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1 Introduction and overview
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1>?I�I;9J?ED�E<�J>;�H;FEHJ�I>EKB:�8;�7D ?DJHE:K9J?ED�JE�J>;�I9EF;�E<�J>;��-"

7D:�M?BB�?D9BK:;�7�IKCC7HO�E<�J>;�A;O�<79JI	�<?=KH;I�7D:�<?D:?D=I��,DBO�J>;

87I?9�<79JI�;J9�I>EKB:�8;�?D9BK:;:�>;H; W CEIJ�:;J7?B;:�?D<EHC7J?ED�M?BB�8;

9EDJ7?D;:�?D�J>;�8E:O�E<�J>?I�H;FEHJ�7D:�IJEH;:�?D�EJ>;H�:E9KC;DJI�:7J7

IJEH7=;�7H;7I�

1.1 Project Scope

1>?I� H;FEHJ� :;I9H?8;I� J>;� 10�� <KD:;:� �K?B:?D=� -;H<EHC7D9;� "L7BK7J?ED� ��-"�� FHE@;9J� 97HH?;:� EKJ� 8;JM;;D

�K=KIJ��
���7D�,9JE8;H��
���7J�J>;�? ED��K?B:?D=�?D�!7L;DJHO��1>;�8K?B:?D=�M7I�9>EI;D�7I�J>;�IK8@;9J�E<�J>;

;L7BK7J?ED�FHE@;9J�8;97KI;�?J�FH;I;DJ;:�7�=EE:�97I;�IJK:O�EFFEHJKD?JO	�>7L?D=�8;;D�H;9;DJBO�9ECFB;J;:�7D:

?DJ;D:;:� JE� 8;� 7� FH79J?97B� :;CEDIJH7J?ED� E<� >EM� JE� 79>?;L;� >?=>� B;L;BI� E<� ;D;H=O� 7D:� ;DL?HEDC;DJ7B

F;H<EHC7D9;�M>?B;�C7?DJ7?D?D=�7�9EIJ�;<<;9J?L;�9EDIJHK9J?ED J;9>D?GK;�7D:�FHE9KH;C;DJ�HEKJ;��1>;�FHE@;9J

I;J�EKJ�JE�;IJ78B?I>�L?7�7�:;J7?B;:�;L7BK7J?ED�?D
KI;�M>;J>;H�J>;I;�E8@;9J?L;I�M;H;�C;J�7D:�JE�?:;DJ?<O�7DO

I>EHJ9EC?D=I�7D:�FEJ;DJ?7B�F?J<7BBI�JE�8;�7LE?:;:�?D�<KJKH;�FHE@;9JI��&J� ?I�7BIE�?DJ;D:?D=�JE�?:;DJ?<O M>;J>;H

J>;I;� <79JEHI� 7HEI;� <HEC�:;9?I?ED�C7:;�:KH?D=� J>;� :;I?=D	� 9EDIJHK9J?ED� EH� EF;H7J?ED� E<� J>;� 8K?B:?D=�� 1>;

FHE@;9J� ?I�7BIE� ?DJ;D:;:� JE�FHEL?:;� <;;:879A� JE�FHE@;9J�F7HJD;HI�M>E�9ECC?JJ;:�7J� J>;�FHE@;9J�I�EKJI;J� JE

?DJ;=H7J;� IA?BBI� :;L;BEF;:� J>HEK=>� J>;� �-"� FHE9;II� 7D:� KI;� J>;� FHE@;9J�I� <?D:?D=I� JE� ?D<EHC� J>;?H� <KJKH;

FHE@;9JI	�7?C?D=�JE�9BEI;
J>;
BEEF�8;JM;;D�8K?B:?D=�:;I?=D�7D:�F;H<EHC7D9;�

1.2 Project Outline

1>;� ;L7BK7J?ED� FHE9;II� M7I� EH=7D?I;:� ?DJE� <EKH� J>;C;I	� ;79>� 9EDI?:;H?D=� J>;� 8K?B:?D=� <HEC� 7� :?<<;H;DJ

F;HIF;9J?L;��1>;�<?HIJ�E<�J>;I;�J>;C;I	�J;D7DJ�;D=7=;C;DJ�KI;:�7�9EC8?D7J?ED�E<�I;C?
IJHK9JKH;:�?DJ;HL?;MI

7D:�7�IJ7D:7H:�E99KF7D9O�IKHL;O�GK;IJ?EDD7?H;�JE�:;L;BEF�7D�KD:;HIJ7D:?D=�E<�J>;�8K?B:?D=�I�F;H<EHC7D9;

<HEC�J>;�FE?DJ�E<�L?;M�E<�?JI�E99KF7DJI 7D:�KI;HI��1>?I�J>;C;�?I�:;I9H?8;:�?D�CEH;�:;J7?B� ?D�9>7FJ;H����1>;

I;9ED:� J>;C;� 9EDI?:;H;:� J>;� 8K?B:?D=� <HEC� J>;� FE?DJ� E<� L?;M� E<� J>;� :;I?=D� 7D:� 9EDIJHK9J?ED� J;7C�� 1>?I

?D9BK:;:�7�:;I?=D� J;7C�MEHAI>EF� JE�97FJKH;�7D:�I>7H;� B;IIEDI� <HEC�J>;�:;I?=D�7D:�:;B?L;HO�FHE9;II��1>;

MEHAI>EF�M7I� <EBBEM;:� 8O� ?D:?L?:K7B� ?DJ;HL?;MI� JE� FHEL?:;� <KHJ>;H� :;J7?BI� ED� ?IIK;I� ?:;DJ?<?;:� :KH?D=� J>;

MEHAI>EF�7D:�JE�:?I9KII�?:;DJ?<O�F;H<EHC7D9;�H?IA�<79JEHI�J>7J�9EKB:�8;�KI;:�7I�F7HJ�E<�7�:;I?=D
IJ7=;��:K;


:?B?=;D9;��FHE9;II��1>; EKJ9EC;�E<�J>;I;�79J?L?J?;I�?I�:;I9H?8;:�?D�9>7FJ;H����1>;�J>?H:�J>;C;�H;L?;M;:�J>;

7I
8K?BJ� F;H<EHC7D9;� E<� J>;� 8K?B:?D=� <HEC� 7� J;9>D?97B� F;HIF;9J?L;� 7D:� ?D9BK:;:� 7� J;9>D?97B�M7BA
J>HEK=>	

?D:?97J?L;� J>;HCE=H7F>?9� IKHL;O� 7D:� 7� H;L?;M� E<� 7I
8K?BJ� ?D<EHC7J?ED�� 1>;� <EKHJ>� J>;C;� H;L?;M;:� J>;

EF;H7J?ED7B� F;H<EHC7D9;� E<� J>;� 8K?B:?D=� J>HEK=>� ED
=E?D=� ;D;H=O� CED?JEH?D=� 7D:� H;=KB7H� EF;H7J?ED7B

F;H<EHC7D9;� H;L?;M� C;;J?D=I� M?J>� J>;� 8K?B:?D=� C7D7=;C;DJ� 7D:� C7?DJ;D7D9;� J;7C�� 1>;� ;D;H=O

CED?JEH?D=�7D:�7D7BOI?I�?I�:;I9H?8;:�?D�9>7FJ;H���M>?B;�J>;�<?D:?D=I�E<�J>;�J;9>D?97B�H;L?;M�7H;�:;I9H?8;:�?D

9>7FJ;H���
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1.3 Key Facts & Figures
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1.4 Key Findings

1>;�8K?B:?D=�M7I�9ECFB;J;:�ED
8K:=;J�7<J;H�7�J>H;;�CEDJ>�:;B7O	�J>;�H;IKBJ�C7?DBO�E<�7D�KD7DJ?9?F7J;:�D;;:

JE�:?L;HJ�=7I�7D:�M7J;H�KJ?B?J?;I�9HEII?D=�J>;�I?J;��1>;�8K?B:?D=�79>?;L;:�7��/""�*�"N9;BB;DJ�H7J?D=�7D:�C;J�7

:;I?=D� ,� ;C?II?EDI�J7H=;J�E<����A= ,��C��OH�M?J>�7�CE:;BB;:�8K?B:?D=�;C?II?ED�H7J;�E<������A= ,��C��OH�

,L;H7BB� J>;� 8K?B:?D=� ?I� H7J;:�M;BB� 8O� ?JI� E99KF7DJI�� &J�C;;JI� J>;� D;;:I� E<� ?JI� KI;HI� 7D:� :;B?L;HI =;D;H7BBO

I7J?I<79JEHO� J>;HC7B� 9EC<EHJ�� !KH?D=� J>;� <?HIJ� JME� O;7HI� E<� EF;H7J?ED� >EM;L;H� J>;H;� >7L;� 8;;D�E997I?EDI

M>;H;�J>;HC7B�9EC<EHJ�:?:�DEJ�C;;J�;NF;9J7J?EDI�7I�7�H;IKBJ�E<�FHE8B;CI�M?J>�8EJ>�J>;�>;7J?D=�7D:�D7JKH7B

L;DJ?B7J?ED�IOIJ;CI����DKC8;H�E<�<79JEHI�9EDJH?8KJ;:�JE�J>;I;�FHE8B;CI��:;I?=D�?IIK;I	�9ECFED;DJ�<7?BKH;I	

?D9ECFB;J;�9ECC?II?ED?D=�7D:�7�B79A�E<�KD:;HIJ7D:?D=�78EKJ�>EM�8;IJ�JE�EF;H7J;�7D:�C7?DJ7?D�J>;�8K?B:?D=�

0EC;�E<�J>;I;�9EKB:�>7L;�8;;D�7LE?:;:�8O�;DIKH?D=�IK<<?9?;DJ�J?C;�8;<EH;�7D:�7<J;H�>7D:EL;H�JE�9ECFB;J;

J>;� 9ECC?II?ED?D=� FHE9;II	� :;B?L;H� 7:;GK7J;� EF;H7J?ED� 7D:�C7?DJ;D7D9;� :E9KC;DJI� 7D:� JH7?D?D=� JE� J>;

8K?B:?D=�C7D7=;C;DJ�7D:�C7?DJ;D7D9;� J;7C���BJ>EK=>�:?H;9J� 9ECF7H?IEDI�8;JM;;D�J>;�8K?B:?D=YI�:;I?=D

;D;H=O�J7H=;J�7D:�?JI�EF;H7J?ED7B�;D;H=O�9EDIKCFJ?ED�7H;�DEJ�FEII?8B;�:K;�JE�J>;�:?<<;H;D9;I�?D�C;JH?9I	�?J�?I

9B;7H� J>7J� J>;� 8K?B:?D=�I� 9KHH;DJ� ?D
KI;� ;D;H=O� F;H<EHC7D9;� :E;I� DEJ� C;;J� ?JI� FEJ;DJ?7B�� 1>;� ;L7BK7J?ED

FHE@;9J�>7I�H;IKBJ;:�?D�7�DKC8;H�E<�?CFHEL;C;DJI�J>7J�>7L;�H;9;DJBO�8;;D�?CFB;C;DJ;:��&D�EH:;H�JE�L;H?<O

J>;�;<<;9J?L;D;II�E<� J>;� ?CFHEL;C;DJI�8;OED:� J>;�:KH7J?ED�E<� J>;��-"�FHE@;9J	� J>;�8K?B:?D=�F;H<EHC7D9;

CED?JEH?D=� M?BB� 8;� 9EDJ?DK;:� 8O� H;I;7H9>;HI� 7J� )EK=>8EHEK=>� 2D?L;HI?JO� ?D� 9ED@KD9J?ED� M?J>� 8K?B:?D=

C7D7=;C;DJ�IJ7<<�
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2 Details of the building, its design, and its delivery
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1>?I�I;9J?ED�E<�J>;�H;FEHJ�I>EKB:�FHEL?:;�9ECC;DJI�ED�J>;�:;I?=D�?DJ;DJ

�9ED9BKI?EDI�E<�J>;�:;I?=D�H;L?;M�	�?D<EHC7J?ED�FHEL?:;:�7D:�J>;�FHE:K9J

:;B?L;H;:��?D9BK:?D=�H;<;H;D9;I�JE�:H7M?D=I	�IF;9?<?97J?EDI	�9ECC?II?ED?D=

H;9EH:I	�BE=�8EEA�7D:�8K?B:?D=�KI;H�=K?:;���1>?I�I;9J?ED�I>EKB:�IKCC7H?I;�J>;

8K?B:?D=�JOF;	�<EHC	�:7OB?=>J?D=�IJH7J;=O	�C7?D�IJHK9JKH;��C7J;H?7BI	

IKHHEKD:?D=�;DL?HEDC;DJ�7D:�EH?;DJ7J?ED	 >EM�J>;�8K?B:?D=�?I�799;II;:�?�;�

JH7DIFEHJ�B?DAI	�9O9B?D=�<79?B?J?;I	�;J9 W M>;H;�FEII?8B;�J>;I;�:;I9H?FJ?EDI�I>EKB:

8;�9EF?;:�EL;H��I9H;;D�=H78I 
 M?J>�97FJ?EDI��<HEC�EJ>;H��-"�:E9KC;DJI�IK9>

7I�J>;�-3.��1>?I�I;9J?ED�I>EKB:�7BIE�EKJB?D;�J>;�9EDIJHK9J?ED�7D:�9EDIJHK9J?ED

C7D7=;C;DJ�FHE9;II;I�7:EFJ;:	�9EDIJHK9J?ED�F>7I;�?D<BK;D9;I�?�;��8K?B:;H

M;DJ�EKJ�E<�8KI?D;II	�<EHC�E<�9EDJH79J�?IIK;I�?�;��DEL7J?ED�E<�:;I?=D�J;7C	

FHE=H7CC;�?IIK;I�;J9��&<�7�0E<J�)7D:?D=I�FHE9;II�M7I�7:EFJ;:�J>?I�9EKB:�8;

H;<;H;D9;:�>;H;�8KJ�J>;�F>7I;I�:KH?D=�M>?9>�?J�M7I�7:EFJ;:�MEKB:�8;

H;9EH:;:�?D�:;J7?B�;BI;M>;H;��&<�7�0E<J�)7D:?D=I�FHE9;II�M7I�7:EFJ;:�J>?I�97D

8;�H;<;H;D9;:�>;H;�8KJ�J>;�F>7I;I�:KH?D=�M>?9>�?J�M7I�7:EFJ;:�MEKB:�8;

H;9EH:;:�?D�:;J7?B�;BI;M>;H;�?D�J>?I�H;FEHJ�7D:�?D�J>;�J;CFB7J; #"��� ���43

�42�"4,9��'3*/3-8�7+5479�*4)�

2.1 Brief and design intent

1>;�8K?B:?D=�FHE@;9J�97C;�78EKJ�<HEC�J>;�I>7H;:�CEJ?L7J?ED�E<�J>;�2D?L;HI?JO�E<�+EHJ>7CFJED��2E+�	�4;IJ

+EHJ>7CFJEDI>?H;�!;L;BEFC;DJ� EHFEH7J?ED��4+! ��7D:�!7L;DJHO�!?IJH?9J� EKD9?B��!! ��JE�9H;7J;�7�9;DJH;

<EH�IKIJ7?D78B;�9EDIJHK9J?ED���D�EFFEHJKD?JO�JE�799;II�C7J9>;:�<KD:?D=�FHEL?:;:�8O�J>;�"KHEF;7D�/;=?ED7B

!;L;BEFC;DJ� #KD:� �"/!#�� 7HEI;�7D:�7�8?:�M7I�FH;F7H;:�8O�4+! 7D: 2E+��1>;�2D?L;HI?JO� J>;D� B;:� J>;

:;L;BEFC;DJ E<�7�8H?;<� ?D� 9ED@KD9J?ED�M?J>��K?B:?D=�/;I;7H9>�"IJ78B?I>C;DJ� ��/"��7D:� J>;� <KD:?D=�8E:?;I

4+! 	�!! �7D:�J>;�"7IJ�*?:B7D:I�!;L;BEFC;DJ��=;D9O����:;I?=D�9ECF;J?J?ED	�HKD�8O��/"�7D:�/&����/EO7B

&DIJ?JKJ;�E<��H?J?I>��H9>?J;9JI��M7I�7DDEKD9;:�?D�*7H9>��

���4+! �JEEA�J>;�B;7:�?D�C7D7=?D=�J>;�FHE@;9J

<EBBEM?D=�J>;�9ECF;J?J?ED�IJ7=;�

1>;�9ECF;J?J?ED�8H?;<�M7I�<EH�7�IKIJ7?D78B;�9;DJH;�E<�;N9;BB;D9;�IKFFEHJ?D=�;:K97J?ED	�JH7?D?D=	�9ED<;H;D9;I

7D:�8KI?D;II ?D9K87J?ED ?D�!7L;DJHO��1>;�8K?B:?D=�MEKB:�8;�7D�?9ED?9�7H9>?J;9JKH7B�;N7CFB;�I>EM97I?D=�7D:

9ECFB;C;DJ?D=� ?DDEL7J?L;� J>?DA?D=� 7D:� J;9>DEBE=O� ?D� 7� IKIJ7?D78B;� C7DD;H�� 1>;� 799ECCE:7J?ED� JE� 8;

FHEL?:;:� MEKB:� ?D9BK:;� <B;N?8B;� IJ7HJ
KF� E<<?9;I	� 9ED<;H;D9;� <79?B?J?;I� <EH� �

� F;EFB;	� ;N>?8?J?ED� IF79;I	

C;;J?D=�HEECI	�8H;7A
EKJ�IF79;	�97DJ;;D�7D:�IKFFEHJ?D=�<79?B?J?;I��1>;�FH;B?C?D7HO�9ECF;J?J?ED�8H?;<�I;J�J>;

8K:=;J�7J�Q�	�

	


�

1>;� 9ECF;J?J?ED� JE� I;B;9J� J>;� M?DD?D=� :;I?=D� M7I� 7� JME
IJ7=;� FHE9;II�� 1>;� <?HIJ� IJ7=;� M7I� @K:=;:

7DEDOCEKIBO� ED� J>;� 87I?I� E<� JME� FH;I;DJ7J?ED 8E7H:I� 7D:� 7� I>EHJ� :;I?=D� 7D:� ;DL?HEDC;DJ7B� IJ7J;C;DJ

IK8C?JJ;:� 8O� ;79>� :;I?=D J;7C�� �� DKC8;H� E<� J;7CI� M;H;� I>EHJ
B?IJ;:� 7D:� ?IIK;:� M?J>� 7� CEH;� :;J7?B;:

I;9ED:� IJ7=;� 8H?;<�� 1>;� M?DD;H� M7I� I;B;9J;:� ED� J>;� 87I?I� E<� J>;� :;I?=D�I� ?DDEL7J?L;D;II� 7D:� L?IK7B

?CFH;II?ED	�9EDJ;NJK7B�H;IFEDI;�JE�J>;�I?J;	�7:>;H;D9;�JE�J>;�H;GK?H;C;DJI�E<�J>;�8H?;<�7D:�:;CEDIJH7J?ED

E<� IKIJ7?D78?B?JO� 7D:� ;D;H=O� ;<<?9?;D9O�� "DJH?;I� M;H;� 7BIE� 9EDI?:;H;:� ED� J>;?H� 7M7H;D;II� E<� ?IIK;I� E<

FH79J?97B?JO�7D:�<?D7D9?7B�<;7I?8?B?JO�?DLEBL;:�?D�9EDIJHK9J?D=�7D�;N;CFB7H�P;HE�97H8ED�8K?B:?D=�
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1>;�9ECF;J?J?ED�M7I�7:C?D?IJ;H;:�8O�/&��	�M?J>�J>;�?DLEBL;C;DJ�E<�J>;�F7HJD;HI�H;IFEDI?8B;�<EH�:;L;BEF?D=
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3 Review of building services and energy systems.
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3.2 Heating
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3.3 Domestic Hot Water
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3.9 Metering and Monitoring
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4 Key findings from occupant survey
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4.2 Key Findings
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5 Details of aftercare, operation, maintenance & management
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6 Energy use by source
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6.4 TM22 Analysis
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� I>EM� J>;� 7DDK7B� :;B?L;H;:� ;D;H=O� 7D:�  ,� ;C?II?EDI� <EH

;B;9JH?9?JO�7D:�=7I�

Energy, carbon and cost summary Units Electricity Fuels Thermal

Non renewable fuel or electricity supplied to site kWh/annum 318,499 189,833 0
Separable energy uses kWh/annum 0 0 0
Renewable energy used on site kWh/annum 0 0 0
Renewable energy exported kWh/annum 0 0 0
Output from CHP used in building kWh/annum 0 0
Exported CHP kWh/annum 0 0

#'(1+����#����"/251+�'88+882+39 � �33:'1�*+1/;+7+*�+3+7->�(>�9>5+

Unit values Energy supplied (kWh/m2 GIA) Carbon dioxide emissions
(kg CO2/m2 GIA)

Fuel/thermal Electricity Fuel/thermal Electricity TOTAL
Supplied 47.2 79.2 9.2 43.5 52.7

#'(1+�
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6.5 Conclusions
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7.2 Domestic Hot Water

1>;� 8E?B;H� I;HL?D=� J>;� !%4� 97BEH?<?;HI� ?I� 9EDJHEBB;:� JE� C7?DJ7?D� 7� �
S � <BEM� J;CF;H7JKH;�� �;97KI;� J>;

97BEH?<;HI�7H;�EL;HI?P;:�<EH�J>;�GK7DJ?JO�E<�>EJ�M7J;H�KI;:�J>;�8E?B;H�9O9B;I�<H;GK;DJBO��4>?B;�?J�C7O�8;�CEH;

;<<?9?;DJ� JE�C7?DJ7?D� 7� FH;
I;J� C?D?CKC� 97BEH?<?;H� J;CF;H7JKH;� H7J>;H� J>7D� 7� FH?C7HO� <BEM� J;CF;H7JKH;	

9ED9;HDI� 78EKJ� );=?ED;BB7�C;7DJ� J>;� 8K?B:?D=�C7?DJ;D7D9;� J;7C�M;H;� H;BK9J7DJ� JE�C7A;� 9>7D=;I�� 1>;H;

>7L;�8;;D�FHE8B;CI�M?J>�J>;�M7J;H�IKFFBO�JE�J>;�I>EM;HI�>EM;L;H�J>;O�7FF;7H�JE�>7L;�8;;D�H;IEBL;:�8O

J>;�;D:�E<�J>;�;L7BK7J?ED�FHE@;9J��1>;�FHE8B;CI�M;H;�8;B?;L;:�JE�8;�97KI;:�8O J>;�<7?BKH;�E<�7�-&/�IEB;DE?:

L7BL;��?DJ;D:;:�JE�?IEB7J;�M7J;H�JE�I>EM;HI�JE�FH;L;DJ�J>;C�8;?D=�B;<J�ED��

7.3 Ventilation

�+ 1��0,.��+&0/

,L;H>;7J?D=� M7I� H;FEHJ;:� ?D� IEC;� E<� J>;� ?D9K87JEH� KD?JI� 7D:� J>;� IJH;;J� :KH?D=� J>;� <?HIJ� IKCC;H� E<� J>;

8K?B:?D=�I�EF;H7J?ED� ?D��
����0EC;�E<�J>?I�M7I�:K;�JE�7� B79A�E<�L;DJ?B7J?ED�97KI;:�8O�79JK7JEH�<7?BKH;I��1>;

<7KBJO� 79JK7JEHI�M;H;� ?:;DJ?<?;:�7D:� H;FB79;:�� #KHJ>;H� FHE8B;CI�E99KHH;:� :KH?D=�M7HC�8KJ� H7?DO�M;7J>;H�

1>;I;�M;H;�JH79;:�JE�J>;�H7?D�I;DIEH	�M>?9>�?I�?DJ;D:;:�JE�9BEI;�J>;�L;DJI�JE�FH;L;DJ�H7?D�?D=H;II��1>;�I;DIEH

M7I�H;C7?D?D=�:7CF�7<J;H�7�H7?D�I>EM;H�>7:�F7II;:	�FH;L;DJ?D=�J>;�L;DJI�<HEC�H;EF;D?D=��1>;�FHE8B;C�M7I

7::H;II;:�8O�H;FB79?D=�J>;�H7?D�I;DIEH�M?J>�ED;�J>7J�?D9EHFEH7J;:�7�>;7J?D=�;B;C;DJ��1>;�>;7J;:�H7?D�I;DIEH

?I�B;II�B?A;BO�JE�8;�JH?==;H;:�8O�:;M�EH�9ED:;DI7J?ED�7D:�M?BB�:HO�CEH;�GK?9ABO�M>;D�H7?D�IJEFI��1>;�BE97J?ED

E<� J>;� I;DIEH	� 7J� J>;� I?:;� E<� J>;� L;DJ?B7J?ED� IJ79AI	� 79JK7BBO� C;7DI� J>7J� ?D� 9;HJ7?D� M?D:� :?H;9J?EDI� ?J� ?I

I>;BJ;H;:� <HEC� H7?D	� H;:K9?D=� ?JI I;DI?J?L?JO�� /7?I?D=� J>;� I;DIEH� 78EL;� J>;� HEE<
B?D;� E<� J>;� IJ79AI� MEKB:

?CFHEL;�?JI�I;DI?J?L?JO�

��"�7'/3�8+3847

!KH?D=� J>;� <?HIJ�M?DJ;H�E<� J>;� 8K?B:?D=�I� EF;H7J?ED� J>;H;�M;H;� 9ECFB7?DJI� E<� IJK<<?D;II� 7D:�EL;H>;7J?D=� ?D

IEC;�E<� J>;�KD?JI���BJ>EK=>� J>; IJK<<?D;II�9EKB:�8;�7� IOCFJEC�E<�EL;H>;7J?D=	� ?J� 9EKB:�7BIE�8;�:K;� JE�7D

?D7:;GK7J;� <H;I>� 7?H� IKFFBO��4>;D� J>;� >;7J� FKCF� ?I� ;D78B;:� 7D� 7N?7B� <7D� ?D� <HEDJ�E<� J>;�;N>7KIJ� 7?H� >;7J

FKCF� EF;H7J;I� JE� ;NJH79J� 7?H� <HEC� J>;� ?D9K87JEH� KD?JI�� #H;I>� 7?H� ?I� 7IIKC;:� JE C7A;� KF� JE� :?<<;H;D9;	

;DJ;H?D=�;79>�?D9K87JEH�KD?J�8O�?D<?BJH7J?ED�<HEC�EKJI?:;�EH�7HEKD:�J>;�?DJ;HD7B�:EEHI�<HEC�J>;�9EHH?:EHI��1>;

<7D� M7I� I?P;:� JE� FHEL?:;� 7� L;DJ?B7J?ED� H7J;� E<� �
� B�I�F;HIED� ?D� J>;� ?D9K87JEH� KD?JI� >EM;L;H� J>;H;� 7H;� DE

9ECC?II?ED?D=�H;9EH:I�7L7?B78B;�IE�?J�I�DEJ�ADEMD�M>;J>;H�J>;�IOIJ;C�MEHAI�7I�?DJ;D:;:��&D�H;IFEDI;�JE�J>;

9ECFB7?DJI�J>;�D7JKH7B�L;DJ?B7J?ED�7C8?;DJ�J;CF;H7JKH;�I;J
FE?DJ�M7I�CE:?<?;:�JE�7BBEM�J>;�L;DJI�JE�EF;D

;L;D� :KH?D=� 9EB:� M;7J>;H�� 1>;� EH?=?D7B� I;J
FE?DJ� >7:� ;<<;9J?L;BO� :?I78B;:� J>;� D7JKH7B� L;DJ?B7J?ED� IOIJ;C



FINAL 15th June 2014

Building Performance Evaluation, Non-Domestic Buildings – Phase 1 - Final Report Page 
�

:KH?D=� J>;� >;7J?D=� I;7IED�� #EBBEM?D=� J>;�7:@KIJC;DJ	�EL;HB7FF?D=� I;J
FE?DJI�C;7DJ� ?J� 8;97C;�FEII?8B;� JE

EF;D� 7� KD?J�I� L;DJ� M>?B;� J>;� ;NJH79J� <7D� ?I� HKDD?D=�� 1>?I� 9EKB:� 97KI;� J>;� ;NJH79J� IOIJ;C� JE� 8;9EC;

KD87B7D9;:�8O�?DJHE:K9?D=�7�F7J>�E<�B;7IJ�H;I?IJ7D9;�J>7J�9EKB:�H;IKBJ�?D�B;II�7?H�8;?D=�:H7MD�<HEC�J>;�E<<?9;I

M>EI;� L;DJI� H;C7?D� 9BEI;:�� &J� 9EKB:� 7BIE� H;IKBJ� ?D� 9EB:� 7C8?;DJ� 7?H� 8;?D=� :H7MD� ?DJE� J>;� ;NJH79J� IOIJ;C	

H;:K9?D=�J>;�J;CF;H7JKH;�E<�J>;�7?H�;DJ;H?D=�J>;�"�%-	�M>?9>�M?BB�H;:K9;�?JI�;<<?9?;D9O�7D:�KBJ?C7J;BO�FH;L;DJ

?J�EF;H7J?D=�?<�J>;�?DB;J�7?H�J;CF;H7JKH;�:HEFI�8;BEM���S ��&J�M?BB�7BIE�>7L;�J>;�;<<;9J�E<�7BBEM?D=�J>;�L;DJI�JE

EF;D� ;L;D� J>EK=>� J>;� >;7J?D=� ?I� ED�� 1>;� FEII?8?B?JO� E<� KI?D=� /#� 9EDJHEBB;:� 1/3I� M7I� :?I9KII;:�M?J>� J>;

EF;H7J?ED7B� ?IIK;I� J;7C	� J>;I;� 9EKB:� 7BBEM� 9;DJH7B� 9EDJHEB� J>7J� C?=>J� E<<;H� IEC;� 7BB;L?7J?ED� E<� BE97B

EL;H>;7J?D=�:KH?D=�J>;�M?DJ;H��&<�D;9;II7HO	�J>;O�9EKB:�7BIE�8;�B?DA;:�8O�J>;��*0�JE�J>;�L;DJ?B7J?ED�EF;D?D=

JE�JKHD�J>;�H7:?7JEHI�E<<�M>;D�J>;�L;DJI�7H;�EF;D;:�

!KH?D=�*7O��
���7� IF;BB� E<�>EJ�M;7J>;H� H;IKBJ;:� ?D�9ECFB7?DJI�E<�EL;H>;7J?D=	�F7HJ?9KB7HBO� ?D� J>;� ?DJ;HD7B

�IJH;;J
<79?D=��E<<?9;I��,D���H:�*7O	�ED;�KD?J�>7:�H;79>;:�D;7HBO��
S �8O�;7HBO�7<J;HDEED�7D:�H;C7?D;:�EL;H

��S � KDJ?B� J>;� IC7BB� >EKHI� E<� J>;�CEHD?D=�� !KH?D=� J>?I� M;;A� J>;H;�M;H;� I?N� IK99;II?L;� :7OI� J>;� 7C8?;DJ

J;CF;H7JKH;�H;79>;:���S 	�>EM;L;H�J>;�D?=>J
J?C;�J;CF;H7JKH;�KIK7BBO�:HEFF;:�JE�78EKJ���S ��1E�C?J?=7J;

EL;H>;7J?D=�J>;�D7JKH7B�L;DJ?B7J?ED�EF;D?D=�I;JFE?DJI�M;H;�H;:K9;:�7D:�J>;��*0�I9>;:KB;�M7I�9>7D=;:�JE

7BBEM� L;DJI� JE� EF;D�EL;HD?=>J�� %EM;L;H� J>;I;� 9>7D=;I�M;H;� DEJ� H;L;HI;:� 7<J;H� J>;�M;7J>;H� JKHD;:� 9EEB

7=7?D�� !KH?D=� J>;� BED=� 87DA� >EB?:7O� M;;A;D:� J>;� J;CF;H7JKH;� ?D� J>;� KD?JI� J>7J� >7:� ;7HB?;H� EL;H>;7J;:

:HEFF;: JE�8;BEM���S ��4>;D�IJ7<<�H;JKHD;:�B7J;H�?D�J>;�M;;A�J>;�9ECFB7?DJI�M;H;�E<�E<<?9;I�J>7J�M;H;�JEE

9EB:��1>;��*0�9EDJHEB�IJH7J;=O�?D9BK:;I�7�D?=>J�FKH=;�<KD9J?ED�H;=KB7J;:�8O�J>;�C?D?CKC�IF79;�J;CF;H7JKH;

>EM;L;H�?J�:E;I�DEJ�7FF;7H�JE�8;�<KBBO�?CFB;C;DJ;:� 1>?I�C7O�;NFB7?D�M>O�?J�M7I�D;9;II7HO�JE�9>7D=;�J>;

D7JKH7B� L;DJ?B7J?ED�E99KF7D9O�I9>;:KB;� JE������ JE�7BBEM�D?=>J�FKH=?D=�� &<� J>;� IOIJ;C� ?I� 9ED<?=KH;:� JE�7BBEM

D?=>J�L;DJ?B7J?ED�?J�C7O�8;�D;9;II7HO�JE�7:@KIJ�J>;�EF;H7J?D=�E<�J>;�>;7J?D=�JE�FH;L;DJ�?J�HKDD?D=�M>;D�J>;

L;DJI�7H;�EF;D��&:;7BBO�J>?I�I>EKB:�8;�>7D:B;:�8O�J>;��*0�8KJ�?J�C7O�D;;:�C7DK7B�?DJ;HL;DJ?ED�

0KCC;H� �
���M7I� H;B7J?L;BO� 9EEB	� IE� ?J� M7I� :?<<?9KBJ� JE� 7I9;HJ7?D�M>;J>;H� J>;� B79A� E<� EL;H>;7J?D=� ?D� J>;

?D9K87JEH�KD?JI�M7I�:K;�JE�M;7J>;H�9ED:?J?EDI�EH�J>;�KI;�E<� BED=;H�I9>;:KB;:�EF;H7J?D=�F;H?E:I�JE�F;HC?J

D?=>J
J?C;�L;DJ?B7J?ED��1>;�L;DJ�79JK7JEHI�>7L;�9EDJ?DK;:�JE�97KI;�FHE8B;CI��?D9K87JEH�KD?J�L;DJI�>7L;�8;;D

<EKD:� JE� 8;�EF;D�:;IF?J;� J>;� ?DJ;HD7B� J;CF;H7JKH;�8;?D=� 8;BEM� J>;� L;DJ� EF;D?D=� I;J
FE?DJ� 7D:� J>;��*0

H;FEHJ?D=�J>;�L;DJI�JE�8;�9BEI;:��1>;�C7DK7B�EL;HH?:;�IM?J9>�M7I�KD78B;�JE�9BEI;�J>;�L;DJI	�M>?9>�IK==;IJ;:

J>7J�J>;�79JK7JEHI�J>;CI;BL;I�M;H;�<7KBJO	�KDB;II�J>;��*0�M7I�<7?B?D=�JE�H;=?IJ;H�J>7J�J>;�L;DJI�7H;�EF;D���D

?DIF;9J?ED�E<� J>;�HEE<� ?D�IFH?D=��
���H;L;7B;:�I;L;H7B� ?D9K87JEH�KD?J�L;DJ�:EEHI�M;H;�J7F;:�EH� J?;:�9BEI;:

7D:�7�DKC8;H�E<�EJ>;H�L;DJ�:EEHI� <7?B;:� JE�EF;D��!KH?D=� J>;�IKCC;H� J>;� <7KBJO�79JK7JEHI�ED� J>;� HEE<JEF

L;DJ?B7J?ED� :EEHI�M;H;� H;FB79;:�� 1>;�MEHA�M7I� I?=D;:
E<<� 7<J;H� ;79>� 79JK7JEH� >7I� 8;;D� :;CEDIJH7J;:� JE

MEHA�9EHH;9JBO�



FINAL 15th June 2014

Building Performance Evaluation, Non-Domestic Buildings – Phase 1 - Final Report Page 
�

�3):('947�:3/9�;+39�9'5+*�:5 �3):('947�:3/9�;+39�9/+*�)148+*

1>;H;� ?I� IEC;�KD9;HJ7?DJO� 78EKJ� J>;� B;L;B� E<� ?DJ;HD7B� >;7J� =7?DI� ?D� :?<<;H;DJ�E<<?9;� KD?JI�� 1>;�EL;H>;7J?D=

97B9KB7J?ED�C7:;�7IIKCFJ?EDI�78EKJ J>;�7CEKDJ�E<�;GK?FC;DJ�?D�;79>�KD?J��1;D7DJI�M?J>�>?=>;H�;GK?FC;DJ

:;DI?J?;I� EH� ;GK?FC;DJ� HKDD?D=� F;HC7D;DJBO� IK9>� 7I� I;HL;HI� M?BB� 8;� 7J� =H;7J;H� H?IA� E<� EL;H>;7J?D=�

,L;H>;7J?D=� 9EKB:� 8;� :K;� JE� ;GK?FC;DJ� :;DI?JO�EH� ?D9EHH;9J� I;JJ?D=� E<� J>;� 1/3I� �FEII?8BO :K;� JE� J;D7DJI

C?IKD:;HIJ7D:?D=�J>;?H�EF;H7J?ED��

��C?DEH�8K?B:�:;<;9J�?D�J>;�L;DJ?B7J?ED�IJ79AI�>7I�8;;D�?:;DJ?<?;:	�M>?9>�7BBEMI�7?H�JE�CEL;�8;JM;;D�7:@79;DJ

IJ79AI�7D:�9EKB:�97KI;�:H7<JI�?D�?D9K87JEH�KD?JI�:;IF?J;�J>;?H�EMD�L;DJI�8;?D=�9BEI;:��&J�I>EKB:�8;�FEII?8B;�JE

H;9J?<O�J>?I�8O�;NJ;D:?D=�J>;�B?D?D=�E<�;79>�IJ79A�KF�JE�9BEI;�7�IC7BB�=7F�7J�J>;�JEF�E<�J>;�IJ79A�J;HC?D7B��&J�>7I

DEJ�8;;D�FEII?8B;�JE�97HHO�EKJ�H;C;:?7B�MEHA�>EM;L;H	�:K;�JE�:?<<?9KBJ?;I�I;JJ?D=�KF�799;II�FB7J<EHCI�<EH�I7<;

MEHA?D=�M?J>?D�J>;�IJ79AI�

�0.""0

1>;�IJH;;J�;NF;H?;D9;I�>?=>�J;CF;H7JKH;I�:KH?D=�>EJ�M;7J>;H	�7D:�>7I�8;;D�J>;�IEKH9;�E<�IEC;�9ECFB7?DJI�

1>;�IJH;;J�?I�DEJ�9EDI?:;H;:�JE�8;�7�F;HC7D;DJBO�E99KF?;:�IF79;�7D:�J>;H;<EH;�M7I�DEJ�H;GK?H;:�JE�I7J?I<O

7DO�EL;H>;7J?D=�9H?J;H?7�7J�:;I?=D�IJ7=;��1>;�:;I?=D�IJ7=;�9ECFB?7D9;�H;FEHJ�79JK7BBO�?D:?97J;I�J>7J�J>;�IJH;;J
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7.4 Air Conditioning

�1!&0,.&1*����
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H7?I;� J>;� 7K:?JEH?KC� J;CF;H7JKH;� <HEC� J;CF;H7JKH;� E<� ��S � JE� 7DO�CEH;� J>7D� 78EKJ� ��S �� �� >;7LO� :KJO

;B;9JH?9� <7D� >;7J;H�M7I� KI;:� J;CFEH7H?BO� JE� FH;
>;7J� J>;� 7K:?JEH?KC� JE� 7� J;CF;H7JKH;� 7J�M>?9>� J>;� >;7J
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?J�M7I�IK==;IJ;:�J>7J�879A=HEKD:�>;7J?D=�?I�D;9;II7HO�JE�IKFFB;C;DJ�J>;��%2�7D:�J>7J�F;H?C;J;H�H7:?7JEHI

M;H;� EH?=?D7BBO� F7HJ� E<� J>;� :;I?=D� 8KJ� M;H;� EC?JJ;:� 7I� F7HJ� E<� L7BK;� ;D=?D;;H?D=�� 1>;� 7BJ;HD7J?L;I� JE

IKFFB;C;DJ7HO� >;7J?D=� M;H;� ;?J>;H� HKDD?D=� J>;� �%2� 9EDJ?DKEKIBO� JE� JHO� JE� C7?DJ7?D� J>;� 879A=HEKD:

J;CF;H7JKH;�EH�IJ7HJ?D=�J>;��%2�IK<<?9?;DJBO� ?D�7:L7D9;�E<�J>;�7K:?JEH?KC�8;?D=�KI;:� ?D�EH:;H�JE�H;79>�7D

799;FJ78B;� J;CF;H7JKH;�� #KHJ>;H� MEHA� 8O� J>;� �*0� ?DIJ7BB;H� 7D:� C7?DJ;D7D9;� 9EDJH79JEH� H;L;7B;:� J>;

FHE8B;C� M7I� F7HJBO� J>;� H;IKBJ� E<� 7� C?I9ED<?=KH7J?ED� ?D� J>;� C7DK<79JKH;H�I� IKFFB?;:� 9EDJHEB� IJH7J;=O� 7D:

F7HJBO�:K;�JE�9ECFED;DJ�<7?BKH;�7D:�H;<H?=;H7DJ�B;7AI�M?J>?D�J>;�>;7J�FKCF�KD?J���<J;H�I;L;H7B�C7?DJ;D7D9;

L?I?JI ?JI�F;H<EHC7D9;�7FF;7H;:�JE� ?CFHEL;�7D:�8O�'7DK7HO��
��� ?J�M7I�78B;�JE�8H?D=�J>;�7K:?JEH?KC�KF�JE

J;CF;H7JKH;�7<J;H�8;?D=�JKHD;:�E<<�EL;H�J>;� >H?IJC7I�F;H?E:��#KHJ>;H�J;IJ?D=�?I�D;9;II7HO�JE�:;J;HC?D;�>EM

BED=�J>;��%2�J7A;I�JE�H7?I;�J>;�7K:?JEH?KC�IF79; J;CF;H7JKH;�M>;D�?J�>7I�8;;D�E<<�<EH�IEC;�J?C;���BJ>EK=>

J>;� IOIJ;C�M7I� ?DJ;D:;:� JE� 8;� EF;H7J;:� ED� 7� FH;
I;J� M;;ABO� I9>;:KB;� J>;� 7K:?JEH?KC� ?I� =;D;H7BBO� KI;:
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KD?J� MEKB:� MEHA� M>;D� H;GK?H;:� EH� @KIJ� 799?:;DJ7BBO	� ?J� >7I� 8;;D� B;<J� HKDD?D=� 9EDJ?DKEKIBO	� I?=D?<?97DJBO
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7FF;7HI� JE� >7L;� 9EBB;9J;:�M?J>?D� J>;� KD?J� 7D:� ;L;DJK7BBO� B;7A;:� 97KI?D=� IK8IJ7DJ?7B�M7J;H� :7C7=;� JE� J>;

HEEC� 8;BEM�� 1>?I� M7I� ?DL;IJ?=7J;:� 8O� J>;� C7?DJ;D7D9;� 9EDJH79JEH� M>E� IKIF;9J;:� ?D7:;GK7J;� JH7FI� 7D:

F?F;MEHA�<7BB�� &D�7::?J?ED�JE�J>;�J;9>D?97B�FHE8B;CI�;NF;H?;D9;:	� ?J� ?I�IJ?BB�KD9B;7H�>EM�8;IJ�JE�EF;H7J;�J>;

KD?J�� KHH;DJBO�J>;�KD?J�?I�EDBO�97F78B;�E<�EF;H7J?D=�ED�<KBB�<H;I>�7?H�IKFFBO�� EC8?D;:�M?J>�J>;�B?C?J;:�EKJFKJ
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7.5 Water Metering

1>;H;�7H;�J>H;;�M7J;H�C;J;HI�?D�J>;�BEM;H�=HEKD:�<BEEH�FB7DJ�HEEC��1>;I;�C;7IKH;�J>;�M7J;H�IKFFB?;:�JE�J>;
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8;;D�M?H;:�KF�

7.6 Control System
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7.7 Lighting
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8 Key messages for the client, owner and occupier
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10.1TM22 output summaries
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Electricity demand (kWh/m2/year)

System Design electricity
(kWh/m2/year)

In-use electricity
(kWh/m2/year)

Typical benchmark
(kWh/m2/year)

Good practice
benchmark

(kWh/m2/year)
Space Heating 2.9 7.4
Domestic hot water 0.0 0.0

Space cooling 0.2 3.6 0.0 0.0

Air movement 2.1 7.2 0.0 0.0
Pumps and Controls 0.9 4.1 5.7 1.9
Lighting 15.9 21.7 21.9 13.3
Household/office appliances 0.0 19.3 17.1 11.4
ICT Equipment/computer room 0.0 2.4 2.4 2.4
Indoor transportation 0.0 0.3
Cooking 0.0 7.9 2.9 1.9
Cooling Storage 0.0 0.0
Other electricity 0.0 5.6 3.8 2.9

Total 21.9 79.6 53.7 33.7
Metered building energy use 79.2 79.2
Variance TM22 versus metered
total -57.2 0.5

Variance TM22 versus metered
total -72% 1%
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System In-use electricity
(kWh/m2/year)

In-Use
Full load W/m2 System hours/year Utilisation

Space Heating 7.4 2.8 2,598 29.7%
Hot water 0.0 0.0 0 0.0%
Refrigeration 3.6 2.5 1,480 16.9%
Fans 7.2 1.7 4,374 49.9%
Pumps 3.4 0.6 5,869 67.0%
Controls 0.7 0.1 8,760 100.0%
Lighting (Internal) 21.7 9.5 2,293 26.2%
Lighting (External) 5.6 1.2 4,615 52.7%
Small Power 19.3 2.5 7,701 87.9%
ICT Equipment 2.4 0.3 8,760 100.0%
Vertical Transport 0.3 1.0 313 3.6%
Catering - Central 7.9 19.1 415 4.7%

Total 79.6 41.1
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