@BP�FK�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	���

#LJM>OFPLK�?BQTBBK�PB@LKA>OV�PR?DOLRMP�LC�QEB�J>FK�@>QBDLOFBP�@>K�>IPL�FABKQFCV�?RFIAFKD�
@>PBP�QE>Q�T>OO>KQ�CROQEBO�FKSBPQFD>QFLK�>P�TBII�>P�BIFJFK>QB�?RFIAFKD�PR?DOLRMP�QE>Q�MOBPBKQ�
KL� FKQBOBPQ��4EB�?RFIAFKD�BIBJBKQP�>KA� QEBFO� >SBO>DB�>O?FQO>DB� FJM>@Q� ?>PBA�LK� QEB�JB>K�
S>IRB�LC�QEB�>?PLIRQB�AFCCBOBK@BP�CLO�QEB�PEFCQBA�MB>H�IL>AP��JBKQFLKBA�FK�&FDROB������TFII�?B�
>PPBPPBA�FK�OBSBOPB�LOABO�QL�FABKQFCV�MLQBKQF>I�@>KAFA>QB�DOLRMP�QE>Q�@LRIA�?B�BIFJFK>QBA��4EB�
S>IRBP�JBKQFLKBA�?BILT�OBCBO�QL�QEB�JB>K�LO�>?PLIRQB�JB>K�LC�QEB�AFCCBOBK@BP�FK�BIB@QOF@FQV�
PEFCQBA����LC�MB>H�IL>AP	��

•� 3E>MB� @LKPQFQRQBP� QEB� ABPFDK� BIBJBKQ� TFQE� QEB� ILTBPQ� FJM>@Q� LK� >O?FQO>DB�TFQE� >K�
>?PLIRQB�>SBO>DB�LC��������7EFIB�QEB�>OFQEJBQF@�JB>K�FP�PIFDEQIV�EFDEBO�>Q��������FQ�FP�
PQFII�@LKPFABOBA�ILT�>KA�QEBOBCLOB�>II���PNR>OB�?RFIAFKDP���P�–��P	�>OB�BIFJFK>QBA�COLJ�
CRQROB�PFJRI>QFLKP��IB>SFKD�QEB�OB@Q>KDRI>O�DBLJBQOV�>P�QEB�LKIV�LMQFLK��4>?IB�����	��
�

•� 2BD>OAFKD� LOFBKQ>QFLK�� QEB� >?PLIRQB�JB>K� PQ>KAP� >Q� ������� EFDEBO� QE>K� QEB�JB>K�
������	��)Q�FP�BPPBKQF>I�QL�@EB@H�QEB�%��OBPRIQP�MBO�?RFIAFKD�PR?DOLRM�QL�PBB�ELT�QEB�
ABC>RIQ�LOFBKQ>QFLK�@LJM>OBP�TFQE�QEB�OBPQ�LC�QEB�@LKCFDRO>QFLKP�>KA�KLQ�OBIV�BU@IRPFSBIV�
FK� QEB� LSBO>II� JB>K� S>IRB�� -LOB� PMB@FCF@>IIV�� CLO� JB@E>KF@>IIV� SBKQFI>QBA� ?RFIAFKDP��
TEBK�@LJM>OFKD�QEB�ABC>RIQ�PLRQEBOK�LOFBKQ>QFLK�QL�QEB�B>PQBOK�LOFBKQ>QFLK��QEB�JB>K�
OB>@EBP�FQP�MB>H�S>IRB�������	��#LKPBNRBKQIV��QEB�B>PQBOK�LOFBKQ>QFLK�FP�ABBJBA�QL�
E>SB�>�M>OQF@RI>O�FJM>@Q�>KA�FP�@LKPFABOBA�CLO�CROQEBO�PFJRI>QFLKP��?RFIAFKD�@>PBP���O�
–���O	��7EBK�K>QRO>I�SBKQFI>QFLK�FP�>ALMQBA��37�LOFBKQ>QFLK�CLIILTP�PB@LKA�LSBO>II�FK�
QEB�BKQFOB�@>QBDLOV�TFQE�>�������JB>K�AFCCBOBK@B��OBPRIQFKD�FK�?RFIAFKD�@>PBP��O.�–��O.�
>KA��O.�–���O.�QL�?B�FK@IRABA�FK�QEB�KBUQ�@E>MQBO�>P�TBII��!P�QEBOB�>OB�KL�S>OF>QFLKP�
TFQEFK�B>@E�PR?DOLRM��QEB�>?PLIRQB�JB>KP�E>SB�FABKQF@>I�S>IRBP�CLO�?LQE�@>PBP��!KV�
LQEBO�?RFIAFKDP�TFQE�>K�LOFBKQ>QFLK�AFCCBOBKQ�QE>K�QEB�ABC>RIQ�B>PQBOK��JB@E��SBKQ�	�LO�
37��K>Q��SBKQ�	�>OB�BU@IRABA���O�–���O����O.�–���O.�>KA���O.�–���O.��4>?IB�����	��
�

•� !P�QEBOJ>I�J>PP�E>P�MOLSBA�QL�?B�EFDEIV�FKCIRBKQF>I�FK�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP��FQ�
FP�BPPBKQF>I�QL�@LKAR@Q�CROQEBO�PFJRI>QFLKP�CLO�>II�?RFIAFKDP�TFQE�K>QRO>I�SBKQFI>QFLK�QE>Q�
E>SB�KLQ�?BBK�BU@IRABA�FK�QEB�MOBSFLRP�QTL�M>O>DO>MEP��QEBPB�?RFIAFKDP�>OB��O.�–��O.�
>KA��O.�–���O.��7EBK�JB@E>KF@>I�SBKQFI>QFLK�FP�RPBA��QEBOJ>I�J>PP�>CCB@QP�QEB�OBPRIQP�
M>OQF@RI>OIV�CLO�QEB� IB>PQ�BKBODV�BCCF@FBKQ�?RFIAFKDP�TEFIB�QEBFO�BCCB@Q�LK�"BPQ�0O>@QF@B�
?RFIAFKDP�FP�@LJM>O>QFSBIV�IBPP�PFDKFCF@>KQ��4EBOBCLOB��E>IC�LC�QEB�"BPQ�0O>@QF@B�?RFIAFKDP�
TFQE�JB@E>KF@>I�SBKQFI>QFLK�@>K�?B�BIFJFK>QBA��QEBPB�FK@IRAB�?RFIAFKD�@>PBP��O���O����O��
��O��
�

•� 6BKQFI>QFLK�3QO>QBDV�@LKPQFQRQBP�QEB�?RFIAFKD�BIBJBKQ�TFQE�QEB�PB@LKA�EFDEBPQ� FJM>@Q�
LK�>O?FQO>DB�>CQBO�BKBODV�BCCF@FBK@V�TFQE�>K�>?PLIRQB�JB>K�AFCCBOBK@B�LC�������FK�QBOJP�
LC� QEB� PEFCQBA�MB>H� IL>AP��4EBOBCLOB�� >II� K>QRO>IIV� SBKQFI>QBA�?RFIAFKDP� QE>Q� E>SB� KLQ�
>IOB>AV�?BBK�BU@IRABA�>OB� @LKPFABOBA� CLO� CROQEBO� PFJRI>QFLKP��O.�–� �O.�>KA��O.�–�
��O.��
�



����
�

•� &FK>IIV��the fabric’s BKBODV�BCCF@FBK@V�FP�RKALR?QBAIV�QEB�JLPQ�FJMLOQ>KQ�BIBJBKQ�LC�QEB�
@LJM>OFPLK�� QEBOBCLOB�� PFJFI>OIV� QL� SBKQFI>QFLK� PQO>QBDV�� >II� "BPQ�0O>@QF@B�>KA�0>OQ� ,�
?RFIAFKDP� QE>Q� E>SB� KLQ� >IOB>AV� ?BBK� BU@IRABA� PL� C>O� >OB� @LKPFABOBA� CLO� CROQEBO�
PFJRI>QFLKP��
�

)K�@LK@IRPFLK��>�QLQ>I�LC����?RFIAFKD�@>PBP�>OB�@LKPFABOBA�CLO�QEB�PFJRI>QFLKP�QE>Q�CLIILT��>�����
MOLMLOQFLK� LC� QEB� ��� LOFDFK>I� P@BK>OFLP� MOBPBKQBA� FK� #E>MQBO� ��� QEBOBCLOB�� QEFP� OBAR@QFLK�
K>OOLTP�ALTK�QEB�OBNRFOBA�>K>IVPFP�PFDKFCF@>KQIV��4>?IB������?BILT�MOBPBKQP�QEB�IFPQ�LC�QEB����
?RFIAFKDP�FK�NRBPQFLK��

�

Table 5.18�–�3BIB@QBA�"RFIAFKD�#>PBP�CLO�CROQEBO�PFJRI>QFLKP�

Building 
ID 

Description Characteristics 

�O� (T"0��� (B>SVTBFDEQ��"BPQ�0O>@QF@B������'I>WBA�
�O� (T0,��� (B>SVTBFDEQ��0>OQ�,������'I>WBA�
�O� ,T0,��� ,FDEQTBFDEQ��0>OQ�,������'I>WBA�
�O� (T"0��� (B>SVTBFDEQ��"BPQ�0O>@QF@B������'I>WBA�
�O� (T0,��� (B>SVTBFDEQ��0>OQ�,������'I>WBA�
�O� ,T0,��� ,FDEQTBFDEQ��0>OQ�,������'I>WBA�
��O� (T"0��%� (B>SVTBFDEQ��"BPQ�0O>@QF@B������'I>WBA��%>PQBOK�/OFBKQ>QFLK�
��O� (T0,��%� (B>SVTBFDEQ��0>OQ�,������'I>WBA��%>PQBOK�/OFBKQ>QFLK�
��O� ,T0,��%� ,FDEQTBFDEQ��0>OQ�,������'I>WBA��%>PQBOK�/OFBKQ>QFLK�
��O� (T"0��%� (B>SVTBFDEQ��"BPQ�0O>@QF@B������'I>WBA��%>PQBOK�/OFBKQ>QFLK�
��O� (T0,��%� (B>SVTBFDEQ��0>OQ�,������'I>WBA��%>PQBOK�/OFBKQ>QFLK�
��O� ,T0,��%� ,FDEQTBFDEQ��0>OQ�,������'I>WBA��%>PQBOK�/OFBKQ>QFLK�
�O.� (T"0��
� (B>SVTBFDEQ��"BPQ�0O>@QF@B������'I>WBA��.>QRO>I�6BKQFI>QFLK�
�O.� (T0,��
� (B>SVTBFDEQ��0>OQ�,������'I>WBA��.>QRO>I�6BKQFI>QFLK�
�O.� ,T"0��
� ,FDEQTBFDEQ��"BPQ�0O>@QF@B������'I>WBA��.>QRO>I�6BKQFI>QFLK�
�O.� ,T0,��
� ,FDEQTBFDEQ��0>OQ�,������'I>WBA��.>QRO>I�6BKQFI>QFLK�
�O.� (T"0��37
� (B>SVTBFDEQ��"BPQ�0O>@QF@B������'I>WBA��37�/OFBKQ>QFLK��.>Q��6BKQ��
��O.� (T0,��37
� (B>SVTBFDEQ��0>OQ�,������'I>WBA��37�/OFBKQ>QFLK��.>Q��6BKQFI>QFLK�
��O.� ,T"0��37
� ,FDEQTBFDEQ��"BPQ�0O>@QF@B������'I>WBA��37�/OFBKQ>QFLK��.>Q��6BKQ��
��O.� ,T0,��37
� ,FDEQTBFDEQ��0>OQ�,������'I>WBA��37�/OFBKQ>QFLK��.>Q��6BKQFI>QFLK�

�

�
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6. Sensitivity Analysis 
4EB�@ROOBKQ�@E>MQBO�FKSBPQFD>QBP�QEB�FJM>@Q�QE>Q�>�HBV�M>O>JBQBO�@E>KDB�E>P�LK�QEB�BIB@QOF@FQV�
@LKPRJMQFLK�>KA�@LKPBNRBKQIV�QEB�>O?FQO>DB�MBOCLOJ>K@B�LC�QEB�?RFIAFKDP��4EBPB�M>O>JBQBOP�
FK@IRAB�� >JLKD� LQEBOP�� QEB� RQFIFP>QFLK� LC� >AAFQFLK>I� 240� BIB@QOF@FQV� A>Q>�� AFCCBOBKQ� ?>QQBOV�
@>M>@FQV�PFWBP�>KA�TB>QEBO�A>Q>��>P�ABP@OF?BA�FK�#E>MQBO������

6.1 Birmingham IWEC Results (2018 RTP Data) 
.BT�?RFIAFKD�PFJRI>QFLKP�CLO�QEB�PBIB@QBA�?RFIAFKDP�E>SB�?BBK�MBOCLOJBA�CLO�QEB������@>IBKA>O�
VB>O�to ensure that the buildings’ electricity profiles match the exact dates and times of the 

BIB@QOF@FQV�MOF@BP��TFQE�QEBFO�LRQMRQ�?BFKD�CBA�FKQL�QEB�-!4,!"�!O?FQO>DB�JLABI��RPFKD�QEB������
240�.LOA0LLI�A>Q>��)K�QEFP�@E>MQBO��QEB�FJM>@Q�LK�>O?FQO>DB�FP�>D>FK�MOBPBKQBA�MBO�?RFIAFKD�
element, similarly to the previous chapter’s structure. Additionally, the 2017 and 2018 results 

>OB� @LJM>OBA� FK� QBOJP�LC� QEB� AFCCBOBK@BP� FK� BIB@QOF@FQV� PEFCQBA� ���LC� MB>H� IL>AP�� H7E�J�	��
BUMLOQP��H7E�J�	�>KA�KBQ�@LPQ��Y�J�	�QL�BS>IR>QB�QEB�MBOCLOJ>K@B�LC�QEB�>O?FQO>DB�JLABI�RKABO�
AFCCBOBKQ�>KKR>I�MOF@B�PBOFBP��)Q�PELRIA�?B�KLQBA�QE>Q�DFSBK�QEB�PFDKFCF@>KQIV�PJ>IIBO�KRJ?BO�LC�
?RFIAFKDP�� QEB�JB>K�S>IRBP�PELTK�FK�QEB�@ROOBKQ�@E>MQBO�>OB�KLQ�AFOB@QIV�@LJM>O>?IB�QL�QEB�
�����OBPMB@QFSB�S>IRBP�>KA�QEB�OBIBS>KQ�AFP@RPPFLK�FP�KLQ�>P�ABQ>FIBA��

������)JM>@Q�LC�%KBODV�%CCF@FBK@V�
4EB�@LJM>OFPLK�FK@IRABP���?RFIAFKDP�COLJ�B>@E�@>QBDLOV��"BPQ�0O>@QF@B�>KA�0>OQ�,��QEBOBCLOB��
>�QLQ>I�LC����?RFIAFKDP��&LO�QEB�VB>O�������OBD>OAFKD�QEB�/MBO>QFLK>I�3QO>QBDV�%���"BPQ�0O>@QF@B�
?RFIAFKDP�>OB�>?IB�QL�PEFCQ�������JLOB�MB>H�IL>AP��BUMLOQ�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV�?V������
H7E�J��>KA�E>SB�>�ILTBO�KBQ�@LPQ�?V������Y�J��QE>K�QEBFO�0>OQ�,�@LRKQBOM>OQP��4EBOB�FP�>�EFDE�
ABDOBB� LC� @LKPFPQBK@V� >JLKD� QEB� AFCCBOBKQ� ?RFIAFKD� P@BK>OFLP�� FQ� @>K� ?B� KLQF@BA� QE>Q� QEB�
PJ>IIBPQ�AFCCBOBK@BP�Q>HB�MI>@B�?BQTBBK�QEB�K>QRO>IIV�SBKQFI>QBA�IFDEQTBFDEQ�?RFIAFKDP���O.�>KA�
�O.����O.�>KA���O.��4EFP�FP�FK�>@@LOA>K@B�QL�QEB�L?PBOS>QFLKP�J>AB�FK�#E>MQBO�����>P�OBPRIQP�
>OB�PR?GB@Q�QL�EFDEBO�ABDOBBP�LC�S>OF>QFLK�TEBK�K>QRO>I�SBKQFI>QFLK�FP�>ALMQBA���

 

Table 6.1 – )JM>@Q�LC�%KBODV�%CCF@FBK@V LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(Best 

Practice)  

Building 
B 

(Part L) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

2017 2018 2017 2018 2017 2018 2017 2018 
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
��O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�S>IRB�LC�QEB�
>?PLIRQB�AFCCBOBK@BP�

����� ����� ����� ����� ����� ����� ����� �����

�



����
�

4EB�OBPMB@QFSB�AFCCBOBK@BP�?BQTBBK�QEB�QTL�?RFIAFKD�@>QBDLOFBP�CLO�QEB������VB>O�>OB��������
�����H7E�J��>KA������Y�J���FKAF@>QFKD�QE>Q�OBPRIQP�CLO�?LQE�VB>OP�>OB�SBOV�@LKPFPQBKQ�>KA�>KV�
@E>KDBP�>OB�QOFSF>I��#LK@BOKFKD�QEB�AFCCBOBK@BP�FK�KBQ�@LPQ��FQ�@>K�?B�PBBK�QE>Q��LK�>SBO>DB��
"BPQ�0O>@QF@B�"RFIAFKDP�>OB�@EB>MBO�QL�LMBO>QB�?V������Y�J��FK������>KA�?V������Y�J��FK������
TEBK�@LJM>OBA�QL�QEB�IB>PQ�BCCF@FBKQ�?RFIAFKD�@>PBP��4EFP�AFCCBOBK@B�Q>HBP�MI>@B�>P�CLO�������
JLOB�BUMLOQP�Q>HB�MI>@B�>KA�JLOB�BIB@QOF@FQV�FP�PEFCQBA�FK�QLQ>I�FK�QBOJP�LC�H7E�J���4>?IB����	��

7EFIB�QEB�BIB@QOF@FQV�PEFCQBA�>KA�BUMLOQP�Q>HB�MI>@B�FC�>IILTBA�?V�QEB�LMBO>QFLK>I�PQO>QBDV��QEB�
@>I@RI>QFLK�LC�QEB�KBQ�@LPQ�FP�ABMBKABKQ�LK�QEB�A>FIV�AFPQOF?RQFLK�LC�QEB�240�A>Q>��&LO�BU>JMIB��
BSBK�FC�>�?RFIAFKD�@>QBDLOV�FP�>?IB�QL�PEFCQ�QEB�P>JB�>JLRKQ�LC�MB>H�IL>AP�TFQE�>KLQEBO�?RFIAFKD�
@>QBDLOV�CLO�QTL�@LKPB@RQFSB�VB>OP��QEB�OBPMB@QFSB�>KKR>I�KBQ�@LPQP�@>K�?B�SBOV�AFCCBOBKQ�ARB�
QL�QEB�RQFIFP>QFLK�LC�RKFNRB�ELROIV�240�A>Q>��

-LOBLSBO��>P�QEB�AFPQOF?RQFLK�LC�A>VP�>KA�TBBHP�FP�AFCCBOBKQ�COLJ�VB>O�QL�VB>O��QEB�P>JB�A>V�
@>K� IB>A� QL� BUQOBJBIV� LMMLPFQB� BIB@QOF@FQV� MOLCFIBP�� &LO� BU>JMIB�� �QE� LC� &B?OR>OV� ����� FP� >�
-LKA>V�>KA�QEBOBCLOB�>�TLOHFKD�A>V�TFQE�QEB�@LKPBNRBKQ�BIB@QOF@FQV�@LKPRJMQFLK��(LTBSBO��
CLO�QEB�VB>O�������FQ� FP�>�3RKA>V�>KA�>�KLKTLOHFKD�A>V��OBPRIQFKD�FK�FKPFDKFCF@>KQ�BIB@QOF@FQV�
IL>AP�QE>Q�LKIV�FK@IRAB�>RUFIF>OV�BKBODV��7EFIB�FQ�@>K�?B�>ODRBA�QE>Q�QEB�LSBO>II�TLOHFKD�ELROP�
>KA�A>VP�LC�B>@E�VB>O�>OB�>IT>VP�BNR>I�� QEBFO�AFPQOF?RQFLK� FP�KLQ�>KA�@LRMIBA�TFQE�AFCCBOBKQ�
240�BIB@QOF@FQV�A>Q>��FQ�E>P�QEB�MLQBKQF>I�QL�IB>A�QL�S>OFLRP�OBPRIQP��4EB�I>PQ�QTL�L?PBOS>QFLKP�
>OB�KLQ�QEB�@>PB�LKIV�CLO�%��?RQ�CLO�>KV�LMBO>QFLK>I�PQO>QBDV�LC�QEB�@ROOBKQ�QEBPFP��

2BD>OAFKD�%��>KA�QEB�VB>O�������"BPQ�0O>@QF@B�?RFIAFKDP�@>K�PEFCQ�������EFDEBO�MB>H�IL>AP�
>KA�BUMLOQ������H7E�J��JLOB�BIB@QOF@FQV�?>@H� QL� QEB�DOFA�@LJM>OBA� QL� QEB�0>OQ�,�@>QBDLOV�
�4>?IB����	��/K@B�>D>FK��KL�J>GLO�AFCCBOBK@BP�>OB�L?PBOSBA�TEBK�@LJM>OFKD�QEB�OBPRIQP�CLO�
?LQE�VB>OP��4EB�KBQ�@LPQ�AFCCBOBK@B�S>IRBP�>OB�FABKQF@>I�QL�QEB�%���>P�BUMI>FKBA�FK�#E>MQBO������
&FK>IIV��TFQE�BUMLOQP�AFP>?IBA��"BPQ�0O>@QF@B�?RFIAFKDP�>OB�@>M>?IB�LC�PEFCQFKD�������EFDEBO�
MB>H�IL>AP�QE>K�0>OQ�,�TEFIPQ�?BFKD�JLOB�>CCLOA>?IB�?V������Y�J���CLO�������4>?IB����	��/SBO>II��
FQ�FP�BSFABKQ�QE>Q������240�A>Q>�E>P�?BBK�PIFDEQIV�JLOB�?BKBCF@F>I�CLO�QEB�>O?FQO>DB�LMBO>QFLK�
LC� "BPQ� 0O>@QF@B� ?RFIAFKDP� >D>FKPQ� QEBFO� 0>OQ� ,� @LRKQBOM>OQP�� IB>AFKD� QL� >� EFDEBO� KBQ� @LPQ�
AFCCBOBK@B�?V������Y�J�� FK� OBI>QFLK� QL�������.L�AFCCBOBK@B�E>P�?BBK�L?PBOSBA�?BQTBBK�QEB�
JB>K� S>IRBP� >KA� QEB� JB>K� >?PLIRQB� S>IRBP� >P� QEBOB� E>P� ?BBK� KL� S>OF>QFLK� TFQEFK� QEB�
@LJM>OBA�?RFIAFKDP�LC�4>?IB�����–������

Table 6.2 – )JM>@Q�LC�%KBODV�%CCF@FBK@V LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(Best 

Practice)  

Building 
B 

(Part L) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences in 
Net Cost (£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

2017 2018 2017 2018 2017 2018 2017 2018 
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
��O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�S>IRB�LC�QEB�
>?PLIRQB�AFCCBOBK@BP�

����� ����� ����� ����� ����� ����� ����� �����



����
�

Table 6.3 – )JM>@Q�LC�%KBODV�%CCF@FBK@V LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(Best 

Practice)  

Building 
B 

(Part L) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 

�O� �O� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� �����
��O.� ��O.� ����� ����� ����� ����� ����� �����
-B>K�S>IRB� ����� ����� ����� ����� ����� �����

-B>K�S>IRB�LC�QEB�
>?PLIRQB�AFCCBOBK@BP�

����� ����� ����� ����� ����� �����

 

������)JM>@Q�LC�7FKALTQL7>II�O>QFL��DI>WFKD	�
!�QLQ>I�LC����?RFIAFKDP�>OB�FK@IRABA�FK�QEFP�PB@QFLK�QL�?B�@LJM>OBA�?>PBA�LK�QEBFO�TFKALTQL
T>II�O>QFL��!P�PELTK�FK�4>?IB�����CLO�/MBO>QFLK>I�3QO>QBDV�%�������DI>WBA�?RFIAFKDP�>OB�JLOB�
BCCF@FBKQ�QE>K�QEBFO�����DI>WBA�@LRKQBOM>OQP��>O?FQO>DBTFPB��PEFCQFKD�������>KA�������EFDEBO�
MB>H�IL>AP�PEFCQBA�CLO�QEB�VB>OP������>KA������OBPMB@QFSBIV��4EBV�>IPL�BUMLOQ�JLOB�BIB@QOF@FQV�
?>@H�QL�QEB�DOFA�?V������>KA������H7E�J���IB>AFKD�QL�>�ILTBO�LMBO>QFLK>I�@LPQ�?V������>KA������
Y�J���2BPRIQP�>OB�I>ODBIV�@LKPFPQBKQ�>@OLPP�>II�?RFIAFKDP�OBD>OAIBPP�LC�LOFBKQ>QFLK�>P�TBII�>P�
@>IBKA>O�VB>OP��QEBOBCLOB��TFQE�LKIV�LKB�JFKLO�BU@BMQFLK��>II�JB>K�>?PLIRQB�S>IRBP�>OB�BNR>I�
QL�QEBFO�OBPMB@QFSB�JB>KP���

�

Table 6.4 – )JM>@Q�LC�'I>WFKD�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(30% 

glazed)  

Building 
B 

(80% 
glazed) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

2017 2018 2017 2018 2017 2018 2017 2018 
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�S>IRB�LC�QEB�
>?PLIRQB�AFCCBOBK@BP�

����� ����� ����� ����� ����� ����� ����� �����

�

#LK@BOKFKD�%���QEB�AFCCBOBK@BP�FK�MB>H�IL>AP�PEFCQBA�FP�PIFDEQIV�AB@OB>PBA�QL������>KA�������
CLO�QEB�QTL�@LKPB@RQFSB�VB>OP�TEFIB�QEB�KBQ�@LPQ�AFCCBOBK@BP�OBJ>FKBA�QEB�P>JB��>P�BUMB@QBA�



����
�

�4>?IB� ���	�� &FK>IIV��TEBK�BUMLOQP� >OB� KLQ� >IILTBA�� ����DI>WBA� ?RFIAFKDP� PEFCQ� LK� >SBO>DB�
������>KA�������EFDEBO�MB>H�IL>AP�>KA�QEBV�@LKPQFQRQB�QEB�IB>PQ�BUMBKPFSB�?RFIAFKD�@>QBDLOV�
LC�QEB�QTL�?V������>KA������Y�J���CLO������>KA������OBPMB@QFSBIV��!D>FK��TFQE�PLJB�SBOV�JFKLO�
BU@BMQFLKP��>II�����DI>WBA�?RFIAFKDP�MBOCLOJ�?BQQBO�CLO�?LQE�%��>KA�%��TFQE�QEB�JB>K�S>IRBP�
?BFKD�FABKQF@>I�QL�QEB�JB>K�>?PLIRQB�S>IRBP��)Q�PELRIA�?B�OBJFKABA�QE>Q�����DI>WBA�?RFIAFKDP�
@LKPRJB�LK�>SBO>DB������H7E�J��IBPP�BIB@QOF@FQV�ARB�QL�QEB�FK@OB>PBA�>JLRKQ�LC�PLI>O�EB>Q�
D>FKP��>IILTFKD�QEB�"33�QL�PEFCQ�EFDEBO�MBO@BKQ>DBP�LC�MB>H�IL>AP�>KA�MLQBKQF>IIV�BUMLOQ�?>@H�
>KV�BKBODV�IBCQ�?>@H�QL�QEB�DOFA�ABMBKAFKD�LK�QEB�AFPM>Q@E�PQO>QBDV�CLIILTBA��4>?IB����	��

 

Table 6.5 – )JM>@Q�LC�'I>WFKD�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(30% 

glazed)  

Building 
B 

(80% 
glazed) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

2017 2018 2017 2018 2017 2018 2017 2018 
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�S>IRB�LC�QEB�
>?PLIRQB�AFCCBOBK@BP�

����� ����� ����� ����� ����� ����� ����� �����

 

Table 6.6 – )JM>@Q�LC�'I>WFKD LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

�

�

�

�

�

�

�

�

�

�

������)JM>@Q�LC�/OFBKQ>QFLK�
���?RFIAFKDP�>OB�FK@IRABA�FK�QEFP�@LJM>OFPLK�@E>MQBO����LC�TEF@E�>OB�K>QRO>IIV�SBKQFI>QBA��4EB�
OBPRIQP�CLO�?LQE�VB>OP��CLO�/MBO>QFLK>I�3QO>QBDV�%���@>K�?B�PBBK�FK�4>?IB�����TFQE�JB>K�S>IRBP�
?BFKD�MOLSFABA�CLO�B>@E�SBKQFI>QFLK�PQO>QBDV�>ILKD�TFQE�QEB�LSBO>II�>SBO>DB�S>IRBP��4L�?BDFK�
TFQE��JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�TFQE�QEB�ABC>RIQ�PLRQEBOK�LOFBKQ>QFLK�J>K>DB�QL�PEFCQ�
EFDEBO� MBO@BKQ>DB� LC� QEBFO� MB>H� IL>AP� ?V� ������ >KA� ������� BUMLOQ� EFDEBO� >JLRKQP� LC�

Building ID Parameter (Unit) 
Building 
A (30% 
glazed)  

Building 
B 

(80% 
glazed) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

2017 2018 2017 2018 2017 2018 
�O� �O� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
-B>K�S>IRB� ����� ����� ����� ����� ����� �����

-B>K�S>IRB�LC�QEB�
>?PLIRQB�AFCCBOBK@BP�

����� ����� ����� ����� ����� �����



����
�

BIB@QOF@FQV�?V������H7E�J���?BFKD� QEBOBCLOB�JLOB�>CCLOA>?IB�?V������>KA������Y�J��� CLO� QEB�
VB>OP������>KA�������OBPMB@QFSBIV��4EB�OBPRIQP�ABJLKPQO>QB�EFDE�IBSBIP�LC�@LKPFPQBK@B�>KA��
>P�PELTK�FK�QEB�MOBSFLRP�@E>MQBO�CLO�QEB������OBPRIQP��QEB�EFDEBPQ�AFCCBOBK@BP�Q>HB�MI>@B�TEBK�
@LJM>OFKD�QEB�0>OQ�,�@>PBP�TFQE�QEB�EFDEBPQ�DI>WFKD�MBO@BKQ>DB��F�B���O�>KA��O�SP���O�>KA���O�
CLO� QEB� ?RFIAFKDP� LC� QEB� @ROOBKQ� @E>MQBO	� >P� QEB� @LJ?FK>QFLK� LC� QEBPB� ABPFDK� BIBJBKQP�
J>UFJFPBP�QEB�KRJBOF@>I�AFCCBOBK@BP�FK�QEFP�@>QBDLOV��

Table 6.7 – )JM>@Q�LC�/OFBKQ>QFLK�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(South)  

Building 
B 

(Eastern 
or SW) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 2017 2018 

�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB��

�-B@E��6BKQFI>QFLK	� ����� �����
�
����� �����

�
����� �����

�
����� �����

-B>K�>?PLIRQB�S>IRB��
�-B@E��6BKQFI>QFLK	� ����� �����

�
����� �����

�
����� �����

�
����� �����

�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB��

�.>Q��6BKQFI>QFLK	� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�>?PLIRQB�S>IRB��
�.>Q��6BKQFI>QFLK	� ����� ����� ����� ����� ����� ����� ����� �����
/SBO>II�-B>K�S>IRB� ����� ����� ����� ����� ����� ����� ����� �����
�/SBO>II�-B>K�
>?PLIRQB�S>IRB�

����� ����� ����� ����� ����� ����� ����� �����

�

-LOBLSBO�� K>QRO>IIV� SBKQFI>QBA� ?RFIAFKDP� TFQE� QEB� ABC>RIQ� LOFBKQ>QFLK� >OB� QEB� JLPQ� BCCF@FBKQ�
?RFIAFKD�@>QBDLOV�>O?FQO>DBTFPB�>P�QEBV�@>K�PEFCQ�EFDEBO�MBO@BKQ>DB�LC� QEBFO�MB>H� IL>AP�?V�
������>KA��������CLO�QEB�QTL�@LKPB@RQFSB�VB>OP��OBPMB@QFSBIV��4EFP�@LKPQFQRQBP�QEB�LKIV�?>QQBOV�
>@QFSFQV�QE>Q�AFCCBOBK@BP�>OB�L?PBOSBA�>P�?LQE�?RFIAFKD�@>QBDLOFBP�J>K>DB�QL�BUMLOQ�QEB�P>JB�
>JLRKQ�LC�BIB@QOF@FQV��>MMOLUFJ>QBIV��CLO�?LQE�VB>OP��&FK>IIV��>P�>�PLRQEBOK�LOFBKQ>QFLK�OBPRIQP�
FKQL�>�@EB>MBO�KBQ�@LPQ�?V������>KA������Y�J���OBPRIQP�>OB�LK@B�>D>FK�@LKPFPQBKQ�CLO�QEB�QTL�
QFJB�MBOFLAP�FK�NRBPQFLK��

/SBO>II��FK�QB@EKF@>I�QBOJP��QEB�>O?FQO>DB�OBPRIQP�>MMB>O�QL�?B�JLOB�?BKBCF@F>I�CLO�?RFIAFKDP�TFQE�
QEB�ABC>RIQ�LOFBKQ>QFLK��CLO������>P�QEB�AFCCBOBK@BP�OB>@E�������CLO�QEB�MB>H�TFQE�QEB�OBPMB@QFSB�
�����S>IRB�?BFKD�PIFDEQIV�ILTBO�>Q��������4EBOB�FP�KL�AFCCBOBK@B�?BQTBBK�QEB�VB>OP�FK�OBD>OAP�
QL� QEB�BIB@QOF@FQV�BUMLOQP�AFCCBOBK@B�TEF@E�PQ>VP�?BQTBBK������–������H7E�J���(LTBSBO��>P�
JBKQFLKBA�MOBSFLRPIV��QEBPB�QB@EKF@>I�>AS>KQ>DBP�AL�KLQ�KB@BPP>OFIV�QO>KPI>QB�FKQL�>�@EB>MBO�
>KKR>I�KBQ�@LPQ�?B@>RPB�QEB�BIB@QOF@FQV�ELROIV�MOF@BP�>OB�RKFNRB�CLO�B>@E�VB>O��#LKPBNRBKQIV��



����
�

QEB�EFDEBPQ�AFCCBOBK@BP�FK�KBQ�@LPQ�Q>HB�MI>@B�CLO������>P�?RFIAFKDP�TFQE�PLRQEBOK�LOFBKQ>QFLK�
>OB�@EB>MBO�?V������Y�J���PIFDEQIV�EFDEBO�QE>K�QEB������KBQ�@LPQ�AFCCBOBK@B�LC������Y�J���

&LO�/MBO>QFLK>I�3QO>QBDV�%���PFJFI>O�@LK@IRPFLKP�@>K�?B�J>AB�OBD>OAFKD�?LQE�JB@E>KF@>IIV�
>KA� K>QRO>IIV� SBKQFI>QBA� ?RFIAFKDP� ?V� L?PBOSFKD�4>?IB� �����/SBO>II�� ?RFIAFKDP�TFQE� PLRQEBOK�
LOFBKQ>QFLK�PQFII�MBOCLOJ�?BQQBO�>P�QEBV�>OB�>?IB�QL�PEFCQ�EFDEBO�MBO@BKQ>DBP�LC�QEBFO�MB>H�IL>AP�
?V�������>KA��������QEBV�BUMLOQ�PIFDEQIV�JLOB�BIB@QOF@FQV�?V������>KA������H7E�J���CLO�QEB�
QTL�@LKPB@RQFSB�VB>OP��OBPMB@QFSBIV��3FJFI>OIV�QL�%���QEBPB�QB@EKF@>I�?BKBCFQP�AL�KLQ�QO>KPI>QB�
QL�B@LKLJF@�?BKBCFQP�TEBK�@LJM>OFKD�QEB�OBPRIQP�MBO�VB>O�>P�QEB�?RFIAFKD�@>QBDLOV�IB>AP�QL�
@EB>MBO�KBQ�@LQ�?V�����Y�J��CLO������>KA�PIFDEQIV�EFDEBO�?V�����Y�J��CLO�������4EB�KBPQ�@LPQ�
OBPRIQP�L?PBOSBA�>OB�FABKQF@>I�QL�QEB�%��S>IRBP��CLO�?LQE�VB>OP��

 

Table 6.8 – )JM>@Q�LC�/OFBKQ>QFLK�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(South)  

Building 
B 

(Eastern 
or SW) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 2017 2018 

�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB��

�-B@E��6BKQFI>QFLK	� ����� �����
�
����� �����

�
����� �����

�
����� �����

-B>K�>?PLIRQB�S>IRB��
�-B@E��6BKQFI>QFLK	� ����� �����

�
����� �����

�
����� �����

�
����� �����

�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB��

�.>Q��6BKQFI>QFLK	� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�>?PLIRQB�S>IRB��
�.>Q��6BKQFI>QFLK	� ����� ����� ����� ����� ����� ����� ����� �����
/SBO>II�-B>K�S>IRB� ����� ����� ����� ����� ����� ����� ����� �����
/SBO>II�-B>K�
>?PLIRQB�S>IRB�

����� ����� ����� ����� ����� ����� ����� �����

�

&FK>IIV��CLO�/MBO>QFLK>I�3QO>QBDV�%���4>?IB����	��FQ�@>K�?B�PBBK�QE>Q�?RFIAFKDP�TFQE�QEB�ABC>RIQ�
LOFBKQ>QFLK�@>K�PEFCQ�LK�>SBO>DB�EFDEBO�MBO@BKQ>DB�LC�QEBFO�MB>H�IL>AP�?V�������>KA�������
OBPRIQFKD� FK� ?BFKD� @EB>MBO� ?V� ����� >KA� ����� Y�J��� CLO� ����� >KA� ������ OBPMB@QFSBIV�� TEBK�
@LJM>OBA�TFQE�?RFIAFKDP�LC�LQEBO�LOFBKQ>QFLKP��!II�QEB�MOBSFLRPIV�L?PBOS>QFLKP�CLO�%��>KA�%��
>IPL�>MMIV�EBOB�>KA�LOFBKQ>QFLK�OBPRIQP�>OB�@LKPFPQBKQ�CLO�?LQE�VB>OP�BU>JFKBA��)Q�PELRIA�?B�
KLQBA�QE>Q�QEBOB�>OB�SBOV�JFKLO�AFCCBOBK@BP�?BQTBBK�QEB�JB>K�>KA�>?PLIRQB�JB>K�S>IBP�ARB�
QL�QEB�I>@H�LC�S>OF>QFLKP�TFQEFK�QEB�OBPRIQP��

�



����
�

Table 6.9 – )JM>@Q�LC�/OFBKQ>QFLK�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building 

A 
(South)  

Building 
B 

(Eastern 
or SW) 

Differences in 
Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Net Cost (£/m2) 

Differences 
in Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 

�O� ��O� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� �����
�O� ��O� ����� ����� ����� ����� ����� �����
-B>K�S>IRB��

�-B@E��6BKQFI>QFLK	� ����� ����� ����� �����
�
����� �����

-B>K�>?PLIRQB�S>IRB��
�-B@E��6BKQFI>QFLK	� ����� ����� ����� �����

�
����� �����

�O.� �O.� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� �����
�O.� ��O.� ����� ����� ����� ����� ����� �����
-B>K�S>IRB��

�.>Q��6BKQFI>QFLK	� ����� ����� ����� ����� ����� �����
-B>K�>?PLIRQB�S>IRB��
�.>Q��6BKQFI>QFLK	� ����� ����� ����� ����� ����� �����
/SBO>II�-B>K�S>IRB� ����� ����� ����� ����� ����� �����
/SBO>II�-B>K�
>?PLIRQB�S>IRB�

����� ����� ����� ����� ����� �����

 

������)JM>@Q�LC�4EBOJ>I�->PP�
!�QLQ>I�LC����?RFIAFKDP�>OB�@LJM>OBA�FK�QEFP�@E>MQBO����LRQ�LC�TEF@E�>OB�K>QRO>IIV�SBKQFI>QBA��
4EB�@LJM>OFPLK�FP�KLQ�>P�BUQBKPFSB�>P�FK�#E>MQBO�����ARB�QL�QEB�I>@H�LC�PBSBO>I�?RFIAFKDP��PR@E�
>P�QEB�����DI>WBA�"BPQ�0O>@QF@B�@>PBP�>KA�>KV�"BPQ�0O>@QF@B�?RFIAFKDP��FK�DBKBO>I��/SBO>II��FQ�
FP�@IB>O� QE>Q� CLO�?LQE�VB>OP�� IFDEQTBFDEQ�?RFIAFKDP�MBOCLOJ�?BQQBO� FK� QBOJP�LC�>O?FQO>DB��-LOB�
PMB@FCF@>IIV��QEBV�>OB�>?IB�QL�PEFCQ�EFDEBO�MB>H�IL>AP�?V�������>KA��������QEBV�BUMLOQ�JLOB�
BIB@QOF@FQV�?>@H�QL�QEB�DOFA�?V������>KA������H7�J���OBPRIQFKD�FK�>�@EB>MBO�KBQ�@LPQ�?V������>KA�
����� Y�J��� CLO� QEB� QTL� @LKPB@RQFSB� VB>OP�� OBPMB@QFSBIV�� !P� MOBSFLRPIV� AFP@RPPBA�� TEFIB� >�
PMB@FCF@�?RFIAFKD�@>QBDLOV��FK�QEFP�@>PB�?RFIAFKDP�TFQE�IFDEQBO�QEBOJ>I�J>PP��>@EFBSB�>K�LSBO>II�
?BQQBO�>O?FQO>DB�MBOCLOJ>K@B�FK�QBOJP�LC�BUMLOQP�>KA�BIB@QOF@FQV�PEFCQP�CLO�QEB������@>IBKA>O�
VB>O��QEBOB�>OB�Q>KDF?IB�CFK>K@F>I�?BKBCFQP�>P�QEB�KBQ�@LPQ�AFCCBOBK@BP�CLO�?LQE�VB>OP�>OB�>IJLPQ�
FABKQF@>I��EBK@B�OBCIB@QFKD�LK@B�>D>FK�QEB�FJMLOQ>K@B�LC�QEB�240�A>Q>��

2BD>OAFKD�QEB�?OB>HALTK�LC�QEB�OBPRIQP��SBKQFI>QFLK�PQO>QBDV�MOLSBP�QL�?B�QEB�HBV�PB@LKA>OV�
ABPFDK�@E>O>@QBOFPQF@�TEBK�@LJM>OFKD�?RFIAFKDP�>@@LOAFKD�QL�QEBFO�QEBOJ>I�J>PP��&LO�������
TEBK�JB@E>KF@>I�SBKQFI>QFLK�FP�>ALMQBA�>KA�/MBO>QFLK>I�3QO>QBDV�%��FP�CLIILTBA��4>?IB�����	��
IFDEQTBFDEQ�?RFIAFKDP�>OB�>?IB�QL�PEFCQ�LK�>SBO>DB�������EFDEBO�MB>H�IL>AP�������H7E�J��JLOB�
BIB@QOF@FQV�BUMLOQP�>KA�>OB�@EB>MBO�?V������Y�J���&LO�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP��QEB�?BKBCFQP�
LC� IFDEQTBFDEQ�?RFIAFKDP� FK@OB>PB�TFQE� QEBFO� OBPMB@QFSB�OBPRIQP�OB>@EFKD�������������H7E�J��
>KA������Y�J���CLO�QEB�P>JB�VB>O��2BPRIQP�>OB�@LKPFPQBKQ�CLO�?LQE�VB>OP��ELTBSBO��FQ�JRPQ�?B�
KLQBA�QE>Q�QEB�P>JMIB�LC�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP�RPBA�CLO�QEFP�@LJM>OFPLK�FP�OBI>QFSBIV�



����
�

Table 6.10 – )JM>@Q�LC�4EBOJ>I�J>PP�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building A 

(Heavyweight)  
Building B 

(Lightweight) 
Differences in 

Electricity 
shifted 

 (% of peak 
loads) 

Differences 
in 

Electricity 
Exports 

(kWh/m2) 

Differences 
in Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 2017 2018 

�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�>?PLIRQB�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����
 

Table 6.11 – )JM>@Q�LC�4EBOJ>I�J>PP�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building A 

(Heavyweight)  
Building B 

(Lightweight) 
Differences 
in Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Electricity 
Exports 

(kWh/m2) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 2017 2018 

�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�>?PLIRQB�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����
�

Table 6.12 – )JM>@Q�LC�4EBOJ>I�J>PP�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter 
Building A 

(Heavyweight)  
Building B 

(Lightweight) 
Differences 
in Electricity 

shifted 
 (% of peak 

loads) 

Differences 
in Net Cost 

(£/m2) 

Differences 
in Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 

�O� �O� ����� ����� ����� ����� ����� �����
�O� �O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
��O� ��O� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� �����
�O.� �O.� ����� ����� ����� ����� ����� �����
-B>K�S>IRB�� ����� ����� ����� ����� ����� �����

-B>K�>?PLIRQB�S>IRB�� ����� ����� ����� ����� ����� �����



����
�

PJ>II�>KA� QEBOBCLOB� QEB�JB>K�S>IRB�JFDEQ�KLQ�?B� OBMOBPBKQ>QFSB�LC� QEB� OBPMB@QFSB�?RFIAFKD�
category’s population.�

-LOBLSBO�� QEB�%�� OBPRIQP� >OB� MOBPBKQBA� ?BILT� FK�4>?IB� ������/K�>SBO>DB�� CLO� ?LQE� VB>OP��
IFDEQTBFDEQ�?RFIAFKDP�PEFCQ�������>KA�������JLOB�BIB@QOF@FQV�FK�QBOJP�LC�QEBFO�MB>H�IL>AP��QEBV�
BUMLOQ�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV�?V������>KA������H7E�J��TEFIB�QEBFO�>KKR>I�KBQ�@LPQP�E>SB�
PFJFI>O�S>IRBP�TFQE� QEB�MOBSFLRP�PQO>QBDV��!P�AFP@RPPBA� FK� QEB������OBPRIQP�� QEB�AFCCBOBK@BP�
L?PBOSBA�CLO�?LQE�QEB�PEFCQBA�BIB@QOF@FQV�>KA�BUMLOQP�>OB�ILTBO�CLO�%��TEBK�@LJM>OBA�QL�QEB�
OBPMB@QFSB� %�� S>IRBP�� 4EB� EFDEBPQ� AFCCBOBK@B� S>IRBP� Q>HB� MI>@B� >D>FK� TEBK� @LJM>OFKD�
K>QRO>IIV� SBKQFI>QB� @>PBP�� 2BD>OAFKD� /MBO>QFLK>I� 3QO>QBDV� %��� IFDEQTBFDEQ� ?RFIAFKDP� >OB�
@>M>?IB�LC�PEFCQFKD�������>KA�������EFDEBO�MB>H�IL>AP�CLO�QEB�QTL�VB>OP��OBPMB@QFSBIV��4>?IB�
����	��.BQ�@LPQ�AFCCBOBK@BP�>OB�>IJLPQ�FABKQF@>I�QL�QEB�MOBSFLRP�QTL�PQO>QBDFBP�>KA�OBPRIQP�>OB�
@LKPFPQBKQ�>@OLPP�?LQE�VB>OP��.L�J>GLO�AFCCBOBK@BP�@>K�?B�PBBK�?BQTBBK�QEB�JB>K�>KA�JB>K�
>?PLIRQB�S>IRBP�CLO�>II�QEOBB�PQO>QBDFBP��FKAF@>QFKD�QEB�I>@H�LC�>KV�PFDKFCF@>KQ�S>OF>QFLKP��

������)JM>@Q�LC�6BKQFI>QFLK�-BQELA�
4EB�CFK>I�OBPRIQP�@LKPFPQ�LC�GRPQ���?RFIAFKDP�>KA�@LKPQFQRQB�QEB�PELOQBPQ�@LJM>OFPLK�LC�#E>MQBO�
����>KA�>OB�MOBPBKQBA�?BILT�FK�4>?IBP������–�������)Q�FP�@IB>O�QE>Q�QEB�PVKBODV�LC�SBKQFI>QFLK�
PQO>QBDV�>KA�QEBOJ>I�J>PP�FP�MOBPBKQ��>CCB@QFKD�QEB�PRFQ>?FIFQV�LC�?RFIAFKDP�QL�MBOCLOJ�>O?FQO>DB��
5KABO�>II�LMBO>QFLK>I�PQO>QBDFBP��JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�TFQE�>�EB>SV�QEBOJ>I�J>PP�
��O���O	�>OB�>?IB�QL�MBOCLOJ�?BQQBO�LSBO>II�QE>K�QEBFO�K>QRO>IIV�SBKQFI>QBA�@LRKQBOM>OQ���O.���O.	���

/K�QEB�LQEBO�E>KA�� QEB� IFDEQTBFDEQ�K>QRO>IIV�SBKQFI>QBA�?RFIAFKD��O.�@>K�?B�PBBK� QL�E>SB�>�
?BQQBO�MBOCLOJ>K@B�QE>K�FQP�JB@E>KF@>IIV�SBKQFI>QBA�@LRKQBOM>OQ���O��FK�QBOJP�LC�QEB�BIB@QOF@FQV�
PEFCQBA��(LTBSBO��>P�FQP�BUMLOQP�>OB�ILTBO��FQP�LSBO>II�KBQ�@LPQ�FP�PIFDEQIV�EFDEBO�CLO�?LQE�VB>OP��
FQP�KBQ�@LPQ�AFCCBOBK@B�FP�PQFII�>�CO>@QFLK�TEBK�@LJM>OBA�QL�QEB�OBPQ�LC�QEB�?RFIAFKDP��#LJM>OFKD�
QEB�JB>K�>KA�JB>K�>?PLIRQB�S>IRB��FQ�FP�@IB>O�QE>Q�PFDKFCF@>KQ�S>OF>QFLKP�Q>HB�MI>@B�ARB�QL�QEB�
S>IRBP�FKQOLAR@BA�?V�QEB��O�–��O.�?RFIAFKD�@LRMIB��'FSBK�QEB�SBOV�PJ>II�PFWB�LC�QEB�P>JMIB��QEB�
JB>K� S>IRBP� PELRIA� LKIV� ?B� RPBA� CLO� @LJM>OFPLK� MROMLPBP� ?BQTBBK� QEB� QTL� VB>OP� >KA�
LMBO>QFLK>I� PQO>QBDFBP�� KL� OBIF>?IB� @LK@IRPFLKP� @>K� ?B� J>AB� OBD>OAFKD� AFCCBOBK@BP� FK�
MBOCLOJ>K@B�@LJM>OFPLK�LC�JB@E>KF@>I�SBOPRP�K>QRO>I�SBKQFI>QFLK��)K�QEFP�AFOB@QFLK��FQ�FP�BSFABKQ�
that the parameters’ differences for the years 2017 and 2018 are once again consistent.�

�

Table 6.13 – )JM>@Q�LC�6BKQFI>QFLK�3QO>QBDV�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building A 

(Mechanical 
Ventilation)  

Building B 
(Natural 

Ventilation) 

Differences 
in Electricity 

shifted 
 (% of peak 

loads) 

Differences 
in Electricity 

Exports 
(kWh/m2) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 2017 2018 

�O� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�>?PLIRQB�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����
�

�

�



����
�

Table 6.14 – )JM>@Q�LC�6BKQFI>QFLK�3QO>QBDV�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building A 

(Mechanical 
Ventilation)  

Building B 
(Natural 

Ventilation) 

Differences 
in Electricity 

shifted 
 (% of peak 

loads) 

Differences 
in Electricity 

Exports 
(kWh/m2) 

Differences in 
Net Cost 

(£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 2017 2018 

�O� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O.� ����� ����� ����� ����� ����� ����� ����� �����
�O� �O.� ����� ����� ����� ����� ����� ����� ����� �����
-B>K�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����

-B>K�>?PLIRQB�S>IRB�� ����� ����� ����� ����� ����� ����� ����� �����
�

Table 6.15 – )JM>@Q�LC�6BKQFI>QFLK�3QO>QBDV�LK�PBIB@QBA�?RFIAFKDP�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Building ID Parameter (Unit) 
Building A 

(Mechanical 
Ventilation)  

Building B 
(Natural 

Ventilation) 

Differences 
in Electricity 

shifted 
 (% of peak 

loads) 

Differences in 
Net Cost (£/m2) 

Differences in 
Electricity 

shifted 
(kWh/m2) 

 
2017 2018 2017 2018 2017 2018 

�O� �O.� ����� ����� ����� ����� ����� �����
�O� �O.� ����� ����� ����� ����� ����� �����
�O� �O.� ����� ����� ����� ����� ����� �����
-B>K�S>IRB�� ����� ����� ����� ����� ����� �����

-B>K�>?PLIRQB�S>IRB�� ����� ����� ����� ����� ����� �����
�

������3RJJ>OV�>KA�CROQEBO�PBIB@QFLK�LC�"RFIAFKD�#>PBP�
4EB�>O?FQO>DB�OBPRIQP��MOBPBKQBA�FK�PB@QFLK������>OB�PRJJ>OFPBA�FK�4>?IB�'��LC�QEB�!MMBKAFU��
CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�?LQE�VB>OP������>KA�������!P�AFP@RPPBA��QEB�FJM>@Q�LC�QEB�
?RFIAFKD� ABPFDK� BIBJBKQP� >MMB>O� QL� ?B� EFDEIV� @LKPFPQBKQ� CLO� ?LQE� @>IBKA>O� VB>OP��
ABJLKPQO>QFKD�QEB�OBIF>?FIFQV�LC�QEB�!O?FQO>DB�-!4,!"�JLABI��)Q�FP�BSFABKQ�QE>Q�>II�?RQ�LKB�LC�
QEB� OBPMB@QFSB� S>IRBP� >OB� FABKQF@>I�� FKAF@>QFKD� KL� S>OF>QFLKP� LO� @E>KDBP� FK� M>QQBOKP� TEBK�
@LJM>OFKD�QEB� FKAFSFAR>I�?RFIAFKDP��4EB�SBKQFI>QFLK�PQO>QBDV�RPBA�@LKPQFQRQBP�LK@B�JLOB�QEB�
BU@BMQFLK��OBD>OAFKD�QEB�PEFCQBA�BIB@QOF@FQV��TEFIB�LK�>SBO>DB�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�
>OB�>?IB�LC�PEFCQFKD�������>KA�������JLOB�BIB@QOF@FQV�FK�QBOJP�LC�QEBFO�MB>H�IL>AP�CLO�QEB�QTL�
@LKPB@RQFSB�VB>OP��QEB�OBPMB@QFSB�JB>K�>?PLIRQB�S>IRBP�>OB�OBI>QFSBIV�EFDEBO�>Q�������>KA�
�������4EFP�FP�KLQ�PROMOFPFKD�>P�QEB�LOFDFK>I������OBPRIQP�AFA�ABJLKPQO>QB�QEB�EFDE�S>OF>QFLK�
IBSBIP�QE>Q�>OB�MOBPBKQ�TEFIB�FKSBPQFD>QFKD�QEB�FJM>@Q�LC�QEB�SBKQFI>QFLK�PQO>QBDV�LK�>O?FQO>DB�
MBOCLOJ>K@B�>P�>�ABPFDK�BIBJBKQ��4EFP�E>P�>IPL�?BBK�QEB�MOFJ>OV�OB>PLK�QE>Q�>II�QEB�K>QRO>IIV�
SBKQFI>QBA�?RFIAFKD�@>PBP�?BILKDFKD�QL�QEB�P>JB�LOFBKQ>QFLK���O.�–��O.���O.�–���O.	�E>SB�KLQ�
?BBK�BIFJFK>QBA�?RQ�@ELPBK�QL�?B�CROQEBO�>PPBPPBA�FK�QEB�@ROOBKQ�PB@QFLK��RPFKD�QEB������240�
A>Q>���

4EB�KBUQ�PB@QFLKP�LC�QEB�3BKPFQFSFQV�!K>IVPFP�CL@RP�LK�QEB�?RFIAFKD�P@BK>OFLP�L?PBOSBA�QL�E>SB�
QEB�?BPQ�>KA�QEB�TLOPQ�MBOCLOJ>K@BP��2BD>OAFKD�?RFIAFKD�@>PBP�TFQE�K>QRO>I�SBKQFI>QFLK��FQ�FP�
BPPBKQF>I�QL�FK@IRAB�>Q�IB>PQ�CLRO�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP�QE>Q�PE>OB�QEB�P>JB�LOFBKQ>QFLK�
CLO� QEB� OB>PLKP� PQ>QBA�>?LSB��!P� QEB�AFCCBOBK@BP�?BQTBBK� QEB�ABC>RIQ� ��O.�–� �O.	�>KA� QEB�
PLRQETBPQBOK���O.�–���O.	�LOFBKQ>QFLK�>OB�KLQ�PFDKFCF@>KQ��4>?IBP�����–����	��"RFIAFKDP��O.�–�



����
�

�O.�>OB�QEB�LKIV�@>PBP�TFQE�K>QRO>I�SBKQFI>QFLK�TEF@E�>OB�@LKPFABOBA�FK�QEB�PBKPFQFSFQV�>K>IVPFP��
ELTBSBO�� QEB�KRJ?BO�LC�JB@E>KF@>IIV� SBKQFI>QBA�?RFIAFKD� @>PBP� PQFII� KBBAP� QL�?B�K>OOLTBA�
ALTK�COLJ����QL���QL�FK@IRAB�QTL�?RFIAFKD�@>PBP�TFQE�DLLA�MBOCLOJ>K@B�>KA�QTL�JLOB�@>PBP�
TFQE�?>A�MBOCLOJ>K@B��

!P�?LQE� QEB�BKBODV�@LKPRJMQFLK�LC� QEB�?RFIAFKDP�>KA� QEBFO�>O?FQO>DB�MBOCLOJ>K@B�JRPQ�?B�
Q>HBK�FKQL�>@@LRKQ�� FQ� FP�BPPBKQF>I� QL�Q>HB�>� ILLH�>�QEBFO�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK�TFQELRQ�
PQLO>DB�>KA�QEB�PEFCQBA�BIB@QOF@FQV����LC�MB>H�IL>AP	�CLO�/MBO>QFLK>I�3QO>QBDV�%���&FDROB�'�	��
)K�PRJJ>OV��

•� "RFIAFKDP���O��(T"0��%	�>KA��O��(T"0��	�OBNRFOB�QEB�IB>PQ�>JLRKQ�LC�BIB@QOF@FQV�>KA�
QEBOBCLOB�E>SB� QEB�?BPQ�LSBO>II�BKBODV�MBOCLOJ>K@B��4EB�?RFIAFKDP�PE>OB� QEB�P>JB�
ABPFDK�BIBJBKQP�TFQE�QEB�BU@BMQFLK�LC�LOFBKQ>QFLK��?LQE�LC�QEBJ�>OB�?BPQ�0O>@QF@B� FK�
QBOJP�LC�QEBFO�QEBOJ>I�BCCF@FBK@V��EB>SVTBFDEQ�>KA�����DI>WBA��
�

•� "RFIAFKDP���O��(T0,��%	�>KA��O��(T0,��	�KBBA�QEB�EFDEBPQ�BIB@QOF@FQV�DOFA�MRO@E>PBP�
>KA�@LKPQFQRQB�QEB�IB>PQ�BKBODV�BCCF@FBKQ�@>PBP��3FJFI>OIV�QL�>?LSB��QEB�QTL�@>PBP�>OB�
FABKQF@>I�TFQE�AFCCBOBKQ�LOFBKQ>QFLK��?LQE�>OB�0>OQ�,�@LJMIF>KQ��EB>SVTBFDEQ�>KA�����
DI>WBA��

(>SFKD�QEBPB�CLRO�?RFIAFKD�@>PBP�FK�JFKA�>KA�@LKPFABOFKD��FK�>P@BKAFKD�LOABO��QEB�BIB@QOF@FQV�
PEFCQBA� ���LC� MB>H� IL>AP	�TEBK�BUMLOQP�>OB�KLQ� >IILTBA� �&FDROB�'�	�� FQ� FP� BSFABKQ� QE>Q� QEB�
MOBSFLRPIV�JBKQFLKBA�?RFIAFKDP���O�>KA��O�@LKPQFQRQB�QEB�@>PBP�TFQE�QEB� ILTBPQ�>KA�EFDEBPQ�
S>IRBP��OBPMB@QFSBIV��7EFIB�QEB�LQEBO�QTL�?RFIAFKDP���O�>KA���O��AL�KLQ�@LKPQFQRQB�QEB�PB@LKA�
EFDEBPQ�>KA�ILTBPQ�S>IRBP��QEBV�AL�@LJB�QEFOA�TFQE�>�SBOV�PJ>II�AFCCBOBK@B�?BQTBBK�QEBJ�>KA�
QEB�MOBSFLRP�@LKQBKABOP����O�>KA��O��4EBOBCLOB��QEBPB�CLRO�JB@E>KF@>IIV�SBKQFI>QBA�?RFIAFKDP�
>OB�FKABBA�>�OBMOBPBKQ>QFSB�JFU�LC�QEB�TLOPQ�>KA�QEB�?BPQ�@>PB�P@BK>OFLP��4LDBQEBO�TFQE�QEB�
CLRO�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP��O.�–��O.��QEBV�CLOJ�QEB�CFK>I�BFDEQ�@>PBP�QE>Q�>OB�@LKPFABOBA�
CLO�QEB�OBPQ�LC�QEB�3BKPFQFSFQV�!K>IVPFP��

4EB� OBPRIQP� FK� QEB� OBPQ� LC� QEB� @E>MQBO� >OB� MOBPBKQBA� >P� >� @LJM>OFPLK� QL� QEB� ">PB� #>PB�
�"FOJFKDE>J� ����	� FK� QBOJP� LC� QEB� AFJBKPFLKIBPP� @E>KDBP� >P� MBO@BKQ>DBP�� &LO� BU>JMIB��
TEBK�@LKPFABOFKD�QEB�BIB@QOF@FQV�PEFCQBA�CLO�QEB�">PB�#>PB�SP�3LRQE>JMQLK��QEB�AFJBKPFLKIBPP�
S>IRB�DFSBK�FP�@>I@RI>QBA�>P���

�

Change (%) =  
Electricity Shifted (Base Case) − Electricity Shifted (Southampton)

Electricity Shifted (Base Case)
 𝑥 100�

�

�

�

�

�

�

�

�

�



����
�

6.2 Location 
4EB�J>FK�OBPRIQP�LC�#E>MQBO���RPB�QEB�IL@>QFLK�LC�"FOJFKDE>J�!FOMLOQ�>KA�FQP�>PPL@F>QBA�)7%#�
TB>QEBO�A>Q>�TEFIB�QEB������.LOA0LLI�EFPQLOF@>I�MOF@BP�>OB�RPBA�CLO�QEB�BIB@QOF@FQV�Q>OFCCP��QEFP�
JLABI� @LKCFDRO>QFLK� PELRIA� ?B� OBCBOOBA� QL� COLJ� KLT� >P� QEB� ">PB� JLABI�� 4TL� JLOB� 5+�
IL@>QFLKP�E>SB�?BBK�PQO>QBDF@>IIV�PBIB@QBA�CLO�QEB�KBBAP�LC�QEFP�PBKPFQFSFQV�>K>IVPFP�FK�LOABO�QL�
FK@IRAB�?LQE�>�DBKBO>IIV�T>OJBO�>KA�>�@LIABO�@IFJ>QB��4EBV�E>SB�>�AFPQ>K@B�LC�>MMOLUFJ>QBIV�
����JFIBP�TEFIB�QEB�@FQV�LC�"FOJFKDE>J�FP�FK�QEB�JFAAIB�LC�%KDI>KA��

>	� "LROKBJLRQE�!FOMLOQ��%KDI>KA	�� � IL@>QBA�FK�QEB�PLRQE�M>OQ�LC� QEB�@LRKQOV��$RB�QL� FQP�
MOLUFJFQV� QL� QEB� @FQV� LC� 3LRQE>JMQLK�� QEB� TB>QEBO� A>Q>� >OB� PFJMIV� J>OHBA� >P�
‘Southampton TRY’ by CIBSE.�
�

?	� %AFK?RODE�!FOMLOQ��3@LQI>KA	��IL@>QBA�FK�QEB�KLOQEBOK�M>OQ�LC�QEB�5+��

�

�

Figure 6.1�–�!SBO>DB�A>FIV�LRQALLO�AOV?RI?�QBJMBO>QROB�CLO�QEB�PBIB@QBA�5+�IL@>QFLKP�

7EFIB�QEB�>SBO>DB�QBJMBO>QROBP�>OB�����#�CLO�"FOJFKDE>J������L#�CLO�"LROKBJLRQE�>KA��L#�
CLO� %AFK?RODE�� QEBOB� >OB� PFDKFCF@>KQ� PB>PLK>I� S>OF>QFLKP� QEOLRDELRQ� QEB� VB>O�� >P� PELTK� FK�
&FDROB�����OBD>OAFKD�QEB�>SBO>DB�A>FIV�LRQALLO�AOV?RI?�QBJMBO>QROBP��"LROKBJLRQE�L?PBOSBP�
EFDEBO� QBJMBO>QROBP� QE>K� "FOJFKDE>J� CLO� QEB� J>GLOFQV� LC� QEB� VB>O�� FK@IRAFKD� TFKQBO� >KA�
BPMB@F>IIV�*>KR>OV��/K�QEB�LQEBO�E>KA��%AFK?RODE� FP� QEB�@LIABPQ�LC� QEB�QEOBB� IL@>QFLKP�>KA�
TEFIB� J>ODFK>IIV� KBD>QFSB� QBJMBO>QROBP� @>K� ?B� PBBK� CLO� "FOJFKDE>J� >KA� "LROKBJLRQE��
%AFK?RODE� BUMBOFBK@BP� BSBK� ILTBO� S>IRBP�� OB>@EFKD� �L#� >Q� QEB� BKA� LC� $B@BJ?BO�� )K�
PRJJ>OV��FQ�@>K�?B�P>FA�QE>Q�QEB�QEOBB�IL@>QFLK�QBJMBO>QROBP�@>K�?B�@I>PPFCFBA�FK�>@@LOA>K@B�
TFQE�QEBFO�DBLDO>MEF@>I�I>QFQRAB���

4EB�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK��H7E�J�	�CLO�QEB�QTL�KBT�IL@>QFLKP�@>K�?B�PBBK�FK�&FDROB�����
FK� @LJM>OFPLK� QL� QEB� ">PB� #>PB� P@BK>OFL�� &LO� QEB� J>GLOFQV� LC� QEB� ?RFIAFKD� P@BK>OFLP��
3LRQE>JMQLK�>MMB>OP�QL�?B�QEB�IL@>QFLK�OBNRFOFKD�QEB�IB>PQ�>JLRKQ�LC�BIB@QOF@FQV�TFQE�>�O>KDB�
?BQTBBK� ������ –� ������ H7E�J��� CLIILTBA� ?V� "FOJFKDE>J� ������� –� ������ H7E�J�	� TEFIB�
%AFK?RODE�KBBAP� QEB�EFDEBPQ�>JLRKQ�LC�BIB@QOF@FQV� CLO� QEB�P>JB�?RFIAFKD� CRK@QFLKP��������–�
������H7E�J�	��

)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�"RFIAFKDP��O�>KA���O�@LKPQFQRQB�J>ODFK>IIV�>K�BU@BMQFLK�QL�QEFP�
DBKBO>I�@I>PPFCF@>QFLK�LC�BIB@QOF@FQV�IL>AP��&LO�QEBPB�PMB@FCF@�@>PBP��QEB�%AFK?RODE�IL@>QFLK�FP�
KLT�PB@LKA� FK�BIB@QOF@>I�ABJ>KA�TFQE�������>KA�������H7E�J��� OBPMB@QFSBIV��>P� QEB�">PB�
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#>PB�FP�QEB�JLPQ�BKBODV�FKQBKPFSB�IL@>QFLK�CLO�QEB�QTL�?RFIAFKDP�FK�NRBPQFLK�TFQE�QEB�OBPMB@QFSB�
S>IRBP�OB>@EFKD��������>KA�������H7E�J���2BD>OAFKD�QEBFO�ABPFDK�@E>O>@QBOFPQF@P��QEBV�@LKPFPQ�
LC�QEB�BU>@Q�P>JB�@LKCFDRO>QFLK��EB>SVTBFDEQ��?BPQ�MO>@QF@B������DI>WFKD	��TFQE�QEB�LOFBKQ>QFLK�
?BFKD�QEBFO�LKIV�AFCCBOBK@B��PLRQE��B>PQBOK	��'FSBK�QEB�C>@Q�QE>Q�QEBV�?BILKD�>JLKD�QEB�?BPQ
MBOCLOJFKD�?RFIAFKD� P@BK>OFLP� FK� QBOJP�LC� QEBFO�BKBODV�MBOCLOJ>K@B�� QEFP�BU@BMQFLK� @>K�?B�
BUMI>FKBA�?V�ILLHFKD�>Q�QEB�BIB@QOF@FQV�@LKPRJMQFLK�CLO�QEB�J>GLO�?RFIAFKD�PB@QLOP���

�

Figure 6.2�–�4LQ>I�%IB@QOF@FQV�#LKPRJMQFLK�FK�>II�IL@>QFLKP�>KA�PBIB@QBA�?RFIAFKDP�

�

�

Figure 6.3�–�%IB@QOF@FQV�#LKPRJMQFLK�CLO�EB>QFKD�>KA�@LLIFKD�FK�>II�IL@>QFLKP�>KA�?RFIAFKDP�
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Sensitivity Analysis: Base Case vs different UK locations

Base Case Southampton Edinburgh
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!P�QEBV�?BILKD�QL�QEB�"BPQ�0O>@QF@B�P@BK>OFL�>KA�QEBOBCLOB�E>SB�EFDE�BKBODV�BCCF@FBK@V�>KA�
ILT�QEBOJ>I�ILPPBP�>KA�5S>IRBP��QEB�AFCCBOBK@BP�FK�QEBFO�EB>QFKD�ABJ>KA�>OB�QOFSF>I��LK�QEB�
LQEBO�E>KA��ARB�QL�QEB�EFDEBO�PLI>O�D>FKP�LC�QEB�">PB�#>PB��BPMB@F>IIV�FK�QEB�PRJJBO�MBOFLA��
QEB�@LLIFKD�IL>AP�>OB�PFDKFCF@>KQIV�EFDEBO�FK�QEB�T>OJBO�IL@>QFLKP�QE>K�FK�%AFK?RODE��&FDROB�����
@LJM>OBP� QEB� EB>QFKD� >KA� @LLIFKD� BIB@QOF@FQV� @LKPRJMQFLK� CLO� >II� PBIB@QBA� ?RFIAFKDP��
'BLDO>MEF@>IIV�� >P� "FOJFKDE>J� FP� DBKBO>IIV� PBBK� QL� ?B� QEB� JFAAIB� P@BK>OFL�� ?BQTBBK�
3LRQE>JMQLK�>KA�%AFK?RODE�� FQ� FP�MOLSBK� QL�?B�>K�>MMOLMOF>QB� IL@>QFLK� CLO� QEB�">PB�#>PB�
P@BK>OFL��

2BD>OAFKD�QEB�!O?FQO>DB�OBPRIQP��AFOB@QIV�@LJM>OFKD�QEB�>JLRKQP�LC�PEFCQBA�BIB@QOF@FQV�CLO�QEB�
AFCCBOBKQ�IL@>QFLKP�TLRIA�KLQ�?B�OBMOBPBKQ>QFSB�LC�QEB�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK�AFCCBOBK@BP��
RKABO�/MBO>QFLK>I�3QO>QBDFBP�%��>KA�%���!P�BUMI>FKBA�B>OIFBO�FK�QEB�@E>MQBO��>O?FQO>DB�FP�QEB�
@LJ?FK>QFLK�LC�PEFCQFKD�?RFIAFKD�BIB@QOF@>I� IL>AP�>KA�BUMLOQFKD�>KV�BU@BPP�BIB@QOF@FQV�?>@H�QL�
QEB�DOFA��QEBOBCLOB��ILLHFKD�>Q�QEB�FKAFSFAR>I�OBPRIQP�JFDEQ�IB>A�QL�JFPFKQBOMOBQ>QFLKP�>KA�FQ� FP�
FJMLOQ>KQ�CLO�?LQE�M>O>JBQBOP��PEFCQBA�>KA�BUMLOQBA�BIB@QOF@FQV��QL�?B�Q>HBK�FKQL�>@@LRKQ��)K�QEFP�
M>OQF@RI>O�@>PB��CLO�BU>JMIB��QEB�>JLRKQ�LC�PEFCQBA�BIB@QOF@FQV�AB@OB>PBP�CLO�QEB�S>PQ�J>GLOFQV�
LC� QEB� PBIB@QBA� ?RFIAFKD� P@BK>OFLP� TEBK� PTFQ@EFKD� COLJ� "FOJFKDE>J� QL� 3LRQE>JMQLK� >KA�
%AFK?RODE��4>?IB�����	��4EB�EFDEBPQ�@E>KDBP�Q>HB�MI>@B�TEBK�K>QRO>I�SBKQFI>QFLK�FP�RPBA��CLO�
BU>JMIB�FK�3LRQE>JMQLK�QEB�?BPQ�>KA�TLOPQ�MBOCLOJFKD�?RFIAFKDP�>OB�>?IB�QL�PEFCQ�������>KA�
������IBPP�@LJM>OBA�QL�"FOJFKDE>J�TEFIB�QEB�OBPMB@QFSB�S>IRBP�CLO�QEB�%AFK?RODE�?RFIAFKDP�
>OB�������>KA��������

�

Table 6.16�–�%IB@QOF@FQV�3EFCQBA�CLO�QEOBB�5+�,L@>QFLKP�RKABO�%��

Building Groups Average Electricity Shifted  
(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Southampton Edinburgh Base Case vs 
Southampton 

Base Case vs 
Edinburgh 

"BPQ���O���O	� ������ ������ ������ ������ ������
7LOPQ���O���O	� ������ ������ ������ ����� ������
With Natural 
Ventilation 

     

"BPQ���O.���O.	� ������ ������ ������ ������ ������
7LOPQ���O.��O.	� ������ ������ ������ ������ ������
�

Table 6.17�–�%UMLOQP�CLO�QEOBB�5+�,L@>QFLKP�RKABO�%��

Building Groups Exports (kWh/m2) Dimensionless Changes  
(± %) 

With Mechanical 
Ventilation 

Base 
Case 

Southampton Edinburgh Base Case 
vs 

Southampton 

Base Case 
vs 

Edinburgh 
"BPQ���O���O	� ������ ������ ������ ����� �����
7LOPQ���O���O	� ������ ������ ������ ����� ������
With Natural 
Ventilation 

     

"BPQ���O.���O.	� ������ ������ ������ ����� ������
7LOPQ���O.��O.	� ������ ������ ������ ����� ������

�
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(LTBSBO�� QEFP� FP�KLQ� QEB�@>PB�TEBK�@LKPFABOFKD� QEB�BUMLOQ� S>IRBP�LC�4>?IB������ CLO�%��>P�
PTFQ@EFKD�QL�3LRQE>JMQLK�OBPRIQP�FK�EFDEBO�BUMLOQP�TFQE�QEB�AFCCBOBK@B�?BFKD�?BQTBBK������>KA�
�������/K�QEB�LQEBO�E>KA��?RFIAFKDP�IL@>QBA�FK�%AFK?RODE�KLT�MBOCLOJ�TLOPB�QE>K�QEB�">PB�
#>PB�� TFQE� LKB� BU@BMQFLK�� BUMLOQFKD� ILTBO� >JLRKQP� LC� BIB@QOF@FQV� TFQE� >� AFCCBOBK@B� O>KDB�
?BQTBBK������–��������)Q�FP�@IB>O�QE>Q�QEB�OBPRIQP�CLO�QEB�>O?FQO>DB�M>O>JBQBOP�L?PBOSBA�RKABO�
%�� CLO� QEB�PBKPFQFSFQV�>K>IVPFP� FK�NRBPQFLK�>OB�JFUBA�TEBK�>K>IVPBA�PBM>O>QBIV�>KA�AL�KLQ�
@LKCFOJ�QEB�BIB@QOF@FQV�@LKPRJMQFLK�QOBKAP�PBBK�FK�&FDROBP�����������

4EFP� FP�KLQ� QEB�@>PB� CLO� QEB�%�� OBPRIQP�>P�BUMLOQFKD�ALBP�KLQ� Q>HB�MI>@B� �4>?IB�����	��4EB�
FJM>@Q�LC� QEB� IL@>QFLK�>KA� QEB�RPBA�TB>QEBO�A>Q>�>OB�AFOB@QIV�@LJM>O>?IB� QL� QEB�BIB@QOF@FQV�
RPBA� >KA� PEFCQBA�� !@@LOAFKD� QL� &FDROB� ���� TEF@E� PRJJ>OFPBP� QEB� %�� >O?FQO>DB� OBPRIQP��
3LRQE>JMQLK�FP�QEB�?BPQ�MBOCLOJFKD�IL@>QFLK�CLO�QEB�S>PQ�J>GLOFQV�LC�QEB�?RFIAFKD�P@BK>OFLP�TFQE�
>�O>KDB�LC�������–�������H7E�J���"FOJFKDE>J��>P�QEB�">PB�#>PB��CLIILTP�TFQE�S>IRBP�?BQTBBK�
������–�������H7E�J��TEFIB�%AFK?RODE�MOLSBP�QL�?B�QEB�TLOPQ�MBOCLOJFKD�IL@>QFLK��������–�
������H7E�J�	��4EBOB�>OB�PQFII�>�@LRMIB�LC�KLQF@B>?IB�BU@BMQFLKP���O����O	�TEF@E�>D>FK�?BILKD�
QL�QEB�?BPQ�MBOCLOJFKD�?RFIAFKDP�LC�QEB�BKQFOB�@E>MQBO�?LQE�FK�QBOJP�LC�BKBODV�>KA�>O?FQO>DB�
MBOCLOJ>K@B��>P�MOBSFLRPIV�AFP@RPPBA� 

Table 6.18�–�%IB@QOF@FQV�3EFCQBA�CLO�QEOBB�5+�,L@>QFLKP�RKABO�%��

Building Groups Average Electricity Shifted  
(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Southampton Edinburgh Base Case vs 
Southampton 

Base Case vs 
Edinburgh 

"BPQ���O���O	� ������ ������ ������ ����� �����
7LOPQ���O���O	� ������ ������ ������ ����� ������
With Natural 
Ventilation 

     

"BPQ���O.���O.	� ������ ������ ������ ����� ������
7LOPQ���O.��O.	� ������ ������ ������ ����� ������
�

2BD>OAFKD�QEB�@E>KDBP�OB@LOABA�CLO�QEB�?BPQ�>KA�TLOPQ�MBOCLOJFKD�?RFIAFKD�DOLRMP��PTFQ@EFKD�
QL�3LRQE>JMQLK�FK@OB>PBP�QEB�MB>H�IL>AP�PEFCQBA�?V�>�O>KDB�LC������–�������TEFIB�%AFK?RODE
IL@>QBA�?RFIAFKDP�>OB�>?IB�LC�PEFCQFKD�IBPP�BIB@QOF@FQV�?V������–��������/K�>SBO>DB��Q>HFKD�FKQL�
>@@LRKQ�>KV�BU@BMQFLKP�>P�TBII��CLO�/MBO>QFLK>I�3QO>QBDV�%���PTFQ@EFKD�QL�3LRQE>JMQLK�IB>AP�
QL�>K�FK@OB>PB�FK�BIB@QOF@FQV�PEFCQBA�?V�>K�>SBO>DB�MBO@BKQ>DB�S>IRB�LC�������TEFIB�PTFQ@EFKD�
QL�%AFK?RODE�OBAR@BP�QEB�QLQ>I�BIB@QOF@FQV�PEFCQBA�S>IRB�?V��������

&FK>IIV��QEB�%��KBQ�@LPQ�OBPRIQP�>OB�PELTK�FK�&FDROB�����>KA�QEBV�>OB�FK�>@@LOA>K@B�TFQE�QEB�
PEFCQBA�BIB@QOF@FQV�OBPRIQP��3LRQE>JMQLK�FP�@IB>OIV�QEB�JLPQ�B@LKLJF@>I�IL@>QFLK�CLO�QEB�>O?FQO>DB�
P@EBJB�>P�QEB�>KKR>I�KBQ�@LPQ�S>OFBP�?BQTBBK������–������Y�J���"FOJFKDE>J�FP�LK@B�>D>FK�
QEB�JFAAIB�P@BK>OFL�TFQE�>�OBPMB@QFSB�O>KDB�LC������–������Y�J��TEFIB�%AFK?RODE�@LKPQFQRQBP�
QEB�JLPQ�BUMBKPFSB�IL@>QFLK�LC�QEB�QEOBB�TFQE�S>IRBP�?BQTBBK������–������Y�J���4EB�AFCCBOBK@BP�
FK�@BOQ>FK�IL@>QFLKP��BPMB@F>IIV�CLO�"RFIAFKDP��O�>KA���O�@>K�?B�@LKPFABOBA�QL�?B�FKPFDKFCF@>KQ��
#LK@BOKFKD�QEB�L?PBOSBA�JB>K�S>IRBP��PTFQ@EFKD�QL�3LRQE>JMQLK�AB@OB>PBP�QEB�KBQ�@LPQ�?V�
������TEFIB�FQ�FP�LK�>SBO>DB�������JLOB�BUMBKPFSB�CLO�%AFK?RODEIL@>QBA�?RFIAFKDP�QL�MBOCLOJ�
QEB�BU>@Q�P>JB�CRK@QFLKP�>P�M>OQ�LC�QEB�>O?FQO>DB�P@EBJB��
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Figure 6.4�–�%IB@QOF@FQV�3EFCQBA�RKABO�%��CLO�QEOBB�5+�IL@>QFLKP�

�

� Figure 6.5�–�.BQ�#LPQ��Y�J�	�RKABO�%��CLO�QEOBB�5+�IL@>QFLKP�
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6.3 Historical Weather Data 
3FJFI>OIV�QL�QEB�MOBSFLRP�PB@QFLK��AFCCBOBKQ�@IFJ>QB�A>Q>�>OB�RPBA�QL�>PPBPP�ELT�OB>I�TB>QEBO�
@LKAFQFLKP�>CCB@Q�QEB�BKBODV�>KA�>O?FQO>DB�OBPRIQP��)K�QEFP�AFOB@QFLK��EFPQLOF@>I�ELROIV�A>Q>�COLJ�
->K@EBPQBO�!FOMLOQ�>KA�QEB�@>IBKA>O�VB>O�������OBCBOOBA� QL� COLJ�KLT�LK�>P�-!.��	�E>SB�
?BBK�@ELPBK�>KA�RPBA�FK�QEB�PFJRI>QFLKP�>P�QEB�@ILPBPQ�IL@>QFLK�TFQE�QEB�>S>FI>?IB�FKCLOJ>QFLK��
4EB�LRQALLO�AOV?RI?�QBJMBO>QROB�CLO�QEB�">PB�#>PB�>KA�-!.���>OB�PELTK�FK�&FDROB�����>KA��
LSBO>II��QEB�A>Q>�CLIILT�QEB�P>JB�PB>PLK>I�M>QQBOKP��)K�QBOJP�LC�QEB�HBV�S>IRBP�L?PBOSBA��QEB�
JB>K�QBJMBO>QROB�CLO�-!.���FP������#��PIFDEQIV�EFDEBO�QE>K�QEB�">PB�#>PB�S>IRB�LC����L#��
3FJFI>OIV��QEB�OBPMB@QFSB�JFKFJRJ�S>IRBP�CLO�QEB�QTL�IL@>QFLKP�>OB����L#�>KA��L#��

4EB�J>UFJRJ�QBJMBO>QROB�QE>Q�Q>HBP�MI>@B�FK�"FOJFKDE>J������L#	�FP����L#�EFDEBO�QE>K�QEB�
OBPMB@QFSB�S>IRB�CLO�-!.����4EBOB�>OB�PBSBO>I� CIR@QR>QFLKP�QEOLRDE�QEB�VB>O�>KA� FQ�@>K�?B�
seen that while the distribution of the temperatures is symmetric for the Base Case, it’s slightly 

KBD>QFSBIV�PHBTBA�CLO�QEB�EFPQLOF@>I�->K@EBPQBO�A>Q>��PFJFI>OIV�QL�QEB�LQEBO�IL@>QFLKP�RPBA�CLO�
QEB�MOBSFLRP�PR?@E>MQBO��+BV�QBJMBO>QROB�PQ>QFPQF@P�CLO�QEB�TB>QEBO�A>Q>�RPBA�>OB�PRJJ>OFPBA�
?BILT��FK�4>?IB�������

2BD>OAFKD� QEB� BKBODV� @LKPRJMQFLK� OBPRIQP�� ?RFIAFKDP� TFQE� JB@E>KF@>I� SBKQFI>QFLK� OBNRFOB�
PIFDEQIV�JLOB�BIB@QOF@FQV�TEBK�RPFKD�QEB�-!.���EFPQLOF@>I�TB>QEBO�A>Q>��&FDROB����	��)K�JLOB�
ABQ>FI��TEFIB�">PB�#>PB�?RFIAFKDP�KBBA�?BQTBBK�������–�������H7E�J���QEB�OBPMB@QFSB�S>IRBP�
FK@OB>PB�QL�������–�������H7�J���/K�QEB�LQEBO�E>KA��QEFP�FP�KLQ�QEB�@>PB�CLO�K>QRO>IIVSBKQFI>QBA�
?RFIAFKDP� TEF@E� OBNRFOB� ILTBO� >JLRKQ� LC� BIB@QOF@FQV� ?BQTBBK� ������ –� ������ H7E�J�� FK�
->K@EBPQBO�� EFDEBO� QE>K� QEB� OBPMB@QFSB�">PB�#>PB� O>KDB� �������–� �����	��4EBOBCLOB�� FQ� FP�
FJMLOQ>KQ�QL�Q>HB�>�@ILPBO�ILLH�>Q�QEB�?RFIAFKD�PB@QLOP��FKAFSFAR>IIV���

4EB� BIB@QOF@FQV� @LKPRJMQFLK� QLT>OAP� @LLIFKD� FP� PFDKFCF@>KQIV� ILTBO� CLO� QEB� -!.��� ?RFIAFKD�
P@BK>OFLP�� O>KDFKD� ?BQTBBK� ����� –� ����� H7E�J�� TEFIB� QEB� ">PB� #>PB� S>IRBP� >OB�
@LJM>O>QFSBIV�JR@E�EFDEBO��S>OVFKD�COLJ������QL������H7E�J���4EFP�AFCCBOBK@B�FKAF@>QBP�QE>Q�
QEB�-!.���TB>QEBO� A>Q>� FK@IRAB� ILTBO� PLI>O� D>FKP� S>IRBP� OBPRIQFKD� FKQL� >� PJ>IIBO� @LLIFKD�
BIB@QOF@FQV�ABJ>KA�CLO�QEB�I>QB�PMOFKD�>KA�QEB�PRJJBO�MBOFLAP���

�

 
Figure 6.6�–�!SBO>DB�A>FIV�LRQALLO�AOV?RI?�QBJMBO>QROB�CLO�"FOJFKDE>J�>KA�->K@EBPQBO�

�����
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Table 6.19�–�/SBOSFBT�LC�QEB�LRQALLO�AOV?RI?�QBJMBO>QROB�CLO�QEB�TB>QEBO�A>Q>�RPBA�

Location Mean 
temperature 

Minimum 
temperature 

Maximum 
temperature 

Standard 
Deviation 

Skewness 

"FOJFKDE>J� ����� ����� ������ ����� ��
3LRQE>JMQLK� ������ ����� ������ ����� �����
%AFK?RODE� ����� ����� ������ ����� �����
->K@EBPQBO�
�����

������ ����� ������ ����� �����

�

�

� Figure 6.7 –�4LQ>I�%IB@QOF@FQV�#LKPRJMQFLK�FK�PBIB@QBA�?RFIAFKDP�CLO�">PB�#>PB�>KA�
QEB�->K@EBPQBO������@IFJ>QB�A>Q>�

��

�

Figure 6.8�–�%IB@QOF@FQV�#LKPRJMQFLK�CLO�EB>QFKD�>KA�@LLIFKD�FK�PBIB@QBA�?RFIAFKDP�CLO�">PB�
#>PB�>KA�->K@EBPQBO������TB>QEBO�A>Q>�
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Base Case Manchester 2017
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Figure 6.9�–�%IB@QOF@FQV�#LKPRJMQFLK�CLO�IFDEQFKD�FK�PBIB@QBA�?RFIAFKDP�CLO�">PB�#>PB�>KA�

->K@EBPQBO������TB>QEBO�A>Q>�

#LK@BOKFKD�EB>QFKD�ABJ>KA��QEB�AFCCBOBK@BP�@>K�?B�@LKPFABOBA�QL�?B�FKPFDKFCF@>KQ�CLO�?RFIAFKDP�
TFQE�JB@E>KF@>I�SBKQFI>QFLK��(LTBSBO��TEBK�K>QRO>I�SBKQFI>QFLK�FP�>ALMQBA��QEB�EFDEBO�>JLRKQP�
LC�>FO�FKCFIFQO>QFLK�IB>A�QL�OBI>QFSBIV�EFDEBO�BIB@QOF@FQV�@LKPRJMQFLK�QLT>OAP�EB>QFKD��J>HFKD�QEB�
AFCCBOBK@BP� ?BQTBBK� QEB� QTL� IL@>QFLKP�JR@E� @IB>OBO��-!.��� K>QRO>IIVSBKQFI>QBA� ?RFIAFKDP�
OBNRFOB�?BQTBBK�������–�������H7E�J��TFQE�QEBFO�">PB�#>PB�@LRKQBOM>OQP�@LKPRJFKD�EFDEBO�
BIB@QOF@>I�IL>AP�?BQTBBK�������–�������H7E�J���)KQBOMOBQFKD�QEB�@LLIFKD�>KA�EB>QFKD�ABJ>KAP��
FQ�@>K�?B�@LK@IRABA� QE>Q� CLO� QE>Q�M>OQF@RI>O�VB>O������	�� QEB�PRJJBO�MBOFLA�T>P�T>OJBO� FK�
->K@EBPQBO�TEBK�@LJM>OBA�QL�QEB�"FOJFKDE>J�)7%#�#IFJ>QB�A>Q>�TEFIB�TFKQBO�T>P�L?PBOSBA�
QL� ?B� @LIABO� FK� "FOJFKDE>J�� 4EBPB� OBPRIQP� >OB� >IPL� FK� >@@LOA>K@B� TFQE� QEB� QBJMBO>QROB�
PQ>QFPQF@P��>P�MOBPBKQBA�MOBSFLRPIV�FK�4>?IB�������)Q�PELRIA�?B�EFDEIFDEQBA�QE>Q�"RFIAFKDP��O�>KA�
��O� @LKQFKRB� QL� @LKPQFQRQB� BU@BMQFLKP� QL� QEB� EB>QFKD� ABJ>KA� QOBKAP� ARB� QL� QEBFO� BU@BIIBKQ�
QEBOJ>I� MBOCLOJ>K@B�� >P� MOBSFLRPIV� AFP@RPPBA� FK� #E>MQBO� ����� KBSBOQEBIBPP�� QEBFO� EB>QFKD�
ABJ>KA� AFCCBOBK@BP� FK� -!.��� >KA� ">PB� #>PB� >OB� KLQ� PFDKFCF@>KQ�� (B>QFKD� >KA� @LLIFKD�
BIB@QOF@FQV�@LKPRJMQFLK�CLO�?LQE�IL@>QFLKP�@>K�?B�PBBK�FK�&FDROB������

&FK>IIV�� FK� QEFP� PBKPFQFSFQV� >K>IVPFP�� FQ� FP� BPPBKQF>I� QL� >IPL�JBKQFLK� QEB� QEFOA�JLPQ� FJMLOQ>KQ�
?RFIAFKD�IL>A�QVMB��IFDEQFKD��>P�FQ�>CCB@QP�QEB�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK�CLO�QEB�QTL�IL@>QFLKP�
�&FDROB����	��/K�>SBO>DB��-!.���?RFIAFKDP�KBBA���H7E�J��JLOB�BIB@QOF@FQV�QE>K�QEBFO�">PB�
#>PB� @LRKQBOM>OQP� QL� JBBQ� QEB� PBQ� FIIRJFK>K@B� OBNRFOBJBKQP� FK� IRU�� 3RJJFKD� RM�� QEB�
MBOCLOJ>K@B�LC�QEB�?RFIAFKDP�FK�QEB�QTL�AFCCBOBKQ�IL@>QFLKP��RPFKD�AFCCBOBKQ�QVMBP�LC�@IFJ>QB�A>Q>��
E>P�JFUBA�OBPRIQP�FK�QBOJP�LC�QEB�?RFIAFKD�PB@QLOP��>P�ABJLKPQO>QBA�CLO�EB>QFKD��@LLIFKD�>KA�
IFDEQFKD��!Q�QEB�BKA��OB>I�TB>QEBO�A>Q>�CLO�-!.���LKIV�OBPRIQBA�FK�>�PIFDEQ�FK@OB>PB�LC�QEB�QLQ>I�
BIB@QOF@FQV� @LKPRJMQFLK� CLO� JB@E>KF@>IIVSBKQFI>QBA� ?RFIAFKDP� >KA� >� PFJFI>O� PJ>II� OBAR@QFLK�
TEBK�K>QRO>I�SBKQFI>QFLK�T>P�>ALMQBA��

)K� QBOJP�LC� QEB�>O?FQO>DB�MBOCLOJ>K@B��PTFQ@EFKD� QL�-!.���TB>QEBO�A>Q>� IB>AP�>II�?RQ�LKB�
?RFIAFKD� DOLRM� QL� >K� FK@OB>PB� LC� QEB� PEFCQBA� BIB@QOF@FQV�� (LTBSBO�� FQ� PBBJP� QE>Q� SBKQFI>QFLK�
PQO>QBDV� @LKPQFQRQBP� QEB� JLPQ� FJMLOQ>KQ� M>O>JBQBO� QE>Q� @I>PPFCFBP� QEB� OBPRIQP� FKQL� QTL�
@>QBDLOFBP��&LO�K>QRO>IIV�SBKQFI>QBA�?RFIAFKDP��QEB�PEFCQBA�BIB@QOF@FQV� FK@OB>PBP�?V�������>KA�
������CLO�QEB�?BPQ�>KA�TLOPQ�MBOCLOJFKD�?RFIAFKDP��OBPMB@QFSBIV��7EBK�JB@E>KF@>I�SBKQFI>QFLK�
FP�RPBA�� QEB�AFCCBOBK@B�L?PBOSBA� FP� QOFSF>I� CLO� QEB�0>OQ�,�@LJMIF>KQ�?RFIAFKDP� �������	�TEFIB�
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"BPQ�0O>@QF@B�?RFIAFKDP�FP�QEB�LKIV�DOLRM�QE>Q�ILPBP�>�M>OQ�LC� FQP�PEFCQFKD�@>M>?FIFQV�?V�������
�4>?IB� ����	�� )K� QBOJP� LC� BUMLOQP�� QEB� FJM>@Q� LC� QEB�-!.���TB>QEBO� A>Q>� FP� PFJFI>O� >P� CLO�
K>QRO>IIVSBKQFI>QBA�@>PBP��>K�FK@OB>PB�LC�������Q>HBP�MI>@B�CLO�QEB�?BPQ�MBOCLOJFKD�?RFIAFKDP�
TEFIB� QEB�TLOPQ� MBOCLOJFKD� PR?DOLRM� FP� KLQ� >CCB@QBA��/K� QEB�LQEBO�E>KA�� CLO�JB@E>KF@>IIV
SBKQFI>QBA�?RFIAFKDP��BUMLOQP�>OB�OBAR@BA�?V�������>KA��������OBPMB@QFSBIV��4>?IB�����	��)Q�
PELRIA� ?B� EFDEIFDEQBA� QE>Q� CLO� QEFP� M>OQF@RI>O� @>PB� QEB� OBPRIQP� OBCBO� QL� PBM>O>QB� IL@>QFLKP��
"FOJFKDE>J�>KA�->K@EBPQBO��>KA�QEBOBCLOB�>�AFOB@Q�@LJM>OFPLK�LC�QEB�>O?FQO>DB�MBOCLOJ>K@B�
should be done under careful consideration due to the differences of the buildings’ energy 

ABJ>KA�FK�QEB�QTL�IL@>QFLKP��

 

Table 6.20�–�%IB@QOF@FQV�3EFCQBA�CLO�">PB�#>PB�>KA�->K@EBPQBO������EFPQLOF@>I�A>Q>�RKABO�%��

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Manchester 
2017 

Base Case vs MAN17 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ �����
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

�

Table 6.21�–�%UMLOQP�CLO�">PB�#>PB�>KA�->K@EBPQBO������EFPQLOF@>I�A>Q>�RKABO�%��

Building Groups Exports (kWh/m2) 
 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Manchester 
2017 

Base Case vs MAN17 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.	� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ ������

�

!PPBPPFKD�QEB�OBPRIQP�CLO�/MBO>QFLK>I�3QO>QBDV�%��DFSB�>�@IB>OBO�MF@QROB�LC�QEB�FJM>@Q�LC�RPFKD�
EFPQLOF@>I� TB>QEBO� A>Q>� @LJ?FKFKD� QEB� QTL� ?>QQBOV� >@QFSFQFBP�� !P� PELTK� FK� &FDROB� ������ QEB�
PEFCQBA�BIB@QOF@FQV�FK@OB>PBP�CLO�>II�?RFIAFKDP�QE>Q�J>HB�RPB�LC�K>QRO>I�SBKQFI>QFLK�>P�QEB�">PB�
#>PB�O>KDB� FP�?BQTBBK�������–��������� FK@OB>PFKD� QL�������–��������CLO�-!.����/K�QEB�
@LKQO>OV�� QEB� PEFCQFKD� @>M>?FIFQV� LC� >II�JB@E>KF@>IIVSBKQFI>QBA� ?RFIAFKDP� FP� OBAR@BA�TFQE� QEB�
-!.���PEFCQFKD�O>KDB�AOLMMFKD�QL�������–��������LC�MB>H�IL>AP��4EB�%��OBPRIQP�>OB�CROQEBO�
@>QBDLOFPBA� ?>PBA� LK� MBOCLOJ>K@B� >KA� QEBK� MOBPBKQBA� FK� 4>?IB� ������ )K� M>OQF@RI>O�� TEBK�
K>QRO>I�SBKQFI>QFLK�FP�RPBA��>�MBO@BKQ>DB�FK@OB>PB�LC�������>KA�������>OB�L?PBOSBA�CLO�QEB�
?BPQ� >KA� TLOPQ� ?RFIAFKD� DOLRMP�� OBPMB@QFSBIV�� &LO� JB@E>KF@>I� SBKQFI>QFLK�� MBO@BKQ>DB�
OBAR@QFLKP�LC�������>KA�������>OB�L?PBOSBA�CLO�"BPQ�0O>@QF@B�>KA�0>OQ�,�@LJMIF>KQ�?RFIAFKDP��
OBPMB@QFSBIV��
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Figure 6.10 – %IB@QOF@FQV�3EFCQBA�RKABO�%��CLO�">PB�#>PB�>KA�->K@EBPQBO����� 

 

Table 6.22�–�%IB@QOF@FQV�3EFCQBA�CLO�">PB�#>PB�>KA�->K@EBPQBO������EFPQLOF@>I�A>Q>�RKABO�%��

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Manchester 
2017 

Base Case vs MAN17 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.	� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

 

&FK>IIV��QEB�KBQ�@LPQP�>PPL@F>QBA�TFQE�QEB�>KKR>I�M>OQF@FM>QFLK�LC�QEB�?RFIAFKDP�FK�QEB�>O?FQO>DB�
P@EBJB�>OB�PELTK�?BILT��FK�&FDROB�������)Q�@>K�?B�PBBK�QE>Q�RPFKD�-!.���TB>QEBO�A>Q>�IB>AP�
QL�JLOB�>CCLOA>?IB�?RFIAFKDP�@LJM>OBA�QL�QEB�">PB�#>PB��LKIV�FC�K>QRO>I�SBKQFI>QFLK�FP�RPBA��
&LO� QEB�">PB�#>PB�� QEB�KBQ�@LPQP�>OB�?BQTBBK������>KA������Y�J��TEFIB�-!.���?RFIAFKDP�
OBNRFOB������–������Y�J���&LO�BU>JMIB��"RFIAFKD���O�OBNRFOB������Y�J�� FK�-!.���FKPQB>A�LC�
�����Y�J��FK�"FOJFKDE>J�TEFIB�"RFIAFKD��O.�AOLMP�FQP�KBQ�@LPQ�COLJ������QL������Y�J���
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Figure 6.11 – .BQ�#LPQ��Y�J�	�RKABO�%��CLO�">PB�#>PB�>KA�->K@EBPQBO����� 
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6.4 Overheating 
)K�QEFP�M>OQ�LC�QEB�@E>MQBO��BUQOBJB�TB>QEBO�@LKAFQFLKP�>OB�RPBA�FK�QEB�JLABI�>KA�FK�M>OQF@RI>O�
,LKALK�$39�A>Q>�COLJ������QL�>PPBPP�QEB�FJM>@Q�LC�BUQOBJB�EB>Q�LK�QEB�JLABI�OBPRIQP��4EB�
A>Q>�FK�NRBPQFLK�FK@IRAB�QEB�EFPQLOF@>I�@IFJ>QB�M>O>JBQBOP�COLJ�,LKALK�(B>QEOLT�!FOMLOQ�TEF@E�
>OB�TFABIV�RPBA�CLO�LSBOEB>QFKD�>K>IVPFP��&FDROB������MOBPBKQP�>�?OFBC�@LJM>OFPLK�?BQTBBK�
QEB�">PB�#>PB�>KA�,LKALK�$39�OBD>OAFKD�QEB�LRQALLO�AOV?RI?�QBJMBO>QROB�>KA�FQ� FP�@IB>O�
QEB�$39�S>IRBP�>OB�@LKPFABO>?IV�EFDEBO�?BQTBBK�->V�>KA�3BMQBJ?BO��-LOB�PMB@FCF@>IIV��QEB�
>SBO>DB�JLKQEIV�,LKALK�QBJMBO>QROBP�CLO�QEB�PRJJBO�JLKQEP�>OB������������>KA���L#�TEFIB�
QEB� OBPMB@QFSB� S>IRBP� CLO� "FOJFKDE>J� >OB� ������ ����� >KA� ����L#�� 3FJFI>OIV�� OBD>OAFKD� QEB�
J>UFJRJ�QBJMBO>QROBP�LC�QEB�VB>O�CLO�QEB�P>JB�MBOFLA�����������>KA�����L#�>OB�OB@LOABA�CLO�
,LKALK� TFQE� "FOJFKDE>J� L?PBOSFKD� ILTBO� S>IRBP� >Q� ������ ��� >KA� ����L#�� 4EB� PQ>KA>OA�
ABSF>QFLK� LC� QEB� $39� A>Q>� PQ>KAP� >Q� ������ EFDEBO� QE>K� "FOJFKDE>J� �����	� >KA� >KV� LQEBO�
TB>QEBO�A>Q>�MOBPBKQBA�PL� C>O�� )Q� FP�>IPL� QEB�LKIV�TB>QEBO�A>Q>� QE>Q�>OB�MLPFQFSBIV�PHBTBA��
>IQELRDE�QEB�PHBTKBPP�S>IRB�FP�PJ>II������	��

 
Figure 6.12 – !SBO>DB�A>FIV�LRQALLO�AOV?RI?�QBJMBO>QROB�CLO�"FOJFKDE>J�>KA�,LKALK�$39�

2BD>OAFKD� QEB�BIB@QOF@FQV� @LKPRJMQFLK�@LJM>OFPLK�� QEB�ABQ>FIBA� S>IRBP�@>K�?B� PBBK� CLO� >II�
?RFIAFKDP� FK�&FDROB�������-LOB�PMB@FCF@>IIV�� CLO�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�� QEB�OBPRIQP�
>OB�JFUBA�>P�QEB�BIB@QOF@FQV�AFCCBOBK@BP�CLO�QEB�TLOPQ�MBOCLOJFKD�?RFIAFKDP���O����O	�>MMB>O�QL�
?B� QOFSF>I�TEFIB�?RFIAFKD�TFQE� QEB�?BQQBO� MBOCLOJ>K@B� ��O�� ��O	� OBNRFOB�JLOB�BIB@QOF@FQV�TEBK�
RPFKD�QEB�,LKALK�$39�A>Q>��/K�QEB�LQEBO�E>KA��TEBK�K>QRO>I�SBKQFI>QFLK�FP�RPBA�>KA�QEBOBCLOB�
KL�BIB@QOF@FQV�FP�@LKPRJBA�QLT>OAP�@LLIFKD���QEBOB�FP�@LKPFPQBK@V�>JLKD�>II�?RFIAFKD�P@BK>OFLP�
>P�PTFQ@EFKD�QL�,LKALK�>@QR>IIV�OBAR@BP�QEB�QLQ>I�BKBODV�@LKPRJMQFLK���

)Q�FP�CRKA>JBKQ>I�QL�E>SB�>�@ILPBO�ILLH�>Q�QEB�?RFIAFKD�PB@QLOP�FKAFSFAR>IIV��>P�PELTK�FK�&FDROB�
������#LK@BOKFKD�EB>QFKD��>P�BUMB@QBA��QEB�EFDEBO�QBJMBO>QROBP�LC�,LKALK�$39�OBPRIQ�FK�ILTBO�
BIB@QOF@FQV� @LKPRJMQFLK� CLO� >II� QEB� ?RFIAFKD� P@BK>OFLP� COLJ������ QL� ������ H7E�J��TEFIB� QEB�
OBPMB@QFSB�">PB�@>PB�S>IRBP�S>OV�?BQTBBK������–�������H7E�J���4EFP�FP�>IPL�QEB�OB>PLK�QE>Q�
>II�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�FK�,LKALK�OBNRFOB�LSBO>II�IBPP�BIB@QOF@FQV�QE>K�"FOJFKDE>J��>P�
PELTK�FK�&FDROB�������

�
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Figure 6.13 –�4LQ>I�%IB@QOF@FQV�#LKPRJMQFLK�FK�PBIB@QBA�?RFIAFKDP�CLO�">PB�#>PB�>KA�QEB�
,LKALK�$39�@IFJ>QB�A>Q>�

�

�

Figure 6.14�–�%IB@QOF@FQV�#LKPRJMQFLK�CLO�EB>QFKD�>KA�@LLIFKD�FK�PBIB@QBA�?RFIAFKDP�CLO�">PB�
#>PB�>KA�,LKALK�$39�TB>QEBO�A>Q>�

&LO� QEB� JB@E>KF@>IIVSBKQFI>QBA� @>PBP�� @LLIFKD� @LKPRJMQFLK� FP� EFDEBO� CLO� ,LKALK� $39� QL�
JFQFD>QB�QEB�BCCB@Q�LC�QEB�BUQOBJB�PRJJBO�QBJMBO>QROBP��S>OVFKD�?BQTBBK������–������H7E�J���
4EB�OBPMB@QFSB�O>KDB�CLO�QEB�">PB�#>PB�FP�?BQTBBK������–������H7E�J���FQ�@>K�?B�>ODRBA�QE>Q�
QEB�@LKPBNRBKQ�AFCCBOBK@BP�FKQOLAR@BA�?V�QEB�@LLIFKD�@LKPRJMQFLK�?BQTBBK�QEB�QTL�IL@>QFLKP�
FP�KLQ�PFDKFCF@>KQ�FK�QBOJP�LC�QEB�BIB@QOF@FQV�MRO@E>PBP�?V�QEB�DOFA�TEBK�Q>HFKD�FKQL�>@@LRKQ�QEB�
BUQOBJB�K>QROB�LC� QEB� QBJMBO>QROBP� FKSLISBA� FK� QEB�$39�A>Q>��4EFP� FP� FKABBA�@LOOB@Q�?RQ� FQ�
PELRIA�?B�OBJFKABA�QE>Q�QEB�OBI>QFSBIV�EFDE�MBOCLOJ>K@B�LC�QEB�EB>Q�MRJMP�>OB�OBPMLKPF?IB�CLO�
mitigating the difference in question. For example, when considering the buildings’ cooling 
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ABJ>KA��LO�BCCB@QFSBIV�>PPRJFKD�>�#L0�LC����QEB�OBPMB@QFSB�O>KDBP�>OB�������–�������H7E�J��
CLO� ,LKALK� >KA� ���� –� ������ H7E�J�� for Birmingham. The impact of the heat pumps’ 

MBOCLOJ>K@B�FP�FKSBPQFD>QBA�PBM>O>QBIV�I>QBO�FK�QEFP�@E>MQBO��

&FK>IIV��FQ�FP�>IPL�BPPBKQF>I�QL�>AAOBPP�QEB�FPPRB�LC�QEBOJ>I�@LJCLOQ�>P�MOBPBKQBA�FK�&FDROB�������
&LO�QEB�J>GLOFQV�LC� QEB�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKD�P@BK>OFLP��AFP@LJCLOQ� FK@OB>PBP�?RQ�
OBJ>FKP�?BILT�QEB����QEOBPELIA�LC�QEB�L@@RM>K@V�ELROP��!P�AFP@RPPBA�FK�#E>MQBO������"RFIAFKD�
��O�FP�MOL?IBJ>QF@�>KA�@LKPQFQRQBP�>K�LRQIFBO�FK�QBOJP�LC�FQP�QEBOJ>I�@LJCLOQ��I>ODBIV�ARB�QL�FQP�
LOFBKQ>QFLK��EBK@B�>�@LKPFABO>?IB�S>IRB�LC��������QEBOJ>I�AFP@LJCLOQ�ELROP�FP�OB@LOABA��7EBK�
K>QRO>I�SBKQFI>QFLK�FP�ABMILVBA��QEBOJ>I�AFP@LJCLOQ�PQFII�FK@OB>PBP�FK�,LKALK�>KA�S>OFBP�?BQTBBK�
�����–� �������3RFQ>?IB�PQO>QBDFBP�KBBA� QL�?B�RPBA� QL�?>I>K@B� QEB�LSBOEB>QFKD�BCCB@Q� �B�D��
PE>AFKD	�>KA�CLO�@BOQ>FK�ABPFDKP��OB>PLK>?IB�QEBOJ>I�@LJCLOQ�TFII�KLQ�?B�>@EFBS>?IB��(LTBSBO��
QEBPB�>OB�LRQPFAB�QEB�P@LMB�LC�QEB�@ROOBKQ�MOLGB@Q�>KA�TFII�KLQ�AFP@RPPBA�>KV�CROQEBO���

�

�

Figure 6.15�–�4EBOJ>I�#LJCLOQ��!3(2!%���	�CLO�PBIB@QBA�?RFIAFKDP�FK�"FOJFKDE>J�>KA�
,LKALK�$39�

�

)K�QBOJP�LC�QEB�>O?FQO>DB�MBOCLOJ>K@B�>KA�QEB�AFCCBOBK@BP�L?PBOSBA�?BQTBBK�QEB�">PB�#>PB�
>KA�,LKALK�$39�CLO�/MBO>QFLK>I�3QO>QBDV�%���4>?IB�����	�� QEB�BUQOBJB�LSBOEB>QFKD�LC� QEB�
I>QQBO�IB>AP�QL�>K�>KKR>I�OBAR@QFLK�LC�QEB�PEFCQBA�BIB@QOF@FQV�CLO�>II�QEB�JB@E>KF@>IIVSBKQFI>QBA�
?RFIAFKDP��4EB�?BPQ�MBOCLOJFKD�?RFIAFKD�P@BK>OFLP�L?PBOSB�>�MBO@BKQ>DB�OBAR@QFLK�LC�������
TEFIB�QEB�TLOPQ�MBOCLOJFKD�DOLRM�E>P�>�ILTBO�AB@OB>PB�LC�����

/K�QEB�LQEBO�E>KA��?RFIAFKDP�TFQE�K>QRO>I�SBKQFI>QFLK�>OB�KLQ�M>OQF@RI>OIV�>CCB@QBA�>KA�LKIV�PJ>II�
AFCCBOBK@BP�Q>HB�MI>@B��)K�C>@Q��QEBV�MBOCLOJ�J>ODFK>IIV�?BQQBO��PEFCQFKD�������>KA�������JLOB��
OBPMB@QFSBIV�� FK� QBOJP� LC� QEB� AFJBKPFLKIBPP� MBO@BKQ>DB� @E>KDBP�� KBSBOQEBIBPP�� QEB� >@QR>I�
MBO@BKQ>DBP�LC�QEB�MB>H�IL>AP�PEFCQBA�>OB�>IJLPQ�FABKQF@>I�CLO�QEB�?BPQ�MBOCLOJFKD�?RFIAFKDP�
������� >KA� ������	� >KA� LKIV� PIFDEQIV� EFDEBO� CLO� QEB� TLOPQ� MBOCLOJFKD� DOLRM� �������� >KA�
������	��
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Table 6.23�–�%IB@QOF@FQV�3EFCQBA�CLO�">PB�#>PB�>KA�,LKALK�$39�RKABO�%��

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

London DSY Base Case vs London 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

�

%UMLOQP� RKABO� %�� FK� ,LKALK�$39� CLIILT� QEB� P>JB� M>QQBOKP� >P� QEBV� >OB� >IPL� OBAR@BA�� CLO�
JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP��?V�������>KA�������CLO�QEB�?BPQ�>KA�TLOPQ�?RFIAFKD�DOLRMP��
OBPMB@QFSBIV��.>QRO>IIVSBKQFI>QBA�?RFIAFKDP�>OB�@>M>?IB�LC�BUMLOQFKD�JLOB�BIB@QOF@FQV�FK�QBOJP�
LC�QEBFO�MB>H�IL>AP�TFQE�MBO@BKQ>DB�@E>KDBP�OB>@EFKD�������>KA��������OBPMB@QFSBIV��4EFP�
Q>HBP�MI>@B�?B@>RPB�QEBOB�FP�KL�FK@OB>PB�FK�QBOJP�LC�>KV�@LLIFKD�IL>AP�>P�SBKQFI>QFLK�Q>HBP�
MI>@B�QEOLRDE�BUQBOK>I�FKCFIFQO>QFLK�>KA�QEOLRDELRQ�QEB�VB>O�EB>QFKD�BIB@QOF@FQV�@LKPRJMQFLK�FP�
ILTBO��BPMB@F>IIV�>CQBO�!MOFI��4>?IB�����	��

�

Table 6.24�–�%UMLOQP�CLO�">PB�#>PB�>KA�,LKALK�$39�RKABO�%��

Building Groups Exports (kWh/m2) 
 

Dimensionless Changes  
(± %) 

With Mechanical 
Ventilation 

Base 
Case 

London DSY Base Case vs London 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.	� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

 

7EBK�BUMLOQP�>OB�KLQ�>IILTBA�RKABO�%���&FDROB�����	��>II�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�
PEFCQ�ILTBO�>JLRKQP�LC�QEBFO�MB>H�IL>AP�FK�,LKALK�$39�TFQE�>�O>KDB�LC�������–��������LC�QEBFO�
MB>H� IL>AP��4EB� OBPMB@QFSB� O>KDB� CLO� QEB�">PB�#>PB�?RFIAFKD�P@BK>OFLP� FP�EFDEBO�?BQTBBK�
������–���������(LTBSBO��@LKPFABOFKD�QEB�BUQOBJB�LSBOEB>QFKD�@LKAFQFLKP�LC�,LKALK�$39��
QEB�@E>KDBP�FK�>O?FQO>DB�MBOCLOJ>K@B�?BQTBBK�QEB�QTL�IL@>QFLKP�FP�KLQ�QE>Q�PFDKFCF@>KQ��4EFP�
@>K�?B�BUMI>FKBA�LK@B�>D>FK�?V�QEB�EFDE�MBOCLOJ>K@B�LC�QEB�EB>Q�MRJMP�QE>Q�HBBMP�QEB�@LLIFKD�
BIB@QOF@FQV�@LKPRJMQFLK�OBI>QFSBIV�ILT��JFKFJFPFKD�>P�JR@E�>P�MLPPF?IB�QEB�AFCCBOBK@BP�FK�PEFCQBA�
BIB@QOF@FQV� FK� QBOJP�LC� QEB�MB>H� IL>AP��/K� QEB�LQEBO�E>KA�� QEB�LSBOEB>QFKD� @LKAFQFLKP�?OFKD�
?BKBCFQP�QL�QEB�K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�>P�QEBV�@>K�KLT�PEFCQ�������–��������LC�QEBFO�MB>H�
IL>AP� FKPQB>A� LC� QEB� ILTBO� ">PB� #>PB� CFDROBP� LC� ������ –� �������� 4EB� AFCCBOBK@B� FK�
MBOCLOJ>K@B�FP�J>UFJFPBA�CLO�QEB�EB>SVTBFDEQ�?RFIAFKDP��O.�>KA��O.��
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Figure 6.16�–�%IB@QOF@FQV�3EFCQBA�RKABO�%��CLO�">PB�#>PB�>KA�,LKALK�$39�

)K�QBOJP�LC�ELT�LSBOEB>QFKD�>CCB@QP�QEB�?BPQ�>KA�TLOPQ�MBOCLOJFKD�DOLRMP�RKABO�%���QEBPB�@>K�
?B�PBBK�FK�ABQ>FI�)K�4>?IB�������7EBK�JB@E>KF@>I�SBKQFI>QFLK�FP�>ALMQBA�FK�,LKALK�$39��QEB�
?BPQ�>KA�TLOPQ�MBOCLOJFKD�?RFIAFKDP�PEFCQ� ILTBO�>JLRKQP�LC�BIB@QOF@FQV� FK�QBOJP�LC�QEBFO�MB>H�
IL>AP�?V�������>KA��������OBPMB@QFSBIV��@LJM>OBA� QL� QEB�">PB�#>PB��.>QRO>IIVSBKQFI>QBA�
?RFIAFKDP�>D>FK�Q>HB�>AS>KQ>DB�LC�QEB�LSBOEB>QFKD�@LKAFQFLKP�>KA�PEFCQ�JLOB�MBO@BKQ>DBTFPB�
?V�������>KA��������OBPMB@QFSBIV��(LTBSBO��FQ�PELRIA�?B�OBJFKABA�QE>Q�QEBFO�QEBOJ>I�@LJCLOQ�
@>K�?B�EFDEIV�MOL?IBJ>QF@��>P�MOBSFLRPIV�PELTK�>KA�QEBOBCLOB�PELRIA�?B�Q>HBK�FKQL�>@@LRKQ��)Q�
PELRIA�?B�@LK@IRABA�QE>Q�ARB�QL�QEB�K>QROB�LC�QEFP�PMB@FCF@�PBKPFQFSFQV�>K>IVPFP��QEB�>O?FQO>DB�
MBOCLOJ>K@B�FP�>CCB@QBA�FK�QEB�BU>@Q�P>JB�T>V�CLO�?LQE�PQO>QBDFBP�%��>KA�%��TFQE�QEB�P>JB�
QOBKAP� ?BFKD� L?PBOSBA� CLO� >II� ?RFIAFKD� DOLRMP� >KA� PR?DOLRMP� �B�D�� SBKQFI>QFLK�� BKBODV�
MBOCLOJ>K@B	��

�

Table 6.25�–�%IB@QOF@FQV�3EFCQBA�CLO�">PB�#>PB�>KA�,LKALK�$39�RKABO�%��

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

London DSY Base Case vs London 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����
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&FK>IIV��QEB�>KKR>I�BIB@QOF@FQV�KBQ�@LPQP�>OB�MOBPBKQBA�?BILT�CLO�3QO>QBDV�%���FK�&FDROB�������
&OLJ�QEB�JB@E>KF@>IIVSBKQFI>QBA�P@BK>OFLP��QEB�TLOPQ�MBOCLOJFKD�?RFIAFKDP��O�>KA���O�>MMB>O�
QL�E>SB�SBOV�PFJFI>O�KBQ�@LPQP�FK�?LQE�IL@>QFLKP��/K�QEB�LQEBO�E>KA��QEB�?BPQ�MBOCLOJFKD�DOLRM�
��O����O	�>OB�MOLSBK�QL�?B�JLOB�BUMBKPFSB�QL�ORK�FK�,LKALK�$39�>P�QEBV�E>SB�OBPMB@QFSB�KBQ�
@LPQP�LC������>KA������Y�J���PIFDEQIV�EFDEBO�QE>K�QEB�">PB�#>PB�S>IRBP�LC������>KA������Y�J���
4EFP� FP� BUMB@QBA�>P�?RFIAFKD� ILTBO�BKBODV�MBOCLOJ>K@B��?BILKDFKD� QL� QEB�0>OQ� ,� @LJMIF>KQ�
DOLRM��E>SB�EFDEBO�>FO� FKCFIFQO>QFLK� QE>Q�E>P�QEB�?BKBCF@F>I�PFAB�BCCB@Q�LC�@LLIFKD� QEB�?RFIAFKD��
BPMB@F>IIV�AROFKD�QEB�PRJJBO�JLKQEP��!P�QEB�LSBOEB>QFKD�@LKAFQFLKP�FK�,LKALK�$39�BK>?IB�
K>QRO>IIVSBKQFI>QBA�?RFIAFKDP�QL�PEFCQ�EFDEBO�>JLRKQP�LC�QEBFO�MB>H�IL>AP��QEBFO�@LKPBNRBKQ�KBQ�
@LPQP�>OB� ILTBO� QE>K� QEBFO�">PB�#>PB�@LRKQBOM>OQP��-LOB�PMB@FCF@>IIV�� QEBV�E>SB�>�KBQ�@LPQ�
O>KDB�?BQTBBK������–������Y�J��FK�@LJM>OFPLK�QL�QEB�EFDEBO�">PB�#>PB�O>KDB�LC������–������
Y�J���

�

Figure 6.17 – .BQ�#LPQ��Y�J�	�RKABO�%��CLO�">PB�#>PB�>KA�,LKALK�$39�
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6.5 Heat pumps Coefficient of Performance (CoP) 
)Q�E>P�?BBK�MOBSFLRPIV�JBKQFLKBA�QE>Q�QEB�EB>Q�MRJMP�MBOCLOJ>K@B�MI>VP�>K�FJMLOQ>KQ�OLIB�>P�
FQ�>CCB@QP�QEB�BIB@QOF@FQV�@LKPRJMQFLK�QLT>OAP�EB>QFKD�>KA�@LLIFKD�>KA�QEBOBCLOB�FQ�FP�@OR@F>I�QL�
FKSBPQFD>QB�FQ�FK�>�NR>KQFQ>QFSB�T>V��)K�>@@LOA>K@B�TFQE�QEB�JBQELALILDV�@E>MQBO��QEB�LOFDFK>I�
EB>Q�MRJMP�#L0�CLO�EB>QFKD�>KA�@LLIFKD�>OB�KLT�OBAR@BA�COLJ�����>KA���QL������>KA����>�
OBAR@QFLK� LC� >MMOLUFJ>QBIV� ���� >KA� ����� OBPMB@QFSBIV�� #LKPBNRBKQIV�� >K� FK@OB>PB� FK�
BIB@QOF@FQV�@LKPRJMQFLK�LC�����FP�BUMB@QBA� CLO�EB>QFKD�>KA�����QLT>OAP�@LLIFKD��4EB�QLQ>I�
BIB@QOF@FQV�@LKPRJMQFLK�CLO�QEB�PQ>KA>OA�>KA�OBAR@BA�EB>Q�MRJMP�MBOCLOJ>K@B�FK�,LKALK�$39�
FP�ABJLKPQO>QBA�FK�&FDROB�������!II�?RFIAFKDP�>OB�>CCB@QBA�?V�QEB�@E>KDB�>P�K>QRO>IIVSBKQFI>QBA�
?RFIAFKDP�PQFII�OBNRFOB�JLOB�BIB@QOF@FQV�?B@>RPB�LC�QEB�EB>QFKD�BIB@QOF@FQV�@LKPRJMQFLK��

)Q�@>K�?B�L?PBOSBA�QE>Q�QEB�OBAR@BA�EB>Q�MRJMP�MBOCLOJ>K@B�E>P�>�PFDKFCF@>KQ�FJM>@Q�LK�QEB�
QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK�LC�>II�?RFIAFKD�P@BK>OFLP�>KA�RKALR?QBAIV�QEB�?FDDBPQ�FJM>@Q�QE>K�
>KV�LQEBO�PBKPFQFSFQV�>K>IVPFP�C>@QLO�PL�C>O�FK�QEB�@ROOBKQ�@E>MQBO��-LOB�PMB@FCF@>IIV��QEB�LOFDFK>I�
,LKALK�$39�OBPRIQP�E>SB�>K�BIB@QOF@FQV�@LKPRJMQFLK�O>KDB�?BQTBBK�������–�������H7E�J��
TEFIB�QEB�OBPMB@QFSB�S>IRBP�S>OV�COLJ�������QL�������H7E�J��RKABO�QEB�OBAR@BA�EB>Q�MRJMP�
MBOCLOJ>K@B��

 
Figure 6.18 - 4LQ>I�%IB@QOF@FQV�#LKPRJMQFLK�CLO�,LKALK�$39�TFQE�LOFDFK>I�>KA�OBAR@BA�EB>Q�

MRJMP�MBOCLOJ>K@B�

�

,LLHFKD� >Q� QEB� ?OB>HALTK� LC� QEB� FKAFSFAR>I� ?RFIAFKD� PB@QLOP� FK� &FDROB� ������ CLO� QEB�
JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKD�P@BK>OFLP��OBAR@FKD�QEB�#L0�S>IRBP�E>P�QEB�IB>PQ�FJM>@Q�LK�
"RFIAFKDP��O�>KA���O�QE>Q�?BILKD�QL�QEB�?BPQ�MBOCLOJFKD�?RFIAFKD�DOLRM��"BPQ�0O>@QF@B	�>P�QEBFO�
excellent airtightness and the envelope’s low US>IRBP�J>K>DB�QL�HBBM�QEB�EB>QFKD�ABJ>KA�
FK@OB>PB� QL�>�JFKFJRJ��!P�>II� ?RFIAFKDP�>OB�>CCB@QBA� QEB� P>JB� FK� QBOJP�LC� QEB�MBO@BKQ>DB�
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FK@OB>PB�FK�EB>QFKD�BIB@QOF@FQV�@LKPRJMQFLK�� QEB�P@BK>OFLP�QEB�JLPQ�>CCB@QBA�FK�QBOJP�LC�QEB�
LSBO>II�BIB@QOF@FQV�@LKPRJMQFLK�FK@OB>PB�FK@IRAB�QEB�TLOPQ�MBOCLOJFKD�DOLRMP��0>OQ�,�@LJMIF>KQ	�
PR@E� >P� �O� >KA� ��O�� $RB� QL� QEB� EFDEBO� >FO� FKCFIQO>QFLK� Q>HFKD� MI>@B� FK� K>QRO>IIVSBKQFI>QBA�
?RFIAFKDP��QEB�FK@OB>PB�FP�JLPQ�KLQF@B>?IB�FK�"RFIAFKDP��O.�>KA��O.�QE>Q�>IPL�?BILKD�QL�QEB�0>OQ�
,�@LJMIF>KQ�DOLRM��2BD>OAFKD�PLJB�@E>O>@QBOFPQF@�BU>JMIBP��"RFIAFKDP��O�>KA��O.�OBNRFOB������
>KA�������H7E�J�� CLO� EB>QFKD�RKABO�PQ>KA>OA�EB>Q� MRJM�MBOCLOJ>K@B�TEFIB� OBAR@FKD� QEB�
#L0P�?OFKDP�QEBPB�S>IRBP�RM�QL������>KA�������H7E�J���OBPMB@QFSBIV���

�

 
Figure 6.19 –� %IB@QOF@FQV�#LKPRJMQFLK�CLO�EB>QFKD�>KA�@LLIFKD�FK�,LKALK�$39�TFQE�LOFDFK>I�

>KA�OBAR@BA�EB>Q�MRJMP�MBOCLOJ>K@B�

 

Table 6.26 –�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�,LKALK�$39�CLO�PQ>KA>OA�>KA�OBAR@BA�EB>Q�
MRJM�MBOCLOJ>K@B�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

London 
DSY 

Lower CoPs Standard vs Lower CoPs 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ �������
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ ������
7LOPQ���O.��O.	� ������ ������ �������

�

#LK@BOKFKD�QEB�FJM>@Q�LK�@LLIFKD��QEB�LOFDFK>I�BIB@QOF@FQV�@LKPRJMQFLK�CLO�@LLIFKD�FP�?BQTBBK�
�����–������H7E�J���OFPFKD�QL�>�O>KDB��LC������–�������H7E�J��CLO�QEB�OBAR@BA�#L0�S>IRBP��
4EBOJ>I�@LJCLOQ�FP�BU>@QIV�QEB�P>JB�CLO�?LQE�QEB�LOFDFK>I�>KA�QEB�OBAR@BA�#L0�OBPRIQP��
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Table 6.27�–�%UMLOQP�FK�,LKALK�$39�RKABO�%��CLO�PQ>KA>OA�>KA�OBAR@BA�EB>Q�MRJM�
MBOCLOJ>K@B�

Building Groups Exports (kWh/m2) 
 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

London 
DSY 

Lower CoPs Standard vs Lower CoPs 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.	� ������ ������ ������
7LOPQ���O.��O.	� ������ ������ ������

 

 
Figure 6.20�–�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�,LKALK�$39�CLO�PQ>KA>OA�>KA�OBAR@BA�EB>Q�

MRJM�MBOCLOJ>K@B�

4EB� >O?FQO>DB� OBPRIQP� CLO� /MBO>QFLK>I� 3QO>QBDV� %�� >OB� MOBPBKQBA� FK� 4>?IB� ������ 3@BK>OFLP�
?BILKDFKD� QL� QEB�0>OQ� ,�#LJMIF>KQ� DOLRM� >OB� >CCB@QBA� ?BQTBBK� QEOBB� >KA� CLRO� MBO@BKQ>DB�
MLFKQP�JLOB�TEBK�@LJM>OBA�QL�QEB�?BPQ�MBOCLOJFKD�?RFIAFKDP��)K�JLOB�ABQ>FI��TEBK�JB@E>KF@>I�
SBKQFI>QFLK�FP�RPBA��OBAR@FKD�QEB�EB>Q�MRJMP�#L0P�IB>AP�QL�>�OBAR@QFLK�LC�QEB�PEFCQBA�BIB@QOF@FQV�
?V� ������ >KA� �������� FK� QEB� ?BPQ� >KA� TLOPQ� MBOCLOJFKD� ?RFIAFKD� DOLRMP�� OBPMB@QFSBIV��
3FJFI>OIV�� CLO� K>QRO>IIVSBKQFI>QBA� ?RFIAFKDP�� QEB� OBAR@QFLKP� OB>@E� ������ >KA� �������
OBPMB@QFSBIV��-LSFKD�LK�QL�QEB�FJM>@Q�LK�QEB�BIB@QOF@FQV�BUMLOQP��4>?IB�����	��QEB�OBAR@QFLK�LC�
#L0P�E>P�QEB�P>JB�BCCB@Q�CLO�>II�?RFIAFKD�DOLRMP�>KA�KL�J>GLO�AFCCBOBK@B�@>K�?B�PBBK�QEFP�QFJB�
?BQTBBK�"BPQ�0O>@QF@B�>KA�0>OQ�,�#LJMIF>KQ�?RFIAFKDP��&LO�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP��
BUMLOQP�>OB�ILTBO�?V�������>KA�������CLO�QEB�P>JB�?RFIAFKD�PR?DOLRMP�TEFIB�>�OBAR@QFLK�LC�
������FP�L?PBOSBA�CLO�K>QRO>IIVSBKQFI>QBA�?RFIAFKD�DOLRMP��
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7EBK� BUMLOQP� >OB� KLQ� >IILTBA�� QEB� AFCCBOBK@BP� FK� BIB@QOF@FQV� PEFCQBA� >OB� >D>FK� J>UFJFPBA�
?BQTBBK�QEB�LOFDFK>I�>KA�QEB�OBSFPBA�#L0�OBPRIQP��FK�,LKALK�$39��!P�PELTK�FK�&FDROB�������
QEB�LOFDFK>I� OBPRIQP�E>SB�>� O>KDB�?BQTBBK�������–� �������LC� QEB�MB>H� IL>AP�PEFCQBA�TEFIB�
OBAR@FKD�QEB�#L0�S>IRBP�?OFKDP�QEFP�O>KDB�ALTK�QL�������–���������,LLHFKD�>Q�QEB�DOLRMBA�
OBPRIQP�FK�JLOB�ABQ>FI�FK�4>?IB�������QEB�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�PBBJ�QL�?B�>CCB@QBA�
PIFDEQIV�JLOB� QE>K� QEBFO� K>QRO>IIVSBKQFI>QBA� @LRKQBOM>OQP� >P� QEBFO� "BPQ� 0O>@QF@B� >KA�0>OQ� ,�
DOLRMP�L?PBOSB�>�OBAR@QFLK�LC��������>KA��������OBPMB@QFSBIV���

!AAFQFLK>IIV�� TEBK� K>QRO>I� SBKQFI>QFLK� FP� RPBA�� QEB� P>JB� MBO@BKQ>DBP� >OB� PIFDEQIV� ILTBO� >Q�
�������>KA���������MLQBKQF>IIV�ARB�QL�QEB�>?PBK@B�LC�@LLIFKD� IL>AP��4EBPB�AFJBKPFLKIBPP�
MBO@BKQ>DB�@E>KDBP�@LKPQFQRQB�QEB�EFDEBPQ�S>IRBP�QE>Q�E>SB�?BBK�L?PBOSBA�FK�QEB�PBKPFQFSFQV�
>K>IVPFP�PL�C>O��J>HFKD�QEB�EB>Q�MRJMP�MBOCLOJ>K@B�>�@OFQF@>I� C>@QLO�CLO�?LQE�QEB�BIB@QOF@FQV�
@LKPRJMQFLK�>KA�QEB�>O?FQO>DB�MBOCLOJ>K@B�LC�>II�?RFIAFKD�P@BK>OFLP��&FK>IIV��FQ�FP�>IPL�TLOQE�
Q>HFKD�>�?OFBC�ILLH�>Q�QEB�B@LKLJF@P��>P�PELTK�FK�&FDROB�������!P�BUMB@QBA��ILTBOFKD�QEB�#L0�
S>IRBP�J>HBP� QEB�BIB@QOF@FQV�>KKR>I�KBQ�@LPQ�PFDKFCF@>KQIV�EFDEBO�?BQTBBK������–� �����Y�J��
TEFIB�TEBK�RPFKD�QEB�LOFDFK>I�#L0�S>IRBP��QEB�OBPMB@QFSB�O>KDB�FP�?BQTBBK������–������Y�J���
EBK@B�>�AFCCBOBK@B�LC������–������Y�J���

Table 6.28 –�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�,LKALK�$39�CLO�PQ>KA>OA�>KA�OBAR@BA�EB>Q�
MBOCLOJ>K@B�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

London 
DSY 

Lower CoPs Standard vs Lower CoPs 

"BPQ���O���O	� ������ ������ �������
7LOPQ���O���O	� ������ ������ �������
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �������
7LOPQ���O.��O.	� ������ ������ �������

�

 
Figure 6.21�–�.BQ�#LPQ�RKABO�%��FK�,LKALK�$39�CLO�PQ>KA>OA�>KA�OBAR@BA�EB>Q�MRJM�
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6.6 No Free Cooling 
4EB� PFUQE� PBKPFQFSFQV� >K>IVPFP� C>@QLO� FP� QEB� COBB� @LLIFKD� PQO>QBDV� QE>Q� E>P� ?BBK� RPBA� FK� >II�
PFJRI>QFLKP� PL� C>O�� QEBOBCLOB�� ,LKALK�$39� FP� >IPL� RPBA�>P� QEB� ?>PB� @>PB�� PFJFI>OIV� QL� QEB�
MOBSFLRP�PR?@E>MQBO��>KA� FP�@LJM>OBA� QL� QEB�P>JB� IL@>QFLK�TFQE� COBB�@LLIFKD� QROKBA�LCC� QL�
BS>IR>QB�QEB�FJM>@Q�LC�QEFP�@E>KDB�QL�QEB�@LLIFKD�BIB@QOF@FQV�@LKPRJMQFLK��/?SFLRPIV��K>QRO>IIV
SBKQFI>QBA� ?RFIAFKDP� >OB� KLQ� >CCB@QBA� ?V� QEFP� @E>KDB� >P� ABJLKPQO>QBA� FK� &FDROB� ������
#LK@BOKFKD� ?RFIAFKDP� TFQE� JB@E>KF@>I� SBKQFI>QFLK�� >P� BUMB@QBA�� QEB� QLQ>I� BIB@QOF@FQV�
@LKPRJMQFLK�FK@OB>PBP�CLO�>II�P@BK>OFLP��)K�JLOB�ABQ>FI��RKABO�QEB�LOFDFK>I�,LKALK�$39�OBPRIQP��
QEB�BIB@QOF@FQV�@LKPRJMQFLK�FP�?BQTBBK�������–�������H7E�J���4EB�OBPMB@QFSB�O>KDB�TFQE�COBB�
@LLIFKD�AFP>?IBA�FP�KLT�FK@OB>PBA�QL�������–�������H7E�J��TEFIB�QEB�EFDEBPQ�FK@OB>PBP�Q>HB�
MI>@B�CLO�"BPQ�0O>@QF@B�?RFIAFKDP�ARB�QL�QEBFO�BU@BIIBKQ�>FOQFDEQKBPP��

�

Figure 6.22��4LQ>I�%IB@QOF@FQV�#LKPRJMQFLK�CLO�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�@LLIFKD�
BK>?IBA�

�

Figure 6.23�–�%IB@QOF@FQV�#LKPRJMQFLK�CLO�@LLIFKD�FK�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�
@LLIFKD�
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4EB�BIB@QOF@FQV�@LKPRJMQFLK� CLO�@LLIFKD� FP�PELTK�PBM>O>QBIV�� FK�&FDROB� ������>ILKD�TFQE� QEB�
EB>QFKD�?OB>HALTK�TEF@E�FP�>IPL�FK@IRABA�FK�LOABO�QL�ABJLKPQO>QB�QE>Q�QEB�LMBO>QFLK�LC�COBB�
cooling does not affect in any way the buildings’ heating demand and consequent electricity 

KBBAP� CLO� EB>QFKD�� 4EB� @LLIFKD� M>OQ� @LKPQFQRQBP� QEBOBCLOB� QEB� LKIV� ?RFIAFKD� PB@QLO� QE>Q�
@LKQOF?RQBP�QLT>OAP�QEB�BIB@QOF@FQV�AFCCBOBK@BP�MOBPBKQBA�FK�&FDROB�������4EB�0>OQ�,�#LJMIF>KQ�
"RFIAFKDP��O�>KA���O�L?PBOSB�PJ>II�FK@OB>PBP�COLJ�QEB�LOFDFK>I�@LLIFKD�S>IRBP�LC������>KA������
H7E�J��QL������>KA������H7E�J���OBPMB@QFSBIV��TEBK�AFP>?IFKD�COBB�@LLIFKD��4EB�PJ>II�@E>KDB�
FP�IFHBIV�ARB�QL�QEB�BUQBOK>I�FKCFIFQO>QFLK�QE>Q�Q>HBP�MI>@BP�FK�QEBPB�0>OQ�,�@LJMIF>KQ�?RFIAFKDP��

/K�QEB�LQEBO�E>KA��QEB�@LLIFKD�BIB@QOF@FQV�@LKPRJMQFLK�CLO�QEB�"BPQ�0O>@QF@B�?RFIAFKDP��O�>KA�
��O�O>FPB�COLJ������>KA������H7E�J��QL������>KA�������H7E�J���OBPMB@QFSBIV��7EFIB�FKABBA�
OBNRFOFKD�JLOB�BIB@QOF@FQV�CLO�@LLIFKD��FQ�@>K�?B�>ODRBA�QE>Q�QEB�O>JFCF@>QFLKP�COLJ�AFP>?IFKD�COBB�
@LLIFKD�ALBP�KLQ�MOLSB�QL�?B�>P�PBOFLRP�>P�MOBSFLRPIV�QELRDEQ��4EFP�@>K�?B�BUMI>FKBA�?V�QEB�
COBB� @LLIFKD� JLABIIFKD� IFJFQ>QFLKP� >P� >K� RMMBO� ?LRKA� LC� �� >@�E� E>P� ?BBK� PBQ� LOFDFK>IIV��
Therefore, the impact of disabling free cooling needs to be determined by the buildings’ 

>O?FQO>DB� OBPRIQP� QE>Q� CLIILT�� $BPMFQB� QEB� C>@Q� QE>Q� K>QRO>IIVSBKQFI>QBA� P@BK>OFLP� >OB� KLQ�
>CCB@QBA��QEBV�>OB�FK@IRABA�CLO�@LJMIBQFLK�>KA�>IPL�>P�S>IFA>QFLK�LC�QEB�OBPRIQP��!KV�O>KDBP�LO�
S>IRBP�JBKQFLKBA�?BILT�OBCBO�QL�QEB�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�BU@IRPFSBIV��

�

Table 6.29 –�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�@LLIFKD�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes (± %) 

With Mechanical 
Ventilation 

London 
DSY 

No Free 
Cooling 

Free Cooling vs No Free 
Cooling 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ �����
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

�

Table 6.30�–�%UMLOQP�FK�,LKALK�$39�RKABO�%��FK�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�@LLIFKD�

Building Groups Exports (kWh/m2) 
 

Dimensionless Changes (± %) 

With Mechanical 
Ventilation 

London 
DSY 

No Free 
Cooling 

Free Cooling vs No Free 
Cooling 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.	� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

 

"V� ILLHFKD� >Q� 4>?IB� ����� >KA� QEB� BIB@QOF@FQV� PEFCQBA� ��� LC� MB>H� IL>AP	�� FQ� FP� @IB>O� QE>Q� QEB�
AFCCBOBK@BP� ?BQTBBK� QEB� LOFDFK>I� ,LKALK� $39� OBPRIQP� >KA� QELPB� TFQELRQ� COBB� @LLIFKD� >OB�
FKPFDKFCF@>KQ�CLO�?LQE�QEB�?BPQ�>KA�TLOPQ�MBOCLOJFKD�DOLRMP��(LTBSBO��QEFP�FP�KLQ�QEB�@>PB�CLO�
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QEB�?>QQBOV�BUMLOQP�TEF@E�>OB�OBAR@BA�?V�������>KA�������CLO�QEB�"BPQ�0O>@QF@B�>KA�QEB�0>OQ�
,�@LJMIF>KQ�?RFIAFKDP��OBPMB@QFSBIV��TEBK�COBB�@LLIFKD� FP�KLQ�RPBA��#LKPBNRBKQIV��TEFIB�QEB�
?>QQBOV� FP�>?IB�QL�PEFCQ�>MMOLUFJ>QBIV� QEB�P>JB�MB>H�IL>A�MBO@BKQ>DBP�TFQELRQ�COBB�@LLIFKD��
QEBOB�FP�KL�@>M>@FQV�IBCQ�CLO�QEB�BUMLOQ�CRK@QFLK��4>?IB�����	��

-LSFKD�LK�QL�QEB�%��/MBO>QFLK>I�3QO>QBDV��QEB�>O?FQO>DB�OBPRIQP�>OB�OBCIB@QBA�FK�&FDROB�������
4EB�LOFDFK>I�PEFCQBA�BIB@QOF@FQV�CLO�,LKALK�$39�E>SB�>�O>KDB�?BQTBBK�������–��������TEFIB�
AFP>?IFKD�COBB�@LLIFKD�OBAR@BP�QEB�PEFCQFKD�@>M>?FIFQV�LC�QEB�?RFIAFKDP�QL�������–��������LC�QEB�
MB>H�IL>AP��4EB�O>KDBP�FK�NRBPQFLK�AL�KLQ�MOBPBKQ�>KV�PFDKFCF@>KQ�AFCCBOBK@BP�>KA�QEBOBCLOB�FQ�
FP�FJMLOQ>KQ�QL�ILLH�>Q�QEB�MBO@BKQ>DB�@E>KDBP�MBO�?RFIAFKD�DOLRM��>P�MOBPBKQBA�FK�4>?IB�������
)K�JLOB�ABQ>FI��QEB�?FDDBPQ�FJM>@Q�LC�AFP>?IFKD�COBB�@LLIFKD�Q>HBP�MI>@B�CLO�QEB�"BPQ�0O>@QF@B�
?RFIAFKD�DOLRM�>P�>�MBO@BKQ>DB�AOLM�LC�������FP�L?PBOSBA�LK�>SBO>DB�CLO�"RFIAFKDP��O�>KA�
��O��/K�QEB�@LKQO>OV��QEB�FJM>@Q�FP�JFKFJFPBA�CLO�QEB�0>OQ�,�@LJMIF>KQ�DOLRM�>P�QEB�OBPMB@QFSB�
OBAR@QFLK�FP���������

Once again, the reason behind this contradiction between the buildings’ arbitrage and energy 

MBOCLOJ>K@B�FP�QEB�>?PBK@B�LC�BUQBOK>I�>FO�FKCFIFQO>QFLK�FK�QEB�"BPQ�0O>@QF@B�?RFIAFKDP�QE>Q�TLRIA�
LMBO>QB�>P�>K�>AAFQFLK>I�COBB�@LLIFKD�@>M>@FQV��QEFP�BUQO>�@>M>@FQV�FP�MOBPBKQ�QELRDE�FK�0>OQ�,�
@LJMIF>KQ� ?RFIAFKDP� ARB� QL� QEBFO� OBI>QFSBIV� MLLOBO� BKSBILMB� >FOQFDEQKBPP�� .BSBOQEBIBPP��
AFP>?IFKD�COBB�@LLIFKD�PBBJP�QL�@LKPQFQRQB�>K�FJMLOQ>KQ�C>@QLO�FK�QEB�@ROOBKQ�@E>MQBO�QE>Q�@LRIA�
MLQBKQF>IIV�E>SB�>K�FJMLOQ>KQ�FJM>@Q�LK�the buildings’ arbitrage capacity, after the heat pumps 

#L0�OBAR@QFLK��

�

�

Figure 6.24�–�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�@LLIFKD�
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Table 6.31 –�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�@LLIFKD�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes (± %) 

With Mechanical 
Ventilation 

London 
DSY 

No Free 
Cooling 

Free Cooling vs No Free 
Cooling 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

�

&FK>IIV��QEB�BIB@QOF@FQV�KBQ�@LPQP�RKABO�%��>OB�MOBPBKQBA�FK�&FDROB�������4EB�LOFDFK>I�KBQ�@LPQ�
S>IRBP�>MMB>O�QL�?B�?BQTBBK������–������Y�J��>KA�AFP>?IFKD�COBB�@LLIFKD�IB>AP�QL�>�IBPP�@LPQ
BCCB@QFSB� >O?FQO>DB� P@EBJB� TFQE� >� OBPMB@QFSB� O>KDB� LC� ����� –� ����� Y�J��� !P� MOBSFLRPIV�
JBKQFLKBA��?B@>RPB�LC�QEBFO�AB@OB>PBA�>O?FQO>DB�MBOCLOJ>K@B��QEB�EFDEBPQ�@LPQ�FK@OB>PB�Q>HBP�
MI>@B�CLO�QEB�"BPQ�0O>@QF@B�?RFIAFKDP��O�>KA����?V������>KA������Y�J���OBPMB@QFSBIV��

�

�

Figure 6.25�–�.BQ�#LPQ��Y�J�	�RKABO�%��FK�,LKALK�$39�TFQE�>KA�TFQELRQ�COBB�@LLIFKD�
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6.7 Equipment Loads 
4EB� PBKPFQFSFQV� >K>IVPFP� C>@QLO� FK� QEFP� PR?@E>MQBO� >OB� QEB� BNRFMJBKQ� IL>AP� >PPRJBA� QL� ?B�
ORKKFKD�>P�M>OQ� LC� QEB� @LJJBO@F>I� @E>O>@QBO� LC� QEB�?RFIAFKD�JLABI��!P� QEBPB� IL>AP�>OB�>K�
FJMLOQ>KQ�M>OQ�LC�QEB�QLQ>I�BIB@QOF@FQV�@LKPRJMQFLK��QEBV�>OB�KLT�OBAR@BA�?V�����QL�FKSBPQFD>QB�
their impact on the buildings’ participation in the arbitrage scheme. %NRFMJBKQ� IL>AP� >OB�
OBAR@BA�COLJ�QEB�LOFDFK>I�>KKR>I�S>IRB�LC�������QL�������H7E�J���!II�QEB�LQEBO�?RFIAFKD�PB@QLOP�
PR@E�>P�EB>QFKD�>KA�@LLIFKD� OBJ>FK� PQ>?IB�>KA�>OB�KLQ� >CCB@QBA�?V� QEFP�@E>KDB��4EB� QLQ>I�
BIB@QOF@FQV�@LKPRJMQFLK�CLO�>II�?RFIAFKD�FP�FIIRPQO>QBA�FK�&FDROB������>KA�FK�JLOB�ABQ>FI��RPFKD�QEB�
LOFDFK>I�BNRFMJBKQ�IL>AP��">PB�#>PB	�OBPRIQ�QL�>�O>KDB�LC�������–�������H7E�J���/K�QEB�LQEBO�
E>KA��OBAR@FKD�QEB�BNRFMJBKQ�IL>AP�?V������QEB�@LKPBNRBKQ�O>KDB�FP�KLT�?BQTBBK�������–�
������H7E�J����

2BD>OAFKD�QEB�FJM>@Q�LK�QEB�>O?FQO>DB��FQ�FP�KLQ�>�PROMOFPB�QE>Q�AB@OB>PFKD�QEB�BNRFMJBKQ�IB>AP�
QL�>K�FK@OB>PB�FK�?LQE�QEB�PEFCQBA�BIB@QOF@FQV�>KA�BUMLOQP�CLO�>II�?RFIAFKD�P@BK>OFLP�>KA�DOLRMP��
&LO�?LQE�JBQOF@P��QEB�MBO@BKQ>DB�@E>KDBP�AFCCBO�>KA�JLOB�PMB@FCF@>IIV��>�EFDE�FK@OB>PB�O>KDB�
LC� ������–� ������@>K�?B� PBBK�TEBK�PEFCQFKD�BIB@QOF@FQV�TEFIB� QEB� OBPMB@QFSB�BUMLOQ� O>KDB�
FK@OB>PBP�BSBK�JLOB�?V������–���������4>?IBP������������	��4EBPB�MBO@BKQ>DB�@E>KDBP�>OB�
>JLKD�QEB�EFDEBPQ�LC�>II� QEB�PBKPFQFSFQV� C>@QLOP�MOBPBKQBA�>KA�BSBK�@LJM>O>?IB�QL�QEB�EB>Q�
MRJMP�MBOCLOJ>K@B��(LTBSBO��>�MOLMBO�@LJM>OFPLK�PELRIA�?B�J>AB�CLO�QEB�%��PQO>QBDV�RPFKD�
QEB� PEFCQBA�BIB@QOF@FQV� S>IRBP�LKIV��!P�PELTK� FK�&FDROB� ������ QEB�">PB�#>PB� OBPRIQP� CLO� QEB�
PEFCQBA� BIB@QOF@FQV� E>SB� >� O>KDB� ?BQTBBK� ������ –� ������� TEFIB� QEB� OBPMB@QFSB� S>IRBP� CLO�
OBAR@BA�BNRFMJBKQ�IL>AP�>OB�������–���������>�PFDKFCF@>KQ�>SBO>DB�FK@OB>PB�LC����FK�QBOJP�
LC�QEB�MB>H�IL>AP�PEFCQBA��

�

 
Figure 6.26 – 4LQ>I�%IB@QOF@FQV�#LKPRJMQFLK�CLO�">PB�#>PB�TFQE�LOFDFK>I�>KA�OBAR@BA�

BNRFMJBKQ�IL>AP�
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Table 6.32 –�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�"FOJFKDE>J�TFQE�LOFDFK>I�>KA�OBAR@BA�BNRFMJBKQ�
IL>AP�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Reduced 
Equipment 

Original vs Reduced 
Equipment 

"BPQ���O���O	� ������ ������ �����
7LOPQ���O���O	� ������ ������ �����
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ �����
7LOPQ���O.��O.	� ������ ������ �����

�

Table 6.33�–�%UMLOQP�RKABO�%��FK�"FOJFKDE>J�TFQE�LOFDFK>I�>KA�OBAR@BA�BNRFMJBKQ�IL>AP�

Building 
Groups 

Exports (kWh/m2) 
 

Dimensionless Changes (± %) 

With 
Mechanical 
Ventilation 

London 
DSY 

No Free 
Cooling 

Free Cooling vs No Free 
Cooling 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ �����
With Natural 
Ventilation 

   

"BPQ���O.���O.	� ������ ������ ������
7LOPQ���O.��O.	� ������ ������ �����

 

 
Figure 6.27 –�%IB@QOF@FQV�3EFCQBA�RKABO�%��FK�"FOJFKDE>J�TFQE�LOFDFK>I�>KA�OBAR@BA�

BNRFMJBKQ�IL>AP�

30

32

34

36

38

40

42

44

46

2r 5r 26r 29r 1rN 2rN 3rN 4rN

El
e

ct
ri

ci
ty

 S
h

if
te

d
 (

%
 o

f 
p

ea
k 

lo
ad

s)

Base Case Reduced Equipment



����
�

'OLRMFKD� QEB� OBPRIQP�MBO�?RFIAFKD�DOLRM�� QEB�MBO@BKQ>DB� @E>KDBP�>OB� SBOV� PFJFI>O� CLO� ?LQE�
QVMBP� LC� SBKQFI>QFLK� >P�TBII� >P� QEB� BKBODV� BCCF@FBK@V� @>QBDLOV�� 0>OQ� ,� #LJMIF>KQ� >KA� "BPQ�
0O>@QF@B��>P�@IB>OIV�PELTK�FK�4>?IB�������/SBO>II��QEB�MBO@BKQ>DB�FK@OB>PB�FP�L?PBOSBA�QL�E>SB�
>�@LKPFABO>?IB�O>KDB�?BQTBBK�������–��������>KA�FP�@LJM>O>?IB�QL�QEB�OBPMB@QFSB�O>KDB�CLO�
QEB� EB>Q� MRJMP� MBOCLOJ>K@B�� >P� MOBSFLRPIV� PELTK� FK� 4>?IB� ������ QEBOBCLOB�� ?LQE� LC� QEBJ�
@LKPQFQRQB�QEB�JLPQ�FJM>@QCRI�PBKPFQFSFQV�>K>IVPFP�C>@QLOP�FK�QEB�@ROOBKQ�@E>MQBO�PL�C>O��

&FK>IIV��@LK@BOKFKD�QEB�B@LKLJF@P�LC�QEB�>O?FQO>DB�P@EBJB��QEB�KBQ�@LPQP�CLO�QEB�LOFDFK>I�>KA�
OBAR@BA�BNRFMJBKQ�IL>P�>OB�ABJLKPQO>QBA�FK�&FDROB������>KA�FQ�FP�@IB>O�QE>Q�QEBV�>OB�AO>PQF@>IIV�
AB@OB>PBA� TEBK� OBAR@FKD� QEB� BNRFMJBKQ� IL>AP�� )K� ABQ>FI�� QEB� ">PB� @>PB� S>IRBP� O>KDB� FP�
?BQTBBK������–������Y�J��TEFIB�QEB�OBSFPBA�S>IRBP�>OB�COLJ�QL������–������Y�J���)Q�PELRIA�?B�
KLQBA�QE>Q�QEFP�OBAR@QFLK�FP�KLQ�ARB�QL�QEB�FK@OB>PBA�>O?FQO>DB�>@QFSFQV�MBO�PB�>P�BSBK�TFQELRQ�
RPFKD�PQLO>DB��QEB�BIB@QOF@FQV�@LPQP�TLRIA�E>SB�?BBK�PJ>IIBO�CLO�OBAR@BA�BNRFMJBKQ�IL>AP�?V�
�����

Table 6.34 –�%IB@QOF@FQV�3EFCQBA��%�	�FK�"FOJFKDE>J�TFQE�LOFDFK>I���OBAR@BA�BNRFMJBKQ�IL>AP�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes (± %) 

With Mechanical 
Ventilation 

Base 
Case 

Reduced 
Equipment 

Original vs Reduced 
Equipment 

"BPQ���O���O	� ������ ������ ������
7LOPQ���O���O	� ������ ������ ������
With Natural 
Ventilation 

   

"BPQ���O.���O.� ������ ������ ������
7LOPQ���O.��O.	� ������ ������ ������

�

�

�

Figure 6.28 – .BQ�#LPQ�RKABO�%��FK�"FOJFKDE>J�TFQE�LOFDFK>I�>KA�OBAR@BA�BNRFMJBKQ�IL>AP�
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6.8 Inverter Rated Capacity 
!P�>K�FKSBOQBO�@>M>@FQV�LC����H7�E>P�?BBK�RPBA�CLO�QEB�J>FK�OBPRIQP�>KA�QEB�PBKPFQFSFQV�>K>IVPFP�
C>@QLOP�PL�C>O��FQ�FP�RPBCRI�QL�FKSBPQFD>QB�FQP�FJM>@Q�LK�QEB�>O?FQO>DB�MBOCLOJ>K@B��4EBOBCLOB��>�
PJ>IIBO�>KA�>�?FDDBO�O>QBA�@>M>@FQV�LC����H7�>KA����H7�>OB�@ELPBK��4EBOB�>OB�KL�@E>KDBP�
CLO�QEB�BIB@QOF@FQV�@LKPRJMQFLK�OBPRIQP�>P�LKIV�QEB�>O?FQO>DB�JLABI�LRQMRQ�FP�KLT�AFCCBOBKQ��&LO�
QEB� %�� /MBO>QFLK>I� 3QO>QBDV� >KA� >@@LOAFKD� QL� 4>?IB� ������ FK@OB>PFKD� LO� AB@OB>PFKD� QEB�
LMBO>QFLK>I�@>M>@FQV�QEOBPELIA�LC�QEB�FKSBOQBO�E>P�>�@OFQF@>I�>CCB@Q�LK�QEB�PEFCQBA�BIB@QOF@FQV�LC�
QEB�?BPQ�>KA�TLOPQ�MBOCLOJFKD�?RFIAFKD�DOLRMP��&LO�QEB�PJ>IIBO�@>M>@FQV�LC����H7��>�PFDKFCF@>KQ�
MBO@BKQ>DB�FK@OB>PB�?BQTBBK�������–��������FP�L?PBOSBA�TEFIB�TEBK�RPFKD�QEB�EFDEBO����H7�
@>M>@FQV��QEB�PEFCQBA�BIB@QOF@FQV�FP�OBAR@BA�@LKPFABO>?IV�?V�������–���������4EB�BU>@Q�LMMLPFQB�
QOBKAP�@>K�?B�PBBK�FK�4>?IB������>P�BUMLOQP�>OB�AOLMMBA�AO>J>QF@>IIV�?V�������–��������CLO�
QEB����H7�@>M>@FQV�TEFIB�>K�FK@OB>PB�LC�������–��������Q>HBP�MI>@B�CLO�QEB����H7�PFWB���

Table 6.35�–�%IB@QOF@FQV�3EFCQBA�RKABO�%��CLO�AFCCBOBKQ�FKSBOQBO�@>M>@FQFBP�������H7	�

Building Groups Average Electricity 
Shifted  

(% of peak loads) 

Dimensionless Changes (± %) 

With Mechanical 
Ventilation 

Base 
Case 

 (65 kW) 

45 kW 85 kW Base Case  
vs 45 kW 

Base Case  
vs 85 kW 

"BPQ���O���O	� ������ ������ ������ ������ �������
7LOPQ���O���O	� ������ ������ ������ ������ �������
With Natural 
Ventilation 

     

"BPQ���O.���O.	� ������ ������ ������ ������ �������
7LOPQ���O.��O.	� ������ ������ ������ ������ �������

�

Table 6.36�–�%UMLOQP�RKABO�%��CLO�AFCCBOBKQ�FKSBOQBO�@>M>@FQFBP�������H7	 

Building Groups Exports (kWh/m2) Dimensionless Changes 
 (± %) 

With Mechanical 
Ventilation 

Base 
Case 

 (65 kW) 

45 kW 85 kW Base Case  
vs 45 kW 

Base Case 
 vs 85 kW 

"BPQ���O���O	� ������ ������ ������ ������� ������
7LOPQ���O���O	� ������ ������ ������ ������� ������
With Natural 
Ventilation 

     

"BPQ���O.���O.	� ������ ������ ������ ������� ������
7LOPQ���O.��O.	� ������ ������ ������ ������� ������

 

4EBPB�OBPRIQP�>OB�@LKPFPQBKQ�>P�TEBK�QEB�?>QQBOV�FP�>?IB�QL�PEFCQ�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV�
in terms of the building’s peak loads, lower amounts of electricity are left for potential exports 

>KA�SF@B�SBOP>��#LKPBNRBKQIV��RPFKD�>�PJ>IIBO�FKSBOQBO�@>M>@FQV�@E>KDBP�QEB�?>QQBOV�>@QFSFQV��
BCCB@QFSBIV�MOFLOFQFPFKD�PEFCQFKD�>P�>�EFDEBO�>JLRKQ�LC�ELROP� FP�KLT�KBBABA� QL�RQFIFPB� QEB� CRII�
?>QQBOV�@>M>@FQV�TFQE�>KV� IBCQLSBO�BIB@QOF@FQV�?BFKD�ABAF@>QBA�QL�BUMLOQP��/K�QEB�LQEBO�E>KA��
FK@OB>PFKD�QEB�FKSBOQBO�PFWB�FP�>RQLJ>QF@>IIV�QO>KPI>QBA�FKQL�JLOB�BIB@QOF@FQV�?BFKD�AFP@E>ODBA�
MBO�ELRO�LC�?>QQBOV�>@QFSFQV�>KA�QEBOBCLOB�FQ�FP�JLOB�IFHBIV�CLO�>KV�?RFIAFKD�IL>AP�QL�?B�@LSBOBA�
OBD>OAIBPP�LC�QEBFO�PFWB��FQ�PELRIA�?B�OBJFKABA�QE>Q�QEB�AFP@E>ODB�LMBO>QFLK�FP�ABMBKABKQ�LK�
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QEB� BIB@QOF@FQV� MOF@B� LC� QEB� ELRO� FK� NRBPQFLK� MOLSFABA� QE>Q� >� PJ>II� IL>A� QEOBPELIAP� FP� JBQ��
#LKPBNRBKQIV��TEBK�QEB�AFP@E>ODB�Q>HBP�MI>@B��QEBOB�FP�QEB�MLQBKQF>I�CLO�EFDEBO�>JLRKQP�LC�
BIB@QOF@FQV�BUMLOQP�TEBK�RPFKD�>�EFDEBO�FKSBOQBO�@>M>@FQV��

4EB�%��OBPRIQP�CLO�QEB�BIB@QOF@FQV�PEFCQBA�>OB�PELTK�FK�&FDROB�������&LO�QEB�">PB�#>PB��>�O>KDB�
LC�������–��������LC�MB>H�IL>AP�Q>HBP�MI>@B��2BAR@FKD�QEB�FKSBOQBO�PFWB�COLJ����QL����H7�
IB>AP�QL�>K�FK@OB>PB�TFQE�QEB�OBPMB@QFSB�O>KDB�?BFKD�?BQTBBK�������–��������TEFIB�FK@OB>PFKD�
QEB�FKSBOQBO�@>M>@FQV�QL����H7�OBPRIQP�FKQL�>�OBAR@QFLK�LC�QEB�O>KDB�QL�������–��������LC�MB>H�
IL>AP��(LTBSBO��FQ�PELRIA�?B�KLQBA�QE>Q�QEBPB�O>KDBP�PELRIA�LKIV�?B�@LKPFABOBA�FK�@LJ?FK>QFLK�
TFQE�QEB�BUMLOQ�O>KDBP�ARB�QL�QEB�K>QROB�LC�QEB�%��PQO>QBDV��)K�QEFP�AFOB@QFLK��>K�BUMLOQ�O>KDB�
LC�������–�������H7E�J��Q>HBP�MI>@B�CLO�QEB�">PB�#>PB��4EB�OBPMB@QFSB�O>KDBP�CLO�QEB�PJ>IIBO�
>KA�?FDDBO�FKSBOQBO�@>M>@FQFBP�>OB�������–�������>KA�������–�������H7E�J�� 

 
Figure 6.29 – %IB@QOF@FQV�PEFCQBA�RKABO�%��CLO�AFCCBOBKQ�FKSBOQBO�@>M>@FQFBP�������H7	�

&FK>IIV��TFQE�BUMLOQP�KLT�AFP>?IBA��QEB�?>QQBOV�>@QFSFQV�@>KKLQ�@E>KDB�PQOR@QRO>IIV��)KABBA��>P�
ABJLKPQO>QBA� FK�&FDROB������� QEB�AFCCBOBK@BP�?BQTBBK� QEB� QEOBB�AFCCBOBKQ� FKSBOQBO�PFWBP�>OB�
FKPFDKFCF@>KQ��&LO�QEB�">PB�#>PB��BIB@QOF@FQV�PEFCQBA�FP�?BQTBBK�������–��������LC�MB>H�IL>AP�
TEFIB�>�PJ>IIBO�FKSBOQBO�PFWB�LC����+7�IB>AP�QL�>�OBPMB@QFSB�O>KDB�LC�������–��������>KA�QEB�
?FDDBO����+7�PFWB�?BQTBBK�������–���������2BD>OAFKD� QEB�OBPRIQP� CLO� QEB�?BPQ�>KA�TLOPQ�
MBOCLOJFKD�?RFIAFKD�DOLRMP��QEBPB�>OB�@LKPFPQBKQ�>P�MOBPBKQBA�FK�4>?IB�������!�PJ>IIBO����H7�
FKSBOQBO�IB>AP�QL�>K�>SBO>DB�������MBO@BKQ>DB�OBAR@QFLK�TEFIB�QEB�?FDDBO����H7�OBPRIQP�QL�>�
������FK@OB>PB��'FSBK�QEB�KBDIFDF?IB�K>QROB�LC�QEBPB�S>IRBP��QEB�OBPMB@QFSB�KBQ�@LPQP�>OB�>IPL�
PFJFI>O��>P�MOBPBKQBA�FK�&FDROB��������

)K�@LK@IRPFLK��@E>KDFKD�QEB�FKSBOQBO�PFWB�QL�?B�PIFDEQIV�PJ>IIBO�LO�?FDDBO�ALBP�KLQ�QO>KPI>QB�FKQL�
>KV�B@LKLJF@�?BKBCFQP��(LTBSBO��CLO�/MBO>QFLK>I�3QO>QBDV�%���FC�MOFLOFQV�CLO�>�@BOQ>FK�?>QQBOV�
CRK@QFLK�FP�>�OBNRFOBJBKQ�LO�ABPFOBA�CLO�>�PMB@FCF@�>O?FQO>DB�P@EBJB��@ELLPFKD�>K�>MMOLMOF>QB�
FKSBOQBO�@>M>@FQV�@>K�@OFQF@>IIV�FKCIRBK@B�QEB�JFUQROB�LC�QEB�?>QQBOV�>@QFSFQV�QLT>OAP�PEFCQFKD�LO�
BUMLOQFKD��
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Figure 6.30�– %IB@QOF@FQV�PEFCQBA�RKABO�%��CLO�AFCCBOBKQ�FKSBOQBO�@>M>@FQFBP�������H7	�

 

Table 6.37�–�%IB@QOF@FQV�3EFCQBA�RKABO�%��CLO�AFCCBOBKQ�FKSBOQBO�@>M>@FQFBP�������H7	�

Building 
Groups 

Average Electricity Shifted  
(% of peak loads) 

Dimensionless Changes (± %) 

With 
Mechanical 
Ventilation 

Base 
Case 

 (65 kW) 

45 kW 85 kW Base Case  
vs 45 kW 

Base Case  
vs 85 kW 

"BPQ���O���O	� ������ ������ ������ ������ �����
7LOPQ���O���O	� ������ ������ ������ ������ �����
With Natural 
Ventilation 

     

"BPQ���O.���O.	� ������ ������ ������ ������ �����
7LOPQ���O.��O.	� ������ ������ ������ ������ �����
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Figure 6.31�–�.BQ�#LPQ�RKABO�%��CLO�AFCCBOBKQ�FKSBOQBO�@>M>@FQFBP�������H7	�
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6.9 Battery Capacity sizes 
2BD>OAFKD�/MBO>QFLK>I�3QO>QBDV�%��>KA� QEB� PJ>IIBPQ� ?>QQBOV� PFWB�LC� ���H7E� FP� @>M>?IB�LC�
PEFCQFKD�?BQTBBK������–�������LC�QEB�BIB@QOF@>I�IL>AP�TEBOB>P�QEB�O>KDB�CLO�QEB�?FDDBPQ�"33�
LC�����H7E�FP�������–���������&LO�QEB�%��PQO>QBDV��QEB�O>KDBP�>OB������–�������>KA�������–�
�������CLO�QEB�PJ>IIBPQ�>KA�QEB�?FDDBPQ�?>QQBOFBP��OBPMB@QFSBIV��QEBOBCLOB��>�PIFDEQ�OBAR@QFLK�LC�
QEB�BIB@QOF@FQV�PEFCQBA�@>K�?B�KLQF@BA�ARB�QL�QEB�>RUFIF>OV�IL>AP�PEFCQFKD�QE>Q�Q>HBP�MI>@B�AROFKD�
TBBHBKAP�RKABO�%���&LO�%���TEFIB�QEB�BIB@QOF@FQV�PEFCQBA�FP�>MMOLUFJ>QBIV�QEB�P>JB�>P�FK�%��
CLO�QEB����H7E�?>QQBOV�������–������	��QEB�S>IRBP�>OB�PFDKFCF@>KQIV�EFDEBO�>KA�S>OV�?BQTBBK�
������–���������)Q�FP�FJMLOQ>KQ�QL�MLFKQ�LRQ�QE>Q�QEBPB�M>OQF@RI>O�CFDROBP�@IB>OIV�OBCIB@Q�QEB�C>@Q�
QE>Q�MOBPBKQFKD�>II�?>QQBOV�PFWBP�FP�KLQ�M>OQF@RI>OIV�RPBCRI�QLT>OAP�QEB�>FJP�>KA�QEB�L?GB@QFSBP�
LC�QEFP�OBPB>O@E��)Q�FP�BSFABKQ�QE>Q�>�PFJFI>O�QOBKA�@>K�?B�PBBK�CLO�>II�?>QQBOV�PFWBP�>KA�QEBOBCLOB�
QEB�OBPRIQP�@>K�CL@RP�FKPQB>A�LK�QEB�I>ODBPQ�?>QQBOV�PFWB�LC�����H7E�FK�LOABO�QL�J>HB�MOLMBO�
>KA�AFOB@Q�@LJM>OFPLKP�OBD>OAFKD�QEB�AFCCBOBKQ�?RFIAFKD�ABPFDK�@E>O>@QBOFPQF@P��)K�&FDROB�������
BIB@QOF@FQV�PEFCQBA�FP�PELTK�>P�>�MBO@BKQ>DB�LC�QEB�?RFIAFKD�MB>H�IL>AP�CLO�>II�@>PBP�>KA�"33�
PFWBP��CLO�QEB�/MBO>QFLK>I�3QO>QBDV�%���

5KABO�%���>P�LKIV�BU@BPP�BIB@QOF@FQV�FP�BUMLOQBA�?>@H�QL�QEB�DOFA�>KA�JBBQFKD�QEB�IL@>I�IL>AP�
FP�MOFLOFQFPBA��BUMLOQP�Q>HB�JFKFJ>I�S>IRBP�CLO�QEB�PJ>IIBPQ�"33��CLO�BU>JMIB��CLO�QEB����H7E�
?>QQBOV��BUMLOQP�>OB�?BQTBBK������–������H7E�J��TEFIB�QEB�S>IRBP�CLO�QEB�����H7E�"33�>OB�
������–�������H7E�J���!Q�QEB�P>JB�QFJB��CLO�?>QQBOV�PFWBP��������>KA����H7E�BUMLOQP�OBQ>FK�
QEB�P>JB�LO�>MMOLUFJ>QBIV�QEB�P>JB�S>IRBP�CLO�>II�?RFIAFKDP�TEFIB�BSBK�CLO�PLJB�?FDDBO�"33�
����������H7E	�QEB�AFCCBOBK@BP�FK�BUMLOQP�>OB�FKPFDKFCF@>KQ�COLJ�?RFIAFKD�QL�?RFIAFKD��5KABO�QEB�
%��PQO>QBDV�QE>Q�>IILTP�CLO�>�PFDKFCF@>KQIV�PJ>IIBO�>JLRKQ�LC�BUMLOQP��QEB�BIB@QOF@FQV�PBKQ�?>@H�
QL�QEB�DOFA�FP�KBDIFDF?IB�CLO�?>QQBOFBP�RM�QL����H7E�TEFIB������–������H7E�J��>OB�BUMLOQBA�?>@H�
TEBK� QEB� ���� H7E� ?>QQBOV� FP� ABMILVBA�� PFDKFCF@>KQIV� PJ>IIBO� TEBK� @LJM>OBA� TFQE� QEB�
OBPMB@QFSB�%��CFDROBP��

&FDROB������FKQOLAR@BP�QEB�BIB@QOF@FQV�KBQ�@LPQP�CLO�/MBO>QFLK>I�3QO>QBDV�%���7EBK�>�"33�FP�
KLQ�ABMILVBA��QEB�O>KDB�LC�QEB�BIB@QOF@FQV�KBQ�@LPQ�FP�?BQTBBK������–������Y�J���/K�QEB�LQEBO�
E>KA��CLO�QEB����H7E�?>QQBOV��QEB�OBPMB@QFSB�KBQ�@LPQP�>OB�J>ODFK>IIV�ILTBO�>OLRKA������–������
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6.10 Summary and Conclusions 
3RJJ>OFPFKD�QEB�CFKAP�LC�QEB�PBKPFQFSFQV�>K>IVPFP�@E>MQBO��FQ�PELRIA�?B�EFDEIFDEQBA�QEB�C>@Q�QE>Q�
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@LKPQFQRQBP� >� PMB@F>I� @>PB� >P� LKIV� ?RFIAFKDP� TFQE�JB@E>KF@>I� SBKQFI>QFLK� >OB� >CCB@QBA�� 4EB�
PBKPFQFSFQV�>K>IVPFP�C>@QLOP�CLO�/MBO>QFLK>I�3QO>QBDV�%��>OB�IFPQBA�?BILT�FK�ABP@BKAFKD�LOABO�
?>PBA�LK�QEBFO�FJM>@Q�LK�QEB�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	��)Q�PELRIA�?B�KLQBA�QE>Q�QEB�
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">PB�#>PB�,LKALK�$39�QL�QEB�>AAFQFLK>I�P@BK>OFL��
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�	� ,LKALK�$39�SP�,LTBO�#L0�������	�
�	� ">PB�#>PB�SP�2BAR@BA�%NRFMJBKQ�,L>AP��������	�
�	� ">PB�#>PB�SP�3LRQE>JMQLK�������	�
�	� ">PB�#>PB�SP�,LKALK�$39�������	�
�	� ">PB�#>PB�SP�%AFK?RODE�������	�
�	� ">PB�#>PB�SP�->K@EBPQBO�������������	�
�	� ,LKALK�$39�SP�.L�&OBB�#LLIFKD�������	�

4EB�C>@QLOP�>?LSB�E>SB�>�TFAB�O>KDB�LC�FJM>@QP�LK�QEB�>O?FQO>DB�MBOCLOJ>K@B�>KA�QEB�MB>H�
IL>AP�PEFCQBA���	��&LO�BU>JMIB��PTFQ@EFKD�COLJ�QEB�">PB�#>PB�FKSBOQBO�@>M>@FQV�LC����H7�QL�
���+7� FKSBOQBO� IB>AP� QL�>K�>SBO>DB� FK@OB>PB�LC��������TEFIB�AFP>?IFKD� COBB�@LLIFKD�E>P�>�
QOFSF>I�OBAR@QFLK�LC��������4EBOBCLOB��QEB�FKSBOQBO�O>QBA�@>M>@FQV�RKALR?QBAIV��@LKPQFQRQBP�QEB�
JLPQ�PFDKFCF@>KQ�PBKPFQFSFQV�>K>IVPFP�C>@QLO�CLO�3QO>QBDV�%���!P�MOBSFLRPIV�JBKQFLKBA��QEB�HBV�
AFCCBOBK@B�L?PBOSBA�?BQTBBK�QEB�%��PEFCQBA�BIB@QOF@FQV�O>KHFKDP�>KA�BUMLOQP�O>KHFKDP� FP�QEB�
C>@Q�QE>Q�,LKALK�$39�SP�.L�&OBB�#LLIFKD�FP�JLSBA�COLJ�QEB��QE�QL�QEB��QE�MI>@B�TFQELRQ�>KV�
CROQEBO�M>OQF@RI>O�AFCCBOBK@BP��

-LSFKD� LK� QL� QEB� %�� 3QO>QBDV�� AFP>?IFKD� BUMLOQP� >KA� RPFKD� QEB� ?>QQBOV� LKIV� QL�JBBQ� IL@>I�
?RFIAFKD�IL>AP�IB>AP�QL�>�AFCCBOBKQ�@I>PPFCF@>QFLK�LC�QEB�PBKPFQFSFQV�>K>IVPFP�C>@QLOP��)K�,LKALK�
$39�SP�,LTBO�#L0��QEB�>O?FQO>DB�@>M>?FIFQV�FP�OBAR@BA�LK�>SBO>DB�?V��������TEFIB�OBAR@FKD�
QEB�BNRFMJBKQ�IL>AP�?OFKDP�QEB�PEFCQBA�BIB@QOF@FQV�ALTK�?V���������QEBPB�QTL�C>@QLOP�>OB�QEB�
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4EFP�E>P�?BBK�MOBSFLRPIV�BUMI>FKBA�>P�JLAFCVFKD�FQP�@>M>@FQV�RKABO�%��IB>AP�QL�>�AFCCBOBKQ�JFU�
LC�QEB�?>QQBOV�>@QFSFQV�?BQTBBK�PEFCQFKD�>KA�BUMLOQFKD��QEFP�FP�L?SFLRPIV�KLQ�QEB�@>PB�RKABO�%��
>KA�QEBOBCLOB�FQP�LSBO>II�FJM>@Q�FP�OBAR@BA�PFDKFCF@>KQIV��&FK>IIV��FQ�PELRIA�?B�KLQBA�QE>Q�QEBOB�
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Table 6.38 –�2>KHFKD�LC�3BKPFQFSFQV�!K>IVPFP�C>@QLOP�RKABO�/MBO>QFLK>I�3QO>QBDV�%� 

Sensitivity Analysis Scenario Absolute 
Mean 

Electricity 
Shifted 

Percentage 
Change 

(%) 

Absolute 
Mean 

Export 
Change (%) 

Scenario 
Rank 

based on 
Electricity 

Shifted 

Scenario 
Rank 
based 

on 
Exports 

">PB�#>PB�SP�3LRQE>JMQLK� ����� ����� �� ��
">PB�#>PB�SP�%AFK?RODE� ����� ����� �� ��

">PB�#>PB�SP�->K@EBPQBO������ ����� ����� �� ��
">PB�#>PB�SP�,LKALK�$39�� ����� ����� �� ��

">PB�#>PB�SP�2BAR@BA�%NRFMJBKQ� ����� ����� �� ��
">PB�#>PB�SP����H7�FKSBOQBO� ������ ������ �� ��
">PB�#>PB�SP����H7�FKSBOQBO� ������ ������ �� ��
,LKALK�$39�SP�,LTBO�#L0� ����� ����� �� ��

,LKALK�$39�SP�.L�&OBB�#LLIFKD� ����� ����� �� ��
 

Table 6.39 –�2>KHFKD�LC�3BKPFQFSFQV�!K>IVPFP�C>@QLOP�RKABO�/MBO>QFLK>I�3QO>QBDV�%� 

Sensitivity Analysis Scenario Absolute 
Mean 

Electricity 
Shifted 

Percentage 
Change (%) 

Absolute 
Mean 

Net Cost 
Change 

(%) 

Scenario 
Rank 

based on 
Electricity 

Shifted 

Scenario 
Rank 

based on 
Net Cost 

">PB�#>PB�SP�3LRQE>JMQLK� ����� ����� �� ��
">PB�#>PB�SP�%AFK?RODE� ����� ����� �� ��

">PB�#>PB�SP�->K@EBPQBO������ ����� ����� �� ��
">PB�#>PB�SP�,LKALK�$39�� ����� ����� �� ��

">PB�#>PB�SP�2BAR@BA�%NRFMJBKQ� ������ ������ �� ��
">PB�#>PB�SP����H7�FKSBOQBO� ����� ����� �� ��
">PB�#>PB�SP����H7�FKSBOQBO� ����� ����� �� ��
,LKALK�$39�SP�,LTBO�#L0� ������ ������ �� ��

,LKALK�$39�SP�.L�&OBB�#LLIFKD� ����� ����� �� ��
 

3RJJFKD�RM���QEB�PBKPFQFSFQV�>K>IVPFP�C>@QLOP�CLO�/MBO>QFLK>I�3QO>QBDV�%��>OB�IFPQBA�?BILT�FK�
ABP@BKAFKD�LOABO�?>PBA�LK�QEBFO�FJM>@Q�LK�QEB�BIB@QOF@FQV�PEFCQBA����LC�MB>H�IL>AP	��

�	� ,LKALK�$39�SP�,LTBO�#L0��������	�
�	� ">PB�#>PB�SP�2BAR@BA�%NRFMJBKQ���������	�
�	� ,LKALK�$39�SP�.L�&OBB�#LLIFKD�������	�
�	� ">PB�#>PB�SP�3LRQE>JMQLK��������	�
�	� ">PB�#>PB�SP�%AFK?RODE�������	�
�	� ">PB�#>PB�SP����H7�FKSBOQBO�������	�
�	� ">PB�#>PB��SP�,LKALK�$39��������	�
�	� ">PB�#>PB��SP�->K@EBPQBO�������������	�
�	� ">PB�#>PB��SP����H7�FKSBOQBO��������	�
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2BD>OAFKD�QEB�OBPQ�LC�QEB�PBKPFQFSFQV�>K>IVPFP�M>O>JBQBOP�QE>Q�E>SB�?BBK�BU>JFKBA��RPFKD�QEB�
�����240�BIB@QOF@FQV�IBA�QL�@LKPFPQBKQ�OBPRIQP�>KA�@LK@IRPFLKP�TFQE�QELPB�LC�#E>MQBO�����>KA�
QEB������240�A>Q>��3BSBO>I�?>QQBOV�@>M>@FQV�PFWBP�E>SB�?BBK�MOBPBKQBA��S>OVFKD�COLJ����QL�
����H7E��3J>II�?>QQBOFBP�?BQTBBK����–�����H7E�>OB�>?IB�QL�PEFCQ�LKIV�>�PJ>II�MBO@BKQ>DB�LC�
the buildings’ peak loads with insignificant exports back to the grid, for Strategy E7; therefore, 

QEBV�>OB�KLQ�OB@LJJBKABA�QL�?B�ABMILVBA�FK�KLKALJBPQF@�?RFIAFKDP�CLO�>O?FQO>DB�MROMLPBP��
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7. Cost-Benefit-Analysis (CBA) 

7.1 10-year period 
)K�QEFP�PB@QFLK��QEB�@LPQ�BCCB@QFSBKBPP�LC�QEB�>O?FQO>DB�P@EBJB�FP�FKSBPQFD>QBA�CLO�>�"33�LC�����
H7E�����H7����H7	�CLO�>���VB>O�MBOFLA��CLO�/MBO>QFLK>I�3QO>QBDFBP�%��>KA�%���@LKPFABOFKD�
QEB������240�A>Q>��TFQE�>KV�BUMLOQP�?BFKD�OBT>OABA�TFQE�QEB�OBPMB@QFSB�TELIBP>IB�BIB@QOF@FQV�
MOF@BP��!P�JBKQFLKBA�FK�QEB�-BQELALILDV�#E>MQBO��QEB�IFCBQFJB�LC�QEB�"33�FP�BUMB@QBA�QL�?B�
�����>KA������VB>OP�CLO�%��>KA�%���OBPMB@QFSBIV��ARB�QL�QEB�?>QQBOV�IFCB@V@IB�>KA�QEB�>PPL@F>QBA�
LMBO>QFLK>I�KBBAP��4EBOBCLOB��KL�OBMI>@BJBKQP�>OB�OBNRFOBA�CLO�QEB�MBOFLA�FK�NRBPQFLK��7EFIB�
QEB�"33�FP�KB>O�QEB�SBOV�BKA�LC�FQP�IFCB�>CQBO����VB>OP�CLO�%���QEBOB�FP�PQFII�>�AB@>AB�IBCQ�TEBK�
BUMLOQP� >OB� AFP>?IBA� >KA� PR?PBNRBKQIV� LKIV� ���� LC� QEB� "33� IFCB� FP� RQFIFPBA�� )Q� PELRIA� ?B�
OBJ>OHBA�QE>Q�>KV�OBJ>FKFKD�?>QQBOV�IFCB�>Q�QEB�BKA�LC�QEB���VB>O�MBOFLA�FP�KLQ�ABAR@QBA�TEBK�
calculating the scheme’s NPC and while this does not affect Strategy E7, it does apply to E0.�

�

Figure 7.1�–�.0#��Y	�TFQE�>KA�TFQELRQ�PQLO>DB�CLO�>���VB>O�MBOFLA�RKABO�%��
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TEF@E�>OB�FABKQF@>I�TFQE�QEB�LKIV�BU@BMQFLK�LC�QEBFO�SBKQFI>QFLK�PQO>QBDV��QEB�OBPMB@QFSB�@LPQP�
>OB�Y���H�>KA�Y���H��)K�@LK@IRPFLK��"BPQ�0O>@QF@B�"RFIAFKDP��O�>KA���O�>OB�PBBK�QL�E>SB�QEB�
ILTBPQ�.0#�S>IRBP��Y���H�>KA�Y���H	�CLO�QEB���VB>O�MBOFLA�TEFIB�0>OQ�,�#LJMIF>KQ�"RFIAFKDP�
�O.�>KA���O�>OB�QEB�JLPQ�BUMBKPFSB�LC�QEB�PBIB@QFLK��Y���H�>KA����H	��

,#/%�FP�>IPL�>K�FKQBOBPQFKD�B@LKLJF@�M>O>JBQBO�LC�QEFP�@E>MQBO�>KA�FP�FIIRPQO>QBA�FK�&FDROB������
7FQELRQ�PQLO>DB��>P�BUMB@QBA��QEB�O>KDB�LC�QEB�S>IRBP�FP�SBOV�PJ>II�TFQE�>�JB>K�LC������M��
BPPBKQF>IIV�OBCIB@QFKD�QE>Q�>II�?RFIAFKDP�E>SB�>@@BPP�QL�QEB�P>JB�BIB@QOF@FQV�MOF@BP��7EBK�RPFKD�
"33��QEB�JB>K�S>IRB�FP�EFDEBO�>Q������M��QEBOBCLOB��TEBK�@LKAR@QFKD�>O?FQO>DB�TFQE�BUMLOQP�
BK>?IBA��,#/%�FK@OB>PBP�LK�>SBO>DB�?V�����M��4EB�FK@OB>PB�LC�QEB�BIB@QOF@FQV�@LPQ�PELRIA�?B�
@LKPFABOBA� >ILKD�TFQE� QEB� SBOV� ABCFKFQFLK� LC� ,#/%�TEF@E� Q>HBP� into account the building’s 

BIB@QOF@FQV�ABJ>KA�>ILKD�TFQE�QEB�>JLRKQ�LC�BUMLOQBA�BIB@QOF@FQV��

�

Figure 7.2�–�,#/%��Y�H7E	�TFQE�>KA�TFQELRQ�PQLO>DB�CLO�>���VB>O�MBOFLA�RKABO�%��

'FSBK�QE>Q�QEB�?RFIAFKD�MOLSFABP�>�PBOSF@B�QL�QEB�DOFA�?V�RPFKD�PQLO>DB��>�CFK>K@F>I�JLQFSB�FP�
KBBABA�� BPMB@F>IIV� PFK@B� � QEB� .0#� O>KDB� FP� EFDEBO� ?V� >K� >SBO>DB� LC� Y���H�� BPPBKQF>IIV�
@LJMBKP>QFKD�QE>Q�AFCCBOBK@B�>KA�J>HFKD�QEB�"33�>O?FQO>DB�P@EBJB�>Q�IB>PQ�>P�BCCB@QFSB�>P�
QEB�KL�PQLO>DB�P@BK>OFL��)K�&FDROB������QEFP�OBNRFOBA�CFK>K@F>I�JLQFSB�FP�PELTK�?>PBA�LK�QEB�
>JLRKQ�LC�BIB@QOF@FQV�PEFCQBA�>ILKD�TFQE�QEB�JB>K�S>IRBP�CLO�"BPQ�0O>@QF@B�>KA�0>OQ�,�"RFIAFKDP��
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?RFIAFKDP�OBNRFOFKD�>�EFDEBO�CFK>K@F>I�JLQFSB�?BQTBBK������M�–������M�TEFIB�0>OQ�,�@LJMIF>KQ�
?RFIAFKDP�KBBA�>�K>OOLT�OBPMB@QFSB�O>KDB�LC������M�–������M��
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JLOB�BIB@QOF@FQV�FK�QBOJP�LC�QEB�QLQ>I�KRJ?BO�LC�H7E�>P�QEBFO�BIB@QOF@FQV�MOLCFIB�FP�DBKBO>IIV�JLOB�
ABJ>KAFKD� QE>K� QEBFO� "BPQ� 0O>@QF@B� @LRKQBOM>OQP�� 4EBOBCLOB�� ?>PBA� LK� QEBPB� O>KDBP�� QEB�
CFK>K@F>I�JLQFSB�@>K�?B�@LKPFABOBA�>�CFK>K@F>I�OBT>OA�>P�FQ�OBT>OAP�?RFIAFKDP�CLO�?BFKD�JLOB�
BKBODV� BCCF@FBKQ� >KA� PEFCQFKD� EFDEBO� >JLRKQP� LC� QEBFO� MB>H� IL>AP�� FK� MBO@BKQ>DB� QBOJP��/K�
>SBO>DB��"BPQ�0O>@QF@B�"RFIAFKDP�OB@BFSB�>�EFDEBO�CFK>K@F>I�OBT>OA�LC������M�MBO�H7E�PEFCQBA�
TEFIB�0>OQ�,�"RFIAFKDP�DBQ�>�ILTBO�OBT>OA�LC������M��

�

Figure 7.3�–�&FK>K@F>I�JLQFSB�KBBABA�?>PBA�LK�QEB�BIB@QOF@FQV�PEFCQBA��Y�H7E	�CLO�>���VB>O�
MBOFLA�RKABO�%��

�

Figure 7.4�–�&FK>K@F>I�JLQFSB�KBBABA�?>PBA�LK�QEB�BIB@QOF@FQV�PEFCQBA�>KA�BUMLOQP��Y�H7E	�
CLO�>���VB>O�MBOFLA�RKABO�%��
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&FDROB�����MOBPBKQP�>�AFCCBOBKQ�CFK>K@F>I�JLQFSB�QE>Q�Q>HBP�FKQL�>@@LRKQ�?LQE�QEB�>JLRKQP�LC�QEB�
PEFCQBA�BIB@QOF@FQV�>KA�BUMLOQP�?>@H�QL�QEB�DOFA��4EB�O>KDB�LC�QEB�S>IRBP�FP�SBOV�K>OOLT��TFQE�>�
JB>K�CFK>K@F>I�OBT>OA�LC������M�MBO�H7E�PEFCQBA�LO�BUMLOQBA�?B@>RPB�LC�QEB�M>OQF@RI>O�CFK>K@F>I�
JLQFSB�ABCFKFQFLK�?OFKDFKD�ALTK�QEB�OBT>OA�MBO�H7E�PEFCQBA�LO�BUMLOQBA��4EBOBCLOB��TEFIB�>P�>�
OBT>OA�FQ�EBIMP�QLT>OAP�J>HFKD�QEB�>O?FQO>DB�P@EBJB�>P�@LPQBCCB@QFSB�>P�MLPPF?IB�>P�QEB�KL�
PQLO>DB�P@BK>OFL��FQ�ALBP�KLQ�@LKPQFQRQB�>�RPBCRI�LO�@LJMBQFQFSB�JBQOF@�TEBK�QOVFKD�QL�BS>IR>QB��
@LJM>OB� QEB� >O?FQO>DB� MBOCLOJ>K@B� LC� AFCCBOBKQ� ?RFIAFKDP� >KA� OBT>OA� QEBJ� >@@LOAFKDIV��
&ROQEBOJLOB��QEB�BUMLOQBA�BIB@QOF@FQV�OBPRIQP�FK�>�PBM>O>QB�OBSBKRB�PQOB>J�OBD>OAIBPP�LC�TEF@E�
CFK>K@F>I�JLQFSB�FP�RPBA�>KA�QEBOBCLOB�FQ�JFDEQ�KLQ�?B�>MMOLMOF>QB�MLIF@VTFPB�QL�OBT>OA�BUMLOQP�
TFQE�QTL�AFCCBOBKQ�CFK>K@F>I�JB@E>KFPJP��

-LSFKD�QL�QEB�/MBO>QFLK>I�3QO>QBDV�%��@LPQP�>KA�&FDROB������RPFKD�PQLO>DB��QEB�.0#�S>IRBP�
S>OV�?BQTBBK�Y���H�–����H�>KA�TEBK�@LJM>OBA�QL�QEB�.0#�O>KDB�LC�Y���H�–����H�CLO�QEB�KL�
PQLO>DB�P@BK>OFL�� QEFP� QO>KPI>QBP� QL�>K�>SBO>DB�Y��H�AFCCBOBK@B� CLO�>II�@>PBP��.0#P� CLO� QEB�
?RFIAFKDP�TFQE�QEB�EFDEBPQ�BKBODV�MBOCLOJ>K@B�FP�?BQTBBK�Y���H�–����H�TEFIB�QEB�OBPMB@QFSB�
O>KDB�CLO�QEB�0>OQ�,�@LJMIF>KQ�?RFIAFKDP�FP�PFDKFCF@>KQIV�EFDEBO�>KA�S>OFBP�COLJ�Y���H�QL����H��
!ALMQFKD�K>QRO>I� SBKQFI>QFLK�>IPL� IB>AP� QL�>K� FK@OB>PB� FK� QEB�.0#�� CLO� BU>JMIB�Y���H�>KA�
Y���H�>OB�OBNRFOBA�CLO�"RFIAFKDP��O�>KA��O.��OBPMB@QFSBIV���

-LSFKD�LK�QL�QEB�,#/%��>�O>KDB�LC������M�–������M�FP�L?PBOSBA�CLO�QEB�PBIB@QBA�?RFIAFKDP��
EFDEBO�QE>K�QEB�>SBO>DB�,#/%�S>IRB�LC������M�TFQELRQ�PQLO>DB��&FDROB����	��!P�BUMLOQP�>OB�
KLT�AFP>?IBA��FQ�FP�KLQ�>�PROMOFPB�QE>Q�BIB@QOF@FQV�FP�@EB>MBO�CLO�0>OQ�,�@LJMIF>KQ�"RFIAFKDP�>P�
QEBV�>OB�>?IB�QL�PEFCQ�EFDEBO�>JLRKQP�LC�BIB@QOF@FQV��H7E�J�	�QE>K�QEBFO�JLOB�BKBODV�BCCF@FBKQ�
@LRKQBOM>OQP�>KA�ILTBO�>JLRKQP�LC�BKBODV�>OB�FK@IRABA�FK�QEB�,#/%�@>I@RI>QFLK��KBSBOQEBIBPP��
QEBFO�,#/%�AFCCBOBK@B�FP�KLQ�PFDKFCF@>KQ���

�

�

Figure 7.5�–�.0#��Y	�TFQE�>KA�TFQELRQ�PQLO>DB�CLO�>���VB>O�MBOFLA�RKABO�%��
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4EB�LKIV� CFK>K@F>I�JLQFSB�MOBPBKQBA� CLO�/MBO>QFLK>I�3QO>QBDV�%�� FP�?>PBA�LK� QEB�BIB@QOF@FQV�
PEFCQBA�>KA�FP�PELTK�?BILT�� FK�&FDROB������TFQE�>�O>KDB�?BQTBBK������M�–������M�MBO�H7E�
PEFCQBA��4EB�EFDEBPQ�CFK>K@F>I�OBT>OAP�Q>HB�MI>@B�CLO�QEB�"BPQ�0O>@QF@B�"RFIAFKDP�TFQE�>�JB>K�
S>IRB�LC������M�TEFIB�QEB�OBPMB@QFSB�JB>K�S>IRB�CLO�0>OQ�,�"RFIAFKDP�FP������M��QEBOBCLOB��QEB�
JB>K�S>IRBP�LC�QEB�QTL�?RFIAFKD�DOLRMP�>OB�SBOV�@ILPB�>KA�QEB�OBPRIQP�>OB�@LKPFPQBKQ�TFQE�%���

�

Figure 7.6�–�,#/%��Y�H7E	�TFQE�>KA�TFQELRQ�PQLO>DB�CLO�>���VB>O�MBOFLA�RKABO�%��

�

Figure 7.7�–�&FK>K@F>I�JLQFSB�KBBABA�?>PBA�LK�QEB�BIB@QOF@FQV�PEFCQBA��Y�H7E	�CLO�>���VB>O�
MBOFLA�RKABO�%��
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4>?IB�����PRJJ>OFPBP�QEB�OBPRIQP�CLO�?LQE�LMBO>QFLK>I�PQO>QBDFBP�>KA�TFQELRQ�PQLO>DB��)K�QBOJP�
LC� QEB� FKSLISBA� @LPQP�� FQ� FP� @IB>O� QE>Q� LK� >SBO>DB� ?RFIAFKDP� E>SB� >� ILTBO� .0#� RKABO� QEB�
/MBO>QFLK>I�3QO>QBDV�%��?V�Y��H��FKAF@>QFKD�QE>Q�QEB�OBSBKRB�PQOB>JP�COLJ�QEB�BUMLOQP�Q>HFKD�
MI>@B�RKABO�%��>OB�KLQ�PRCCF@FBKQ�QL�OBAR@B�QEB�LSBO>II�.0#�S>IRBP��#LKPBNRBKQIV��QEB�CFK>K@F>I�
JLQFSB�OBNRFOBA�MBO�H7E�PEFCQBA�CLO�%���FP�@LKPFABO>?IV�EFDEBO�CLO�>II�?RFIAFKD�P@BK>OFLP�������M�
–� �����M	� TEBK� @LJM>OBA� QL� QEB� %�� O>KDB� ������M� –� �����M	�� BODL�� ?RFIAFKDP� LMQFKD� QL�
M>OQF@FM>QB�FK�QEB�%��PQO>QBDV�TFII�KBBA�QL�OB@BFSB�>�EFDEBO�CFK>K@F>I�FK@BKQFSB�CLO�QEBFO�BUMLOQFKD�
>@QFSFQV��5KALR?QBAIV��TEBK�ILLHFKD�>Q�QEB�.0#�>KA�,#/%�S>IRBP�CLO�QEB�%��PQO>QBDV��E>SFKD�
QEB�"33�ABAF@>QBA�QL�IL>APEFCQFKD�FK@ROP�QEB�ILTBPQ�@LPQP� 

Table 7.1�–�%@LKLJF@P�PRJJ>OV�CLO�>���VB>O�MBOFLA�

Parameter Strategy E7 Strategy E0 No Storage 
.0#��Y	� ���H�–����H� ���H�–����H�� ���H�–����H�

,#/%��Y�H7E	� �����M�–������M� �����M�–������M� �����M�
&FK>K@F>I�-LQFSB�–��

%KBODV�3EFCQBA��Y�H7E	�
�����M�–������M� �����M�–������M� .�!�

&FK>K@F>I�-LQFSB�–��
%KBODV�3EFCQBA���%UMLOQP��Y�H7E	�

�����M� .�!� .�!�

�

&FK>IIV��>�PBKPFQFSFQV�>K>IVPFP�E>P�>IPL�?BBK�@LKAR@QBA�LK�QEB�FJM>@Q�LC�QEB�"33�@>MFQ>I�@LPQ�
LK�QEB�>O?FQO>DB�B@LKLJF@P��)K�JLOB�ABQ>FI��>����������>KA�����"33�OBAR@QFLK�E>SB�?BBK�
@LKPFABOBA�CLO�"RFIAFKDP��O�>KA��O.�QE>Q�E>SB�QEB�ILTBPQ�>KA�EFDEBPQ�.0#�S>IRBP��OBPMB@QFSBIV��
4>?IBP� ���� >KA� ���� MOBPBKQ� QEB� O>KDB� LC� QEBPB� QTL�?RFIAFKDP� CLO� QEB�.0#�� ,#/%�>KA� QEB�
CFK>K@F>I�JLQFSB�KBBABA�?>PBA�LK�QEB�BKBODV�PEFCQBA��)Q�@>K�?B�PBBK�QE>Q�DO>AR>IIV��DLFKD�COLJ�
>�"33�@LPQ�LC������QL�QEB�CFK>I������>II�S>IRBP�>OB�OBAR@BA��

Table 7.2�–�%@LKLJF@P�PRJJ>OV�@LKPFABOFKD�>����������>KA�����OBAR@QFLK�FK�QEB�">QQBOV�
@>MFQ>I�@LPQP�CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�"RFIAFKDP��O��O.�

Parameter NPC (£) LCOE (£/kWh) Financial Motive –  
Energy Shifted (£/kWh) 

100% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�
85% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�
70% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�
55% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�

�

Table 7.3 –�%@LKLJF@P�PRJJ>OV�@LKPFABOFKD�>����������>KA�����OBAR@QFLK�FK�QEB�">QQBOV�
@>MFQ>I�@LPQP�CLO�/MBO>QFLK>I�3QO>QBDV�%��>KA�"RFIAFKDP��O��O.�

Parameter NPC (£) LCOE (£/kWh) Financial Motive –  
Energy Shifted (£/kWh) 

100% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�
85% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�
70% BSS Cost ���H�–����H� �����M�–������M� �����M�–������M�
55% BSS Cost ���H�–����H� �����M�–������M� ����M�–�����M�

�

&LO�BU>JMIB��RKABO�%���QEB�CFK>K@F>I�JLQFSB�OBNRFOBA�FP�AB@OB>PBA�COLJ�>K�LOFDFK>I�O>KDB�LC�
�����M�–������M�QL������M�–������M�TEBK�QEB�?>QQBOV�@LPQ�FP�ALTK�?V������#LKPFABOFKD�%���
QEB� OBPMB@QFSB� ���� O>KDB� FP� >D>FK� ILTBO� QE>K� FQP�%�� @LRKQBOM>OQ�� ?BQTBBK�����M�–� ����M��
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,#/%� ALBP� KLQ� AOLM� PFDKFCF@>KQIV� COLJ� FQP� LOFDFK>I� %��%�� O>KDB�� L?PBOSFKD� >� JLABO>QB�
>SBO>DB�LSBO>II�AB@OB>PB�LC���–��M��&FDROB�����MOBPBKQP�QEB�CFK>K@F>I�JLQFSB�OBNRFOBA�CLO�QEB�
PBSBO>I�"33�@LPQP�@LKPFABOBA�RKABO�/MBO>QFLK>I�3QO>QBDV�%��>KA�FQ�FP�@IB>O�QE>Q�CLO�>�?>QQBOV�
OBAR@QFLK�LC������QEB�CFK>K@F>I�OBT>OA�FP�AOLMMBA�>MMOLUFJ>QBIV�?V���M�MBO�H7E�PEFCQBA��

�

Figure 7.8��&FK>K@F>I�-LQFSB�?>PBA�LK�%KBODV�3EFCQBA�CLO�/MBO>QFLK>I�3QO>QBDV�%��CLO�>���
VB>O�MBOFLA�@LKPFABOFKD�>����������>KA�����OBAR@QFLK�FK�?>QQBOV�@>MFQ>I�@LPQP��0BO@BKQ>DBP�

OBCBO�QL�QEB�QLQ>I�"33�@LPQ�FK�OBI>QFLK�QL�QEB�LOFDFK>I������	��

�

Table 7.4�–�4EB�FJM>@Q�LC�OBQ>FI�TELIBP>IB�BIB@QOF@FQV�MOF@BP�LK�BUMLOQ�OBSBKRBP�>KA�
B@LKLJF@P�CLO�/MBO>QFLK>I�3QO>QBDV�%��

Parameter Mean Value/Range 
Wholesale 
Revenues 

Retail 
Revenues 

.0#��Y	� ���H�–����H� ���H�–����H�
,#/%��Y�H7E	� �����M�–������M� �����M�–������M�
&FK>K@F>I�-LQFSB�–�

%KBODV�3EFCQBA��Y�H7E	�
�����M�–������M� �����M�–������M�

&FK>K@F>I�-LQFSB�–�
%KBODV�3EFCQBA���%UMLOQP��Y�H7E	�

�����M� ����M�

�

)Q�FP�FKQBOBPQFKD�QL�FKSBPQFD>QB�ELT�B@LKLJF@P�>OB�>CCB@QBA�TEBK�>PPRJFKD�QE>Q�?RFIAFKDP�>OB�
>T>OABA�TFQE�QEB�OBQ>FI�MOF@BP��TEBK�BUMLOQFKD�BIB@QOF@FQV�?>@H�QL�QEB�DOFA�RKABO�%���FKPQB>A�LC�
QEB�TELIBP>IB�MOF@BP�QE>Q�E>SB�?BBK�@LKPFABOBA�PL� C>O� FK� QEB�@ROOBKQ�@E>MQBO��!P�PELTK� FK�
4>?IB� ����� @LKPFABOFKD� OBQ>FI� MOF@BP� CLO� BUMLOQP� ?OFKDP� QEB� .0#� S>IRBP� ALTK� ?V� Y��H�� LK�
>SBO>DB��>P�?RFIAFKDP�KLT�B>OK�EFDEBO�>JLRKQP�LC�OBSBKRBP�CLO�QEB�P>JB�>JLRKQP�LC�BUMLOQP��
,#/%�FP�OBAR@BA�?V�����M�TEFIB�QEB�CFK>K@F>I�JLQFSB�MBO�H7E�PEFCQBA�FP�PFDKFCF@>KQIV�ALTK�?V�
����M��)K�QEFP�M>OQF@RI>O�P@BK>OFL�LC�OBQ>FI�MOF@BP�?BFKD�RPBA�>KA�ARB�QL�QEB�FK@OB>PBA�>JLRKQ�

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

Motive (100%) Motive (85%) Motive(70%) Motive (55%)

Fi
n

an
ci

al
 M

o
ti

ve
 (

£
/k

W
h

)

5r 2rN



����
�

LC� QEB�OBPMB@QFSB�OBSBKRB�PQOB>JP��/MBO>QFLK>I�3QO>QBDV�%��MOLSBP�QL�?B�JLOB�B@LKLJF@>I�
QE>K�%��FK�QBOJP�LC�QEB�.0#�>KA�,#/%�S>IRBP�>KA�QEBOBCLOB�OBNRFOFKD�ILTBO�CFK>K@F>I�JLQFSBP�
CLO�QEB�PEFCQBA�BIB@QOF@FQV��4EB�ABQ>FIBA�OBPRIQP�LC�QEB�OBQ>FI�OBSBKRBP�P@BK>OFL�@>K�?B�PBBK�FK�
&FDROBP�&���–�&���LC�QEB�!MMBKAFU��

�

7.2 CBA Case Study 
��������VB>O�MBOFLA�
4EB�>K>IVPFP�QE>Q�CLIILTP�@LKPQFQRQBP�>K�BUQBKABA�M>OQ�LC�QEB�LOFDFK>I�#"!�>P��MR?IFPEBA�FK�;�<��
>KA� FK@IRABP� PLJB� IFJFQBA�JBQELALILDV� @E>KDBP� >ILKD�TFQE� >� @LJM>OFPLK� LC� QEB� CFK>K@F>I�
OBPRIQP�TEBK�@LKPFABOFKD�AFCCBOBKQ� QFJB�MBOFLAP�� >I?BFQ� CLO� LKIV� QTL�PBIB@QBA�?RFIAFKDP��4EB�
@E>KDBP�>AAFQFLKP�>OB�EFDEIFDEQBA�?BILT��

•� 4TL�?>QQBOV�PFWBP�>OB�Q>HBK�FKQL�>@@LRKQ�TFQE�QEB�P>JB�OB@QFCFBO�FKSBOQBO�@LKCFDRO>QFLK��
����H7E��������H7	�>KA�����H7E��������H7	��
�

•� /MBO>QFLK�>KA�J>FKQBK>K@B�@LPQP��/�-	�LC�Y����MBO�>KKRJ�>OB�KLT�@LKPFABOBA�CLO�
QEB�"33��
�

•� !II�/MBO>QFLK>I�3QO>QBDFBP�>OB�FK@IRABA��%���%��>KA�%���
�

•� /KIV� QTL� BUQOBJB� ?RFIAFKD� P@BK>OFLP� >OB� FKSBPQFD>QBA� ?>PBA� LK� QEBFO� BKBODV�
MBOCLOJ>K@B���O��(T0,��	�>KA��O��(T"0��	��
�

•� .L�"33�@LJMLKBKQ�OBMI>@BJBKQP�>OB�OBNRFOBA�CLO�QEFP�QFJB�MBOFLA��
�

•� !KV� OBJ>FKFKD� IFCB�LC� QEB�?>QQBOV�@LKSBOQBO�>Q� QEB�BKA�LC� QEB� FKSBPQFD>QFLK�MBOFLA� FP�
ABAR@QBA�COLJ�QEB�QLQ>I�.0#��4EB�BPQFJ>QBA�IFCBQFJB�LC�QEB�?>QQBOV�>KA�QEB�@LKSBOQBO�
AFCCBOP�MBO�LMBO>QFLK>I�PQO>QBDV�ARB�QL�QEB�AFCCBOBKQ�KRJ?BO�LC�A>FIV�@V@IBP��%��FP�KLQ�
>CCB@QBA�?V�QEFP�@E>KDB�>P�>Q�QEB�BKA�LC�QEB�MBOFLA��QEB�OBJ>FKFKD�IFCBQFJB�LC�QEB�"33�
@LJMLKBKQP� FP� FKPFDKFCF@>KQ��(LTBSBO�� QEFP� @E>KDB�E>P�>K� FJM>@Q� LK� QEB�.0#�>KA�
CFK>K@F>I�JLQFSB�@>I@RI>QFLKP�RKABO�%��>KA�%��>P�QEB�?>QQBOV�FP�BUMB@QBA�QL�OB>@E�LKIV�
����LC�FQP�IFCBQFJB�>Q�QEB�BKA�LC�QEB���VB>O�MBOFLA��
�

•� 7EBK�BUMLOQP�>OB�>IILTBA��%����%�	��FQ�FP�>PPRJBA�QE>Q�?RFIAFKDP�>OB�OBT>OABA�CLO�QEB�
BUMLOQBA�BIB@QOF@FQV�TFQE� QEB� OBQ>FI�240�MOF@BP� FKPQB>A�LC� QEB�TELIBP>IB�MOF@BP�RPBA�
MOBSFLRPIV�FK�#E>MQBO������
�

4EB�.0#P�>OB�PELTK�FK�&FDROB������&LO�>II�P@BK>OFLP�@LKPFABOBA��TFQE�>KA�TFQELRQ�PQLO>DB��
"RFIAFKD� �O� >MMB>OP� QL� ?B� @EB>MBO� QE>K� �O� ?V� Y��H� ARB� FQP� OBI>QFSBIV� PRMBOFLO� BKBODV�
MBOCLOJ>K@B�� !AAFQFLK>IIV�� QEB� AFCCBOBK@BP� ?BQTBBK� QEB� %�� >KA� %�� OBPRIQP� PBBJ� QL� ?B�
FKPFDKFCF@>KQ�FKAF@>QFKD�QE>Q�QEB�>AAFQFLK>I�OBSBKRB�PQOB>J�QE>Q�FP�MOBPBKQ�RKABO�%��IB>AP�QL�>�
SBOV�IFJFQBA�OBAR@QFLK�LC�QEB�QLQ>I�.0#�?BQTBBK�Y�H�–��H�ABMBKAFKD�LK�QEB�"33�PFWB��!AAFKD�
QEB� PJ>IIBO� ?>QQBOV� LC� ���� H7E� LO� QEB� ?FDDBO� ?>QQBOV� LC� ���� H7E� FK@OB>PBP� QEB� .0#� ?V�
>MMOLUFJ>QBIV�Y��H�LO�Y��H��OBPMB@QFSBIV�� CLO�?LQE�?RFIAFKDP��&ROQEBOJLOB��ABPMFQB�QEB�EFDE�
>JLRKQ� LC� BIB@QOF@FQV� BUMLOQP� Q>HFKD� MI>@B�� QEB� EFDEBPQ� .0#P� >OB� L?PBOSBA� RKABO� QEB� %��
PQO>QBDV��-LOB�PMB@FCF@>IIV��QEB�.0#�S>IRBP�RKABO�%��>OB�Y�H�>KA�Y��H�JLOB�BUMBKPFSB�QE>K�
QEB�OBPMB@QFSB�%��@LPQP�CLO�QEB�����H7E�>KA�����H7E�?>QQBOV��OBPMB@QFSBIV��
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Figure 7.9�–�.0#�CLO���VB>O�MBOFLA�CLO�>II�LMBO>QFLK>I�PQO>QBDFBP�;�<�

�

�

Figure 7.10�–�&FK>K@F>I�JLQFSB�CLO���VB>O�MBOFLA�?>PBA�LK�QEB�BKBODV�PEFCQBA�CLO�>II�
LMBO>QFLK>I�PQO>QBDFBP�;�<�
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)Q�PELRIA�?B�KLQBA�QE>Q�>Q�QEB�BKA�LC�QEB���VB>O�MBOFLA��QEBOB�FP�KL�OBJ>FKFKD�IFCBQFJB�CLO�QEB�
"33�@LJMLKBKQP�RKABO�%��TEF@E�>CCB@QP�PFDKFCF@>KQIV�QEB�.0#�S>IRBP��#LJM>OFKD�QEBPB�.0#�
S>IRBP�TFQE� QEB� OBPRIQP�LC�#E>MQBO� ����� QEBOB�>OB�KL�AFCCBOBK@BP�RKABO�%��ARB� QL� QEB�KLK
BUFPQBKQ�"33�IFCBQFJB�>Q�QEB�BKA�LC�QEB�MBOFLA��(LTBSBO��CLO�QEB�%��PQO>QBDV�>KA�QEB�����H7E�
?>QQBOV��TEBK�@LKPFABOFKD�QEB�OBJ>FKFKD�IFCBQFJB�LC�QEB�"33��"RFIAFKD��O�E>P�>�.0#�LC�Y���H�
�&FDROB����	��PFDKFCF@>KQIV�ILTBO�QE>K�QEB�LOFDFK>I�.0#�LC�Y���H��&FDROB����	��3FJFI>OIV��RKABO�
%���"RFIAFKD��O�E>P�KLT�>�OBSFPBA�@LPQ�LC�Y���H�FKPQB>A�LC�QEB�FKFQF>I�S>IRB�LC�Y���H�>KA�FQ�FP�
BSFABKQ� QE>Q� QEFP� JBQELALILDV� @E>KDB�� OBD>OAFKD� QEB� OBJ>FKFKD� IFCBQFJB� LC� QEB� "33�
@LJMLKBKQP��E>P�>K�FJM>@Q�LC�Y��H�CLO�>II�?RFIAFKDP��

2BD>OAFKD�QEB�CFK>K@F>I�OBT>OA�KBBABA��>�O>KDB�LC�����M�–������M�FP�L?PBOSBA�CLO�"RFIAFKD��O�
>KA�EFDEBO�S>IRBP�?BQTBBK������M�–������M�CLO��O��&FDROB�����	��CLO�?LQE�?>QQBOV�PFWBP��!P�QEB�
EFDEBPQ�.0#P�Q>HB�MI>@B�RKABO�%���QEB�OBPMB@QFSB�CFK>K@F>I�OBT>OAP�KBBABA�>OB�EFDEBO�CLO�QE>Q�
PQO>QBDV��CLIILTBA�?V�%��>KA�%���)K�JLOB�ABQ>FI�>KA�FK�ABP@BKAFKD�LOABO��QEBOB�FP�>�O>KDB�LC�
�����M�–������M�OBNRFOBA�CLO�%��������M�–������M�CLO�%��>KA�CFK>IIV�����M�–������M�CLO�%���
#LJM>OFKD�QEB�BU>@Q�CFK>K@F>I�OBT>OA�S>IRBP�CLO� QEB�QTL�?RFIAFKDP�>P�PELTK�FK�&FDROB������
TFQE�QEB�LOFDFK>I�S>IRBP�LC�&FDROB�����FK�#E>MQBO������QEBOB�>OB�KL�J>GLO�@E>KDBP�RKABO�%���
PFJFI>OIV�QL�QEB�.0#�OBPRIQP�@LJM>OFPLK��(LTBSBO��RKABO�%���QEB�CFK>K@F>I�OBT>OA�CLO�QEB�QTL�
?RFIAFKDP�FP�KLT�����M�>KA������M�CLO�QEB�����H7E�?>QQBOV�TEFIB�QEB�LOFDFK>I�CFK>K@F>I�JLQFSBP�
QE>Q�AFA�KLQ�Q>HB�QEB�OBJ>FKFKD�"33�IFCBQFJB�FKQL�>@@LRKQ�TBOB�������>KA������M��&FDROB����	��
OBPMB@QFSBIV��>�PR?PQ>KQF>I�AFCCBOBK@B�LC�>MMOLUFJ>QBIV��M�CLO�?LQE�?RFIAFKDP��4EFP�@E>KDB�FP�
?>PBA�LK�QEB�SBOV�ABCFKFQFLK�LC�QEB�CFK>K@F>I�JLQFSB�>KA�QEB�C>@Q�QE>Q�TEFIB�QEB�>JLRKQP�LC�QEB�
PEFCQBA�BIB@QOF@FQV�OBJ>FK�QEB�P>JB��QEBOB�FP�>K�FJMLOQ>KQ�.0#�AFCCBOBK@B��

&FK>IIV�� OBD>OAFKD� QEB�BIB@QOF@FQV�@LPQP�TEBK�RPFKD� QEB�?FDDBO�?>QQBOV�LC�����H7E��,#/%� FP�
�����M�>KA������M�CLO�QEB�QTL�?RFIAFKDP�RKABO�%���OBPMB@QFSBIV��>MMOLUFJ>QBIV�QEB�P>JB�TFQE�
QEB� MOBSFLRP� S>IRBP� OBMLOQBA� FK� QEB� MOBSFLRP� @E>MQBO� >KA� &FDROB� ����� .BSBOQEBIBPP�� TEBK�
@LKPFABOFKD� QEB� OBJ>FKFKD� "33� IFCBQFJB�� QEB� OBPMB@QFSB� S>IRBP� RKABO� %�� >OB� �����M� >KA�
�����M�� >OLRKA� �M� @EB>MBO� QE>K� QEB� LOFDFK>I� S>IRBP� LC� �����M� >KA� �����M� MOBSFLRPIV�
JBKQFLKBA�FK�QEB�MOBSFLRP�PB@QFLK��&FDROB����	��4EFP�FP�>IPL�OBI>QBA�QL�QEB�,#/%�ABCFKFQFLK�>P�
QEB�.0#�S>IRBP�>OB�AFSFABA�?V�QEB�PRJ�LC�BIB@QOF@FQV�ABJ>KA�>KA�>KV�BUMLOQP�QE>Q�Q>HB�MI>@B��
7EFIB� FQ�@>K�?B�>ODRBA�QE>Q� FK@IRAFKD� QEB�BUMLOQP� FK� QEB�,#/%�@>I@RI>QFLK�JFDEQ� IB>A�QL�>K�
RKABOBPQFJ>QFLK�LC�QEB�,#/%�CLO�%��>KA�%���FQ�PELRIA�?B�OBJFKABA�QE>Q�QEFP�BUQO>�>JLRKQ�LC�
BIB@QOF@FQV�FP�LKIV�?LRDEQ�COLJ�QEB�DOFA�LKIV�QL�?B�BUMLOQBA�?>@H�>Q�>�I>QBO�QFJB�CLO�>�MOLCFQ��

��������VB>O�MBOFLA�
7EBK�@LKPFABOFKD�>���VB>O�MBOFLA��LKB�OBMI>@BJBKQ�?>QQBOV�>KA�LKB�OBMI>@BJBKQ�@LKSBOQBO�
>OB�KBBABA�CLO�PQO>QBDV�%���5KABO�%��>KA�%���LKIV�LKB�OBMI>@BJBKQ�@LKSBOQBO�FP�KBBABA��!II�
@LPQP� >OB� BUMB@QBA� QL� FK@OB>PB�� FK@IRAFKD� QEB� KLPQLO>DB� P@BK>OFL�� >P� EFDEBO� >JLRKQP� LC�
BIB@QOF@FQV�>OB�MRO@E>PBA�?V�QEB�DOFA�QL�JBBQ�QEB�IL@>I�?RFIAFKD�IL>AP�CLO�QEB�BKQFOB�ARO>QFLK��
7FQELRQ�PQLO>DB��"RFIAFKD��O�E>P�>�QLQ>I�.0#�LC�>OLRKA�Y���H�>KA�FP�JLOB�BUMBKPFSB�?V�Y��H�
TEBK�@LJM>OBA�QL�QEB�OBPMB@QFSB�S>IRBP�LC�"RFIAFKD��O��QEFP�Y��H�AFCCBOBK@B�?BQTBBK�QEB�QTL�
?RFIAFKDP� FP� MOBPBKQ� CLO� >II� PQO>QBDFBP� >KA� "33� PFWBP�� 4EB� >AAFQFLK>I� @>MFQ>I� @LPQP� LC� QEB�
OBMI>@BJBKQ�@LJMLKBKQP�E>SB�IBA�QL�>K�FK@OB>PB�LC�QEB�.0#�S>IRBP�CLO�>II�PQLO>DB�P@BK>OFLP��
'BKBO>IIV��QEB���VB>O�OBPRIQP�>KA�QOBKAP�>OB�@LKPFPQBKQ�TFQE�QEB���VB>O�MBOFLA�OBPRIQP��

!Q�QEFP�MLFKQ��FQ�FP�FJMLOQ>KQ�QL�CL@RP�LK�QEB�@LJM>OFPLK�LC�QEB�CFK>K@F>I�OBT>OA�KBBABA�CLO�QEB�
QTL�MBOFLAP�� MOBPBKQBA� FK�&FDROB� ������ )Q� @>K�?B�L?PBOSBA� QE>Q� CLO�?LQE�PQRAV�MBOFLAP�>KA�
?RFIAFKDP��QEB�CFK>K@F>I�JLQFSBP�>OB�>MMOLUFJ>QBIV�QEB�P>JB�CLO�QEB�QTL�?>QQBOV�PFWBP�LC�����
>KA� ���� H7E�� QEBOBCLOB�� FK@OB>PFKD� QEB� ?>QQBOV� PFWB� ?V� �����ALBP� KLQ� >MMB>O� QL� E>SB� >�
PFDKFCF@>KQ�FJM>@Q�LK�QEB�CFK>K@F>I�OBT>OA�QE>Q�KBBAP�QL�?B�M>FA�QL�QEB�?RFIAFKD�MBOCLOJFKD�QEB�
>O?FQO>DB��)K�>AAFQFLK��FQ�FP�@IB>O�QE>Q�FK@OB>PFKD�QEB�PQRAV�MBOFLA�COLJ����QL����VB>OP�OBPRIQP�FK�



����
�

>K�>SBO>DB�OBAR@QFLK�LC�QEB�CFK>K@F>I�OBT>OA�?V��M�H7E�CLO�>II�LMBO>QFLK>I�PQO>QBDFBP�ABPMFQB�
QEB� EFDEBO� @>MFQ>I� @LPQP� FKAR@BA� ?V� QEB� OBMI>@BJBKQ� @LJMLKBKQP�� 4EB� OBAR@QFLK� LC� QEB�
?RFIAFKDP��CFK>K@F>I�OBT>OA�TEBK�FK@OB>PFKD�QEB�PQRAV�MBOFLA�QL����VB>OP�FP�@LKPFPQBKQ�CLO�?LQE�
?>QQBOV�PFWBP�������CLO�%��>KA�����CLO�%��>KA�%���

�

Figure 7.11�–�&FK>K@F>I�OBT>OA�KBBABA�CLO�>���VB>O�>KA���VB>O�MBOFLA��?>PBA�LK�QEB�
BIB@QOF@FQV�PEFCQBA��'"0�H7E	��CLO�?RFIAFKDP��O�>KA��O�;�<�

�

7.3 Summary & Conclusions 
•� &LO�>���VB>O�MBOFLA�>KA�RPFKD�QEB�����H7E�?>QQBOV��/MBO>QFLK>I�3QO>QBDV�%��FK@ROP�
QEB�ILTBPQ�.0#�S>IRBP�TFQE�>�O>KDB�LC�Y���H�–����H�>KA�>K�>SBO>DB�,#/%�LC������M�
TFQE�QEB�JB>K�OBNRFOBA�CFK>K@F>I�JLQFSB�?BFKD������M�H7E�PEFCQBA��7EBK�BUMLOQP�Q>HB�
MI>@B�>KA�QEB�BUMLOQP�OBSBKRB�PQB>J�FP�MOBPBKQ��%�	��QEB�.0#�FK@OB>PBP�>KA�S>OFBP�
?BQTBBK�Y���H�–����H�TFQE�>�OBPMB@QFSB�>SBO>DB�,#/%�LC������M��OBPRIQFKD�FK�>�O>FPBA�
CFK>K@F>I�JLQFSB�TFQE�>�JB>K�S>IRB�LC������M�H7E�PEFCQBA��3B@QFLK����	��
�

•� $BPMFQB�QEB�ILTBO�.0#�S>IRBP�LC�/MBO>QFLK>I�3QO>QBDV�%���FQ�PELRIA�?B�EFDEIFDEQBA�QE>Q�
FQP�,#/%�S>IRBP�>OB�JLOB�BUMBKPFSB�ARB�QL�QEB�,#/%�ABCFKFQFLK�>KA�QEB�PFDKFCF@>KQIV�
higher denominator under Strategy E7 that consists of both the building’s electricity�
@LKPRJMQFLK�TFQELRQ�PQLO>DB�>P�TBII�>P�BIB@QOF@FQV�BUMLOQP���
�

•� &LO� >II� PQO>QBDFBP�� FK@IRAFKD� QEB� KL� PQLO>DB� @>PB�� QEB� ?BPQ� MBOCLOJFKD� ?RFIAFKD�
��O�(T"0��	� FP� � Y��H� –� ��H� @EB>MBO� QE>K� QEB� TLOPQ� MBOCLOJFKD� ?RFIAFKD�
��O.�(T0,��
	��
�

•� 7EBK�QEB�?>QQBOV�@LPQ�FP�OBAR@BA�?V�����>KA�CLO�/MBO>QFLK>I�3QO>QBDV�%���QEB�CFK>K@F>I�
JLQFSB��Y�H7E�PEFCQBA	�AB@OB>PBP�COLJ�FQP�LOFDFK>I�O>KDB�LC������M�–������M�QL������M�
–� �����M�� &LO� 3QO>QBDV� %��� QEB� LOFDFK>I� O>KDB� LC� �����M� –� �����M� FP� >IPL� OBAR@BA�
PFDKFCF@>KQIV�QL�����M�–�����M��
�

•� &LO�>�@LKAR@QBA�@>PB�PQRAV��#E>MQBO����	�QE>Q�QLLH�FKQL�>@@LRKQ�QEB�OBJ>FKFKD�IFCBQFJB�
LC� QEB� "33� @LJMLKBKQP� >KA� OBQ>FI� OBSBKRBP� COLJ� BUMLOQP�� 3QO>QBDV� %�� FK@ROP� QEB�
EFDEBPQ� @LPQP�>P� QEB� I>@H�LC� >KV� OBJ>FKFKD� IFCBQFJB� CLO� QEB�"33�@LJMLKBKQP�E>P�>�
PFDKFCF@>KQ� FJM>@Q� LK� QEB� .0#� @>I@RI>QFLK�� &LO� BU>JMIB�� OBD>OAFKD� "RFIAFKD� �O�



����
�

�(T0,��	�>KA�RPFKD�QEB�����H7E�"33��QEB�>PPL@F>QBA�@LPQP�>OB�Y���������Y��������
>KA� Y�������� CLO� %��� %�� >KA� %��� OBPMB@QFSBIV�� 7EBK� FK@OB>PFKD� QEB� FKSBPQFD>QBA�
IFCBQFJB�COLJ����QL����VB>OP��QEB�OBNRFOBA�CFK>K@F>I�OBT>OA�FP�OBAR@BA�?V��M�H7E�CLO�>II�
PQO>QBDFBP��
�
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8. Summary and Conclusions 

8.1 Summary 
4EFP� QEBPFP� >FJBA� QL� FKSBPQFD>QB�� BS>IR>QB� >KA� @LJM>OB� QEB� FJM>@Q� LC� >� DOFA@LKKB@QBA�
building’s design characteristics on its ability to Q>HB�M>OQ�FK�BKBODV�>O?FQO>DB�P@EBJBP�?V�RPFKD�
?>QQBOV�PQLO>DB��RKABO�240�@LKAFQFLKP��"RFIAFKDP�>KA�BPMB@F>IIV�QEB�CRIIVBIB@QOF@�3'/"P�>OB�
BUMB@QBA� QL�MI>V�>�J>GLO� OLIB� FK� QEB�BKBODV� QO>KPFQFLK�>KA�AB@>O?LKFP>QFLK�LC� QEB�BIB@QOF@>I�
PVPQBJ��BKD>DFKD�FK�?FAFOB@QFLK>I�MLTBO�BU@E>KDB�TFQE�QEB�BIB@QOF@>I�DOFA��J>HFKD�QEB�?BPQ�RPB�
LC� QEB�>S>FI>?IB�OBPLRO@BP�>KA�BJBODFKD� QB@EKLILDFBP��PR@E�>P�BKBODV�PQLO>DB��>KA�Q>HFKD�
FKQL�>@@LRKQ�QEB�AVK>JF@�K>QROB�LC�240�BIB@QOF@FQV��4EB�IFQBO>QROB�OBSFBT�ABJLKPQO>QBA�QE>Q�
QEBOB�FP�>�DOLTFKD�FKQBOBPQ�FK�?>QQBOV�PQLO>DB�>KA�FQP�>MMIF@>QFLKP�FK�@LJJRKFQFBP��#%3	�>KA�
?RFIAFKDP�QLT>OAP�MOLSFAFKD�?>I>K@FKD�PBOSF@BP�QL�QEB�DOFA��(LTBSBO��RPFKD�?>QQBOFBP�QL�@LKAR@Q�
BKBODV�>O?FQO>DB�RKABO�240�@LKAFQFLKP�FK�?RFIAFKDP�LC�AFCCBOBKQ�ABPFDK�@E>O>@QBOFPQF@P��E>P�KLQ�
?BBK� FKSBPQFD>QBA� ?BCLOB� >KA� QEBOBCLOB�� QEB� FJM>@Q� LC� ?RFIAFKD� ABPFDK� LK� ?>QQBOVBK>?IBA�
>O?FQO>DB�MBOCLOJ>K@B�Fs not known. Taking into account the large amounts of the building’s 

PB@QLO� BKBODV� @LKPRJMQFLK�� RQFIFPFKD� "33� FK� ?RFIAFKDP� LC� >MMOLMOF>QB� ABPFDK� QL� @LKAR@Q�
>O?FQO>DB�@LRIA�OBPRIQ�FK�>SLFAFKD�LO�ABCBOOFKD�QEB�KBBA�CLO�MLQBKQF>I�BUMBKPFSB�FKCO>PQOR@QROB�
RMDO>ABP��

4EB� OBPB>O@E� D>M� E>P� ?BBK� >AAOBPPBA� ?V� MBOCLOJFKD� QEB� >MMOLMOF>QB� ?RFIAFKD� BKBODV�
PFJRI>QFLKP��ABSBILMFKD�>KA� FJMIBJBKQFKD�>� QB@EKLB@LKLJF@�-!4,!"�>O?FQO>DB�>IDLOFQEJ�
CLO�?RFIAFKDFKQBDO>QBA�?>QQBOV�PQLO>DB�TEF@E�FK@IRABA�JRIQFMIB�AFPM>Q@E�LMBO>QFLK>I�PQO>QBDFBP��
4EB�?RFIAFKD�ABPFDK�BIBJBKQP�E>SB�?BBK�@I>PPFCFBA�?>PBA�LK� QEBFO� FJM>@Q�LK� QEB�>O?FQO>DB�
MBOCLOJ>K@B�>P�TBII�>P�QEB�>PPL@F>QBA�>KKR>I�BIB@QOF@FQV�@LPQP��!�ABQ>FIBA�#"!�T>P�MBOCLOJBA�
CLO�?LQE����>KA���VB>O�MBOFLAP�>KA�>�CFK>K@F>I�JB@E>KFPJ�T>P�PRDDBPQBA�QL�JLQFS>QB�QEB�
M>OQF@FM>QFLK�LC�?RFIAFKDP�FK�QEB�>O?FQO>DB�P@EBJB��4EB�I>@H�LC�>�@ROOBKQ�OBDRI>QLOV�CO>JBTLOH�
CLO�RQFIFPFKD�?>QQBOFBP�FK�?RFIAFKDP�>P�TBII�>P�QEB�RK@BOQ>FKQV�>OLRKA�QEB�LTKBOPEFM�>KA�LMBO>QFLK�
LC� BKBODV� PQLO>DB� TBOB� EFDEIFDEQBA�� 4EB� CFKAFKDP� CLO� B>@E� HBV� OBPB>O@E� L?GB@QFSB� >OB�
PRJJ>OFPBA�?BILT��

�

8.2 Conclusions 
!	 Develop a techno-economic battery storage arbitrage model for non-domestic buildings 
that will enable them to respond dynamically to real-time electricity prices, shift their loads and 
export electricity back to the grid. 

4EB�JLABI�T>P�ABSBILMBA�FK�-!4,!"�>KA�@LKPQFQRQBP�>�JLAFCFBA�>KA�P@>IBAALTK�SBOPFLK�LC�
>�0(%3�>O?FQO>DB�>IDLOFQEJ��4EOBB�LMBO>QFLK>I�PQO>QBDFBP�TBOB�ABSFPBA�>KA�RPBA�FK�QEB�JLABI��
>K�LSBOSFBT�LC�TEF@E�@>K�?B�PBBK�?BILT��FK�4>?IB������2BD>OAFKD�QEBFO�HBV�AFCCBOBK@BP��RKABO�
3QO>QBDV�%���BUMLOQP�>OB�>IILTBA�QL�Q>HB�MI>@B�PBSBK�A>VP�>�TBBH�TEFIB��RKABO�%���BUMLOQFKD�
FP� OBPQOF@QBA� AROFKD� TLOHFKD� A>VP� LKIV�� RKABO� %��� /K� QEB� LQEBO� E>KA�� RKABO� %��� QEB� "33�
LMBO>QFLK� FP� BU@IRPFSBIV� CL@RPBA� LK� JBBQFKD� QEB� IL@>I� ?RFIAFKD� IL>AP�� QEBOBCLOB�� BIB@QOF@FQV�
BUMLOQP� >OB� KLQ� MBOJFQQBA�� &LO� QEBFO� M>OQF@FM>QFLK� FK� BUMLOQFKD� BIB@QOF@FQV� ?>@H� QL� QEB� DOFA��
?RFIAFKDP�>OB�OBT>OABA�CFK>K@F>IIV�?>PBA�LK�QEB�TELIBP>IB�BIB@QOF@FQV�MOF@B�AROFKD�TEF@E�QEB�
BUMLOQP�Q>HB�MI>@B�>KA�QEB�>JLRKQ�BUMLOQBA��PFJFI>OIV�QL�QEB�RQFIFP>QFLK�CBB�RPBA�FK�?>I>K@FKD�
PBOSF@BP�MOL@ROBA�?V�QEB�.>QFLK>I�'OFA��

4EB�?>QQBOV�PMB@FCF@>QFLKP�TBOB�?>PBA�LK�>�EFDEBKA�@LJJBO@F>I�?>QQBOV�M>@H�TFQE�>�IFCBQFJB�
LC�������@V@IBP�>Q�$/$�����LO�������CRII�BNRFS>IBKQ�@V@IBP��$RB�QL�QEB�>PPL@F>QBA�KRJ?BO�LC�
@V@IBP�MBO�A>V�MBO�LMBO>QFLK>I�PQO>QBDV��QEB�BPQFJ>QBA�?>QQBOV�IFCBQFJB�T>P�>MMOLUFJ>QBIV����



����
�

VB>OP�CLO�3QO>QBDV�%��>KA����VB>OP�CLO�3QO>QBDFBP�%��>KA�%���!���VB>O�IFCBQFJB�T>P�>PPRJBA�
CLO�QEB�?FAFOB@QFLK>I�@LKSBOQBO��

 

Table 8.1�–�/SBOSFBT�LC�QEB�!O?FQO>DB�/MBO>QFLK>I�$FPM>Q@E�3QO>QBDFBP�;�<�

Activity Operational 
Strategy 

%�� %�� %��
">QQBOV�FP�>IILTBA�QL�AFP@E>ODB�QL�JBBQ�?RFIAFKD�IL>AP�LK�TLOHFKDA>VP� ✓� ✓� ✓�

%UMLOQP�@>K�Q>HB�MI>@B�LK�TLOHFKDA>VP� ✓� ✓� �
%UMLOQP�@>K�Q>HB�MI>@B�LK�KLKTLOHFKD�A>VP� ✓� � �
2BSBKRBP�COLJ�BUMLOQFKD�?>@H�QL�QEB�DOFA� ✓� ✓� �

#E>ODFKD�Q>HBP�MI>@B�TEBK�BIB@QOF@FQV�MOF@BP�>OB�@EB>M�>KA�?RFIAFKD�
IL>AP�FKPFDKFCF@>KQ��

✓� ✓� ✓�

$FP@E>ODFKD�Q>HBP�MI>@B�TEBK�BIB@QOF@FQV�MOF@BP�>OB�BUMBKPFSB�>KA�
?RFIAFKD�IL>AP�PFDKFCF@>KQ�

✓� ✓� ✓�

�

2BD>OAFKD�QEB�FKMRQ�RPBA�CLO�QEB�>O?FQO>DB�JLABI��ELROIV�TELIBP>IB�BIB@QOF@FQV�MOF@FKD�A>Q>�COLJ�
NordPool’s day>EB>A� MLTBO� BU@E>KDB�J>OHBQ� TBOB� @LKSBOQBA� QL� OBQ>FI� MOF@BP�� RPFKD� QEB�
TELIBP>IB�AFOB@Q�CRBI�@LPQ�MBO@BKQ>DB��������	��>P�OBMLOQBA�?V�QEB�PFU�?FDDBPQ�5+�BIB@QOF@FQV�
PRMMIFBOP�QL�>@@LRKQ�CLO�QEB�BIB@QOF@FQV�QO>KPMLOQ>QFLK��KBQTLOH��PL@F>I��BKSFOLKJBKQ>I�@LPQP�>KA�
6!4��!AAFQFLK>IIV��>KKR>I�BKBODV�PFJRI>QFLKP�LC�PBSBO>I�KLKALJBPQF@�?RFIAFKD�P@BK>OFLP�TFQE�
AFCCBOBKQ�ABPFDK�@E>O>@QBOFPQF@P�TBOB�MBOCLOJBA�FK�$BPFDK"RFIABO�%KBODV0IRP�>KA�QEBFO�ELROIV�
output were fed into the model; the building’s total floor area was 2,500 m���4EB�FKQBO>@QFLK�LC�
QEB�OBPB>O@E�BIBJBKQP�>ILKD�TFQE�QEB�AFCCBOBKQ�FKMRQP�>KA�LRQMRQP�>OB�PELTK�?BILT��FK�&FDROB�
�����

�

�

Figure 8.1�–�->FK�OBPB>O@E�BIBJBKQP�>KA�QEBFO�@E>O>@QBOFPQF@P�;�<�

4EB� LOFDFK>I� SBOPFLK� LC� QEB� >O?FQO>DB� >IDLOFQEJ� T>P� RPBA� CLO� QEB� RQFIFP>QFLK� LC� I>ODB� P@>IB�
MRJMBAEVAOL�>P�MOBPBKQBA� FK�ABQ>FI� FK� ;���<�� ;���<�� ;���<�>KA� ;���<��&LO� QEB�KBBAP�LC� QEB�
@ROOBKQ� OBPB>O@E�� PFDKFCF@>KQ� @E>KDBP� >KA� >AAFQFLKP� E>SB� ?BBK� J>AB� QL� P@>IB� ALTK� QEB�
>IDLOFQEJ�>KA�>AGRPQ�FQ�>Q�QEB�?RFIAFKD�IBSBI�>KA�OB>IFQV�>P�the building’s activity and consequent 

BIB@QOF@FQV�IL>AP�>OB�KLT�@LKPFABOBA�QL�AB@FAB�LK�QEB�LMBO>QFLK�LC�QEB�"33��)K�QEFP�@>PB��QEBOB�
>OB� IL@>I� IL>AP�QE>Q�KBBA�QL�?B�JBQ�?V�QEB�"33��&ROQEBOJLOB�� QEB�?>QQBOV� FP�KLQ�>IILTBA�QL�
AFP@E>ODB�FC�QEB�?RFIAFKD�IL>AP�QE>Q�>OB�MOBPBKQ�AL�KLQ�BU@BBA�>�PMB@FCF@�QEOBPELIA��3FJFI>OIV��



����
�

@E>ODFKD� QEB�?>QQBOV� FP�KLQ�MBOJFQQBA� FC� QEB�?RFIAFKD� IL>AP�BU@BBA� QEB�P>JB� QEOBPELIA��4EB�
@LJ?FKBA�OBPRIQP�DBKBO>QBA�?V�QEB�-!4,!"�>O?FQO>DB�JLABI�FK@IRABP�PBSBO>I�S>OF>?IBP�QEB�
JLPQ�FJMLOQ>KQ�LC�TEF@E�>OB�QEB�>KKR>I�>JLRKQP�LC�PEFCQBA�BIB@QOF@FQV�>P�>�MBO@BKQ>DB�LC�QEB�
building’s peak loads, exported electricity (kWh/m�	�>KA�BIB@QOF@FQV�KBQ�@LPQ��Y�J�	�QE>Q�Q>HBP�
FKQL�>@@LRKQ�?LQE�@LPQP�>KA�OBSBKRBP��0B>H�IL>AP�OBCBO�QL� IL>AP�QE>Q�Q>HB�MI>@B�AROFKD�QEB�
LMBKFKD�ELROP�LC�QEB�?RFIAFKD����>J�–���MJ	��

"	 Investigate how the arbitrage operation of buildings is affected by their design parameters 
and define the most appropriate building design for BSS-enabled arbitrage. 

)K�QLQ>I��PFU�HBV�?RFIAFKD�ABPFDK�@E>O>@QBOFPQF@P�E>SB�?BBK�FKSBPQFD>QBA�QEOLRDE����PFJRI>QBA�
?RFIAFKD�P@BK>OFLP��!P�RKABO�3QO>QBDV�%���?>QQBOV�>@QFSFQV�Q>HBP�MI>@B�QL�LKIV�JBBQ�QEB�IL@>I�
?RFIAFKD�IL>AP��FQ�FP�>MMOLMOF>QB�QL�?B�RPBA�CLO�>�AFOB@Q�@LJM>OFPLK�LC�QEB�?RFIAFKD�M>O>JBQBOP�
>KA�QEBFO�PR?@>QBDLOFBP��4EB�ABPFDK�M>O>JBQBOP�>OB�IFPQBA�?BILT��FK�ABP@BKAFKD�LOABO��?>PBA�
LK� QEBFO� FJM>@Q� LK� QEB� >O?FQO>DB� MBOCLOJ>K@B�� >ILKD� TFQE� QEB� JLOB� PRFQ>?IB� ?RFIAFKD�
PR?@>QBDLOFBP�� 3FK@B� QEBOB� >OB� KL� BUMLOQP� RKABO� %��� QEB� >O?FQO>DB� MBOCLOJ>K@B� @>K� ?B�
BS>IR>QBA�?V�QEB�MBO@BKQ>DB�LC�QEB�MB>H�IL>AP�PEFCQBA��4EB�AFCCBOBK@B�FK�QBOJP�LC�QEB�BIB@QOF@FQV�
PEFCQBA� ���LC�MB>H� IL>AP	� QE>Q� Q>HBP�MI>@B�TEBK�PTFQ@EFKD�?RFIAFKD�PR?@>QBDLOFBP� CLO�B>@E�
ABPFDK�BIBJBKQ�@>K�?B�PBBK�FK�&FDROB������

�

Figure 8.2��)JM>@Q�LC�"RFIAFKD�$BPFDK�%IBJBKQP�LK�!O?FQO>DB�0BOCLOJ>K@B�CLO�/MBO>QFLK>I�
3QO>QBDV�%�������H7E�"33	��6>IRBP�OBCBO�QL�QEB�JB>K�LC�QEB�>?PLIRQB�AFCCBOBK@BP�

For example, the fabric’s energy BCCF@FBK@V�@LKPQFQRQBP�QEB�JLPQ�FJMLOQ>KQ�ABPFDK�@E>O>@QBOFPQF@�
>P�PTFQ@EFKD�COLJ�"BPQ�0O>@QF@B�QL�0>OQ�,�OBPRIQP�FKQL�������IBPP�PEFCQFKD�LC�QEB�MB>H�IL>AP��LK�
>SBO>DB��

F�� "BPQ�0O>@QF@B�LSBO�0>OQ�,�compliant (Fabric’s energy efficiency)�
FF�� -B@E>KF@>IIVSBKQFI>QBA�LSBO�K>QRO>IIVSBKQFI>QBA��6BKQFI>QFLK�3QO>QBDV	�
FFF�� ����DI>WFKD�LSBO�����DI>WFKD��7FKALTQL7>II�O>QFL	�
FS�� ,FDEQTBFDEQ�LSBO�EB>SVTBFDEQ��4EBOJ>I�J>PP	�
S�� 3LRQEBOK�LOFBKQ>QFLK�LSBO�37�3%�%�LOFBKQ>QFLK�
SF�� 2B@Q>KDRI>O�LSBO�3NR>OB��3E>MB	�
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"RFIAFKD� ,T"0��� ��O	� @LJ?FKBP� >II� QEB� ABPFOBA� @E>O>@QBOFPQF@P� >P� FQ� FP� >� JB@E>KF@>IIV
SBKQFI>QBA�� OB@Q>KDRI>O�� IFDEQTBFDEQ�� ���� DI>WBA� ?RFIAFKD� TFQE� PLRQEBOK� LOFBKQ>QFLK�� 7EBK�
BUMLOQP� >OB� KLQ� >IILTBA� RKABO� %��� FQ� FP� >?IB� QL� PEFCQ� ������� LC� FQP� MB>H� IL>AP� ��KA� ?BPQ�
MBOCLOJ>K@B�LRQ�LC����?RFIAFKDP	�TFQE�>K�>KKR>I�BIB@QOF@FQV�KBQ�@LPQ�LC������Y�J����KA�LRQ�LC���	��
)K�@LKQO>PQ��RKABO�QEB�KL�PQLO>DB�P@BK>OFL��QEB�OBPMB@QFSB�BIB@QOF@FQV�KBQ�@LPQ�S>IRB�FP�����Y�J���
)Q�PELRIA�?B�MLFKQBA�LRQ�QE>Q�CLO�QEFP�M>OQF@RI>O�?RFIAFKD�P@BK>OFL��Then switching the building’s 

QEBOJ>I�J>PP�QL�EB>SVTBFDEQ��OBPRIQP�>OB�>IJLPQ�FABKQF@>I�>P�"RFIAFKD�(T"0�����O	�@>K�PEFCQ�
�������LC�FQP�MB>H�IL>AP���OA�LRQ�LC���	�TFQE�>K�BIB@QOF@FQV�>KKR>I�KBQ�@LPQ�LC������Y�J����PQ�LRQ�
LC���	��QEBOBCLOB��"RFIAFKD�(T"0���MOLSBP�QL�?B�PIFDEQIV�JLOB�B@LKLJF@>I��

7EBK�BUMLOQP�>OB�>IILTBA�QL�Q>HB�MI>@B�RKABO�/MBO>QFLK>I�3QO>QBDV�%���"RFIAFKD�(T"0�����O	�
@>K�PEFCQ��������LC�FQP�MB>H�IL>AP�>KA�BUMLOQ�������H7E�J��TEFIB�QEB�BIB@QOF@FQV�KBQ�@LPQ�FP�
KLT������Y�J����PQ�LRQ�LC���	��"RFIAFKD�,T"0�����O	�CLIILTP�PB@LKA�TFQE�>�KBQ�@LPQ�LC������Y�J���

#	 Conduct a CBA to assess economically the cost-effectiveness of the suggested scheme, 
considering both current and future capital costs, and suggest a financial mechanism to reward 
buildings for their participation into the scheme. 

!�#"!�T>P�@LKAR@QBA�CLO�>�����H7E�"33�����H7�OB@QFCFBO�����H7�FKSBOQBO	�CLO�>�CFK>I�PBIB@QFLK�
LC���?RFIAFKDP�CLO�?LQE���VB>O�>KA���VB>O�MBOFLAP��$RB�QL�QEB�@>MFQ>I�@LPQP�LC�QEB�"33��QEB�
.0#� S>IRBP� LC� >II� P@BK>OFLP� >OB� EFDEBO� QE>K� QEBFO� OBPMB@QFSB� @>PBP� TFQELRQ� PQLO>DB�� 4L�
BIFJFK>QB�QEB�AFCCBOBK@B�?BQTBBK�QEB�.0#P��>�CFK>K@F>I�OBT>OA�T>P�PRDDBPQBA�>P�>�JLQFSB�CLO�
>�?RFIAFKD�QL�M>OQF@FM>QB�FK�>K�>O?FQO>DB�P@EBJB��>P�PELTK�FK�%NR>QFLK������

&FK>K@F>I�2BT>OA��Y�H7E�PEFCQBA	����NPC_with_storage  − NPC_without_storage

Total Electricity Shifted
� � �������������	�

&LO�>���VB>O�MBOFLA��/MBO>QFLK>I�3QO>QBDV�%��FK@ROP�QEB�ILTBPQ�.0#�TFQE�>�O>KDB�LC�Y���H�–�
���H�>KA�>K�>SBO>DB�,#/%�LC������M�TFQE�QEB�OBNRFOBA�CFK>K@F>I�JLQFSB�?BFKD������M�H7E�
PEFCQBA��7EBK�BUMLOQP�Q>HB�MI>@B��QEB�.0#�FK@OB>PBP�>KA�S>OFBP�?BQTBBK�Y���H�–����H�TFQE�
>�OBPMB@QFSB�>SBO>DB�,#/%�LC������M��OBPRIQFKD�FK�>�O>FPBA�CFK>K@F>I�JLQFSB�TFQE�>�JB>K�S>IRB�
LC� �����M�MBO� H7E�PEFCQBA��!P� QEB�.0#�S>IRBP� FK@OB>PB�RKABO�3QO>QBDV�%��� QEB�>AAFQFLK>I�
OBSBKRBP�B>OKBA�COLJ�BIB@QOF@FQV�BUMLOQP�>OB�KLQ�ABBJBA�QL�?B�PRCCF@FBKQ�QL�J>HB�QEB�PQO>QBDV�
JLOB�@LPQBCCB@QFSB��(LTBSBO��?RFIAFKDP�LMQFKD�QL�M>OQF@FM>QB�FK�BUMLOQP�RKABO�%��>OB�OBT>OABA�
TFQE�>�EFDEBO�CFK>K@F>I�JLQFSB�CLO�MOLSFAFKD�QEB�PBOSF@B�QL�QEB�DOFA��QEFP�&LO�>�@LKAR@QBA�@>PB�
PQRAV�MR?IFPEBA�FK�;�<�� FK@OB>PFKD�QEB�FKSBPQFD>QBA�IFCBQFJB�COLJ����QL����VB>OP��QEB�OBNRFOBA�
CFK>K@F>I�OBT>OA�FP�OBAR@BA�?V��M�H7E�PEFCQBA��CLO�>II�LMBO>QFLK>I�PQO>QBDFBP��

&ROQEBOJLOB�� CLO�>II� PQO>QBDFBP�� FK@IRAFKD� QEB�KL�PQLO>DB�@>PB�� QEB�?BPQ�MBOCLOJFKD�?RFIAFKD�
��O�(T"0��	�FP�Y���–���H�@EB>MBO�QE>K�QEB�TLOPQ�MBOCLOJFKD�?RFIAFKD���O.�(T0,��
	��&FK>IIV��
TEBK�QEB�?>QQBOV�@LPQ�FP�>PPRJBA�QL�AB@OB>PB�?V�����>KA�CLO�/MBO>QFLK>I�3QO>QBDV�%���QEB�
CFK>K@F>I�JLQFSB�FP�OBAR@BA�COLJ�FQP�LOFDFK>I�O>KDB�LC������M�–������M�QL������M�–������M��&LO�
3QO>QBDV�%��� QEB�LOFDFK>I� O>KDB�LC������M�–� �����M� FP�>IPL� OBAR@BA�PFDKFCF@>KQIV� QL�����M�–�
����M��4EBPB�O>KDBP�>OB�PFJFI>O�QL�QEB������/CDBJ�&)4�MOLSFABA�CLO�MELQLSLIQ>F@�FKPQ>II>QFLKP�
TEF@E�TBOB�I>QBO�OBAR@BA�>KA�BSBKQR>IIV�ME>PBA�LRQ�;���<��;���<���

4EB�PRDDBPQBA�CFK>K@F>I�OBT>OA�FP�LC�CRKA>JBKQ>I�FJMLOQ>K@B�QL�J>HB�QEB�>O?FQO>DB�P@EBJB�
>QQO>@QFSB�QL�?RFIAFKDP��)K�QBOJP�LC�MLIF@V��FQ�FP�OB@LJJBKABA�QE>Q�LKIV�?RFIAFKDP�QE>Q�CLIILT�QEB�
OB@LJJBKABA�ABPFDK�M>O>JBQBOP��PELTK�>?LSB�FK�/?GB@QFSB�"��PELRIA�OB@BFSB�QEFP�FK@BKQFSB��
)C� QEFP� FP� KLQ� QEB�@>PB�� QEBV� PELRIA�?B� OBQOLCFQQBA�?BCLOB�?BFKD�>IILTBA� QL�M>OQF@FM>QB� FK� QEB�
>O?FQO>DB�P@EBJB�>KA�@LKPBNRBKQIV�E>SB�>@@BPP�QL� QEB�CFK>K@F>I� OBT>OA�>KA�QEB�>AAFQFLK>I�
OBSBKRB�PQOB>J�COLJ�BUMLOQP��%U@BMQFLKP�PELRIA�?B�J>AB�FK�@BOQ>FK�P@BK>OFLP�TEBOB�PMB@FCF@�
ABPFDK�BIBJBKQP�AL�KLQ�OBPRIQ�FK�PFDKFCF@>KQ�>O?FQO>DB�MBOCLOJ>K@B�AFCCBOBK@BP��QEBPB�P@BK>OFLP�
PELRIA�?B�BU>JFKBA�LK�>�@>PB?V@>PB�?>PFP��
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4EB�?BKBCFQP�LC�>�PFKDIB�JLABIIBA�?RFIAFKD��TFQE�>�QLQ>I�CILLO�>OB>�LC�������J���M>OQF@FM>QFKD�FK�
>O?FQO>DB�?V�RPFKD�FQP�"33�FP�QFKV��(LTBSBO��>PPRJFKD�QE>Q�PBSBO>I�KLKALJBPQF@�?RFIAFKDP�LC�
PRFQ>?IB� ABPFDK� @E>O>@QBOFPQF@P� Q>HB� M>OQ�� QEB� ?BKBCFQP� @LRIA� ?B� PFDKFCF@>KQ� CLO� QEB� DOFA�� &LO�
BU>JMIB��Q>HFKD�FKQL�>@@LRKQ�QEB�ABPFDK�>KA�IL>AP�LC�"RFIAFKD�(T"0����O�>KA�RPFKD�QEB�����
H7E�"33�����H7����H7	�CLO�/MBO>QFLK>I�3QO>QBDV�%���>K�>SBO>DB�MLTBO�OBAR@QFLK�LC�������
H7�FP�L?PBOSBA�TEBK�QEB�?>QQBOV�FP�AFP@E>ODBA��!PPRJFKD�QE>Q�>MMOLUFJ>QBIV��������FABKQF@>I�
?RFIAFKDP�M>OQF@FM>QB�FK�QEB�>O?FQO>DB�P@EBJB��QEBFO�@LJ?FKBA�MLTBO�OBAR@QFLK�OB>@EBP�������
'7�TEF@E�@LKPQFQRQBP�QEB�QLQ>I�MLTBO�@>M>@FQV�LC�QEB�$O>U�0LTBO�3Q>QFLK�;���<��#LKPFABOFKD�
QEB������5+�A>Q>�CLO�LCCF@B�?RFIAFKDP�;���<������LC�QEB�QLQ>I�CILLO�>OB>�LC�LCCF@B�?RFIAFKDP�FK�
%KDI>KA�>KA�7>IBP�>OB�OBNRFOBA�QL�Q>HB�M>OQ�FK�QEB�"33�>O?FQO>DB�P@EBJB�FK�LOABO�CLO�QEB�$O>U�
0LTBO�3Q>QFLK�KLQ�QL�?B�KBBABA�QL�LMBO>QB�>Q�>II��AROFKD�QEB�ELROP�LC�QEB�?>QQBOV�LMBO>QFLK��)Q�
PELRIA�?B�KLQBA�QE>Q�@ROOBKQ�A>Q>�>OB�BUMB@QBA�QL�FK@IRAB�>�EFDEBO�KRJ?BO�LC�?RFIAFKDP�>KA�
CILLO�>OB>�TEFIB�QEB�CFDROBP�AL�KLQ�FK@IRAB�LCCF@B�?RFIAFKDP�IL@>QBA�FK�3@LQI>KA��!IPL��?V�������
QEB�5+�P�KLKALJBPQF@�CILLO�>OB>�FP�BUMB@QBA�QL�DOLT�?V�����TFQE�����LC�QEB�BUFPQFKD�?RFIAFKD�
PQL@H�PQFII�?BFKD�FK�RPB�;���<��QEBOBCLOB��QEB�>@QR>I�MBO@BKQ>DB�LC�QEB�QLQ>I�CILLO�>OB>�LC�LCCF@B�
?RFIAFKDP�OBNRFOBA�JFDEQ�?B�IBPP�QE>K������

4EBOBCLOB��QEB�>DDOBD>QBA�BCCB@Q�LC�?RFIAFKDP�Q>HFKD�M>OQ�FK�QEB�PRDDBPQBA�>O?FQO>DB�P@EBJBP�
@>K�?B�@LKPFABO>?IB�>KA�ABMBKAP�LK�QEB�KRJ?BO�>P�TBII�>P�QEB�IL@>QFLK�LC�QEB�M>OQF@FM>QFKD�
?RFIAFKDP�� 4EFP� @LRIA� MLQBKQF>IIV� @E>KDB� QEB� T>V� QE>Q� ?RFIAFKDP� >OB� @LK@BMQR>IFPBA� >KA�
ABPFDKBA�FK�QEB�KB>O�CRQROB�>P��FKPQB>A�LC�QEB�JLABOK�KLOJP��BKBODV�MBOCLOJ>K@B�>KA�@>O?LK�
Q>ODBQP��QEBFO�FKQBO>@QFLK�TFQE�QEB�DOFA�@LRIA�?B�MOFLOFQFPBA��?RFIAFKDP�JBBQFKD�@BOQ>FK�@LJ?FKBA�
ABPFDK�>KA�>O?FQO>DB�PQ>KA>OAP�@LRIA�?B�@E>O>@QBOFPBA�>P�3'/"OB>AV�LO�>O?FQO>DBOB>AV���

�

8.3 Limitations of the Study 
#ROOBKQIV��QEBOB�FP�KL�JB@E>KFPJ�BK>?IFKD�>�?RFIAFKD�QL�RPB�>�"33�FK�LOABO�QL�MOLSFAB�PBOSF@BP�
QL�QEB�DOFA�PR@E�>P�>O?FQO>DB��MB>HPE>SFKD��IL>AIBSBIFKD�>KA�LQEBOP��4>HFKD�FKQL�>@@LRKQ�QEB�
RK@BOQ>FKQV�>OLRKA�QEB�LTKBOPEFM�>KA�LMBO>QFLK�LC�BKBODV�PQLO>DB�FK�QEB�5+�>KA�%ROLMB��QEB�
ABSBILMJBKQ�LC�>�MOLMBO�OBDRI>QLOV�CO>JBTLOH� FP�LC� CRKA>JBKQ>I� FJMLOQ>K@B��5KALR?QBAIV��
QEB�>PPL@F>QBA�@>MFQ>I�@LPQP�LC�>�"33�>OB�EFDE��ELTBSBO��?>QQBOV�MOF@BP�E>SB�?BBK�AB@IFKFKD��
4EBOBCLOB��QEBOB�FP�@LKPFABO>?IB�MLQBKQF>I�CLO�?RFIAFKDP�QL�RPB�"33�QL�BKD>DB�FK�?FAFOB@QFLK>I�
BU@E>KDBP�LC�MLTBO��OBPMLKAFKD�QL�KLQFCF@>QFLKP�FPPRBA�?V�QEB�DOFA�LMBO>QLO��>P�PRDDBPQBA�CLO�
3'/"P��4EFP�@LRIA�BSBKQR>IIV�QO>KPCLOJ�?RFIAFKDP�COLJ�M>PPFSB�BIBJBKQP�QL�MOLQ>DLKFPQP�LC�
QEB�DOFA��

!AAFQFLK>IIV�� CLO� QEB�@ROOBKQ� OBPB>O@E��240�BIB@QOF@FQV�A>Q>� CLO� QEB�@>IBKA>O�VB>OP������>KA�
����� TBOB� RPBA� >P� >K� FKMRQ� LC� QEB� >O?FQO>DB� JLABI�� $RB� QL� QEBFO� AVK>JF@� K>QROB� >KA�
ABMBKABK@B�LK�PBSBO>I� C>@QLOP��>�ERDB� FK@OB>PB�T>P�L?PBOSBA� CLO�?LQE� QEB�TELIBP>IB�>KA�
OBQ>FI�BIB@QOF@FQV�J>OHBQP�ARB�QL�QEB������–������DIL?>I�BKBODV�@OFPFP��4EB�JB>K�S>IRBP�CLO�QEB�
A>V>EB>A� TELIBP>IB�JLKQEIV� BIB@QOF@FQV� MOF@BP� CLO� QEB� .LOA0LLI� 5+�J>OHBQ� @>K� ?B� PBBK�
?BILT��FK�&FDROB�����CLO�QEB�MBOFLA������–�������7EFIB�QEB�LSBO>II�>SBO>DB�MOF@BP�OBJ>FKBA�
OBI>QFSBIV�ILT�CLO�QEB�CFOPQ�CLRO�VB>OP�LC�QEB�QFJB�MBOFLA�FK�NRBPQFLK��?BQTBBK����–����Y�-7E��
ERDB�@LKPB@RQFSB�FK@OB>PBP�QLLH�MI>@B�FK�QEB�CLIILTFKD�VB>OP�>KA�QEB�MLPQ@LSFA�BO>�TFQE�QEB�
MOF@BP�OB>@EFKD��LK�>SBO>DB������>KA�����Y�-7E�CLO������>KA�������OBPMB@QFSBIV��

�
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Figure 8.3�–�$>V>EB>A�TELIBP>IB�BIB@QOF@FQV�MOF@BP�CLO�QEB�5+�J>OHBQ�?BQTBBK������–������;���<
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7EFIB�FQ�FP�KLOJ>I�CLO�PB>PLK>I�>KA�JLKQEIV�S>OF>QFLKP�QL�E>MMBK�BSBOV�VB>O��QEB�MOF@B�O>KDB�
T>P����–�����Y�-7E�CLO������>KA�CROQEBO�FK@OB>PBA�QL�����–�����Y�-7E�CLO�������PFDKFCF@>KQIV�
?OL>ABO�QE>K�MOBSFLRP�VB>OP��/K�QEB�LQEBO�E>KA��>K�FJMLOQ>KQ�AB@OB>PB�QLLH�MI>@B�FK������
?OFKDFKD�QEB�>SBO>DB�MOF@B�ALTK�QL����Y�-7E��KBSBOQEBIBPP��QEB�MOF@BP�>OB�PQFII�@LKPFABOBA�
EFDE�TEBK�@LJM>OBA� QL� QEB�MOB����� IBSBIP��!P�BIB@QOF@FQV�MOF@BP�@LKPQFQRQB�KB@BPP>OV�>KA�
FKMRQ�A>Q>�LC�@OFQF@>I�FJMLOQ>K@B�CLO�QEB�>O?FQO>DB�JLABI��FQ�FP�BPPBKQF>I�QL�@LKPFABO�QEB�FJM>@Q�
LC�QEB�OB@BKQ�BKBODV�@OFPFP�LK�QEB�HBV�MLFKQP�J>AB�FK�QEB�@ROOBKQ�QEBPFP��

#LJM>OBA�QL�QEB������–������240�A>Q>�QE>Q�E>SB�?BBK�RPBA�FK�QEFP�OBPB>O@E�������240�A>Q>�
>OB�JLOB�SLI>QFIB�>KA�FQ�FP�IFHBIV�QE>Q�QEB�A>FIV�AFCCBOBK@B�?BQTBBK�QEB�ILTBPQ�>KA�QEB�EFDEBPQ�
MOF@BP� >OB� PFDKFCF@>KQIV� EFDEBO�� MOBPBKQFKD� @LKPFABO>?IB� MLQBKQF>I� CLO� JLOB� @LPQBCCB@QFSB�
>O?FQO>DB�RQFIFP>QFLK��4EBOBCLOB��CLO�QEB������MOF@BP��QEBOB�FP�KL�ALR?Q�QE>Q�>II�.0#�>KA�,#/%�
S>IRBP��TFQE�>KA�TFQELRQ�PQLO>DB��TLRIA�?B�PFDKFCF@>KQIV�DOB>QBO�CLO�>II�?RFIAFKD�P@BK>OFLP���

5PFKD�QEB������240�A>Q>�>KA�OBD>OAFKD�QEB�CFK>K@F>I�OBT>OA�CLO�M>OQF@FM>QFKD�?RFIAFKDP��QEB�
>JLRKQ� LC� BUMLOQP� >KA� PEFCQBA� BIB@QOF@FQV� >OB� >MMOLUFJ>QBIV� QEB� P>JB� >KA� QEB� >O?FQO>DB�
MLQBKQF>I�FP�EFDEBO�QE>K�FK�������4EBOBCLOB��QEB�AFCCBOBK@B�?BQTBBK�QEB�QTL�.0#�S>IRBP��TFQE�
>KA�TFQELRQ�PQLO>DB	�FP�BUMB@QBA�QL�?B�OBAR@BA�>KA�?B�PJ>IIBO�QE>K�QEB������OBPMB@QFSB�S>IRB��
AB@OB>PFKD�FK�QEFP�T>V�QEB�CFK>K@F>I�JLQFSB�CLO�>II�/MBO>QFLK>I�3QO>QBDFBP��$RB�QL�QEB�PR?PQ>KQF>I�
>JLRKQ�LC�BUMLOQP�QE>Q�Q>HB�MI>@B�AROFKD�QEB�TBBHBKAP��FQ�TLRIA�?B�OB>PLK>?IB�QL�>PPRJB�QE>Q�
QEB�.0#�S>IRBP�CLO�/MBO>QFLK>I�3QO>QBDV�%��@LRIA�>MMOL>@E�QEB�OBPMB@QFSB�%��S>IRBP��RM�QL�>�
@BOQ>FK�BUQBKQ��ELTBSBO��FQ�FP�KLQ�MLPPF?IB�QL�NR>KQFCV�QEBFO�AFCCBOBK@B�TFQE�QEB�@ROOBKQ�A>Q>��

)K� >AAFQFLK�� Qhe hierarchy of the building design elements on the buildings’ arbitrage 

MBOCLOJ>K@B��&FDROB����	�FP�BUMB@QBA�QL�OBJ>FK�QEB�P>JB�?RQ�FQ�FP�AFCCF@RIQ�QL�PMB@RI>QB�ELT�QEB�
FKAFSFAR>I� MBO@BKQ>DB� AFCCBOBK@BP� ��� LC� MB>H� IL>AP� PEFCQBA	� TLRIA� @E>KDB�� 5KALR?QBAIV��
CROQEBO�JLABIIFKD�KBBAP�QL�?B�@LKAR@QBA�RPFKD�QEB�ELROIV�240�A>Q>�CLO�QEB�VB>O�P	�FK�NRBPQFLK�
QL�OB>@E�P>CB�>KA�PLIFA�@LK@IRPFLKP��#ROOBKQIV��FQ�FP�KL�ILKDBO�MLPPF?IB�QL�MR?IF@IV�>@@BPP�ELROIV�
.LOA0LLI�J>OHBQ�A>Q>�CLO�>K�BKQFOB�VB>O�>P�>�KBT�A>Q>�MLOQ>I�FP�BUMB@QBA�QL�?B�I>RK@EBA�FK�
QEB�KB>O�CRQROB��OBNRFOFKD�OBDFPQO>QFLK�>KA�>�M>FA�PR?P@OFMQFLK�;���<��3RJJFKD�RM��FQ� FP�IFHBIV�
QE>Q�BKBODV�@OFPBP�>KA�LQEBO�BSBKQP�QE>Q�IB>A�QL�>K�FK@OB>PB�LC�QEB�SLI>QFIFQV��RKMOBAF@Q>?FIFQV�
>KA� S>OF>QFLK� LC� BIB@QOF@FQV� MOF@BP� @LRIA� FK@OB>PB� QEB� MLQBKQF>I� LC� BKBODV� PQLO>DB� >P� >�
QB@EKLILDV�>KA�J>HB�QEB�RQFIFP>QFLK�LC�"33�FK�?RFIAFKDP�CLO�>O?FQO>DB�JLOB�@LPQBCCB@QFSB��

#LK@BOKFKD�LQEBO�IFJFQ>QFLKP�LC�QEB�PQRAV��QEB�>O?FQO>DB�JLABI�>PPRJBP�QE>Q�?RFIAFKD�IL>AP�>OB�
HKLTK�FK�>AS>K@B��>PPRJFKD�>�MBOCB@Q�MOBAF@QFLK�LC�QEB�OBNRFOBA�DOFA�MRO@E>PBP��7EFIB�QEFP�
@>K�?B�MLPPF?IB�CLO�@BOQ>FK�QVMBP�LC�KLKALJBPQF@�?RFIAFKDP�TEBOB�PQ>KA>OA�BNRFMJBKQ�FP�RPBA�
AROFKD�PMB@FCF@�TLOHFKD�ELROP�>KA�A>VP��FQ�ALBP�KLQ�>IT>VP�@LKPQFQRQB�>�OB>IFPQF@�>PPRJMQFLK��
BPMB@F>IIV�AROFKD�BUQOBJB�TB>QEBO�@LKAFQFLKP�QE>Q�@>K�FK@OB>PB�QEB�BIB@QOF@FQV�@LKPRJMQFLK�CLO�
EB>QFKD�>KA�@LLIFKD��PFDKFCF@>KQIV���

Finally, as there is a difference between the buildings’ predicted energy consumption and their 

>@QR>I�MBOCLOJ>K@B�;���<��QEB�MBOCLOJ>K@B�D>M�FP�>�TBIIHKLTK�MEBKLJBKLK�QE>Q�KBBAP�QL�?B�
taken into account due to the simulated nature of the buildings’ electricity consumption, in the 

@ROOBKQ�OBPB>O@E��
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8.4 Recommendations for further work 
!P�JBKQFLKBA� FK�#E>MQBO������ FQ� FP� OB@LJJBKABA� QE>Q� QEB�>O?FQO>DB�JLABI� FP�RPBA�TFQE� QEB�
KBTBPQ� 240� BIB@QOF@FQV� A>Q>�� PMB@FCF@>IIV� CLO� �����–� ������ QL� FKSBPQFD>QB� QEB� FJM>@Q� LC� QEB�
LKDLFKD�DIL?>I�BKBODV�@OFPFP�QL�QEB�JLABI�LRQMRQ�>KA�BPMB@F>IIV�QEB�#"!�@LJMLKBKQP��PR@E�
>P�QEB�CFK>K@F>I�JLQFSB�>KA�QEB�.0#�S>IRBP��7EFIB�QEB�CFK>K@F>I�JLQFSB�QE>Q�T>P�PRDDBPQBA�FP�
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>�PQBM�FK�QEB�OFDEQ�AFOB@QFLK��QEB�.0#�AFCCBOBK@BP�?BQTBBK�PQLO>DB�>KA�KL�PQLO>DB�P@BK>OFL�
@>K�?B�PFJFI>O�CLO�PBSBO>I�?RFIAFKDP��QEBOBCLOB��FQ�FP�>IPL�OB@LJJBKABA�QE>Q�>AAFQFLK>I�CFK>K@F>I�
OBT>OAP� >OB� MOLMLPBA� ?>PBA� LK� QEB� MBO@BKQ>DB� LC� QEB� MB>H� IL>AP� PEFCQBA� TEF@E� JFDEQ�
@LKPQFQRQB�>�JLOB�PRFQ>?IB�CFK>K@F>I�JB@E>KFPJ��M>OQF@RI>OIV�CLO�@LJM>OFPLK�MROMLPBP�?BQTBBK�
AFCCBOBKQ�?RFIAFKD�@>PBP��

!M>OQ�COLJ�QEB�.LOA0LLI�A>V>EB>A�5+�MLTBO�BU@E>KDB�J>OHBQ�QE>Q�T>P�RQFIFPBA��FQ�TLRIA�?B�
?BKBCF@F>I�QL�J>HB�RPB�LC�QEB�E>ICELROIV�FKQO>A>V�>R@QFLK�J>OHBQ�QL�FKSBPQFD>QB�TEF@E�J>OHBQ�
QVMB�FP�JLOB�PRFQ>?IB�>KA�@LPQBCCB@QFSB�CLO�>O?FQO>DB�FK�?RFIAFKDP��4EFP�TLRIA�OBNRFOB�ORKKFKD�
KBT�?RFIAFKD�PFJRI>QFLKP�>KA�E>ICELROIV�BIB@QOF@FQV�LRQMRQ�QL�J>Q@E�QEB�240�A>Q>���

&LRO� 5+� IL@>QFLKP� E>SB� ?BBK� BU>JFKBA� FK� ABQ>FI� FK� QEB� @ROOBKQ� QEBPFP�� )Q� TLRIA� ?B�
OB@LJJBKABA�QL�FKSBPQFD>QB�QEB�SF>?FIFQV�LC�QEB�MOLMLPBA�>O?FQO>DB�P@EBJB�LRQPFAB�QEB�5+��
BUMILOB� >KA�@LJM>OB� FQP� MLQBKQF>I� >JLKD�LQEBO�%ROLMB>K� @LRKQOFBP�TFQE� AFCCBOBKQ� @IFJ>QBP�
�B�D���.LOT>V��&O>K@B	��.BT�?RFIAFKD�PFJRI>QFLKP�TFQE�QEB�OBPMB@QFSB�TB>QEBO�A>Q>�>P�TBII�>P�
NordPool’s day>EB>A�240�A>Q>�CLO�QEB�IL@>QFLKP�FK�NRBPQFLK�TFII�?B�OBNRFOBA��4EFP�TFII�>IILT�
QL�RKABOPQ>KA�FC�@BOQ>FK�@LRKQOFBP�>OB�JLOB�>MMOLMOF>QB�QL�ELPQ�PR@E�>K�FKFQF>QFSB�CLO�?RFIAFKDP�
QE>K�LQEBOP��

)K�>AAFQFLK��TEFIB�>K�BUQBKPFSB�KRJ?BO�LC�?RFIAFKD�P@BK>OFLP�TBOB�FK@IRABA�FK�QEFP�MOLGB@Q��FQ�FP�
TLOQE�KLQFKD� QE>Q� CROQEBO�TLOH�@>K�?B�ALKB�?V�@LKPFABOFKD�JLOB�LMQFLKP� CLO�@BOQ>FK�ABPFDK�
@>QBDLOFBP�� &LO� BU>JMIB�� QEB�TFKALTQLT>II� O>QFL� @LRIA� ?B� BUQBKABA� QL� FK@IRAB� >AAFQFLK>I�
S>IRBP�� LQEBO� QE>K� ����>KA������ QEBOJ>I�J>PP� S>OF>QFLKP�TLRIA� ?B� RPBCRI�TEFIB� AFCCBOBKQ�
(6!#� @LKCFDRO>QFLKP� TLRIA� ?B� >AS>KQ>DBLRP�� JB@E>KF@>I� SBKQFI>QFLK� TFQE� EB>Q� OB@LSBOV��
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@EFIIBOP�CLO�@LLIFKD��
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P@EBJB�MOLSFABA�?V�?>QQBOFBP�FK�?RFIAFKDP�TFQE�QEB�OBPRIQP�?BFKD�LC�CRKA>JBKQ>I� FJMLOQ>K@B�
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Appendix A – Building Models & Simulation Data 
Table A1�–�'BLJBQOV�@E>O>@QBOFPQF@P�@LKPFABOBA�CLO�QEB�"RFIAFKD�3FJRI>QFLKP�

Parameter Value 
.RJ?BO�LC�PQLOBVP� ��FK@IRAFKD�QEB�DOLRKA�CILLO�
.RJ?BO�LC�:LKBP� :LKB����/MBKMI>K�LCCF@B�>OB>�

:LKB����,FCQ�IL??V�PQ>FOTBII�
>OB>�

&ILLO�>OB>� ������J��CLO�:LKB���
����J��CLO�:LKB����

:LKB���$FJBKPFLKP� ���J�U����J��3NR>OB	�
���J�U�������J��2B@Q>KDRI>O	�

:LKB���$FJBKPFLKP� ��J�U���J��3NR>OB	�
������J�U������J�
�2B@Q>KDRI>O	�

3QLOBV�EBFDEQ� ����J�
"RFIAFKD�6LIRJB� ������J��

2LLC� &I>Q�
�

 

 

 

 

 

 

�



����
�

�

Figure A1�–�&ILLO�MI>K�CLO�QEB�3NR>OB�"RFIAFKD�
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Figure A2�–�&ILLO�0I>K�CLO�QEB�2B@Q>KDRI>O�"RFIAFKD�
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Figure A3�–�Square Building model in DesignBuilder’s Graphical User Interface (GUI)�
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Figure A4��Rectangular Building model in DesignBuilder’s GUI�
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Table A2��3RJJ>OV�LC�@LK@ROOBKQ�KLQFLK>I�?RFIAFKD�PMB@FCF@>QFLKP�CLO�?RFIAFKDP�LQEBO�QE>K�
ATBIIFKDP��,�!	��"BPQ�0O>@QF@B�"RFIAFKDP�>OB�?>PBA�LK�QEBFO�@E>O>@QBOFPQF@P�;�<�

Element Unit Side lit or 
unlit (HVAC is 
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Table A3�–�&>?OF@�M>O>JBQBOP�CLO�KBT�?RFIAFKDP�>@@LOAFKD�QL�0>OQ�,�2BDRI>QFLKP��0>OQ�,�
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Table A4�–�#LKPQOR@QFLK�BIBJBKQP�CLO�QEB�(B>SVTBFDEQ�"BPQ�0O>@QF@B�"RFIAFKD�

Element(s) Layer 
No 

Layer Material (outer to 
inner for walls & roofs, 

inner to outer for floors) 

Layer 
Thickness 

(mm) 

Element 
U-Value 

(W/ (m2· K) 

Element 
k-value 

(kJ/m2K) 
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�� 803�%UQORABA�0LIVPQVOBKB� ����
)KQBOK>I�
CILLO�

�� #>PQ�@LK@OBQB��ABKPB	� ���� ������ ������

�
�

'OLRKA�
CILLO�

�� 4FJ?BO�CILLOFKD� ��� �
�����

�
�������� &ILLO�P@OBBA� ���

�� #>PQ�@LK@OBQB� ����
�� 5OB>�&LOJ>IABEVAB�&L>J� �������

)KQBOK>I�
M>OQFQFLK�

�� 'VMPRJ�MI>PQBOFKD� ��� �
������

�
��������� "OF@HTLOH��FKKBO�IB>C� ����

�� 'VMPRJ�MI>PQBOFKD� ���
 

 

Fabric Element Value �RKFQP�FK�7�J�+�RKIBPP�PQ>QBA�LQEBOTFPB	 
 Limiting 

values for 
New 

Dwellings 
(L1A) 

Notional 
Dwelling 

Specifications 
(L1A) 

Limiting values 
for new 

buildings other 
than dwellings 

(L2A) 

Values for new 
thermal elements 

in existing 
buildings  
(L1B, L2B) 
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Table A5�–��#LKPQOR@QFLK�BIBJBKQP�CLO�QEB�(B>SVTBFDEQ�0>OQ�,�"RFIAFKD�

Element(s) Layer 
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inner for walls & roofs, 
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U-Value 
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�� 4FJ?BO�CILLOFKD� ��� �
�����

�
�������� &ILLO�P@OBBA� ���

�� #>PQ�@LK@OBQB� ����
�� 5OB>�&LOJ>IABEVAB�&L>J� �������

)KQBOK>I�
M>OQFQFLK�
�

�� 'VMPRJ�MI>PQBOFKD� ��� �
������

�
��������� "OF@HTLOH��FKKBO�IB>C� ����

�� 'VMPRJ�MI>PQBOFKD� ���
 

Table A6 –�#LKPQOR@QFLK�BIBJBKQP�CLO�QEB�,FDEQTBFDEQ�"BPQ�0O>@QF@B�"RFIAFKD��

Element(s) Layer 
No 

Layer Material (outer to 
inner for walls & roofs, 

inner to outer for 
floors) 

Layer 
Thickness 

(mm) 

Element 
U-Value 

(W/ (m2· K) 

Element 
k-value 

(kJ/m2K) 

%UQBOK>I�
7>II�

�� ,FDEQTBFDEQ�JBQ>IIF@�
@I>AAFKD�

�� �
�����

�
�������

�� 803�%UQORABA�
0LIVPQVOBKB�

����

�� 'VMPRJ�0I>PQBOFKD� ���
&I>Q�2LLC� �� !PME>IQ� ��� �

�����
�

���������� 'I>PP�TLLI��OLIIP	� ����
�� !FO�D>M��@>SFQV	� ����
�� 0I>PQBO?L>OA� ���

)KQBOK>I�
CILLO�

�� #>PQ�@LK@OBQB� ���� ������ ������

'OLRKA�
CILLO�

�� 4FJ?BO�CILLOFKD� ��� �
�����

�
�������� &ILLO�P@OBBA� ���

�� #>PQ�@LK@OBQB� ����
�� 5OB>�&LOJ>IABEVAB�

&L>J�
�������

)KQBOK>I�
M>OQFQFLK�
�

�� 'VMPRJ�MI>PQBOFKD� ��� �
������

������
�� !FO�D>M��@>SFQV	� ����
�� 'VMPRJ�MI>PQBOFKD� ���

�

�

�

�
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Table A7 –�#LKPQOR@QFLK�BIBJBKQP�CLO�QEB�,FDEQTBFDEQ�0>OQ�,�"RFIAFKD�

Element(s) Layer 
No 

Layer Material (outer to 
inner for walls & roofs, 

inner to outer for 
floors) 

Layer 
Thickness 

(mm) 

Element 
U-Value 

(W/ (m2· K) 

Element 
k-value 

(kJ/m2K) 

%UQBOK>I�
7>II�

�� ,FDEQTBFDEQ�JBQ>IIF@�
@I>AAFKD�

�� �
�����

�
�������

�� 803�%UQORABA�
0LIVPQBOBKB�

���

�� 'VMPRJ�0I>PQBOFKD� ���
&I>Q�2LLC� �� !PME>IQ� ��� �

�����
�

���������� 'I>PP�TLLI��OLIIP	� �������
�� !FO�D>M��@>SFQV	� ����
�� 0I>PQBO?L>OA� ���

)KQBOK>I�
CILLO�

�� #>PQ�@LK@OBQB� ���� ������ ������

'OLRKA�
CILLO�

�� 4FJ?BO�CILLOFKD� ��� �
�����

�
�������� &ILLO�P@OBBA� ���

�� #>PQ�@LK@OBQB� ����
�� 5OB>�&LOJ>IABEVAB�

&L>J�
�������

)KQBOK>I�
M>OQFQFLK�
�

�� 'VMPRJ�MI>PQBOFKD� ��� �
������

������
�� !FO�D>M��@>SFQV	� ����
�� 'VMPRJ�MI>PQBOFKD� ���
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Figure A5�–�%UQBOK>I�7>II�@LKPQOR@QFLK�>KA�J>QBOF>IP�CLO��>	�(B>SVTBFDEQ�–�"BPQ�0O>@QF@B��
�?	�(B>SVTBFDEQ�–�0>OQ�,���@	�,FDEQTBFDEQ�–�"BPQ�0O>@QF@B�>KA��A	�,FDEQTBFDEQ��0>OQ�,�

"RFIAFKD�JLABIP��4EB�I>VBO�QEF@HKBPPBP�>OB�KLQ�QL�P@>IB��
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Figure A6�–&I>Q�OLLC�@LKPQOR@QFLK�>KA�J>QBOF>IP�CLO��>	�(B>SVTBFDEQ�–�"BPQ�0O>@QF@B���?	�
(B>SVTBFDEQ�–�0>OQ�,���@	�,FDEQTBFDEQ�–�"BPQ�0O>@QF@B�>KA��A	�,FDEQTBFDEQ��0>OQ�,�"RFIAFKD�

JLABIP��4EB�I>VBO�QEF@HKBPPBP�>OB�KLQ�QL�P@>IB�

� 

Table A8 –�)KFQF>I�'I>WFKD�#LKPQOR@QFLK�M>O>JBQBOP�

Glazing Parameter Unit Part L Compliant Best Practice 
6BOQF@>I�&BKBPQO>QFLK� �� 0 – 40% 60 – 80% 0 – 40% 60 – 80% 
4LQ>I�PLI>O�QO>KPJFPPFLK�
�3('#�LO�DS>IRB	�

�� ��� ��� ��� ���

,FDEQ�QO>KPJFPPFLK� �� ��� ��� ��� ���
5S>IRB� 7��J�\+	� ���� ���� ���� ����
3E>AFKD� .�!� "IFKAP�TFQE�EFDE�OBCIB@QFSFQV�PI>QP��!@QFS>QBA�

TEBK�PLI>O�O>AF>QFLK�BU@BBAP�����7�J���PLI>O�
PBQMLFKQ	�

&O>JB�>KA�AFSFABOP� .�!� 4EB�AFSFABO�BIBJBKQP�MOLGB@Q�LRQ�COLJ�QEB�
LRQPFAB�>KA�FKPFAB�PROC>@BP�LC�QEB�DI>WFKD�>KA�
AFSFAB�QEB�DI>WFKD�FKQL�FKAFSFAR>I�IFQBP��4EB�
TFKALT�CO>JB�FP�M>FKQBA�TLLABK��
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Table A9�–�Test Simulations to determine the infiltration rate of DesignBuilder’s preset crack templates�CLO�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�

Template 
�!II�TFKALTP��
3('#�����
D������

,FDEQFKD����	 

Infiltration rate (ac/h) Heating Energy Demand (kWh/m2) 
3NR>OB��

(B>SVTBFDEQ�
"BPQ�0O>@QF@B�
����'I>WFKD�

�7FKALT�5S>IRB���
���	 

3NR>OB�
�,FDEQTBFDEQ�
0>OQ�,�

����'I>WFKD��
�7FKALT�5S>IRB���

���	 

3NR>OB��
(B>SVTBFDEQ�
"BPQ�0O>@QF@B�
����'I>WFKD�

�7FKALT�5S>IRB���
���	�

3NR>OB��
,FDEQTBFDEQ�
0>OQ�,�

�����'I>WFKD�
�7FKALT�5S>IRB���

���	�
%U@BIIBKQ� ��–������ ��–������ ������ ������
'LLA� �����–������ �����–������ ������ ������
-BAFRJ� �����–������ �����–������ ������ ������
0LLO� �����–������ �����–������ ������ ������

6BOV�0LLO� �����–������ �����–������ ������ ������
�

Table A10�–�#O>@H�QBJMI>QBP�@E>O>@QBOFPQF@P�RPBA�CLO�QEB�@>I@RI>QFLK�LC�BUQBOK>I�FKCFIQO>QFLK�FK�JB@E>KF@>IIVSBKQFI>QBA�?RFIAFKDP�

Construction 
Element 

Poor template Medium template Good template Excellent template 
Flow 

coefficient 
Flow 

exponent 
Flow 

coefficient 
Flow 

exponent 
Flow 

coefficient 
Flow 

exponent 
Flow 

coefficient 
Flow 

exponent 
7FKALT� ��������� ����� ��������� ����� ��������� ����� ��������� �����
)KQBOK>I�CILLO� ��������� ����� ��������� ����� ��������� ����� ��������� �����
)KQBOK>I�T>II� ��������� ����� ��������� ����� ��������� ����� ��������� �����
%UQBOK>I�T>II� ��������� ����� ��������� ����� ��������� ����� ��������� �����
2LLC� ��������� ����� ��������� ����� ��������� ����� ��������� �����

�
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Table A11 –�&ILT�@LBCCF@FBKQP�CLO�BUQBOK>I�TFKALTP�FK�.>QRO>IIV�6BKQFI>QBA�"RFIAFKDP��6>IRBP�
J>V�FK@IRAB�K>QRO>I�SBKQFI>QFLK�CLO�@LLIFKD�MROMLPBP��4EB�>SBO>DB�FKCFIQO>QFLK�O>QB�OBCBOP�QL�>�
QBPQ�PFJRI>QFLK�@LKAR@QBA�CLO�"RFIAFKD��O.�>KA�@LOOBPMLKAP�QL�-LKQEP����>KA������FK�LOABO�
QL�>SLFA�FK@IRAFKD�>AAFQFLK>I�>FO�CILTP�CLO�@LLIFKD�MROMLPBP�QE>Q�Q>HB�MI>@B�MOBALJFK>KQIV�
AROFKD�QEB�PRJJBO�MBOFLA��4EB�>SBO>DB�S>IRB�FP�@LKPFABO>?IV�@ILPB�QL�QEB�OBNRFOBA������>@�E�
S>IB�CLO�COBPE�>FO�PRMMIV��>P�PELTK�FK�%NR>QFLK������/QEBO�@LKPQOR@QFLK�BIBJBKQP�@LKQFKRB�QL�

E>SB�QEBFO�BUFPQFKD�S>IRBP��MOBPBKQBA�FK�4>?IB�!���

Cracks template Revised Window 
flow coefficient 

Revised Window 
flow exponent 

Test Building’s 
average infiltration 

(ac/h) 
-BAFRJ�

��"BPQ�0O>@QF@B	�
������ ����� �����

0LLO��0>OQ�,	� ������ ����� �����
�

Table A12 – "RFIAFKD�!@QFSFQV�>KA�/@@RM>K@V 

Parameter Value/Characteristic 
-BQ>?LIF@�!@QFSFQV� &FIFKD�3Q>KAFKD������7�MBOPLK�
3BU�&>@QLO� !SBO>DB�S>IRB�LC�������

���CLO�JBK�>KA������CLO�TLJBK�?V�ABC>RIQ	�
#ILQEFKD�FKPRI>QFLK� ����@IL�CLO�QEB�PRJJBO�MBOFLA�

����@IL�CLO�QEB�TFKQBO�MBOFLA�
/@@RM>K@V� ������J��MBOPLK�LO��������MBLMIB�J��

.LKTLOHFKD�A>VP� 7BBHBKAP�
��*>KR>OV�������$B@BJ?BO�����!MOFI��

7EBK�QEB�A>VP�>?LSB�C>II�AROFKD�TBBHBKAP��
QEB�CLIILTFKD�A>V�CRK@QFLKP�>P�>�KLK

TLOHFKD�PR?PQFQRQB�A>V��
 

!II�QEB�P@EBARIBP�RPBA�FK�$BPFDK"RFIABO�>OB�IFPQBA�?BILT��

�

Schedule:Compact, 

1OCCUPANCY8amto6pm, 

&O>@QFLK��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��

5KQFI������������

5KQFI���������������

5KQFI��������������

5KQFI������������

5KQFI���������������

5KQFI������������

5KQFI��������������



����
�

5KQFI���������������

5KQFI������������

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP��

5KQFI������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

�

Schedule:Compact, 

HEATING8amto6pm, 

4BJMBO>QROB��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��

5KQFI��������������

5KQFI������������

5KQFI��������������

&LO��7FKQBO$BPFDK$>V��

5KQFI������������

&LO��7BBHBKAP��

5KQFI��������������

&LO��(LIFA>VP��

5KQFI��������������

&LO��!II/QEBO$>VP��

5KQFI��������������

�

 

Schedule:Compact, 

1COOLING8amto6pm, 

4BJMBO>QROB��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��



����
�

5KQFI��������������

5KQFI������������

5KQFI��������������

&LO��7BBHBKAP��

5KQFI��������������

&LO��(LIFA>VP��

5KQFI��������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI��������������

Schedule:Compact, 

1VENTILATION8amto6pm_LIGHTWEIGHT, 

&O>@QFLK��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��

5KQFI������������

5KQFI������������

5KQFI������������

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP��

5KQFI������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

�

Schedule:Compact, 

1VENTILATION8amto6pm_HEAVY_NIGHT_COOLING_ALT, 

&O>@QFLK��

4EOLRDE�����->V��

&LO��7BBHA>VP��

5KQFI������������

5KQFI������������

5KQFI������������



����
�

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP��

5KQFI������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

4EOLRDE�����3BM��

&LO��7BBHA>VP��

5KQFI������������

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP�3RJJBO$BPFDK$>V��

5KQFI������������

&LO��!II/QEBO$>VP��

5KQFI������������

4EOLRDE�����$B@��

&LO��7BBHA>VP��

5KQFI������������

5KQFI������������

5KQFI������������

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP��

5KQFI������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

�

Schedule:Compact, 

DomesticHotWater, 

&O>@QFLK��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��



����
�

5KQFI������������

5KQFI���������������

5KQFI��������������

5KQFI������������

5KQFI���������������

5KQFI������������

5KQFI��������������

5KQFI���������������

5KQFI������������

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP��

5KQFI������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

�

Schedule:Compact, 

1LIGHTING8amto6pm, 

&O>@QFLK��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��

5KQFI������������

5KQFI������������

5KQFI������������

&LO��7BBHBKAP��

5KQFI������������

&LO��(LIFA>VP��

5KQFI������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

�

Schedule:Compact, 



����
�

EQUIPMENT8amto6pm, 

&O>@QFLK��

4EOLRDE�����$B@��

&LO��7BBHA>VP�3RJJBO$BPFDK$>V��

5KQFI������������������

5KQFI������������

5KQFI������������������

&LO��7BBHBKAP��

5KQFI������������������

&LO��(LIFA>VP��

5KQFI������������������

&LO��7FKQBO$BPFDK$>V�!II/QEBO$>VP��

5KQFI������������

�

Table A13�–�,L@>QFLK�>KA�7B>QEBO�$>Q>�RPBA�CLO�"RFIAFKD�%KBODV�3FJRI>QFLKP 

Parameter Value/Property 
3FQB� "FOJFKDE>J�!FOMLOQ�

,L@>QFLK� 3LIFERII��7BPQ�-FAI>KAP��
%KDI>KA��5KFQBA�+FKDALJ�

,>QFQRAB� ������
,LKDFQRAB� �����

%IBS>QFLK�>?LSB�PB>�IBSBI� ���J�
!3(2!%�#IFJ>QB�:LKB� �#�
%UMLPROB�QL�TFKA� .LOJ>I�
4FJB�WLKB� 'OBBKTF@E�-B>K�4FJB�

�'-4	�
$>VIFDEQ�3>SFKD�4FJB��$34	� .LQ�L?PBOSBA�

7B>QEBO�$>Q>�&FIB� )7%#��!3(2!%	�–�
"FOJFKDE>J�!FOMLOQ�

$>Q>�4VMB� 4VMF@>I�9B>O��429	�
/RQPFAB�$BPFDK�
4BJMBO>QROB�

���Z#�

7FKA�3MBBA� �����J�P�
�

 

 

 

 

 



����
�

Appendix A References 

;�<�HM Government, “The Building Regulations 2010. Conservation of fuel and power (L2A),” 

������!@@BPPBA��->V�����������;/KIFKB<��!S>FI>?IB��
EQQMP���>PPBQP�MR?IFPEFKD�PBOSF@B�DLS�RH�DLSBOKJBKQ�RMIL>AP�PVPQBJ�RMIL>AP�>QQ>@EJBKQ=A>
Q>�CFIB��������"2=0$&=!$=,�!=����=TFQE=����=>JBKAJBKQP�MAC�

;�<�HM Government, “The Building Regulations 2010. Conservation of fuel and power (L1A),” 

������!@@BPPBA��->V�����������;/KIFKB<��!S>FI>?IB��
EQQMP���>PPBQP�MR?IFPEFKD�PBOSF@B�DLS�RH�DLSBOKJBKQ�RMIL>AP�PVPQBJ�RMIL>AP�>QQ>@EJBKQ=A>
Q>�CFIB��������"2=0$&=!$==,�!==����=TFQE=����=>JBKAJBKQP�MAC�

;�<�HM Government, “The Building Regulations 2010. Conservation of fuel and power (L1B),” 

������!@@BPPBA��->V�����������;/KIFKB<��!S>FI>?IB��
EQQMP���>PPBQP�MR?IFPEFKD�PBOSF@B�DLS�RH�DLSBOKJBKQ�RMIL>AP�PVPQBJ�RMIL>AP�>QQ>@EJBKQ=A>
Q>�CFIB��������,�"=PB@ROB��MAC�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



����
�

Appendix B – Real Time Pricing Electricity Data 
 

�

Figure B1� 3VKQEBQF@�OB>IQFJB�OBQ>FI�BIB@QOF@FQV�MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V
>EB>A�A>Q>��4EB�TELIBP>IB�MBO@BKQ>DB�FP�>PPRJBA�@LKPQ>KQ�QEOLRDELRQ�QEB�VB>O�>Q���������

�
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�

Figure B2��-FKFJRJ��J>UFJRJ�>KA�>SBO>DB�A>FIV�S>IRBP�CLO�QEB�PVKQEBQF@�OB>IQFJB�OBQ>FI�
BIB@QOF@FQV�MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V>EB>A�A>Q>�

�

Figure B3��-FKFJRJ��J>UFJRJ�>KA�>SBO>DB�A>FIV�S>IRBP�CLO�QEB�PVKQEBQF@�OB>IQFJB�OBQ>FI�
BIB@QOF@FQV�MOF@BP�?>PBA�LK�QEB�.LOA0LLI������A>V>EB>A�A>Q>�

�
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Appendix C – Investigated Building Scenarios 
 

Table C1 – 3@BK>OFLP�CLO�3NR>OB�"RFIAFKDP 

Case Scenario ID Thermal Mass Insulation Orientation Glazing VAC 
�P� 3N(T"0��� (B>SVTBFDEQ� "BPQ�MO>@QF@B� 3LRQE� ���� -B@E>KF@>I�

6BKQFI>QFLK���
#LLIFKD��FK@IRABP�
COBB�@LLIFKD	��

�

�P� 3N(T0,��� (B>SVTBFDEQ 0>OQ�,� 3LRQE� ��� 
�P� 3N,T"0��� ,FDEQTBFDEQ� "BPQ�MO>@QF@B 3LRQE� ��� 
�P� 3N,T0,��� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE� ����
�P� 3N(T"0��� (B>SVTBFDEQ� "BPQ�MO>@QF@B� 3LRQE� ����
�P� 3N(T0,��� (B>SVTBFDEQ� 0>OQ�,� 3LRQE� ����
�P� 3N,T"0��� ,FDEQTBFDEQ� "BPQ�MO>@QF@B� 3LRQE� ����
�P� 3N,T0,��� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE� ����

 

Table C2 – 3@BK>OFLP�CLO�2B@Q>KDRI>O�"RFIAFKDP��-B@E>KF@>IIV�6BKQFI>QBA	 

Case Scenario ID Thermal 
Mass 

Insulation Orientation Glazing VAC 

�O� (T"0��� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE� ���� -B@E>KF@>I�
6BKQFI>QFLK���

#LLIFKD��FK@IRABP�
COBB�@LLIFKD	��

�
�

�O� (T0,��� (B>SVTBFDEQ 0>OQ�,� 3LRQE� ��� 
�O� ,T"0��� ,FDEQTBFDEQ� "BPQ�0O>@QF@B 3LRQE� ��� 
�O� ,T0,��� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE� ����
�O� (T"0��� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE� ����
�O� (T0,��� (B>SVTBFDEQ� 0>OQ�,� 3LRQE� ����
�O� ,T"0��� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE� ����
�O� ,T0,��� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE� ����
�O� (T"0��37� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE7BPQ� ����
��O� (T0,��37� (B>SVTBFDEQ� 0>OQ�,� 3LRQE7BPQ� ����
��O� ,T"0��37� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE7BPQ� ����
��O� ,T0,��37� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE7BPQ� ����
��O� (T"0��37� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE7BPQ� ����
��O� (T0,��37� (B>SVTBFDEQ� 0>OQ�,� 3LRQE7BPQ� ����
��O� ,T"0��37� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE7BPQ� ����
��O� ,T0,��37� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE7BPQ� ����
��O� (T"0��3%� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE%>PQ� ����
��O� (T0,��3%� (B>SVTBFDEQ� 0>OQ�,� 3LRQE%>PQ� ����
��O� ,T"0��3%� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE%>PQ� ����
��O� ,T0,��3%� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE%>PQ� ����
��O� (T"0��3%� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE%>PQ� ����
��O� (T0,��3%� (B>SVTBFDEQ� 0>OQ�,� 3LRQE%>PQ� ����
��O� ,T"0��3%� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE%>PQ� ����
��O� ,T0,��3%� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE%>PQ� ����
��O� (T"0��%� (B>SVTBFDEQ� "BPQ�0O>@QF@B� %>PQ� ����
��O� (T0,��%� (B>SVTBFDEQ� 0>OQ�,� %>PQ� ����
��O� ,T"0��%� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� %>PQ� ����
��O� ,T0,��%� ,FDEQTBFDEQ� 0>OQ�,� %>PQ� ����
��O� (T"0��%� (B>SVTBFDEQ� "BPQ�0O>@QF@B� %>PQ� ����
��O� (T0,��%� (B>SVTBFDEQ� 0>OQ�,� %>PQ� ����
��O� ,T"0��%� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� %>PQ� ����
��O� ,T0,��%� ,FDEQTBFDEQ� 0>OQ�,� %>PQ� ����
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Table C3 – 3@BK>OFLP�CLO�.>QRO>IIV�6BKQFI>QBA�"RFIAFKDP�

Case Scenario ID Thermal 
Mass 

Insulation Orientation Glazing VAC 

�O.� (T"0��
� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE� ���� .>QRO>I�
6BKQFI>QFLK��O.� (T0,��
� (B>SVTBFDEQ 0>OQ�,� 3LRQE�

�O.� ,T"0��
� ,FDEQTBFDEQ� "BPQ�0O>@QF@B 3LRQE�
�O.� ,T0,��
� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE�
�O.� (T"0��37
� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE7BPQ�
��O.� (T0,��37
� (B>SVTBFDEQ� 0>OQ�,� 3LRQE7BPQ�
��O.� ,T"0��37
� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE7BPQ�
��O.� ,T0,��37
� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE7BPQ�
��O.� (T"0��3%
� (B>SVTBFDEQ� "BPQ�0O>@QF@B� 3LRQE%>PQ�
��O.� (T0,��3%
� (B>SVTBFDEQ� 0>OQ�,� 3LRQE%>PQ�
��O.� ,T"0��3%
� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� 3LRQE%>PQ�
��O.� ,T0,��3%
� ,FDEQTBFDEQ� 0>OQ�,� 3LRQE%>PQ�
��O.� (T"0��%
� (B>SVTBFDEQ� "BPQ�0O>@QF@B� %>PQ�
��O.� (T0,��%
� (B>SVTBFDEQ� 0>OQ�,� %>PQ�
��O.� ,T"0��%
� ,FDEQTBFDEQ� "BPQ�0O>@QF@B� %>PQ�
��O.� ,T0,��%
� ,FDEQTBFDEQ� 0>OQ�,� %>PQ�

 

4EB�CLIILTFKD�ORIBP�>MMIV�QL�QEB�#>PB�)$�>KA�OBPMB@QFSB�P@BK>OFL�)$�LC�B>@E�?RFIAFKD�QL�FABKQFCV�FQP�ABPFDK�
@E>O>@QBOFPQF@P��

•� /AA�KRJ?BOP�OBCBO�QL�>�"BPQ�0O>@QF@B�BKBODV�BCCF@FBK@V�OBD>OAFKD�QEB�building’s C>?OF@��
•� %SBK�KRJ?BOP�OBCBO�QL�>�0>OQ�,�@LJMIF>KQ�BKBODV�BCCF@FBK@V�OBD>OAFKD�QEB�building’s C>?OF@��
•� /OFBKQ>QFLK� @E>KDBP� MBO� �� ?RFIAFKD� @>PBP�� &LO� BU>JMIB�� "RFIAFKDP� �O�O� E>SB� >� PLRQEBOK
KLOQEBOK�LOFBKQ>QFLK�TEFIB�"RFIAFKDP��O��O�E>SB�>�PLRQEBOKTBPQBOK�LOFBKQ>QFLK��

•� 4EB�CFOPQ���?RFIAFKDP�LC�B>@E�LOFBKQ>QFLK�>OB�����DI>WBA��B�D���O�O	�TEFIB�QEB�CLIILTFKD�CLRO�>OB�
����DI>WBA��B�D���O�O	��

•� The letter ‘s’ indicates a square shape�
•� The letter ‘r’ indicates a rectangular shape�
•� The letter ‘N’ at the end of the Case ID indicates a building with natural ventilation. If this is not 

QEB�@>PB��QEBK�KL�IBQQBO�FP�MOBPBKQ�>Q�QEB�BKA�LC�QEB�#>PB�)$�>KA�JB@E>KF@>I�SBKQFI>QFLK�FP�RPBA�
FKPQB>A��

 

Table C4 – "33�3FWFKD�P@BK>OFLP�CLO�)KFQF>I�3FJRI>QFLKP�

Battery Size 
(kWh) 

Inverter & Rectifier Rated Power 
(kW/-kW) 

��� ��������
��� ��������
��� ��������
���� ��������
���� ��������
���� ��������
���� ��������
���� ��������
���� ��������
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Table C5 – "33�3FWFKD�3@BK>OFLP�CLO�QEB�#"! 

Battery Size Rectifier (kW) Inverter (- kW) 
���� ��� ����
���� ��� ����
���� ��� ����
���� ��� ����
���� ��� ����
���� ��� ����
���� ��� �����
���� ��� �����
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Appendix D – Code and Validation of the MATLAB 
Arbitrage model 

4EB�-!4,!"�CFIBP�>KA�QEB�240�BIB@QOF@FQV�A>Q>�LC�QEFP�OBPB>O@E�>OB�>@@BPPF?IB�LK�QEB�@ILRA��
?FQ�IV�>O?FQ%�%�%��

4EB�QEOBB�-!4,!"�P@OFMQP�>OB�MR?IF@IV�>@@BPPF?IB�LK�EQQMP���DFQER?�@LJ�>KAOB>PDOH�MEA@LAB�

Daylight Saving Time (DST) and building load issues 

!CQBO�>�QVMF@>I�TLOHFKD�MOLCFIB�T>P�PBQ� FK�$BPFDK"RFIABO� CLO� QEB�@LJJBO@F>I�?RFIAFKD���>J�–�
�MJ	�� FK@LKPFPQBK@FBP�TBOB�L?PBOSBA�OBD>OAFKD�FQP�BKBODV�MOLCFIB�QEOLRDELRQ�QEB�A>V��-LOB�
PMB@FCF@>IIV��>CQBO�>�PMB@FCF@�A>QB��QEB�I>PQ�TLOHFKD�ELRO�LC�QEB�?RFIAFKD�L@@RO�LKB�ELRO�B>OIFBO�
F�B���MJ�FKPQB>A�LC��MJ��!Q�CFOPQ��CLO� QEB�OB>PLK�LC� QEFP�ABSF>QFLK�� QEB�>@QFSFQV�MOLCFIBP�PBQ�LK�
$BPFDK"RFIABO� TBOB� @LKPFABOBA�� (LTBSBO�� QEFP� BUMI>K>QFLK� T>P� I>QBO� AFP@>OABA� >P� >II� QEB�
P@EBARIBP��L@@RM>QFLK��EB>QFKD��@LLIFKD��IFDEQFKD���BNRFMJBKQ	�TBOB�CLRKA�QL�?B�@LKPFPQBKQ��)K�
&FDROB�$�, the building’s energy profile can be seen for the dates 24�–����->O@E������>KA�LK�
QEB���QE�of March, there is a change on the building’s operation and its energy consumption, 

CLO�QEB�CFOPQ�QFJB��4EB�?RFIAFKD�IL>AP�OB>@E�QEBFO�JFKFJRJ�S>IRB��BNR>I�QL�QEB�@LKPQ>KQ�M>O>PFQF@�
�>RUFIF>OV	�IL>AP��LKB�ELRO�B>OIFBO�QE>K�KLOJ>I��

(LTBSBO��QEFP�MEBKLJBKLK�@>K�?B�BUMI>FKBA�>P�QEB�$>VIFDEQ�3>SFKD�QFJB��$34	�PQ>OQBA�LK�
QEB���QE�LC�->O@E�>KA�@IL@HP�TBOB�QROKBA�CLOT>OA�LKB�ELRO��)Q�PELRIA�?B�KLQBA�QE>Q�QEB�5KFQBA�
+FKDALJ�L?PBOSBP�$34�COLJ�->O@E�RKQFI�/@QL?BO�>KA�AROFKD�QE>Q�MBOFLA�QEB�QFJB�WLKB�FP�@>IIBA�
"OFQFPE�3RJJBO�4FJB��"34	��&LO� QEB� OBPQ�LC� QEB�VB>O�� QEB�5+� FP�LK�'OBBKTF@E�-B>K�4FJB�
�'-4	�� "V� @EB@HFKD� QEB� $BPFDK"RFIABO� ,L@>QFLK� 3BQQFKDP�� FQ� T>P� AFP@LSBOBA� QE>Q� $34� FP�
BK>?IBA�?V�ABC>RIQ��&FDROB�$�	�>KA�QE>Q�$BPFDK"RFIABO�Q>HBP�FKQL�>@@LRKQ�$34�?RQ�>Q�QEB�P>JB�
QFJB��QEB�QFJBPQ>JMP�>OB�KLQ�@LOOB@QBA��"V�AFP>?IFKD�$34�COLJ�QEB�LMQFLKP��QEB�BKBODV�MOLCFIB�
OBJ>FKP�@LKPQ>KQ�>KA�KL�IL>AP�>OB�PEFCQBA�LKB�ELRO�B>OIFBO��>P�FIIRPQO>QBA�FK�&FDROB�$���!P����
–����->O@E������FP�>�TBBHBKA�>KA�QEB�OBPMB@QFSB�IL>AP�>OB�FKPFDKFCF@>KQ��QE>Q�MLOQFLK�LC�QEB�
DO>ME�T>P�OBJLSBA�QL�J>HB�FQ�JLOB�MOBPBKQ>?IB��

)K�LOABO�QL�DR>O>KQBB�>�@LKPFPQBKQ�BKBODV�MOLCFIB�>KA�?RFIAFKD�LMBO>QFLK��$BPFDK"RFIABO�>KA�
QEB�@LKPBNRBKQ�-!4,!"�@>I@RI>QFLKP�J>HB� QEB�>PPRJMQFLK� QE>Q� QEB�5+�ALBP�KLQ�L?PBOSB�
$34��LK�QEB�@LKQO>OV��FQ�OBJ>FKP�LK�'-4�CLO�QEB�BKQFOB�VB>O��2BD>OAFKD�QEB�S>IFAFQV�LC�PR@E�>K�
>PPRJMQFLK�>KA�FQP�@LKPBNRBK@BP�CLO�QEB�BKBODV�@LKPRJMQFLK��QEB�IFQBO>QROB�T>P�BU>JFKBA��
6BOABGL�BQ�>I��;�<�@>I@RI>QBA�>K�>SBO>DB�BIB@QOF@FQV�OBAR@QFLK�LC�������QE>KHP�QL�QEB�>MMIF@>QFLK�
LC�$34�QFJB� FK�#EFIB��@LK@BOKFKD�OBPFABKQF>I� IL>AP�LKIV��(LTBSBO�� QEB�>RQELOP�JBKQFLK�QE>Q�
FKQBOK>QFLK>I� BUMBOFBK@B� E>P� ABJLKPQO>QBA� QE>Q� QEB� ?BKBCFQP� LC� >MMIVFKD� $34� >OB� >Q� IB>PQ�
NRBPQFLK>?IB� >P� PBSBO>I� PQRAFBP� E>SB� PRMMLOQBA� QE>Q� $34� ALBP� KLQ� FKAR@B� BKBODV�
FJMOLSBJBKQP���

!KLQEBO�@>PB�PQRAV�QE>Q�FKSBPQFD>QBA�QEB�$34�BCCB@QP�FK�?LQE�QEB�OBPFABKQF>I�>KA�@LJJBO@F>I�
PB@QLOP� FK� *LOA>K� @LK@IRABA� QE>Q� AROFKD� QEB� MBOFLA� TEBK�$34� FP� L?PBOSBA�� QEB� BIB@QOF@FQV�
@LKPRJMQFLK�T>P�OBAR@BA�?V������TEFIB�FQ�T>P�FK@OB>PBA�?V������>Q�$34�OBJLS>I�;�<��4EB�
>RQELOP�LC�>�PQRAV��FKSBPQFD>QFKD�QEB�FJM>@QP�LC�$34�FK�4ROHBV��>KLQEBO�@LRKQOV�QE>Q�>IOB>AV�
L?PBOSBP�$34�� E>SB� @LK@IRABA� QE>Q� QEB� LMQFJ>I� P@BK>OFL� FK@IRABP� @LKQFKRLRP� ���JFKRQBP�
CLOT>OA�TFQE�PFKDIB�$34�COLJ�!MOFI�QL�/@QL?BO��QE>Q�@LRIA�IB>A�QL�OBPFABKQF>I�IFDEQFKD�P>SFKDP�LC�
�����TEBK�@LJM>OBA�QL� QEB�PQ>QRP�NRL� ;�<��(FII�BQ�>I�� ;�<� FKSBPQFD>QBA� QEB�$34�MLQBKQF>I� QL�
OBAR@B�QEB�BKBODV�ABJ>KA�FK�'OB>Q�"OFQ>FK��4EBV�PRMMLOQBA�QE>Q�>AS>K@FKD�QEB�@IF@H�?V�>K�
ELRO�FK�/@QL?BO�TLRIA�IB>A�QL�BKBODV�P>SFKDP�LC�>Q�IB>PQ�������(LTBSBO��QEB�>RQELOP�OB@LDKFPB�
QEB�C>@Q�QE>Q�BCCB@QP�LC�L?PBOSFKD�$34�S>OV�ABMBKAFKD�LK�QEB�DBLDO>MEF@>I�IL@>QFLK�>KA�QEB�

https://bit.ly/arbitE7E5E0
https://github.com/andreasgrk/phdcode
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@IFJ>QB�LC�QEB�OBDFLK�FK�NRBPQFLK��-LOB�PMB@FCF@>IIV��@LRKQOFBP�TFQE�PELOQBO�>KA�@LIABO�A>VP�FK�
TFKQBO�TFII�PBB�JLOB�?BKBCFQP��

)K�@LK@IRPFLK��>P�QEB�>AS>KQ>DBP�LC�RPFKD�$34�>OB�AB?>Q>?IB�>KA�NRBPQFLK>?IB�>KA�QEB�BKBODV�
P>SFKDP�JFKFJ>I�� QEB� OBJLS>I� LC� $34� COLJ� QEB�JLABIIFKD� MOL@BPP� FK� $"� >KA�-!4,!"� FP�
ABBJBA�QL�E>SB�>K�FKPFDKFCF@>KQ�FJM>@Q�QL�QEB�OBPMB@QFSB�OBPRIQP��

�

�

Figure D1 –�Building’s Energy Profile with DST enabled�
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Figure D2 –�$FP>?IFKD�$>VIFDEQ�3>SFKD�4FJB�FK�$BPFDK"RFIABO�
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Figure D3 –�Building’s Energy Profile with DST disabled�
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Appendix E – Building Simulation Results 
 

 
Figure E1 – 4EBOJ>I�ILPPBP�ARB�QL�BUQBOK>I�FKCFIQO>QFLK�CLO�"RFIAFKD�(T0,��
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Table E1 – "RFIAFKD�3FJRI>QFLK�%KBODV�2BPRIQP�CLO�-B@E>KF@>IIV6BKQFI>QBA�"RFIAFKDP 

Building 
ID 

Description Lighting Heating Cooling Room 
Electricity 

DHW Auxiliary Total 

�P� 3N(T"0��� ����� ����� ����� ������ ����� ����� ������
�P� 3N(T0,��� ����� ������ ����� ������ ����� ����� ������
�P� 3N,T"0��� ����� ����� ����� ������ ����� ����� ������
�P� 3N,T0,��� ����� ������ ����� ������ ����� ����� ������
�P� 3N(T"0��� ����� ����� ����� ������ ����� ����� ������
�P� 3N(T0,��� ����� ������ ����� ������ ����� ����� ������
�P� 3N,T"0��� ����� ����� ����� ������ ����� ����� ������
�P� 3N,T0,��� ����� ������ ����� ������ ����� ����� ������
�O� (T"0��� ����� ����� ����� ������ ����� ����� ������
�O� (T0,��� ����� ������ ����� ������ ����� ����� ������
�O� ,T"0��� ����� ����� ����� ������ ����� ����� ������
�O� ,T0,��� ����� ������ ����� ������ ����� ����� ������
�O� (T"0��� ����� ����� ����� ������ ����� ����� ������
�O� (T0,��� ����� ������ ����� ������ ����� ����� ������
�O� ,T"0��� ����� ����� ����� ������ ����� ����� ������
�O� ,T0,��� ����� ������ ����� ������ ����� ����� ������
�O� (T"0��37� ����� ����� ����� ������ ����� ����� ������
��O� (T0,��37� ����� ������ ����� ������ ����� ����� ������
��O� ,T"0��37� ����� ����� ����� ������ ����� ����� ������
��O� ,T0,��37� ����� ������ ����� ������ ����� ����� ������
��O� (T"0��37� ����� ����� ����� ������ ����� ����� ������
��O� (T0,��37� ����� ������ ����� ������ ����� ����� ������
��O� ,T"0��37� ����� ����� ����� ������ ����� ����� ������
��O� ,T0,��37� ����� ������ ����� ������ ����� ����� ������
��O� (T"0��3%� ����� ����� ����� ������ ����� ����� ������
��O� (T0,��3%� ����� ������ ����� ������ ����� ����� ������
��O� ,T"0��3%� ����� ����� ����� ������ ����� ����� ������
��O� ,T0,��3%� ����� ������ ����� ������ ����� ����� ������
��O� (T"0��3%� ����� ����� ����� ������ ����� ����� ������
��O� (T0,��3%� ����� ������ ����� ������ ����� ����� ������
��O� ,T"0��3%� ����� ����� ����� ������ ����� ����� ������
��O� ,T0,��3%� ����� ������ ����� ������ ����� ����� ������
��O� (T"0��%� ����� ����� ����� ������ ����� ����� ������
��O� (T0,��%� ����� ������ ����� ������ ����� ����� ������
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Table E3 – 4EBOJ>I�@LJCLOQ�OBPRIQP�CLO�QEB�JB@E>KF@>IIVSBKQFI>QBA�"RFIAFKDP 
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Table E4 – 4EBOJ>I�@LJCLOQ�OBPRIQP�CLO�QEB�K>QRO>IIVSBKQFI>QBA�"RFIAFKDP 
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Appendix F – Arbitrage Results (2017 RTP Electricity Data) 
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Appendix G – Sensitivity Analysis Results 
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