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CITY BL CITY WP

Lighting for Urban beautification projects require 
high performance luminaires with high optical 
control. Maximise light distribution and energy 

savings with Tamlite’s CITY range.

#BritishManufacturer
Est. 1967

Environmental Wellbeing Safer Buildings

Explore the CITY: tamlite.co.uk/cibse-city
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M ap p ing  ou t a rou te
In the run­ up to the UN Climate Change Conference, 
COP26, in Glasgow, the UK government finally 
published its !"#$%#&'%()*+'*&,-%.$/#$",0%last month1

Central to the strategy is the transition away from 
fossil­ fuelled heating to low  carbon alternatives. It states 
that new and replacement gas boilers in homes will 
be banned by 2035, and promises grants of £ 5,000 if 
homeowners replace them with a heat pump. 

The government strategy firmly backs heat pumps 
and  states an aim of 600,000  installations a year by 2028 . 
This is a 20­ fold increase in the number  currently being 
installed  annually in the UK, and  is a huge challenge 
for an industry that will have to find a way of scaling up 

in the midst of a skills crisis. The £ 4 50m Boiler Upgrade Grant is also only for three 
years, enough to pay for 90,000 heat pumps. The grant will need to be a lot higher to 
hit the 600,000 target.

For heat pumps to function efficiently and cost­ effectively, homes need to be well 
insulated and airtight, which millions of homes in the UK are not. For many, the 
switch to a heat pump will entail a hefty investment in energy efficiency measures. 
There is little support for energy efficiency measures in the strategy, which is a pity 
when you consider that a buildingí s carbon emissions could be cut by 38 % if  steps were 
taken to improve energy performance, according to BEIS.

Whether hydrogen will one day be piped through existing gas network is still an 
unknown. The government will be carrying out more large­ scale trials before making 
a decision in 2026. There is continued support for heat networks, and a consultation 
on heat network zoning ñ  released last month ñ  aims to expedite the development of 
networks by identifying the areas that would most benefit from one (page 39). 

With so much uncertainty about wh ich low carbon technologies will prevail, ití s 
difficult to predict what buildings will look like in 2050. Weí ve asked six industry 
experts to gaze into the crystal ball to share their visions of the future (page 22).

There will be more certainty around embodied energy in heating and hot­ water 
systems with the upcoming publication of CIBSE TM65.1. It breaks down the 
embodied energy in common domestic systems, based on research by Elementa 
Consulting . One of its graduate engineers, Yara Machnouk, shares the findings on 
page 28 . There  are also details of a similar upcoming study for commercial systems 
that manufacturers are welcome to join.

 Machnouk also happens to have  come third in last monthí s CIBSE ASHR AE 
Graduate of the Year awards. Details of her presentation can be found on page 20, 
alongside th ose of winner L ucy Sherburn and runner­ up Matthew Dickenson.
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District Heating Solutions
Supporting your Heat Network project from design 
to completion and beyond.

To discuss any upcoming projects, or to book a feasibility consultation, 
please visit bosch-industrial.co.uk/heat-networks

At Bosch Commercial & Industrial, we 
offer a wide portfolio of heat generation 
technologies and BESA registered HIU’s 
to help thousands benefi t from affordable 
low-carbon heating and hot water.

Our dedicated support services:

▶   Help you determine the right technologies 
during your project’s feasibility stage

▶   Provide initial and detailed design 
services in line with CIBSE CP1 heat 
network code of practice

▶   Offer on-site installation and commissioning 
support for contractors.
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C limate action p lan to 
be rev ealed at C O P 26
A c r o s s ­ i n d u s t r y  c l i m a t e  a c t i o n  
p l a n  i s  t o  b e  p r e s e n t e d  a t  COP2 6  b y  
c o n s t r u c t i o n  i n s t i t u t i o n s .

Ca r b o n  Z e r o  w i l l  b e  p r e s e n t e d  
d u r i n g  Bu i l t  En v i r o n m e n t  Da y  a t  
COP2 6 ,  o n  1 1  No v e m b e r .

CIBSE i s  o n e  o f  t h e  s i g n a t o r i e s  
a n d  h a s  h a d  a n  i n fl u e n t i a l  r o l e  
i n  d e t e r m i n i n g  t h e  a c t i o n s .  ë Th e  
a c t i o n s  w e  h a v e  c o m m i t t e d  t o  i n  
t h i s  p l a n  a r e  s u b s t a n t i a l ,  a n d  r a n g e  
f r o m  a  r e v i e w  o f  a c c r e d i t e d  d e g r e e s  
a n d  CPD r e q u i r e m e n t s  t h r o u g h  t o  
j o i n t  i n d u s t r y  t a r g e t s ,  g u i d a n c e  
a n d  a s s o c i a t e d  p r o f e s s i o n a l  
o b l i g a t i o n s , í  s a i d  J u l i e  Go d e f r o y ,  
h e a d  o f  s u s t a i n a b i l i t y  a t CIBSE.

Si g n a t o r i e s  h a v e  c o m m i t t e d  t o  
p u b l i s h  a n  i m p l e m e n t a t i o n  p l a n  b y  
COP2 6 .  Se e  p a g e  1 6  f o r  m o r e .

E mbodied energ y in 
h eating  rev ealed
Em b o d i e d  e n e r g y  i n  h e a t i n g  a n d  
h o t  w a t e r  s y s t e m s  i s  r e s p o n s i b l e  
f o r  b e t w e e n  3 %  a n d  2 5 %  o f  
w h o l e ­ l i f e  e m b o d i e d  c a r b o n  i n  a  
b u i l d i n g ,  a c c o r d i n g  t o  n e w  r e s e a r c h  
f o r CIBSE.  

Th e  s t u d y ,  u n d e r t a k e n  b y  
El e m e n t a  Co n s u l t i n g  r e v e a l e d  
a n  a v e r a g e  m e a s u r e  o f  9 k g CO2 e  
p e r  k g  o f  p r o d u c t  w e i g h t  i n  t h e  
s y s t e m s e x a m i n e d .  

Pr o d u c t s  w e r e  s e l e c t e d  t o  
r e p r e s e n t  t h e  m o s t  u s e d  h e a t i n g  
a n d  h o t ­ w a t e r  s y s t e m s  i n  n e w ­
b u i l d  r e s i d e n t i a l  s c h e m e s  i n  t h e  UK .  
Th e  r e s u l t s  w i l l  b e  p u b l i s h e d  i n  n e w  
CIBSE g u i d a n c e  TM 6 5 . 1 .  

M a n u f a c t u r e s  a r e  i n v i t e d  t o  t a k e  
p a r t  i n  a  n e w  s t u d y  o n  o !c e s .  Se e  
p a g e  2 8  f o r  m o r e  i n f o r m a t i o n .

G reener L ondon 
p roj ects to g et 
f aster ap p rov al
Lo n d o n  M a y o r  Sa d i q  K h a n  h a s  
p u b l i s h e d  g u i d a n c e  d e s i g n e d  t o  
e n s u r e  n e w  d e v e l o p m e n t s  a r e  
ë g r e e n e r í  b y  g i v i n g  f a s t e r  a p p r o v a l  i f  
t h e y  p r i o r i t i s e  e n e r g y  p e r f o r m a n c e  
a n d  g i v e  m o r e  s p a c e  f o r  w a l k e r s ,  
c y c l i s t s ,  a n d  p u b l i c  t r a n s p o r t  u s e r s .

Th e  g u i d a n c e  w i l l  r e q u i r e  
d e v e l o p e r s  t o  m o n i t o r  
a n d  r e p o r t  t h e  o p e r a t i o n a l  
e n e r g y  p e r f o r m a n c e  o f  m a j o r  
d e v e l o p m e n t s  f o r  a t  l e a s t  fi v e  y e a r s  
p o s t ­ c o n s t r u c t i o n ,  w h i c h  t h e  m a y o r  
s e e s  a s  a  c r i t i c a l  s t e p  t o w a r d s  h i s  
s t r a t e g y  f o r  d e l i v e r i n g  n e t  z e r o  
c a r b o n  b u i l d i n g s .
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KRPHV�ZRXOG�KDYH�WR�EH�UHWUR½WWHG�HYHU\�\HDU�
IRU�WKH�QH[W����\HDUV�WR�PHHW�QHW�]HUR�DLPV��
´:KHWKHU�UHWUR½WWHG�LQ�RQH�JR�RU�SKDVHG�RYHU�

WLPH��ZH�FDQQRW�DIIRUG�WR�UHWUR½W�WKHP�WZLFH�µ�
&'$:%(11@%

7KH�JXLGH�GH½QHV�VSDFH�KHDWLQJ�DQG�HQHUJ\�
3.$%#$D3-#$<$)&./%()1%(-<.%6"#%(%E+BF+G%

#$13,&-")%-)%&"&(4%$)$#0:%,").3<5&-")%6"#%

&'$%(7$#(0$%HI%'"<$@%J;'$.$%&(#0$&.%'(7$%

2$$)%1$&$#<-)$1%&'#"30'%(%,"<2-)(&-")%"6%

SUDFWLFDO�H[SHULHQFH�DQG�XQGHUVWDQGLQJ�RI�ZKDW�
<$(.3#$.%(#$%#$(4-.&-,(44:%(,'-$7(24$/%-)6"#<$1%

E\�D�QDWLRQDO�KRXVLQJ�VWRFN�PRGHO�WR�H[DPLQH�
-..3$.%.3,'%(.%#$)$A(24$%$)$#0:%5#"7-.-")%()1%

JULG�FDSDFLW\�µ�D�/(7,�VWDWHPHQW�VDLG�
´7KHUH�LV�D�UHWUR½W�VNLOOV�JDS�LQ�WKH�8.�

FRQVWUXFWLRQ�LQGXVWU\�µ�LW�DGGHG��́ 7KLV�
K)"A4$10$ ()1%3)1$#.&()1-)0%"6%'"A%&"%<(K$%

RXU�KRPHV�PRUH�HQHUJ\�HI½FLHQW�PXVW�EH�
1-..$<-)(&$1%(,#"..%&'$%,").&#3,&-")%-)13.&#:%

."%&'(&%&'$.$%#$D3-#$<$)&.%2$,"<$%.&()1(#1%

UHWUR½W�SUDFWLFH�µ

CO2 emissions ë reboundí  after lockdown
LMN%$<-..-").%'(7$%#-.$)%.'(#54:%.-),$%04"2(4%$,")"<-$.%0"&%2(,K%35%()1%#3))-)0/%(,,"#1-)0%&"%&'$%

4(&$.&%()(4:.-.%6#"<%&'$%=)&$#)(&-")(4%9)$#0:%O0$),:%>=9O?@%

7KH�VHFRQG�ELJJHVW�\HDU�RQ�\HDU�ULVH�ZDV�UHFRUGHG�LQ�WKLV�\HDUµV�:RUOG (QHUJ\2XWORRN/%A'-,'%
-),#$(.$.%&'$%)$$1%6"#%0"7$#)<$)&.%&"%-)7$.&%PQ&)%-)%,4-<(&$B<-&-0(&-")%<$(.3#$.%2$6"#$%&'$%$)1%"6%&'-.%

GHFDGH�LI�QHW�]HUR�LV�WR�EH�SRVVLEOH�E\������
7KH�UHSRUW�VD\V�JURZWK�LQ�UHQHZDEOHV�KDG�UHPDLQHG�VWHDG\��EXW�WKHUH�KDG�EHHQ�D�́ ODUJH�UHERXQGµ�

-)%6"..-4B63$4%3.$/%A-&'%1$<()1%2$0-))-)0%&"%#$(,'%5#$B5()1$<-,%4$7$4.%(.%4",K1"A)%#$.&#-,&-").%4-6&%

DFURVV�WKH�JOREH��7KH�,($�QRZ�EHOLHYHV�HPLVVLRQV�FRXOG�KLW�UHFRUG�KLJKV�LQ������DQG�WKDW�PXFK�PRUH�
,"),$#&$1%(,&-")%-.%)$$1$1%6#"<%0"7$#)<$)&.@

´7RGD\µV�FOLPDWH�SOHGJHV�ZRXOG�UHVXOW�LQ�RQO\�����RI�WKH�HPLVVLRQV�UHGXFWLRQV�E\������WKDW�DUH�
QHFHVVDU\�WR�SXW�WKH�ZRUOG�RQ�D�SDWK�WRZDUGV�QHW�]HUR�E\������µ�VDLG�WKH�,($µV�H[HFXWLYH�GLUHFWRU��)DWLK�
%LURO��́ 7KH�ZRUOGµV�KXJHO\�HQFRXUDJLQJ�FOHDQ�HQHUJ\�PRPHQWXP�LV�UXQQLQJ�XS�DJDLQVW�WKH�VWXEERUQ�
-),3<2$),:%"6%6"..-4%63$4.%-)%"3#%$)$#0:%.:.&$<.@%R"7$#)<$)&.%)$$1%&"%#$."47$%&'-.%(&%LMSNE%2:%0-7-)0%

(%,4$(#%()1%3)<-.&(K$(24$%.-0)(4%&'(&%&'$:%(#$%,"<<-&&$1%&"%#(5-14:%.,(4-)0%35%&'$%,4$()%()1%#$.-4-$)&%

WHFKQRORJLHV�RI�WKH�IXWXUH�µ�
´7KH�VRFLDO�DQG�HFRQRPLF�EHQH½WV�RI�DFFHOHUDWLQJ�FOHDQ�HQHUJ\�WUDQVLWLRQV�DUH�KXJH��DQG�WKH�FRVWV�RI�

LQDFWLRQ�DUH�LPPHQVH�µ�DGGHG�%LURO�

7KH�JXLGH�GH½QHV�
WDUJHWV�IRU�

H[LVWLQJKRPHV
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!"#$%&$'#$"()%*#+,&%-"#$%./0.&%
#12%2"3#)&%-)2'4("1%2"+5&541
!"#$%&'$()*+",'$(&--".$/,)0$1234$*-$
!"#$#&'%()*+'*&,-%.$/#$",0

!"#$%&'#()*#)+$",-$./012-"#3$.1,)-$+&$
,4"2#'# .(24#$.,(2+5$0#+6##)$%,-$0&21#(-$,)3$
#1#4+(24$"#,+$./*.-$2)$2+-$1&)%73#1,5#3$!"#$%
#&'%()*+'*&,-%.$/#$",08$6"24"$6,-$./012-"#3$
1,-+*&)+"9

:$;#5$+,4+24$6211$0#$*&'2)%$%(##)$-/(4",(%#-$
<(&*$#1#4+(242+5$+&$%,-$0211-$+&$*,;#$"#,+$./*.-$
*&(#$,++(,4+2'#$+&$4&)-/*#(-9$!"#$%&'#()*#)+$
KDV�DOVR�FRQ½UPHG�D�EDQ�RQ�WKH�LQVWDOODWLRQ�RI�
)#6$,)3$(#.1,4#*#)+$%,-$0&21#(-$05$=>?@9

!"#$-+(,+#%5$-,5-$A>>8>>>$"#,+$./*.$
2)-+,11,+2&)-$.#($5#,($2-$+"#$*2)2*/*$*,(;#+$
-2B#$+",+$6211$0#$(#C/2(#3$05$=>=D$+&$0#$&)$+(,4;$
+&$3#12'#($)#+$B#(&9

!"#$%&'#()*#)+$,1-&$./012-"#3$2+-$1"$%
2"/3%.$/#$",04%6"24"$.(&'23#-$,$(&,3*,.$
<&($#*2--2&)-$(#3/4+2&)$2)$&+"#($2)3/-+(2#-$
2)41/32)%E$.&6#(F$</#1$-/..15$,)3$"53(&%#)F$
2)3/-+(5F$+(,)-.&(+F$),+/(,1$(#-&/(4#-8$6,-+#$
,)3 G7H,-#-F$,)3$%(##)"&/-#$%,-$(#*&',1-9

I/((#)+158$D@J$&<$KL$"&*#-$/-#$),+/(,1$
%,-$<&($"#,+2)%$,)3$4&&;2)%9$!"#$KL$"&/-2)%$
VWRFN�LV�DOVR�DPRQJ�WKH�PRVW�HQHUJ\�LQHI½FLHQW�

2)$M/(&.#8$-&$,33(#--2)%$+"2-$6,-$(,+#3$,$+&.$
.(2&(2+5$05$+"#$%&'#()*#)+$,"#,3$&<$+"#$INO=A$
412*,+#$4&)<#(#)4#$2)$H1,-%&69

!"#$%&'#()*#)+$0#12#'#-$#1#4+(242+5$.(24#-$
",'#$0##)$;#.+$/))#4#--,(215$"2%"$05$+"#$0/(3#)$
&<$-/0-232#-$,)3$2-$1&&;2)%$+&$*&'#$+&$,$-2+/,+2&)$
6"#(#$4&)-/*#(-$/-#$*&(#$#1#4+(242+58$0/+$.,5$
1&6#($(,+#-$<&($2+8$6"21#$%(,3/,115$(#3/42)%$+"#2($
%,-$4&)-/*.+2&)$,-$2+-$4&-+$(2-#-9

P&/-#"&13#(-$-62+4"2)%$<(&*$%,-$+&$"#,+$
./*.-$6211$(#4#2'#$,$Q@8>>>$%(,)+$<(&*$,$)#6$
QR@>*$0&21#($/.%(,3#$-4"#*#9$P&6#'#(8$ISTUM$
+#4")24,1$32(#4+&($P56#1$V,'2#-$-,23$+"#$%(,)+$
6&/13$)&+$4&'#($,11$+"#$4&-+-$&<$+(,)-2+2&)9

WS<$5&/$./+$,$"#,+$./*.$2)$,$XY@>-$"&/-#8$
&+"#($2*.(&'#*#)+-$6211$",'#$+&$0#$*,3#8$-/4"$
,-$2)-+,112)%$*&(#$2)-/1,+2&)9Z

P#$,33#3E$W!"#$&+"#($(#,1$4&)4#()$2-$,(&/)3$
2)-+,11,+2&)8$,)3$6"#+"#($6#$",'#$#)&/%"$
.#&.1#$6"&$4,)$3#-2%)$,)3$2)-+,11$"#,+$./*.-9Z

!"#$-+(,+#%5$,1-&$4&**2+-$+"#$%&'#()*#)+$
+&$2)'#-+2)%$QA>*$2)$"#,+$./*.$2))&',+2&)$+&$
*,;#$+"#*$-*,11#($,)3$#,-2#($+&$2)-+,119
$�½QDO�GHFLVLRQ�RQ�WKH�UROH�RI�K\GURJHQ�LQ�

"#,+2)%$6211$0#$*,3#$2)$=>=A$<&11&62)%$1,(%#7
-4,1#$.21&+$.(&[#4+-9$

=MY^VKXNt]�	\]^�VK\QO�]MKVO�\S`O\�LK]ON�ROK^�Z_WZ�
]c]^OW�RK]�]^K\^ON�Z\Y`SNSXQ�\OXOaKLVO�ROK^SXQ�̂ Y�
-40"&6%*/&51"&&"&%#12%./*35+%*/53251(&7%8-"%9:;0%
<"&$%=/1*#'$41&-5'"%>1"'()%?"1$'"%-#&%*""1%*/53$%
K]�ZK\^�YP�̂ RO�aK^O\]SNO�NO`OVYZWOX^�;_OOX]�;_Kc�
KXN�aSVV�LO�]RYaMK]ON�K]�ZK\^�YP�1VK]QYat]�RY]^SXQ�
4@%$-"%?AB:C%+41@"'"1+"%$-5&%041$-6%51%#1%"D-5*5$%
K^�1VK]QYa�=MSOXMO�-OX^\O�

H eat netw ork s 
to p lay k ey role in 
ach iev ing  net z ero
H e a t  n e t w o r k s  w i l l  p l a y  a  k e y  r o l e  
i n  t r a n s i t i o n i n g  e x i s t i n g  b u i l d i n g s  
t o  l o w  c a r b o n  s o u r c e s ,  a c c o r d i n g  
t o  t h e  g o v e r n m e n t  i n  i t s  H e a t  
a n d Bu i l d i n g s  St r a t e g y ,  p u b l i s h e d  
l a s t  m o n t h .

Th e  g o v e r n m e n t  s a i d  t h a t  i t s  
H e a t  Ne t w o r k s  M a r k e t  Fr a m e w o r k  
w i l l  i n t r o d u c e  m a x i m u m  CO2

e m i s s i o n  l i m i t s  f o r  d i s t r i c t  h e a t i n g  
b y  t h e  e a r l y  2 0 3 0 s  a t  t h e  l a t e s t .

It  s a i d  i t s  £ 3 3 8 m  H e a t  Ne t w o r k  
Tr a n s f o r m a t i o n  Pr o g r a m m e  w o u l d  
c o n t i n u e  t o  g r o w  t h e  m a r k e t  f o r  l o w  
c a r b o n  h e a t  n e t w o r k s .

H e a t  Ne t w o r k s  Re g u l a t i o n s  
w o u l d  b e  i n t r o d u c e d  a s  s o o n  a s  
p o s s i b l e ,  i t  a d d e d .

B ritish  G as sees big  
f u tu re in h eat p u mp s
Br i t i s h  Ga s  i s  h o p i n g  t o  g r o w  i t s  
w o r k f o r c e  t o  t a k e  o n  m o r e  h e a t  
p u m p  i n s t a l l a t i o n  w o r k .

Th e  e n e r g y  g i a n t í s  s o c i a l  h o u s i n g  
s u b s i d i a r y ,  PH  J o n e s ,  m a i n t a i n s  
m o r e  t h a n  1 9 5 , 0 0 0  h o m e s  a c r o s s  
t h e  UK ,  a n d  s a i d  a  g r o w i n g  n u m b e r  
o f  i t s  i n s t a l l a t i o n s  n o w  i n v o l v e  
r e n e w a b l e  s y s t e m s ,  w i t h  n o t i c e a b l e  
g r o w t h  i n  h e a t  p u m p s .

Wi t h  t h e  s o c i a l  h o u s i n g  s e c t o r  
m o v i n g  m o r e  q u i c k l y  t o w a r d s  l o w  
a n d  z e r o  c a r b o n  t a r g e t s ,  Br i t i s h  
Ga s  s a i d  u p s k i l l i n g  t h e  PH  J o n e s  
w o r k f o r c e  w a s  a  p r i o r i t y .

ë Th e  i n d u s t r y  i s  c l e a r l y  s u !e r i n g  
f r o m  a n  a c u t e  s k i l l s  s h o r t a g e ,  a n d  
i t  i s  c r u c i a l  t h a t  l a r g e  e m p l o y e r s  
l i k e  u s  s t e p  u p  t o  a d d r e s s  i t , í  s a i d  
d i r e c t o r  M a t t  Is h e r w o o d . í

H ydrog en h eat 
solu tion w ins 
E arth sh ot p riz e
A g r e e n ­ h y d r o g e n  t e c h n o l o g y  h a s  
s e c u r e d  o n e  o f  t h e  fi r s t  Ea r t h s h o t  
Pr i z e s  a w a r d e d  l a s t  m o n t h  b y  
Pr i n c e  Wi l l i a m .

Pa c i fi c ­ b a s e d  En a p t e r í s  
AEM  El e c t r o l y s e r  t e c h n o l o g y  
t u r n s  r e n e w a b l e  e l e c t r i c i t y  i n t o  
e m i s s i o n s ­ f r e e  h y d r o g e n  g a s  f o r  
p o w e r i n g  t r a n s p o r t  a n d  i n d u s t r y ,  
a n d  f o r  h o m e  h e a t i n g .

It  w o n  t h e  ë Fi x  Ou r  Cl i m a t e í  
c a t e g o r y  a n d  s a i d  t h e  £ 1 m  
f u n d i n g  f r o m  w i n n i n g  Th e  
Ea r t h s h o t  Pr i z e  w o u l d  h e l p  i t  t o  
s t a r t  m a s s p r o d u c t i o n  n e x t  y e a r .  
By  2 0 5 0 En a p t e r í s  v i s i o n  i s  t o  
a c c o u n t f o r  1 0 %  o f  t h e  w o r l d í s  
h y d r o g e n  g e n e r a t i o n .

!"#$%!&'
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£ 1m p enalty f or 
F ­ G as o!ender
UK  F­ Ga s  r e g i s t e r  Re f c o m  h a s  
w e l c o m e d  t h e  En v i r o n m e n t  
Ag e n c y í s  d e c i s i o n  t o  i s s u e  a  fi n e  o f  
m o r e  t h a n  £ 1 m  t o  a  c o m p a n y  t h a t  
b r e a c h e d  t h e  F­ Ga s  Re g u l a t i o n s .

Th e  Lo n d o n ­ b a s e d  fi r m  IM O Ga s  
Su p p l i e s  w a s  f o u n d  g u i l t y  o f  s e v e n  
o !e n c e s  a l l  l i n k e d  t o  b r e a c h e s  o f  
r e g u l a t i o n  3 1 A o f  t h e  Fl u o r i n a t e d  
Gr e e n h o u s e  Ga s e s  Re g u l a t i o n s  
o v e r  a  t w o ­ y e a r  p e r i o d .  It  w a s  g i v e n  
fi v e  £ 2 0 0 , 0 0 0  fi n e s  f o r  f a i l i n g  t o  
e n s u r e  t h a t  t h e  q u a n t i t y  o f  H FCs  i t  
w a s  u s i n g  d i d  n o t  e x c e e d  i t s  F­ Ga s  
q u o t a .  It  a l s o  r e c e i v e d  a  £ 1 0 , 0 0 0  
fi n e  f o r  f a i l i n g  t o  s u "c i e n t l y  r e p o r t  
i m p o r t s  o f  H FCs  t o  t h e  Eu r o p e a n  
Co m m i s s i o n  a n d  a  £ 1 , 5 0 0  p e n a l t y  
f o r  n o t  k e e p i n g  p r o p e r  r e c o r d s .  Th e  
fi r m  i s  r e p o r t e d  t o  h a v e  b e e n  u s i n g  
r e f r i g e r a n t s  R1 3 4 A,  R4 0 4 A,  R4 1 0 A 
a n d  R4 0 7 C,  w h i c h  a r e  s u b j e c t  t o  
r e s t r i c t i o n s  u n d e r  t h e  r e g u l a t i o n s .

ë Th i s  i s  p r e c i s e l y  t h e  k i n d  o f  
t o u g h  a c t i o n  w e  h a v e  b e e n  u r g i n g  
f r o m  t h e  En v i r o n m e n t  Ag e n c y , í  
s a i d Re f c o m í s  h e a d  o f  t e c h n i c a l  
Gr a e m e  Fo x .
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Environment Agency 
issues UK flood warning
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J ob v acancies h it 
20­ year h ig h
Co n s t r u c t i o n  j o b  v a c a n c i e s  h a v e  
r e a c h e d  t h e i r  h i g h e s t  l e v e l  i n  2 0  
y e a r s ,  a c c o r d i n g  t o  t h e  O!c e  f o r  
Na t i o n a l  St a t i s t i c s  ( ONS) .

Th e r e  w e r e  m o r e  t h a n  4 3 , 0 0 0  
p o s i t i o n s  u n fi l l e d  b e t w e e n  J u l y  a n d  
Se p t e m b e r ,  t r a d i t i o n a l l y  o n e  o f  t h e  
i n d u s t r y í s  b u s i e s t  p e r i o d s .  Th i s  
i s  4 5 %  h i g h e r  t h a n  t h e  p r e v i o u s  
q u a r t e r  a n d  n e a r l y  d o u b l e  t h e  s a m e  
p e r i o d  a  y e a r  a g o .  It  e q u a t e s  t o  
a r o u n d  2 . 9  v a c a n c i e s  f o r  e v e r y  1 0 0  
j o b s  a n d  i s  t h e  h i g h e s t  fi g u r e  s i n c e  
r e c o r d s  b e g a n  i n  2 0 0 1 .

Th i s  i s  p u s h i n g  u p  w a g e s ,  w i t h  
a v e r a g e  t o t a l  p a y  u p  b y  9 . 7 %  i n  J u n e  
t o  Au g u s t  ñ  t h e  s e c o n d ­ h i g h e s t  
w a g e  i n fl a t i o n  r a t e  i n  t h e  w h o l e  
e c o n o m y ,  o n l y  t r a i l i n g  fi n a n c i a l  
s e r v i c e s ,  w h i c h  h a d  r e a c h e d  1 1 % .

C onstru ction ou tp u t 
dip s ag ain
Th e  r e c o v e r y  i n  c o n s t r u c t i o n  h a s  
b e e n  k n o c k e d  o " c o u r s e  a f t e r  fi v e  
m o n t h s  o f  f a l l i n g  o u t p u t ,  a c c o r d i n g  
t o  t h e  ONS.

Ne w  w o r k  r e m a i n e d  3 . 7 %  b e l o w  
p r e ­ p a n d e m i c  l e v e l s  a t  t h e  e n d  
o f  Au g u s t ,  w i t h  t h e  b l a m e  b e i n g  
p u t  o n  s u p p l y  c h a i n  p r o b l e m s  a n d  
s h o r t a g e  o f  m a t e r i a l s .  M a n y  fi r m s  
s a i d  t h e i r  o r d e r  b o o k s  w e r e  h e a l t h y ,  
b u t  p r o j e c t s  w e r e  b e i n g  h e l d  u p  b y  
s h o r t a g e s  a n d  r i s i n g  l a b o u r  c o s t s .

Gr o w t h  w a s  r e p o r t e d  i n  t h e  
i n f r a s t r u c t u r e ,  i n d u s t r i a l  a n d  p u b l i c  
h o u s i n g  r e p a i r  a n d  m a i n t e n a n c e  
s e c t o r s ,  b u t  o t h e r  p a r t s  o f  t h e  
m a r k e t  w e r e  d o w n  o r  fl a t .  Pr i c e s  
r o s e  b y  2 . 8 %  i n  Au g u s t ,  c o m p a r e d  
w i t h  J u l y ,  a n d  w e r e  u p  b y  2 3 . 5 %  
c o m p a r e d  w i t h  a  y e a r  a g o .  Th e  m o s t  
d r a m a t i c  a n n u a l  p r i c e  i n c r e a s e s  
i n  Au g u s t  w e r e  i m p o r t e d  p l y w o o d  
( 7 8 . 4 % ) ,  f a b r i c a t e d  s t r u c t u r a l  s t e e l  
( 7 4 . 8 % ) ,  a n d  i m p o r t e d  s a w n  o r  
p l a n e d  w o o d  ( 7 4 % ) .

Scrap  V A T  on energ y 
bills,  says alliance
Th e  En e r g y  a n d  Ut i l i t i e s  Al l i a n c e  
h a s  u r g e d  t h e  g o v e r n m e n t  t o  s c r a p  
VAT o n  e n e r g y  b i l l s  t h i s  w i n t e r  i n  t h e  
f a c e  o f  s o a r i n g  w h o l e s a l e  p r i c e s .

Ch i e f  e x e c u t i v e  M i k e  Fo s t e r  s a i d  
e n e r g y  b i l l s  h a d  a l r e a d y  r i s e n  b y  
£ 1 5 0  t h i s  y e a r  f o r  t h o s e  o n  t h e  p r i c e  
c a p  a n d  w e r e  a l m o s t  c e r t a i n  t o  
j u m p  a g a i n  n e x t  s p r i n g .  

ë Wh e n  t h e  r e g u l a t o r  d o e s  n o t  
d i s m i s s  s p e c u l a t i o n  o f  a n  a v e r a g e  
h o u s e h o l d  e n e r g y  b i l l  o f  £ 2 , 0 0 0 ,  i t  
i s  t i m e  f o r  t h e  g o v e r n m e n t  t o  a c t , í  
s a i d  Fo s t e r .
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Industry body backs rates reform call
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RI�����RI½FH�ZRUNHUV�LQ�VL[�FRXQWULHV

For piping systems of building services, you need 
compensators to absorb thermal expansion, reduce 
vibration and noise. 
ERV rubber expansion joints from ELAFLEX, setting 
standards for decades and offering the ideal solution.
Type ROTEX is an EPDM Rubber Bellows ( PEEK 
reinforced ) for both LPHW and MPHW to 130 °C
constant temperature. DIN 4809 approved, no 
obligation to dismantle this type within 10 years.
Many other ERV types available, e.g.:
• ERV-R: WRAS Approval
• Type TA: ! tted with a white PTFE lining for extensive 

chemical resistance, FDA approved
• ERV-GR: for Acids, Alkali and aggressive chemicals
• ERV-W: white Nitrile ( NBR ) to foodstuff standards 
• ERV-GS: ISO 15540 (! re resistant )

High Grade 
Expansion Joints 
from ELAFLEX

ELAFLEX Ltd.
Riverside House, Plumpton Road · Hoddesdon, Herts EN11 OPA
Ph. 01992 45 29 50 · E-mail: sales@ela" ex.co.uk
www.ela! ex.co.uk

MADE IN 
GERMANY

Email your enquiry to: 
sales@elaflex.co.uk

Check out our configurator: 
ervconfigurator.elaflex.co.uk
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5HVHDUFKHUV�½QG�WKDW�SHRSOH
V�UHVSRQVH�WLPHV�DQG�
DFFXUDF\�LQ�WHVWV�GHWHULRUDWH�DV�30����DQG�&2��OHYHOV�ULVH

3RRU�LQGRRU�DLU�TXDOLW\��,$4��KDV�D�VLJQL½FDQW�LPSDFW�RQ�WKH�PHQWDO�
DJLOLW\�DQG�IRFXV�RI�RI½FH�ZRUNHUV��DFFRUGLQJ�WR�D�QHZ�UHSRUW�
5HVHDUFKHUV�IURP�WKH�+DUYDUG�7+�&KDQ�6FKRRO�RI�3XEOLF�+HDOWK�

IRXQG�WKDW�KLJKHU�FRQFHQWUDWLRQV�RI�½QH�SDUWLFXODWH�PDWWHU�DQG�
ORZHU�YHQWLODWLRQ�UDWHV�FRXOG�EH�OLQNHG�WR�VORZHU�UHVSRQVH�WLPHV�
DQG�UHGXFHG�DFFXUDF\�LQ�FRJQLWLYH�WHVWV��7KH\�VWXGLHG�����SHRSOH�
ZRUNLQJ�LQ�RI½FHV�LQ�VL[�FRXQWULHV��LQFOXGLQJ�WKH�8.��UXQQLQJ�D�
VHULHV�RI�WHVWV�IRU�OHYHOV�RI�30����DQG�ORRNLQJ�DW�OHYHOV�RI�&2�!"#!
PHDVXUH�WKH�HIIHFWLYHQHVV�RI�WKH�YHQWLODWLRQ�
5HVHDUFK�DVVRFLDWH�-RVp�*XLOOHUPR�&HGHxR�/DXUHQW�VDLG��́ 7KH�

½QGLQJV�VKRZ�LQFUHDVHV�LQ�30����OHYHOV�ZHUH�DVVRFLDWHG�ZLWK�DFXWH�
UHGXFWLRQV�LQ�FRJQLWLYH�IXQFWLRQ��7KH�VWXG\�DOVR�FRQ½UPHG�KRZ�ORZ�
YHQWLODWLRQ�UDWHV�QHJDWLYHO\�LPSDFW�FRJQLWLYH�IXQFWLRQ�µ
5HVSRQVH�WLPHV�DQG�DFFXUDF\�LQ�D�FRORXU�EDVHG�WHVW�

GHWHULRUDWHG�DV�30����DQG�&2��OHYHOV�URVH��$�ULVH�LQ�30����OHYHOV�
RI���PLFURJUDPV�SHU�FXELF�PHWUH�OHG�WR�D����GURS�LQ�WKH�VXEMHFWµV�
DFFXUDF\��,Q�DQ�DULWKPHWLF�EDVHG�WHVW��LQFUHDVHV�LQ�&2���EXW�QRW�
30�����ZHUH�DVVRFLDWHG�ZLWK�VORZHU�UHVSRQVH�WLPHV��ZKLFK�
LQFUHDVHG�E\�DURXQG����IRU�HYHU\�����SDUWV�SHU�PLOOLRQ�ULVH�LQ�&2��

New guidance on 
air quality published
1HZ�LQGRRU�DLU�TXDOLW\�JXLGDQFH��WR�ZKLFK�&,%6(�KDV�FRQWULEXWHG�
DQG�HQGRUVHG��KDV�EHHQ�SXEOLVKHG�E\�WKH�,QVWLWXWH�RI�$LU�4XDOLW\�
0DQDJHPHQW��ELW�O\�&-1RY��1HZV���
7KH�JXLGDQFH�DLPV�WR�KHOS�WKRVH�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��

EXLOGLQJ�RZQHUV��RFFXSLHUV�DQG�UHJXODWRU\�DXWKRULWLHV�WR�LGHQWLI\�
SRWHQWLDO�DLU�TXDOLW\�LVVXHV�LQ�H[LVWLQJ�EXLOGLQJV��RU�WR�LQ¾XHQFH�WKH�
GHVLJQ�RI�QHZ�EXLOGLQJV�DQG�WKRVH�XQGHUJRLQJ�UHIXUELVKPHQW�
,W�SURYLGHV�JXLGDQFH�RQ�DVVHVVPHQW��PRQLWRULQJ��PRGHOOLQJ�DQG�

PLWLJDWLRQ�RI�LQGRRU�DLU�TXDOLW\��DQG�LV�VHW�RXW�LQ�VHFWLRQV�UHODWLQJ�WR�
W\SLFDO�SURMHFW�VWDJHV��$VVHVVPHQW�FULWHULD�DUH�VXPPDULVHG�DQG�D�
QHZ�DVVHVVPHQW�DSSURDFK�LV�SURSRVHG�
7KH�VXPPDULVHG�DVVHVVPHQW�FULWHULD�DUH�EDVHG�RQ�D�UHYLHZ�

RI�H[LVWLQJ�DLU�TXDOLW\�VWDQGDUGV�LQ�OHJLVODWLRQ�DQG�JXLGDQFH��DQG�
D FRQVLGHUDWLRQ�RI�WKH�OLNHO\�OHQJWK�RI�H[SRVXUH�IRU�WKH�SHRSOH�
EHLQJ FRQVLGHUHG��
O�!"#$%%"&'()'%"*%'+)(,+)&'"+&&("+&"$%-./%"+0%"$)12"&#"3&*)-456"
+$,'17)11)&'")'"8.)(-)'91"0,1"8%%'"-%*%(&:%-"8;"+0%"<$)+)10"
=//.:,+)&',(">;9)%'%"?&/)%+;@ELW�O\�&-129��1(:6S��
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Specify Daikin’s Service with Confidence package with our VRV 
systems, and you’re specifying sustainability – for the entire lifetime
of the system and beyond.

All VRV units are now allocated with reclaimed R410A refrigerant to reduce the carbon
footprint of the system. And by adding Service with Confidence to the specification, your 
clients will benefit from proactive management, monitoring and maintenance to optimise
efficiency, plus a guaranteed supply of reclaimed R410A refrigerant for all servicing
requirements throughout its lifetime* and responsible recovery of components when 
it’s time to renew.

With cover available in three tiers, you can be certain you’re offering your clients
an expertly maintained, high-performing system that delivers cradle-to-cradle 
management of resources, from one lifetime to the next.

And that’s Service with Confidence.
Visit daikin.co.uk/swc
*‘Lifetime’ represents anticipated lifetime of equipment and is 15 years maximum.
Please see terms and conditions of offer for limitations and exclusions.

Long-term value and sustainability

From one lifetime 
to the next 
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In  c o n v e r s a t i o n  
w i t h Ö  l e a d i n g  
l i g h t i n g fi g u r e s  
Th e  So c i e t y  o f  Li g h t  a n d  Li g h t i n g  
( SLL) ,  i n  a s s o c i a t i o n  w i t h  Si g n i f y ,  
h a s  l a u n c h e d  a n  o n l i n e  s e r i e s  
o f c o n v e r s a t i o n s  w i t h  l e a d i n g  
l i g h t i n g  fi g u r e s .  

It  i n c l u d e s  p r o m i n e n t  p e o p l e  
i n  t h e  s e c t o r ,  e n g a g e d  i n  
c o n v e r s a t i o n s  a b o u t  t h e i r  j o u r n e y  i n  
l i g h t i n g ,  t h e i r  s p e c i a l i s m s ,  a n d  t h e  
k e y  i s s u e s  t h a t  a r e  d r i v i n g  c h a n g e  
a n d  i n n o v a t i o n .  

Th i s  s e r i e s  f e a t u r e s  Dr  Ru t h  
K e l l y  Wa s k e t t  FSLL,  p r e s i d e n t  o f  
t h e  SLL a n d  s e n i o r  a s s o c i a t e  a t  
H o a r e  Le a ,  a n d  Fl o r e n c e  La m  FSLL,  
g l o b a l  l i g h t i n g  d e s i g n  d i r e c t o r  f o r  
Ar u p ,  d i s c u s s i n g  l i g h t ,  h e a l t h  a n d  
h u m a n i t y ­ c e n t r i c  l i g h t i n g .  

An d r e w  Bi s s e l l  FSLL,  p r e s i d e n t ­
e l e c t  o f  t h e  s o c i e t y  a n d  d i r e c t o r  
o f  l i g h t i n g  d e s i g n  f o r  Cu n d a l l ,  
a n d  l e a d i n g  r e s e a r c h  s c i e n t i s t  
Dr Ch r i s t o p h e r  K y b a  d i s c u s s  t h e i r  
o n g o i n g  w o r k  t o  p r o d u c e  m o r e  
r o b u s t  g u i d a n c e  f o r  t h e  p r o t e c t i o n  
o f  d a r k  s k i e s  a n d  r e s e a r c h  i n t o  t h e  
c a u s e s  a n d  e !e c t s  o f  s k y g l o w .  

Th e  a i m  o f  t h e  s e r i e s  i s  t o  
e n g a g e  t h e  l i g h t i n g  c o m m u n i t y  
a n d  b e y o n d  i n  d i s c u s s i o n  a b o u t  
t h e  w o r k  a n d  c h a l l e n g e s  t h a t  
f a c e  t h e  i n d u s t r y .  It w i l l  s h o w c a s e  
s o m e  o f  t h e  e x c e l l e n t  p e o p l e ,  
i n i t i a t i v e s ,  r e s e a r c h  a n d  i n n o v a t i v e  
a p p r o a c h e s  t h a t  a r e  i n f o r m i n g  
t h e  d i r e c t i o n  o f  c h a n g e ,  i n  t h e  
f a c e  o f  p o l i t i c a l ,  e c o n o m i c  a n d  
e n v i r o n m e n t a l  u n c e r t a i n t y .  Y o u  c a n  
w a t c h  l i v e  a n d  p a r t i c i p a t e  i n  a  Q & A,  
o r  c a t c h  u p  o n  d e m a n d .  
O�Fo r  f u l l  d e t a i l s  o f  t h e  s e r i e s ,  v i s i t  
b i t . l y / CJ N o v 2 1 CN 3

M e e t  t h e  t r a i n e r
Th e  n e w  CIBSE b l o g  f e a t u r e s  t h e  
CIBSE r e s i d e n t i a l  fi r e  s p r i n k l e r  
d e s i g n  c o u r s e  t r a i n e r ,  To n y  
M a r l o w ,  w h o  i n t r o d u c e s  h i m s e l f  
a n d  t a l k s  a b o u t  w h a t  h e  e n j o y s  
a b o u t  b e i n g  a  t r a i n e r .

H e  h a s  b e e n  i n v o l v e d  i n  t h e  fi r e  
s p r i n k l e r  i n d u s t r y  f o r  d e c a d e s  a n d  
h a s  b e e n  a  CIBSE t r a i n e r  s i n c e  2 0 1 1 .

As k e d  w h a t  h e  e n j o y s  m o s t  
a b o u t  b e i n g  a  CIBSE t r a i n e r ,  h e  
s a i d :  ë Sh a r i n g  m y  k n o w l e d g e  
w i t h  e n g i n e e r s ,  c o n s u l t a n t s  
a n d  b u i l d i n g  c o n t r o l  o "c e r s  
f r o m  v a r i o u s  b a c k g r o u n d s  a n d  
e n c o u r a g i n g  t h e m  t o  u s e  t h e i r  n e w  
k n o w l e d g e  i n  t h e i r  d e a l i n g s  w i t h  
c o n t r a c t o r s  a n d  s p e c i fi e r s . í

Re a d  t h e  b l o g  i n  f u l l  a t  
w w w . c i b s e b l o g . c o . u k
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ChapmanBDSP wins CIBSE 
Employer of the Year Award
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C ontrary to common 
misunderstanding, the Building 
Safety Bill applies to all building 
work needing either a building 

notice or the deposit of full plans. It 
applies to all buildings, not just high­ rise 
residential ones.

Section 32 of the bill provides for 
regulations on the competence of those 
undertaking design and construction 
work. Draft regulations have been 
published: they apply to any work on 
any building, including homes, coming 
within the scope of the Building 
R egulations. They are quite clear;  
only non­ regulated work on a home 
where you live is excluded. These draft 
regulations, therefore, affect almost 
every working reader of this journal.

The draft regulations require 
clients to appoint principal designers 
and contractors for all non­ domestic 
projects, and that anyone appointed 
to carry out design or building work is 
competent. Competence regulation 7  
applies wherever one person proposes to 
appoint another to carry out building or 
design work.

Before permitting person A to carry out any work, 
R egulation 7  will require the appointer to ë take 
all reasonable steps to satisfy themselvesí  that A 
either fulfils the general competence requirements 
in R egulation 8  or is in training to fulfil those 
requirements and properly supervised. This covers 
any design or construction activity that A may be 
appointed to undertake. Before A is allowed to 
start work, the appointing party must also take all 
reasonable steps to satisfy themselves that A meets the 
requirements of the general duty to plan, manage and 
monitor (created by R egulation 3).

All that applies to anyone ñ  individual or 
organisation ñ  appointed to the project. Where A is 
to be the principal designer or contractor, the client 
ë must take all reasonable steps to satisfy themselves 
that A fulfils the requirementsí  for general competence 
in R egulation 8  and those set out in R egulation 9 for 
the principal designer, or in R egulation 10 for the 
principal contractor.

It bears stressing that these requirements will apply 
to each job notifiable under Building R egulations and 

to every client commissioning such 
works. The ultimate duty falls to the 
client to appoint competent people, 
to ë take all reasonable stepsí  to satisfy 
themselves of the suitability of those 
they appoint. Many people in the 
industry are quite unaware of this and 
still think the bill only relates to high­
rise residential buildings. They could not 
be more wrong.

R egulation 8  is clear that ë any person 
carrying out any building work or any 
design work must haveÖ  the skills, 
knowledge, experience and behaviours 
necessaryÖ  to carry out the building 
work in accordance with all relevant 
requirements [ or]  the design work 
so that, if built, the building work 
to which the design relates would 
be in accordance with all relevant 
requirementsí . The regulations allow for 
that ë personí  to be an individual or an 
organisation with that capability.

The regulations also state that ë any 
person carrying out any building 
work as a contractor or any design 
work as a designer must haveÖ  
the skills, knowledge, experience 

and behaviours necessaryÖ  to fulfil the duties of a 
contractor or designerÖ  under these R egulations in 
relation to the workí .

So, how do law­ abiding clients show that they are 
appointing competent people and prove to the new 
regulator that they have taken ë all reasonable stepsí ?  
They will need to demonstrate that those appointed 
have the skills, knowledge and experience for the job 
and evidence that they will behave appropriately. This 
will mean seeking evidence that those people know 
what they are doing and have suitable experience, 
including qualifications and appropriate professional 
registrations. Which will be appropriate?  This will 
depend on the job and be for the client to judge. There 
will be no list of ë approved schemesí  to which people 
must belong. The regulator will not mind how ití s done, 
but they will want to know it has been done, and they 
will want to see evidence that gives assurance of this. 
They will have one simple request: ë Show meí . Can you?
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All backed up by our friendly and 
knowledgeable team and a long-term 
commitment to spare parts.

For every building – there’s a 
Hamworthy solution.

There’s a 
Hamworthy
boiler for that.

Wessex ModuMax mk3: 
Built on tradition, 
designed for 
modern requirements

• 40°C differential temperature

• 90°C operating temperature

• 10 bar pressure for high rise

• Corrosion-resistant stainless 
steel heat exchanger 
with 10-year warranty

• Built-in boiler 
sequence controls

• 97-762kW output

network?
Heat

Call today on
01202 662500

enquiries@hamworthy-heating.com
hamworthy-heating.com
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I t seems everyone will be ë at COPí  
these days. In practice, professional 
institutions such as CIBSE typically 
do not attend COP, except  on rare 

occasions as observers. COP itself is for 
the negotiating parties ñ  governments 
and approved representations from 
communities, NGOs and scientists. 

However,  many associated events are 
organised alongside the conference, 
either  within the UNí s ë Green Z oneí  or 
independent ly, outside the UN umbrella , 
 in Glasgow or online. 

With so many organisations wanting 
to contribute in one way or another in 
the past few months, COP has certainly 
proved useful  for rais ing awareness and 
catalys ing action among industry and 
policy­ makers. CIBSE took the view that 
the most effective and appropriate way 
to play a part was to: 
Q  Support the efforts of others for 

a high­ profile and coordinated 
representation of the built 
environment sector and what it can 
contribute to net zero

Q  Support our members with the 
on going development of guidance and 
events related to net zero. 

This column  gives a summary of CIBSE 
activities and events during COP26;  
you can find a more detailed list  ñ  and 
information on our wider action on climate change  ñ  
in our dedicated COP26 page: !!!"#$%&'"()*+#(,-.

Collective action
CIBSEí s work on climate action will be represented 
in the COP Green Z one as part of the Construction 
L eadership Councilí s (CL Cí s) event on 11 November, 
Built Environment Day . The Construction 
Industry Council will present Carbon Z ero, the 
cross­ industry climate action plan  to which CIBSE 
signed up, and in which we have had an influential role 
from the start. 

The actions we have committed to in this plan are 
substantial, and range from a review of accredited 
degrees and CPD requirements through to joint 
industry targets, guidance and associated professional 
obligations. Some actions can be implemented in 
the short term and are within the remit of individual 

institutions, while others are more 
deeply transformative, requiring 
longer­ term work and collaboration 
across institutions. All signatories have 
committed to publish an implementation 
plan by COP, and CIBSE will publish its 
plan on 11 November, to coincide with 
the CL C event. 

CIBSE is also supporting several 
organisations  arranging events around 
the timing of COP  ñ  for example, the 
UK Green Building Councilí s Build 
Better Pavilion, and a series of videos 

produced by the R oyal Academy of 
Engineering on net zero. 

 CIBSE net zero guidance 
and events 
Thereí s nothing like a big deadline to 
make things happen, and CIBSE will be 
having a series of announcements and 
events during COP to capture activities 
from the past few months. 

These will include  the launch of a new 
publication on electrical engineering 
for net zero. The guidance will add to 
the CIBSE body of guidance on net 
zero, all of which is mapped on our 
net zero page against each step of the 
recommended hierarchy, from passive 
design through to monitoring and 
evaluation: %$/"01+234(5-67'/8')(
The page is regularly updated. 

In the following weeks and months, you can also 
expect new publications, including:
Q  Embodied carbon in residential heating systems, 

following the huge interest in the TM65 methodology
Q  A revision to TM54  on energy­ performance 

modelling: this recognises the development of 
advanced modelling expertise and increasing 
onus on energy­ modelling predictions in 
the context of net zero targets, contractual 
performance requirements, and the new 
requirements for energy­ performance modelling 
in the draft Approved Document L  for new non­
domestic buildings. 

Our regular Grow Your Knowledge webinars (#$%&'"
()*+*)(!1(9):7(!0';*'), which are free to access for 
all, regularly include themes relevant to the  net zero 
agenda, and we will highlight those during COP. 
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Finally, we have been working on net zero definitions 
and are planning to produce an FAQ  jointly with the 
L ondon Energy Transformation Initiative (L ETI), to 
accompany the L ETI­ Whole­ L ife Carbon Network set 
of definitions (!"#$%!&'(&')*+,-&'+!$.'/"'#). 

We will run a survey over the first two weeks of 
November to gather feedback and test opinions from 
our members, and will have an event on 8  November ñ  
co­ organised with the CIBSE Energy Performance 
Group (EPG) and Young EPG, for some live debate 
around key aspects of the survey. For example, the 
incorporation of energy targets and how to treat a 
decarbonising grid within the ë net zero carbon ñ  energy 
useí  definition. 

You can find some of the questions to be covered in 
the FAQ s in my column in the October 2021 !"#$%&
'()*+,-. L ook out for the survey and event, and do get in 
touch to add your questions to the list, or to comment on 
the current definitions. 

Consultations
Normal work also continues, with regular consultations 
on building performance and the net zero agenda. 
For example, CIBSE recently submitted a response to 
the consultation on a low carbon hydrogen standard. 
Given the significant uncertainty around cost 
implications and technical feasibility of low carbon 
hydrogen production, CIBSE has reservations about 
the suitability of hydrogen for building uses, compared 
with other applications that have few or no other 
options for decarbonisation. 

However, as the Climate Change Committee 
scenarios expect a significant contribution from 
hydrogen to the wider economy (comparable in scale to 
todayí s electricity use), whether ñ  and how ñ  low carbon 
hydrogen can be produced clearly needs attention. 

The creation of a standard would therefore be useful 
to determine the carbon impact of hydrogen production 
options (whether UK­ based or imported ñ  for example, 
from solar­ rich countries), drive innovation by setting 
ambitious requirements, identify the best routes to 
produce it, and allow a robust and fair comparison with 
other energy vectors. 

Upcoming consultations include .*(/(0,-0&1(*&23,4&
+345(*6&7(+8+9, run by the Department for Business, 
Energy and Industrial Strategy and closing on 19 
November ñ  get in touch with CIBSE by 12 November 
if you would like to contribute to our response. 

You can find our response to all past consultations, 
and a list of the current ones, at 000%*$-1"%&,.)'"012
+'(23&!$*4)3&!$*4)*&'15!#+#$&'1
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I n August, the Intergovernmental Panel on Climate 
Change (IPCC) offered a stark warning: to limit global 
warming to 1.5° C above pre­ industrial levels, greenhouse 
gas emissions would need to be cut in half over the 

next decade, and net zero carbon would have to be 
achieved by 2050.  

Shaun Fitzgerald believes more has to be done than 
merely reducing emissions at source for global warming to 
be limited to 1.5° C. 

He is the director of the Centre for Climate R epair 
at Cambridge University (CCR C), which states that 
greenhouse gases must be removed from the atmosphere if 
catastrophic climate change is to be avoided.

ë The IPCCí s sixth assessment report made it really clear 
that, even under the most ambitious emissions­ reduction 
scenario, we will have 1.5° C of warming. Climate change 
is just going to continue as populations grow, the middle 
classes swell, and people want increased standards of living. 
Weí ve got to do something about it,í  says Fitzgerald. 

Founded by former government chief scientific 
adviser Sir David King, CCR C has three objectives: 
deep and rapid greenhouse gas emissions reduction;  the 
removal of greenhouse gases from the atmosphere;  and 
restoration of parts of the climate system that already pose 
risks to humanity. 

King, who is the CCR C chair, is also focused on 
working with policy­ makers in the UK and abroad 
to build alliances dedicated to carbon sequestration 
solutions and technologies. 

Technologies being considered including direct air 
carbon capture and storage (DACCS), and solar radiation 
management solutions such as marine cloud brightening, 
which involves spraying tiny droplets of seawater into 
clouds to make them whiter and lighter, leading to more 
sunlight being reflected back out to space. 

Some have argued that, by using science to repair the 
climate, there will be little incentive for governments to 
cut emissions, with individuals feeling they have a licence 
to pollute.

Fitzgerald says the IPCC report makes it clear that more 
has to be done than just reducing emissions to hit climate­
change targets. ë We should definitely be tackling emissions 
at source, or not emitting them in the first place, but the 
IPCC report has laid it on our doorsteps that emissions 
reduction is not enough. Ití s necessary, but we must 
also do negative emissions,í  he adds. ë Without reducing 
emissions, the task of removing greenhouse gases from the 
atmosphere would be enormous.í

Fitzgerald would rather not be doing this research, but 
says he has had to because this is the position society is 

in. ë Why would you tackle CO2 or methane in the ambient 
atmosphere if you didní t have to? í  he says. 

One area of research that CCR C has been looking at is a 
method of removing methane ñ  which represents 25% of 
global warming gasses ñ  from the atmosphere. 

When there is a concentrated stream of methane, it can 
be oxidised and converted to water vapour and CO2. ë For 
example, if you have a landfill site with leaky methane, it 
would be sensible to gather up the methane and produce 
electricity in a gas turbine,í  says Fitzgerald.

However, methane in the atmosphere is too dilute to 
generate electricity through a gas turbine. Fitzgerald says 
it can be captured using photocatalytic oxidation, whereby 
methane is passed over a metal oxide ñ  such as titanium 
dioxide or zinc oxide ñ  in the presence of UV  light.

CCR C is looking at research on using zinc oxide 
ë decorated with silverí , which is particularly good at 
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All backed up by our friendly and 
knowledgeable team and a long-term 
commitment to spare parts.
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converting methane to CO2, as a catalyst. If the process 
can be made widely available at a low cost, Fitzgerald says 
buildings or vehicles could, potentially, be coated with 
paint containing the material, particularly in locations with 
plenty of sunshine. 

If a solution is proven viable, CCR C will look for funding 
to develop the technology and expedite its adoption 
around the globe. ë Weí re looking at potential solutions 
with a low technology­ readiness level, where research has 
already been done,í  says Fitzgerald.

In terms of reducing emissions in the built environment, 
Fitzgerald says engineers should be considering the 
whole building, not just whether ití s powered by heat 
pumps or hydrogen. ë Ití s not just about minimising energy 
consumption in a building, but considering its relationship 
with the wider built environment,í  he  adds . 

 One way of avoiding using air conditioning on a hot 
afternoon, for instance, might be to pre­ cool a building at 
night, when electricity demand is low, and use the building 
as a thermal store. 

ë What you are doing is managing the provision of 
the electricity to the UK and reducing the peaks,í  says 
Fitzgerald , who  believes engineers should also consider 
whole­ life carbon in their designs, to ensure  emissions 
are minimised . For example, do you design a school to be 
thermally light or heavyweight,   he asks. 

ë Different design communities in the UK will come 
up with massively varying designs. With a heavyweight 
structure, you might reduce the operational energy, but the 
embodied energy of concrete will be high,í   says Fitzgerald. 
ëAnd the right answer now might change in  10 yearsí  time if 
the technology has been developed to capture carbon and 
inject it underground.í

 Designers must also consider the future carbon intensity 
of electricity, he adds: ë There are different forecasts, so 
ití s not surprising school designers are coming up with 
different answers .í  

Fitzgerald will be attending next monthí s COP26 global 
climate summit and is keen to increase awareness of 
greenhouse gas removal (GGR ) among delegates. He would 
ideally like to see separate targets ñ  one for emissions 
reduction and one for greenhouse gas removal. 

ë The term net zero is meaningless unless you define 
the greenhouse gases that are being removed to offset the 
remaining emissions,í  says Fitzgerald.

ë If we can measure greenhouse gas removals, we are 
more likely to see progress in this area. It will be a very 
necessary part of us getting to net zeroí .
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or the first time, three engineers 
have been crowned winners at 
the CIBSE Young Engineers 
Awards, which were held 
last month. 

J udges named FairHeatí s 
L ucy Sherburn as CIBSE ASHR AE Graduate 
Engineer of the Year for her excellent live 
online presentation on the challenges engineers 
will have to overcome to deliver sustainable and 
safe environments for future generations.

The title of Apprentice of the Year (Degree 
L evel 5­ 7 ) was awarded to J osie Cheeseman, 
while Harry Playfair won the corresponding 
award for Technician L evel 3­ 4 . This was the 
first time the CIBSE Apprentice award had been 
split into two categories, reflecting the increased 
interest in apprenticeships as a route to a career 
in building services engineering. 

In his speech before the presentations, 
CIBSE President Kevin Kelly praised the extra 
apprentice award. ëAs a former apprentice, Ií m 
particularly interested in this competition,í  he 
said. ëApprenticeships enable you to earn and 
learn, they increase diversity, and young people 
create a responsive dynamic in the workplace 
and fresh ideas.í

The entrants recorded a film that was judged 
by an expert panel before the ceremony. Entries 
were of a very high standard, according to 
CIBSE Board Member and judge V ince Arnold. 
ë It was warming for us, as judges, to find the 
passion and excitement ñ  and the fact that all 
the apprentices said how grateful they were to 
their employers and colleagues for giving them 
the practical experience that comes with an 
apprenticeship,í  he said.

The first prize in each of the apprentice 
categories was £ 500, with the runners­

F

up each receiving £ 300 and the third­ placed finalists receiving £ 200. 
Sherburn was one of eight graduate engineers who presented live at the 

virtual event, which mirrored the format of the live event that took place before 
the pandemic, at iMechEí s headquarters in L ondon. 

Speaking without slides, Sherburn said that inertia was the greatest challenge 
engineers would have to overcome to deliver sustainable and safe environments. 
ë Climate change is challenging existing natural environments, but society is 
resisting transformation,í  she added. 

Social inertia was preventing engagement in sustainability, Sherburn 
continued, in part because low carbon technologies were too complex. That 
inertia in regulations meant standards and guides were out of date, while ñ  in the 
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built environment ñ  it meant industry not having the skills to retrofit buildings 
vulnerable to climate change. ë If thereí s a skills gap, it means theoretical 
performance will not be transferred into reality,í  she said. 

Education was key to overcoming inertia, Sherburn told the audience, and 
she urged engineers to focus on non­ disruptive, customer­ centric solutions. 
R egulations had to be more pragmatic, she added, and there needed to be an 
extensive programme to retrain gas engineers to install heat pumps.

The FairHeat graduate engineer concluded her presentation by saying the 
response to the Covid­ 19 pandemic had proved that change is possible. ë It could 
be the catalyst that overcomes the inertia in moving towards a sustainable and 
safe built environment,í  she said.

Sherburn declared that she was shocked to win the award and credited 
previous winners with inspiring her to enter. ëAs a young female engineer who 
entered the industry two years ago, it was important to have female role models 
who had won this award and were achieving great things,í  she said. 

She revealed that she had already had offers to speak at conferences through 
being shortlisted for the award. ë It will help me network and be recognised. 
Hopefully, I can use this position to influence change in my industry ñ  in the 
area in which I work, decarbonising heat, and in making the industry inclusive 
for all types of people,í  she said.  

As the CIBSE ASHR AE Graduate Engineer of the Year, Sherburn wins an 
all­ expenses paid trip to attend the ASHR AE conference in L as V egas next year. 
As a heat network engineer, she is keen to see how America is decarbonising, 
and will have another reason to celebrate in L as V egas ñ  the conference falls on 
her birthday!

The Graduate of the Year runner­ up, Matthew Dickenson, from Aecom, 
argued that sustainability had to be achieved by focusing on other factors, such 
as occupant wellbeing and comfort.

Industry had to act swiftly to address issues in existing building stock, he 
said, particularly in low­ income neighbourhoods, which are suffering from 
poor indoor air quality, and punitive energy costs, even before considering 
the expense of decarbonisation. 

Dickenson also highlighted the importance of 
wellbeing among engineers. ë Weí re intrinsically 
passionate people, and we pour ourselves into 
our work. Combined with the current work 
climate, ití s no wonder so many of us struggle 
with our mental health,í  he said. ë We must find 
a new normal that works for everyone. Not only 
to retain talent, but to foster creativity and drive 
new recruitment.í  

Dickenson won £ 600 prize money, donated 
by CIBSE Patrons.

Third in the CIBSE ASHR AE award 
was Elementaí s Yara Machnouk, who won 
£ 300, provided by the Manly Trust. In her 
presentation, she described a sustainable and 
safe environment as being one where people 
feel mentally and physically at their best ñ  
which meant shielding them from external 
sources that can create stress and discomfort. 

There were five challenges for engineers 
to address, she said: adapting buildings to 
cope with extreme climates;  reducing energy 
consumption;  using renewable sources more 
efficiently and economically;  integrating 
nature­ based solutions in design processes;  
and ensuring energy equity across the globe as 
demand rises.

ë I think we need to delve deeper into nature 
based­ solutions and quantify the social value 
they bring to a scheme,í  she says. ë The simplest 
way is planting trees. The rate at which we are 
creating carbon is not in line with the rate weí re 
sequesting it,í  she says.

There is much to learn from countries 
that use passive solutions, added Machnouk. 
ë Engineers worldwide need to support each 
other to avoid repeating mistakes of embedding 
inefficient solutions into our buildings that will 
cause harm to our environment.í   CJ
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Ah e a d  o f  Gl a s g o w í s  COP2 6 ,  w e  
a s k e d  s i x  l e a d i n g  e n g i n e e r s  
w h a t  a  t y p i c a l  b u i l d i n g  w i l l  l o o k  
l i k e  i n 2 0 5 0 ,  a n d  t h e  c h a l l e n g e s  
d e s i g n e r s  a n d  i n d u s t r y  w i l l  
f a c e  i n  g e t t i n g  t o  n e t  z e r o  i n  
k e y  s e c t o r sW H A T
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A H EA D
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Education buildings
Tom Bentham,  
senior p artner and edu cation 
leader,  M ax F ordh am
We must hope that, by 2050, the 
electricity grid and our manufacturing 
processes will have been decarbonised. 
So, the environmental impact of a 
building will be determined by how 
much decarbonised energy it uses, and 
the  materials used to construct and 
maintain it. 

We cannot know the ways in which 
technology will change education by 

2050 , but the quantity of digital information available to students 
will be  greater , and  how it is accessed  will be more sophisticated. 
Making this information available means electricity consumption ñ  
although, with devicesí  increasing efficiency  and the move of 
data storage and processing  into data centres, the  consumption 
of electricity by technology may go down in education buildings. 
Nevertheless, this will be the biggest electrical demand in a 2050 
education building.  V irtual reality has the potential to  supplant 
 face­ to­ face learning , making many  buildings redundant ñ  but we 
will see  the social and educational benefits of learning together, 
face  to  face, far outweigh the cost of providing the buildings.

The buildings themselves will be smart, too ñ  networked devices 
in all elements of building services will ensure no systems are on 
unless they are needed  and system performance is optimised for 
minimum energy use through iteration. Car parks will double as 
energy stores to even out electrical loads, using vehiclesí  battery 
capacity. All this networking takes energy, too, and the parasitic 
loads associated with thousands of networked devices  are likely 
to become a significant part of the building load, so there is a 
challenge to reduce the standby load per network device.

New education buildings will need no heating  because of high 
building fabric performance and the internal heat gains generated 
by students and technology. Those internal gains, together with 
summer heat waves of increasing frequency and severity, will 
mean adaptable external shading and, in hot weather, background 
cooling  will be required. Heat­ rejection plant will use refrigerants 
with a global warming potential  of 10 or less. Thermal buffering 
will allow heat to be rejected from buildings at night. Ití s impossible 
to predict what materials will be considered low environmental 
impact in 2050 ñ  with a completely decarbonised grid and evolved 
manufacturing processes,  thermally  heavyweight structures  may 
be back on the menu. If not, more technical coolth­ storage systems 
based on phase change materials will become normal.  

Most education buildings that will be in use in 2050 exist today , 
so the challenge is transforming th is huge portfolio  into lean, 
low carbon buildings well before 2050. The basic technologies 
for this  already exist ñ  insulation, triple glazing and ambient­
temperature heat exchange networks and heat pumps. There are 
plenty of interesting elements of engineering for us to resolve in 
this transition ñ  the building physics of retrofitting insulation, 
innovations in heat pump technology, and heating system design to 
match heat pumps to existing building systems. 

What is needed to drive the transition to decarbonised education 
estates, as well as our expertise, is a stable policy and financial 
framework that provides equitable access to decarbonisation 
across all areas of the education sector.

Housing
Susan Hone­ Brooks,
director of  su stainability,  
C h ap manB D SP
One thing is for certain, a residential 
building, or somewhere you would 
call ë homeí , will look very different 
in 2050. This will be  important, 
 because ití s predicted that three­
quarters of people will be city 
dwellers ñ  thatí s 6.7 5 billion of the 
projected nine billon people on 
the planet. 

People by then will be quite 
different too, the majority having grown up with the internet, 
and the others living way past their current predicted life spans. 
So,  first and foremost, any building would need to cater for the 
complex needs of the individuals. 

Bearing this in mind, the main attributes would need 
to sit around flexibility of space for the individuals to 
feel safe  and comfortable, together with a good level of 
community integration. 

Taking this theme of design around the individual, the space 
would need to offer the right level of reactivity and,  so, be filled 
with dynamic feedback loops  that enable the correct level of 
service at every level. 

To achieve this, buildings could be filled with smart sensors 
linked to machine­ learning algorithms, leading to a high level 
of artificial intelligence, which will allow effortless enjoyment 
for the individual while keeping sustainability at the heart of 
any decision. 

We will be working with new building material elements, 
which will be self­ healing/ cleaning, fully recyclable and 
adaptable  to many different elements or uses. We will also 
be using kinetic materials and advanced energy systems, 
be  they solar, wind or waste, to enable the building to self­
generate its own energy needs. This will  probably be linked 
more closely to onsite food production, water purification 
and CO2 capture for conversion. In effect, the building will 
become a living organism, working in a symbiotic way with the 
individuals of the space.  

Ití s interesting that, as I write this, it feels to me like a bit of 
sci­ fi, but we are only talking of a mere 30 years to get this right, 
so we must start down this journey and not delay. 

This is going to mean our industry taking bold decisions and 
stepping up to taking risks, with adoption of new technologies 
and delivery of buildings with which occupants may feel uneasy 
in the short term. We are starting to experience this today, with 
the announcement from the government to upgrade existing 
gas boilers with new heat pump technology and banning the 
sale of new gas boilers from 2035. 

Clearly, this is a worry, as the construction industry is 
noted for being one of the most fragmented sectors, and lags 
far behind other s , such as aerospace and, even, automotive. 
So, we ñ  ChapmanBDSP ñ  see the challenge as one of 
ë communicationí  and ë collaborationí . Communication  with our 
clients that we can deliver beautiful, sustainable buildings that 
protect people, nature and the planet, and collaboration across 
the entire supply chain  so we are able to source, manufacture 
and maintain the right building material elements.  
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Commercial buildings
Duncan Price,  p artner,  
B u ro H ap p old
A typical commercial building in 2050 
will be  flexible , adaptable , and deliver  
exceptional health and wellbeing for its 
occupants, in support of  commercial 
activities that  promote social and 
environmental good.  It will have 
 multiple uses to ensure it is well used 
across the day, week and year, and  adds 
social value, while reducing transport 
emissions and improving  air quality. 

The commercial structure will 
have been reused, repurposed or remade from existing materials 
or zero carbon new materials. These should be environmentally 
regenerative and net positive in their production, transportation 
and construction. The building will be supplied  with clean, 
renewable energy from onsite and offsite sources, connected into a 
smart energy system that optimises  production and consumption 
of clean energy across the city. The building services are likely 
to be all­ electric and powered by a zero carbon grid. It will have 
embodied the principles of the UK Green Building Council Net 
Z ero Carbon Buildings Framework Definition.

Through intelligent design, and thermally appropriate materials, 
it will be resilient in the face of climate change,  and support  
biodiversity, forming part of an urban green network. We have 
been working  with C4 0 Cities  on how to transition the industry to 
 net zero through application of a Clean Construction Hierarchy . 

Tier 1: Optimise the use of  existing buildings: 
The use of existing spaces to their maximum  potential, to reduce 
numbers of unoccupied and vacant spaces in the city, will be of 
prime importance. This might require new approaches to funding 
and finance, such as increased taxes on unoccupied properties 
and projects highlighting the potential of a cityí s underused assets.

Tier 2: Retrofi  t and/ or refurbish existing stock: 
Building owners  should  do end­ of­ life demolition assessments 
to encourage renovation, reuse and adaptive use of buildings, 
and whole­ life embodied carbon assessments to drive design and 
planning decisions. R efurbishment  schemes will be required to 
improve efficiency of buildings in operation, using low carbon 
materials and solutions. Cities might need to use their powers 
on permits, planning and development control, and support 
education and guidance around  reuse and retrofit principles, and 
new assessment tools and data to support  training and upskilling.

Tier 3 : Build new only if necessary,  reducing 
embodied carbon and following circular principles: 
Production of new buildings might need a step change in the use 
of prefabricated, off site and modular construction methods to 
reduce waste, improve the environment, and promote a circular 
economy with the use of bio­ based materials and certified timber 
products, backed by robust Environmental Product Declarations. 
Contractors will need to switch to zero carbon machinery and 
equipment. There may be a role for competitions and awards for 
the use of specific materials and processes,  as well as the adoption 
of new building codes and standards incorporating regulations for 
Clean Construction design processes. 

Healthcare buildings
Steve Merridew,  bu ilding  
serv ices eng ineering  
director,  B D P
In the context of decarbonisation, 
 a better  question would be: what do 
you think a typical healthcare estate 
will look like in 2050?  NHS trusts are 
managing ageing estates with  extensive 
 maintenance backlog s and  significant 
carbon footprints. This  legacy estate 
will represent a significant proportion 
of the NHS footprint in 2050, even 
after  delivery of the  New Hospitals 

Programme (NHP), with its net zero carbon and digital legacy 
commitments. This is probably  the greatest challenge to  trusts 
and their designers. How do we retrofit , and digitally enable , the 
legacy estate, while completing the transition from fossil fuel­ fired 
and, in many cases, steam heating networks to a modern district 
infrastructure, allowing for the sharing of heating and cooling 
energy, while phasing out natural gas in  heat and power?

An example of addressing the challenges to meet the net zero 
target is BDPí s work with Milton Keynes University Hospital 
(MKUH) , which is looking to increase the capacity of its clinical 
offer through  new, net zero carbon, digitally enabled facilities 
under the NHP. Its existing buildings and infrastructure are typical 
of many NHS estates, with  accommodation dating from the 
197 0s, 8 0s and 90s. While  it does not have  significant legacy steam 
infrastructure, the low temperature hot water  heating  is gas­ fired 
through  combined heat and power and conventional boilers.

MKUH recognised that meeting its ambitious decarbonisation 
targets  depends on its ability to improve the energy efficiency of 
its retained estate while decarbonising its heating infrastructure;  
most importantly, the trust recognised that both requirements 
are interdependent and interdisciplinary in nature. To help 
realise  its ambition, BDP developed a comprehensive energy and 
infrastructure strategy, providing a blueprint for the phased retrofit 
and upgrade of the retained estates, alongside the phased delivery 
of a resilient, compliant and decarbonised infrastructure.

 BDP developed an  ë Estates Digital Energy Twiní  (EDET) , 
 calibrated using historic site metering data and coordinated with 
the capital masterplan and estate strategy. The EDET supported a 
life­ cycle analysis of various energy and infrastructure scenarios, 
demonstrating that  ñ  in addition to drastically over sailing the 
trustí s carbon­ reduction targets  ñ  a business­ as­ usual approach was 
the most expensive over the strategyí s life­ cycle. The strategy is a 
live document that is informing decision­ making for retrofits and 
infrastructure upgrade projects, while supporting the objective of 
connecting buildings delivered under the NHP to a modernised 
and decarbonised central infrastructure. MKUH is currently 
over cladding its cardiology building as part of a pilot to sustainably 
extend the life of its existing facilities, improve energy efficiency, 
enhance occupant comfort and reduce heat network temperatures 
to support a phased transition to decarbonised heat sources.

L ooking  to 2050, the typical healthcare estate will have a 
decarbonised energy infrastructure,  after a coordinated phase­
out of fossil­ fuel energy generation. This will be part of  the 
replacement of buildings to modern healthcare standards or, more 
likely, an improvement in efficiency of systems and the upgrading 
of building fabric.
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Hospitality buildings
J ames W arne,  co­ f ou nding  
director,  W M E boom
By 2050, population is estimated 
to double, with 7 0% being urban 
habitation. There will be  issues 
of resource scarcity, and from a 
changing climate.  Solutions are found 
when we embrace circular design 
principles, reduce waste and pollution, 
keep materials in use, and regenerate 
natural systems.

When providing accommodation, 
food or leisure facilities,  market forces 

are  a balance of value for money and the experience of luxury. 
As markets dictate sustainable solutions, the sector will respond, as 
demonstrated by  increasing offers of wellness and eco  resorts, but 
the  chance to be sustainable is rarely at the cost of the experience  ñ  
and that is an area  with which the industry will wrestle  most.

Typically, the hospitality sector has high water consumption and 
hot­ water demands. Addressing these is problematic, especially 
via an onsite strategy.  Decarbonisation of the national power 
infrastructure is of paramount importance if we are to achieve 
targets, but the infrastructure will need a significant overhaul to 
facilitate the future heating  and added e­ transport loads. Over 
the next 30 years, large investment in a more robust electrical 
infrastructure will be required. Water­ management systems need 
to be implemented to preserve and reuse where possible. Similarly, 
climatic predictions will  result in more air conditioning .

As cities move to vertical urbanism , mixed­ use developments 
with communal energy systems will benefit from the inclusion of 
hospitality . Synergy between sharing resources through reuse of 
waste heat and waste water will create opportunities for shared 
benefits.  R efurbishment will be  encouraged over new construction. 
R epurposing of building materials will  result in opportunities to 
build new, but from  salvaged materials, with innovation in how 
obsolete systems get reused or upcycled. As  planning authorities 
 demand increased ecology, it is expected that the roof will be a 
battle ground for habitat, plant space, solar and water collection, 
leisure space and views ñ  something that district cooling and water­
supply systems would help alleviate.

Areas typically known for hotel provision, such as surrounding 
airports, may find low carbon solutions ñ  such as a ë hyperloopí  or 
electric vertical take­ off and landing (eV TOL ) aircraft ñ  providing 
rapid short­ haul journeys to attractive destinations for a hospitality 
offer, pushing to a more decentralised location for hospitality.

Movement in the traditional hospitality model may well be 
affected by disruptors. For example, decentralised accommodation 
offering consistency in quality and experience, but spread over a 
more diverse area , is made feasible through smart technology, with 
room service  replaced by online food deliveries, and hotel gyms 
 being shared with larger gym providers in the form of a day pass. 

 Smart cities will  result in the hospitality sector knowing its target 
audience better,  understanding preferences and spending habits 
from the moment a guest arrives, with the intention o f improving 
satisfaction ñ but, hopefully, encouraging a greener experience as 
well. We also need to learn  lessons  from the  past 30 years: there 
is success in simplicity;  with complex building services there is a 
growth in the performance gap ;  and people are social and will seek 
out connectivity ñ  both to one another and to nature.

Data centres
Paul Scriven,  energ y and 
su stainability director,  H D R
During the pandemic, different 
commercial building sectors 
experienced vastly different demand, 
and have had to adapt their offer 
accordingly.  Hotels were one of the 
hardest hit in terms of restrictions 
on movement, but data centres have 
had pressure of a different kind as 
the whole world migrated to Z oom, 
Teams or similar. The commitment 
by governments to reach net zero 

carbon by 2050, and a halfway target of 2030, means a race against 
time for all industries to make sustainable changes. 

 Operators and trade associations have agreed to make data 
centres climate neutral by  2030, leveraging technology and 
digitalisation. This is a full 20 years ahead of the European Green 
Deal, which is aiming to make the continent climate neutral 
through significant inroads in  greenhouse gas reductions by 2050. 

There are  several current  and changing  requirements impacting 
refurbishment and new builds,  including energy performance 
certificate ratings, planning policy, and building regulations for 
conservation of fuel and power.  Along with corporate sector 
concern from investors that environmental, social and governance 
criteria ha ve been met , ití s clear a typical data centre in 2050  will 
look and function differently from one  built in 2015, for example. 

At HDR , we are committed to well­ run, secure and  sustainable 
data­ centre design and build in terms of efficient heating, cooling 
and energy management, as well as commissioning. This includes 
all typologies of centre, from smaller edge computing centres 
 and medium­ sized enterprise facilities to hyperscale campuses. 
Green developments are coming on in leaps and bounds ñ  from 
a data centre powered by fuel cells to the Kolos Data Center  in 
the  Arctic region of Norway, which is powered by hydropower 
and wind. Use of renewable energy of this kind is subject to a data 
centreí s location, of course. This is why places  such as Scotland are 
showcasing their geography and weather to position themselves at 
the helm of this sustainable data­ centre revolution. 

Key to addressing the challenges faced by designers and other 
stakeholders in the industry in getting to net zero is harnessing 
technology and data to make the best decisions. Developments 
in digital twin buildings are at the forefront of this. The ability to 
invest in such technology enables businesses to assess  and plan  
all areas of their building assets, including resources, energy use, 
construction, refurbishment, in­ use facilities  and scenario testing, 
and determining planned works.

Using leading technologies and innovative design, we are 
 helping our clients  achiev e great strides towards net zero carbon 
in data centres. Some  clients are  only a stoneí s throw away 
from achieving it by 2025, greatly reducing  pressure on the 
National Grid and resulting purchasing need for green energy.

A wider concern for centres that require refurbishment is 
embodied carbon. It is only a matter of time until we see the 
introduction of whole­ life carbon targets for buildings. The move 
to a circular economy is having a major impact on all sectors, from 
workplace and hospitality to data centres. Ití s our role to  assist data­
centre providers to develop solutions that help them prepare for 
2050, and the decades before, in terms of a sustainable future. 
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A dv a n c e d  A i r  S t e r i l i sa t i o n  
R eimagined
Th e  n e w  C P A  B i o j e t  u s e s  a d v a n c e d  u l t r a v i o l e t  t e c h n o l o g y  t h a t  
i s  s c i e n t i fi c a l l y  p r o v e n  t o  p r o d u c e  c l e a n e r  a n d  s a f e r  i n d o o r  a i r .
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C a l d e r h e a d  Ro a d ,  S h o t t s ,  L a n a r k s h i r e ,  S c o t l a n d ,  M L 7  4 EQ  
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ï U V GI  ­  P r o v e n  a s  a n  e !e c t i v e  i n a c t i v a t i o n  m e t h o d  f o r  b a c t e r i a ,  
v i r u s e s ,  m o u l d  &  c o r o n a v i r u s e s  w h e n  t h e  c o r r e c t  d o s a g e  i s  a p p l i e d .  

ï Ex c e l l e n t  K i l l  Ra t e  &  C o v e r a g e *  ñ  t h e  B i o j e t  i s  d e s i g n e d  t o  a c h i e v e  u p  
t o  9 9 . 9 9 %  m i c r o b i a l  k i l l  r a t e  i n  o n e  p a s s  f o r  a n  a r e a  o f  u p  t o  5 7 4 m ².

ï En v i r o n m e n t a l l y  S a f e  ­  P r o d u c e s  n o  o z o n e  o r  o t h e r  
s e c o n d a r y  c o n t a m i n a n t s .  

ï  En h a n c e d  Re l i a b i l i t y  a n d  P e r f o r m a n c e  ­  U s e s  p a t e n t e d  
s t a t e ­ o f ­ t h e ­ a r t  s o l i d ­ s t a t e  e l e c t r o n i c  p o w e r  s u p p l y .

Th e  B i o j e t  w o r k s  b y  d r a w i n g  i n  u n t r e a t e d ,  
p o t e n t i a l l y  c o n t a m i n a t e d ,  a i r  a n d  p a s s i n g  i t  
t h r o u g h  a  h i g h  o u t p u t  U l t r a v i o l e t  Ge r m i c i d a l  
I r r a d i a t i o n  ( UV GI )  c h a m b e r .  Th e  g e r m i c i d a l  
UV GI  d e a c t i v a t e s  u p  t o  9 9 . 9 9 %  o f  a i r b o r n e  
m o u l d ,  b a c t e r i a  a n d  v i r u s e s ,  i n c l u d i n g  
c o r o n a v i r u s e s * .  Th e  s t e r i l i s e d  a i r  i s  t h e n  
d e l i v e r e d  b a c k  i n t o  t h e  s p a c e ,  f r e e  f r o m  
h a r m f u l  p a t h o g e n s .
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ew research for CIBSE has 
uncovered the significant 
amount of embodied carbon 
in heat and hot­ water systems 
in UK homes. The study, 
undertaken  by Elementa 

Consulting, revealed an average measure 
of 9kgCO2e per kg of product weight in the 
 systems  examined. This represents between 
3%  and 25% (excluding refrigerant leakage) of 
the whole­ life embodied carbon of a building. 

The research is due to be published as 
a Technical Memorandum (TM65.1) in 
 winter 2021. It was conducted to provide 
recommendations on how engineers might 
consider and reduce embodied carbon in 
MEP equipment , which has a significant 
embodied carbon impact  when a building 
is first constructed, and during its lifetime 
 because of high equipment replacement rates. 

CIBSE  TM65 , published in J anuary 
2020,  has an embodied carbon calculation 
methodology for building services products, 
to be used where no Environmental Product 
Declarations are available. Engineers  must 
understand the embodied carbon emissions 

N
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N e w  C I B S E  r e s e a r c h  s h o w s  t h a t  e m b o d i e d  e n e r g y  i n  
h e a t i n g  a n d  h o t ­ w a t e r  s y s t e m s  a c c o u n t s  f o r  u p  t o  2 5 %  
o f  a  d w e l l i n g í s  w h o l e ­ l i f e  e m b o d i e d  c a r b o n .  E l e m e n t a  
C o n s u l t i n g í s  Y ara M ach nou k  r e p o r t s  o n  t h e  s t u d y  t h a t  w i l l  
f o r m  t h e  b a s i s  o f  C I B S E  g u i d a n c e  T M 6 5 . 1
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the TM65 manufacturer form was used to 
carry out a ë basicí  or ë mid­ levelí  calculation. 
In  most cases, meetings were held with 
technical representatives of manufacturer 
companies, to break down the information 
required and  explain the benefit of sharing  
it . Individual results were shared with each 
person of contact so that manufacturers could 
understand the embodied carbon impact of 
their product(s). The remaining products 
were kept anonymous. 

A range of products w as selected to 
represent the most used heating and hot­
water systems in new­ build residential 
schemes  in the UK. Equipment studied fell 
into the following categories: individual 
heat­ generation systems;  central plant 
heat generation;  heat emitters and heat 
exchangers;  heat distribution;  hot­ water 
storage;  hot­ water distribution;  ancillaries;  
and mechanical ventilation with heat 
recovery . In each instance, different capacities 
were requested,  reasonably sized to suit the 
residential schemes included in this study. 

of the systems they design and the products 
they specify, so  informed choices can be 
made using ë whole­ life carboní  thinking. 
Supply chain collaboration is particularly 
important when considering  heating systems 
of residential schemes.

Study aims
Th e study focused on heating in residential 
new builds with ultra­ low energy building 
fabric (aligned with the Passivhaus fabric 
performance). The following residential 
typologies were explored:
�  Three­ bed,  five­ person terraced house 
�   Two­ bed,  three­ person flat in multi­

residential building of 15 units, 100 units 
�   L arge development of 10 buildings, each 

with 200 units.

Around 30  product types were explored. 
In total, 7 0 data points were collected, and 
29  manufacturers provided information to 
 enable  ë basicí  or ë mid­ levelí  calculations to be 
carried out for their products. See Section 2 
of TM65.1 for additional details on the data 
points collected.  Information provided in 

EMB O D I ED  ENER G Y :  
TH E W H O L E P I C TU R E
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Th e  B i o j e t  w o r k s  b y  d r a w i n g  i n  u n t r e a t e d ,  
p o t e n t i a l l y  c o n t a m i n a t e d ,  a i r  a n d  p a s s i n g  i t  
t h r o u g h  a  h i g h  o u t p u t  Ul t r a v i o l e t  Ge r m i c i d a l  
I r r a d i a t i o n  ( UV GI )  c h a m b e r .  Th e  g e r m i c i d a l  
UV GI  d e a c t i v a t e s  u p  t o  9 9 . 9 9 %  o f  a i r b o r n e  
m o u l d ,  b a c t e r i a  a n d  v i r u s e s ,  i n c l u d i n g  
c o r o n a v i r u s e s * .  Th e  s t e r i l i s e d  a i r  i s  t h e n  
d e l i v e r e d  b a c k  i n t o  t h e  s p a c e ,  f r e e  f r o m  
h a r m f u l  p a t h o g e n s .
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In addition, a functional unit was assigned to 
each product based on the most common unit 
of measuring capacity.

The range of embodied carbon impact 
(at product level) by weight of products 
investigated is estimated between 3kgCO2e/
kg and 21kgCO2e/ kg, and the average is 
9kgCO2e/ kg (excluding refrigerant). See 
Figure 1 for a summary of all the kgCO2e/ kg 
covered in the study.  Capacity buckets were 
created to calculate generic data points that 
should be used for system­ level calculations. 

The study concluded that heat­ generation 
equipment  can account for 5­ 60% of the 
embodied carbon (stage A, B, C) of a heating 
and hot­ water system (excluding refrigerant 
leakage) ,  and heat emitters   10­ 50% .

In the appendix of the TM65.1 document, 
the results for each product  are  given in  four 
graphs. Figure 2  is one of these graphs for 
air­ to­ water air source heat pumps (ASHPs). 
It shows the results for an ASHP between 
3kW and 500kW , with 18  data points  collected 
from nine  manufacturers. The graph shows 
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that the larger ASHPs have a lower kgCO2e/
kW than smaller­ capacity ASHPs.

System­ level calculations were carried 
out by multiplying the product­ level 
embodied carbon results by the quantities 
for each residential typology. Individual and 
communal heating strategies were explored 
across the four residential typologies. The 
individual systems included a gas boiler 
baseline, heat pumps, V R F, direct electric, 
and exhaust air heat pump;  the communal 
systems included an active ambient loop, 
passive ground loop, and connection to a 
district heating scheme. See Figure 3 for the 
embodied carbon emissions for a range of 
systems in a 100­ unit residential development.

The range of embodied carbon impact 
in kgCO2e/ m2 is large in the scenarios 
explored in this study. In a multi­ residential 
development, the strategy with the lowest 
embodied carbon, excluding refrigerant 
leakage, is direct electric, with 36kgCO2e/ m2, 
and the highest is an active ambient loop in a 
15­ unit scheme, at 201kgCO2e/ m2.

For upfront embodied carbon (A1­ A5), 
heating and hot­ water systems could 
represent between 1% and 9%.1 For total 
embodied carbon (A, B, C) over 60 years, 
they could represent between 3% and 25% 
(excluding refrigerant leakage). In the case 
of a V R F system with R 134 a, the embodied 
carbon impact of the heating and hot­ water 
system is above the current best­ practice 
whole­ building target when refrigerant 
leakage is included (8 32kgCO2e/ m2).

When excluding refrigerant leakage, an 
active ambient loop has the highest embodied 
carbon impact. As residential schemes get 
larger, the uplift compared with other systems 
is reduced. It is important to note that active 
ambient loops can have very low operational 
carbon emissions.

R efrigerant leakage can be significant.
This is especially true for V R F systems 
where the evaporator and condenser are 
split, with refrigerant piped through the 
building. Factory­ sealed heat pumps should be 
prioritised, and low global warming potential 
refrigerants used.2 R efrigerant choice can 
increase the embodied carbon impact of a 
V R F system by a factor of nine and of a heat 
pump system by 30%.

The study also explored the impact of a 
business­ as­ usual (BAU) fabric (based on a 
space heating peak load of 30W/ m2) on the 
embodied carbon impact of two heating 
strategies: a gas boiler and an ASHP for a 
terraced house. 

For the ASHP scenario, the upfront 
embodied carbon increases by 7 5% when the 
terraced house has a BAU fabric compared 
with an ultra­ low energy fabric. 
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HV AC study for o!ce 
refurbishments 
Over the next six months, CIBSE and 
Elementa will concentrate on heating, 
ventilation, and cooling systems in 
commercial schemes, to develop TM65.2 
/WLYNSON�MK\LYX�YP�2@+-�]c]^OW]�SX�YP	MO]. 

As part of this study, information on 
the material breakdown of various HV AC 
products is needed from manufacturers. 
Those that provide information will 
be acknowledged in TM65.2 (see 
panel, ë Embodied carbon webinar for 
manufacturersí ).  CJ
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round the outside of the elliptical, Grade I­ listed R oyal 
Albert Hall is a 250m­ long terracotta mosaic frieze 
depicting ë The Triumph of Arts and Sciencesí . The 
frieze is a reference to the 150­ year­ old L ondon concert 
hallí s original dedication. It might equally be applied to 
the work of L oop Engineeringí s displacement cooling 

scheme for the upper tiers of the giant auditorium.
ë The need for comfort cooling of the R ausing Circle and Gallery 

L evels (the top two balcony tiers) was apparent from the high number 
of complaints received about the uncomfortable temperatures. V arious 
teams at the R oyal Albert Hall had experienced temperatures in the 
region of 37 ° C. As a result of this R oyal Albert Hall projects engineer 
Neal Hockley, with support from the Trustees of the Hall, pushed to 
ensure the best environmental conditions in the hall. 

Uncomfortable temperatures were also recorded during a 
performance of Phantom of the Opera in 2011. ë We have reviewed 
graphs from the 2011 cooling trials, detailing the temperature on the 
upper tiers nearing 33° C during this performance,í  says Marcin Silinski, 
director at L oop Engineering. Clearly, there was a need for a comfort 
cooling solution for the 1,500 seats up in the gods.

Fortunately, the overheating problem was confined to the 
upper tiers after the successful refurbishment of the auditoriumí s 
displacement ventilation system under an earlier phase of the Hallí s 

refurbishment masterplan (see panel, ëA 
decade of improvementí ). This is fed from an 
air handling unit (AHU) that was originally 
intended to supply up to 28 ,000L .s­ 1 of 
outside air. However, the airflow rate has been 
increased to 35,000L .s­ 1, following Covid­ 19 
mitigation fan improvements as assessed 
L oop Engineering during the Hallí s closure 
during national lockdowns. ë Before, only the 
lower [ ground and second]  tiers were cooled 
by the displacement ventilation but the 
chilled air did not reach a significant portion 
of spectators at the upper tiers,í  says Silinski.

A proposal to install a dedicated cooling 
system serving the upper two tiers was 
first put forward in 2013. For the circle, this 
involved installing 20 mini­ AHUs in the 
wedge­ shaped undercroft beneath the circleí s 
banked seating. The undercroft was to be 
used as an air plenum, which would supply 
conditioned air to the auditorium via grilles 
set into the risers beneath the lower rows 
of seats. R eturn air was ducted back to the 
AHU via grilles set into risers beneath the 
upper row of seats. For the gallery level, this 
involved the use of fan coil units.

The 2013 circle­ cooling proposal was 
trialled using a single mini­ AHU connected to 
temporary supply and extract ducts. ë During 
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the trial period, the air temperature in that area of the circle is reported 
to have dropped from 33° C to 26° C, to the delight of the Hall;  this 
demonstrated it was feasible to deliver comfort cooling to the upper 
areas of the auditorium,í  says Neill J ones, senior project engineer at 
L oop Engineering.

L oopí s involvement with the R oyal Albert Hall began in 2014 , a 
year after the trial, when the engineer was appointed to technical 
support and resident engineer roles. It was not until 2017 , however 
ñ  after upgrades to the chillers, boilers, low temperature hot water, 
and building management system (BMS) ñ  that L oop was tasked with 
engineering a cooling solution for the upper tiers.

Silinski says the cooling needs to be able to cope with heat loads 
from the audience, solar gains, small power and lighting (both stage 
and auditorium). As the detailed design for the system started to be 
developed, it was soon apparent that the original proposal needed to be 
adapted for it to work effectively. 

The pressure drop was compounded by the heritage grilles that had 
to be used in the Grade I­ listed interior, and by a ring beam uncovered 
once strip­ out of the undercroft started. Air is supplied underneath the 
seats in rows one to four;  it is returned to the AHU via 300x300mm 
return air grilles beneath the seats in row six. ë We had to drop [ the 
return air channel]  around the ring beam, which added further 
resistance in the system,í  says Silinski.
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Acoustics
Acoustics were another issue that had to be carefully considered. The 
new system had to be extremely quiet so as not to distract the audience 
and performers during quieter movements in a classical music 
concert. 

Even more importantly, the engineers had to design the system so it 
could not be heard by orchestra conductors, many of whom have very 
acute hearing. Accordingly, the fan speeds have been kept deliberately 
low, and the supply and extract ducts have been fitted with carefully 
considered acoustic attenuation devices.

ë We had to provide a world­ class experience to the audience. It was 
for this reason that we worked with the AHU manufacturer to design 
the 20 bespoke down­ flow AHUs, to ensure there was no perceptible 
impact on the auditoriumí s noise rating,í  says Silinski.

The further the design progressed, however, the larger the AHUs 
became ñ  so, in an attempt to keep the bespoke units as compact as 
possible, the cooling coil was inclined. Even with this modification, 

however, the AHUs were now too big to 
fit in the undercroft and had to be located 
in a series of specially built cupboards 
in the circulation corridor adjacent to 
the undercroft.

Pandemic response
In response to the Covid pandemic, the team 
investigated fitting ultra­ violet sterilisation 
units to the AHUs, but space restrictions 
ë meant this was impossibleí , says Silinski, 
who adds that air quality has been tackled in 
a separate project. In addition to increasing 
the supply of outside air on the main air 
handling plant, mobile, Camfil air scrubbers 
have been positioned around the building to 
help clean the air.

National lockdowns helped the contractor 
when it came to installing the circle­ level 
AHUs. The plan had been to cordon off only 
the areas of the corridor where the AHUs 
were being installed. However, with the Hall 
closed to the public during lockdown, the 
contractor could do away with the piecemeal 
approach and take over the entire corridor. 
ë This made it much easier for the contractor 
and safer for the operatives, because they 
could maintain a safe distance,í  says J ones.

The floor­ standing AHUs are fitted 
with variable speed, plug fans, which can 
deliver up to 1.8 m3.s­ 1 of chilled air. A point of 
discussion between L oop Engineering and 
the R oyal Albert Hall was the temperature 
at which the chilled air should be supplied. 
According to J ones, the displacement air 
system serving the lower tiers of the hall 
supplies air at a temperature difference (6T) 
of 8 K, without complaints. 

ë From textbook design, we were not 
entirely comfortable supplying air with such 
a large delta T so close to the feet of the 
audience,í  he explains, ë so weí ve opted for a 
delta T of between 4 K and 6K at peak load, 
but with the in­ built capacity for the client 
to increase the delta T if additional cooling 
is required.í

The final design uses 20 AHUs, 
strategically positioned to supply six circle 
cooling zones. A purpose­ built return air 
path has been incorporated into the circle 
soffit. The units are designed to operate in 
either classical or rock mode to reflect the 
difference in heat gains from the audiences 
for all the different musical genres. 

ë For a classical concert, people will be 
seated, so the latent heat gain will be low, 
whereas, at rock concerts, people tend 
to dance, which increases the total heat 
gain,í  says J ones. ë During rock concerts 
or louder performances, the noise rating 
of the auditorium is not so critical;  7R�PLQLPLVH�YLVXDO�LPSDFW�RQ�WKH�URRI�/RRS�(QJLQHHULQJ�VSHFL½HG�¾DW�EHG�UHPRWH�DLU�FRROHG�FRQGHQVHUV�IRU�KHDW�UHMHFWLRQ�
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For further information please visit:
bit.ly/ECODANQAHV

Specifi cally designed for commercial 
sanitary hot water applications 
Effi cient, versatile, and renewable, the Ecodan QAHV is ideal for 
applications with a high demand for high temperature hot water,
such as hospitals, hotels, leisure centres and student accommodation.

• Low carbon hot water delivery up to 90°C

•  High effi ciency levels provide signifi cant reductions
in running costs and carbon emissions

• Utilises CO2 refrigerant with a GWP of 1

•  Super low noise levels

•  Full heating down to -3°C outdoor temperature
and operates down to -25°C

ON THE ECODAN 
QAHV MONOBLOC AIR 
SOURCE HEAT PUMP

CONSULTANT
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this allows the fans to be ramped up to deliver the cooling required.í
The team was fortunate that much of the secondary circuit chilled 

water pipework had been installed during an earlier phase of the 
project, so the cooling capacity of the overall system was increased 
and the chilled water was distributed from the existing service to the 
new cupboards.

The task of providing cooling to the colonnaded gallery level (the 
tier above the circle) was far more straightforward. Fan coil units 
installed on the gallery during an earlier phase of the refurbishment 
project had cooling coils fitted in anticipation of a future increase in 
the Hallí s cooling capacity. So, new pipes were run from the existing 
secondary circuit on the circuit level to the coils, and enhance 
the cooling.

A total of 8 00kW of cooling was installed. This incorporated: 120kW 
from two existing chillers that were to be removed under the scheme 
(providing cooling to various serveries and restaurants);  265kW of 
cooling for the circle and gallery;  and 4 15kW additional capacity for 
the future expansion of the restaurants.

The project team had to convince the planners to allow the 
installation of four 200kW chillers on the ring of flat roof directly 
above the terracotta frieze. To help minimise the unitsí  visual impact, 
they specified flat­ bed remote air­ cooled condensers for heat rejection 

to keep their height to a minimum. The 
2m­ high chillers tight against the back 
wall of the roof terrace (furthest from the 
parapet), to ensure they were out of sight of 
pedestrians below. The 1m­ high air­ cooled 
condenser units were positioned in front 
of the chiller, and were low enough to be 
concealed by the parapet. Fortunately, it was 
a solution welcomed by the planners.

Strict noise restrictions imposed by the 
L ondon Borough of Westminster under 
its night­ time noise bylaws mean the 
chillers cannot exceed 7 5% of the cooling 
demand after 11pm, regardless of whether 
a concert has finished. Silinski says not 
many shows that require cooling go beyond 
11pm, but under such circumstances the 
volume of the cooled inside space ñ  and 
the buildingí s thermal mass ñ  will help 
maintain comfortable conditions within the 
auditorium. He adds that, on days when it 
is exceptionally warm, the chillers will be 
set to run for two or three hours before the 
audience arrives to pre­ cool the auditorium. 

ë Many surfaces in the space have a high 
thermal admittance, so when the audience 
arrives, the space is quite cool,í  says J ones.

The engineer has the BBC Proms to thank 
for proving that the system works. ë For a 
near sell­ out concert in September 2021, 
which coincided with one of the hottest 
days of the year, the Hallí s BMS temperature 
sensors recorded a maximum temperature 
in the region of 23.5° C in the circle,í  
adds J ones. 

ë This is a vast improvement on the 
temperature experienced in the 2011 
cooling trials, and would suggest there is 
scope to reduce the pre­ cooling duration or 
reduce the delta T, to bring the auditorium 
temperatures to 24 ­ 25° C, in line with CIBSE 
Guide A recommendations for summer 
auditoria temperatures.í   CJ!"#$"%#$&#'(%#($''%)'#*+,)#$&#-.-/0#*123"4#'(%!""#!$%&'(0#'(%#53256%#'%78%2+'12%#9+)#+#7+:3717#$&#-;<=>?

@A$B%C#@DE)#9%2%#
3")'+66%*#3"#)8%53+66,#
A136'#518A$+2*)#3"#+#
532516+'3$"#5$223*$2
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addressing barriers to the implementation of heat networks in 
England. It says there is significant potential for the number and scale 
of networks to increase dramatically by central and local government 
working together with industry to designate areas in which networks 
can be deployed as a low­ cost solution for decarbonising heating.

Heat networks are sometimes characterised by high upfront capital 
costs with long payback periods. In addition, the risk of heat loads not 
connecting to networks can create uncertainty, which government 
says hampers investment. Z oning is intended to tackle this by 
providing investors with connection assurance, because it will be 
mandatory for key buildings to connect to networks, as long as it is cost­
effective (and practical) to do so.

To ensure an established customer base for heat, all new buildings, 
large public sector and large non­ domestic buildings, and communally 
heated domestic premises ë would be required to connect to a heat 
network within a prescribed timeframeí . J ones says its ë about providing 
a demand so that a heat network operator can be certain that at least 
the mandated buildings will connect, leading to a viable projectí .

Developing a heat network also requires coordination and agreement 
between the developer and a range of parties, which can be challenging 
and deter investors. Z oning tackles this by taking a central strategic 
approach to heat decarbonisation and giving the government the 

T h e  r o l l o u t  o f  h e a t  n e t w o r k s  a r e  a  k e y  p l a n k  o f  t h e  g o v e r n m e n t í s  H e a t  a n d  B u i l d i n g s  
S t r a t e g y .  T o  i d e n t i f y  t h e  u r b a n  a r e a s  m o s t  s u i t a b l e  f o r  n e t w o r k s ,  t h e  g o v e r n m e n t  h a s  
p u b l i s h e d  a  n e w  d o c u m e n t  o n  z o n i n g ,  a s  A ndy P earson r e p o r t s

O
n 8  October 2021, the government published 
a consultation on proposals for heat network 
zoning in England (!"#$%&'()*+,-./*0). 
Heat networks transfer heat (hot water/ and 
or cooling) from a central source or sources 
to buildings, including dwellings, public 

buildings, and business and commercial premises. As such, 
they are able to unlock the use of large­ scale recovered 
waste heat from industry, rivers and mines.

The heat zoning proposals envisage central and local 
government working with industry and local stakeholders 
to identify and designate areas within which heat networks 
are the lowest­ cost low carbon solution for decarbonising 
heating. If adopted, certain buildings within declared 
zones could be mandated to connect to a heat network.

The proposals are underpinned by three CIBSE 
documentsñ  !"#$%&'()%*')+,-./$%!,0'%,1%2-(3)43'%1,-%)5'%
67%89:9:;<%='/4>*%>?40'$%&'()%*')+,-./<%and @?40(*3'%*,)'$%
=,A'/)43%5,)B+()'-%)'A2'-()?-'/%1-,A%4*/)(*)(*',?/%&C6/. 

ëA lot of things are coming together on the heat networks 
front,í  says Phil J ones, an independent energy consultant. 

The consultation is the governmentí s first step in 

U NL O C K I NG  TH E 
P O TENTI A L  O F  H EA T 
NETW O R K S

SP EC I A L  F EA TU R ES
T h is mont h :  H y b r i d  h e a t i n g ;  c o o l i n g  a t  2 2  B i s h o p s g a t e ;  f a n  c o i l  i n n o v a t i o n

Q I N D U S T R I A L  A N D  
C O M M E R C I A L  H E A T I N G  
A N D  C O O L I N G
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power to designate where zones are, and which buildings 
must connect.

The consultation is the governmentí s first in  a project 
that is intended to tak e place over several years.  It is 
seeking views on a number of issues, including:
Q  The methodology used for identifying and designating 

heat network zones
Q  R oles and responsibilities of different parties involved in 

the zoning process
Q   The requirement of certain buildings within zones to 

connect to a heat network, with an exemption process to 
avoid sub­ optimal outcomes

Q  R equirements on certain parties to provide information 
to support  identification and designation of  zones

Q  Whether  zones should meet a low carbon requirement
Q   Enforcement, monitoring and reporting regimes .

 Customers for heat will be protected with the 
ë introduction of a separate regulatory framework for the 
sectorí .  Ofgem has been appointed as the heat network 
regulator, with responsibility to enforce sector­ specific 
protections on pricing and quality of service once 
legislation is in place. Heat networks currently provide 
a bout 2% of UK heat demand. The  impact  assessment 
accompanying this consultation estimates that the zoning 
proposals will enable an additional 31TWh of heat to be 

deployed in the period to 2050, which is about 7 % of  UK heat demand.
J ones says  the heat­ zoning document will drive  use of CIBSE 

publication CP1, which sets out minimum standards for  networks , as 
well as checklists  for compliance. 

To accompany CP1, CIBSE has published !"#$%&'%($)"*'+",-'&"-./01#. 
Authored by Chris Parsloe, this document is written for those with 
previous experience of closed, recirculating commercial heating and 
chilled­ water systems. The  guide focuses on  hydronic issues: how to 
control flows and temperatures around the network to get the best 
carbon savings from central heat sources.

Both CP1 and the  heat networks design guide reference a third 
document more recently published by CIBSE ( August 2021), 2($),&3"'

!"#$%&'()'*&+,-.&,/0%1'
2+3'$.4&%,+1&.'0.'5&6+78'
08'9%":,07';",<';0$.="7
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!"#$%&'"($)#*+&,"#&-./#$0&#$(1$0/#20$)&30"(&*!)#/!#/!$"2)&456). Th is 
summarises current hot­ water standards and legislation, clarifies 
where these are relevant to low­ volume instantaneous heat interface 
units (HIUs), and sets out a design approach that addresses all key 
temperature requirements. It also explains that , if you are not storing 
the heated water, there is very little chance of legionella being present.

The significance of the guidance note is that it enables a reduction 
in the temperature of a heat network, where instantaneous HIUs are 
used to connect to the system. ë What that does, is allow heat networks 
to be designed at 60° C, rather than 8 0° C or 90° C, so weí ve effectively 
reduced hot­ water temperatures and, therefore, heat network 
temperatures,í  explains J ones. 

L ower­ temperature heat networks have lower heat losses and are 
more compatible with renewable technologies, such as heat pumps, all 
of which serve to improve the economic viability of a heat network.  

The three CIBSE documents work together as a suite for heat 
network designers. ë The guidance note effectively reduces heat 
network temperatures;  the design guide has details on system design, 
pipe sizing and storage requirements;   and  the code of practice draws all 
of this together by specifying minimum standards,í  says J ones.

In addition, BESA  has been running a UK standard for HIUs. This 
 will enable  the performance of HIUs to be evaluated within the context 
of typical UK operating conditions , so developers  can evaluate the 
performance of a specific HIU against design requirements. It is now a 
requirement of CP1 to use tested HIUs.

Z oning is the first step in the government moving towards regulating 

the heat network sector, which could eventually see the 
supply of low  carbon heat delivered as a utility .

CIBSE head of sustainability J ulie Godefroy 
acknowledges the potential role of heat networks in heat 
decarbonisation, particularly for hard­ to­ treat properties 
that have few other options. 

ë However, support to networks cannot be on principles 
alone and has to be related to outcomes,í  she says. In its 
response to the consultation proposals Godefroy says 
CIBSE will be looking at what requirements will be in 
place for networks to benefit from heat zoning obligations. 
ë These should be on condition of network energy 
efficiency and low running costs,í  says Godefroy. There 
should also be processes should actual performance in use 
not meet the intent at investment and design stages.í

Godefroy adds that many properties could have lower­
carbon options than heat networks and that these should 
not be prevented. 

CIBSE would also like more proposals on existing 
networks, many of which operate on gas with no 
decarbonisation plan in place, she says. 

The consultation closes on 19 November 2021.  Contact 
!"#$%&'#()*+,-%.#'/ if you would like to contribute to 
CIBSEí s response. To attend a CIBSE webinar on the 
design guide and DHW Guide on 11 November, visit 
*+,-%.#'/0"'#12#3'45#16%$/%  CJ  
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Hoval UltraGas® 2
The new benchmark for boilers.

The new UltraGas® 2 stands for maximum efficiency and 
maximum output in the smallest of spaces. 
Ready for renewable fuels, our new boiler is the ideal 
partner for green systems, the UltraGas® 2 is an 
investment in a secure future.

Featuring all new TurboFer® heat exchanger technology 
with vertical design. This makes for a compact unit which 
uses very little floor space. The TurboFer® also allows for 
stratification of water, further increasing efficiency. 
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contribution performance while taking account of all limitations. Second, 
we must ensure hydronic integration with peak or backup heat generation 
that does not penalise efficiency or performance of the system ñ  which, in 
simplistic terms, means a balance of technology parameters. 

Heat pumps provide a unique challenge in a hybrid system when paired 
with condensing boilers because of the temperature differential (6T). 
At the core, heat pumps work best at low flow temperatures and a 6T of 
5­ 10K. While condensing boilers also operate more efficiently at lower 
temperatures, the 6T range for a typical commercial boiler is 10­ 4 0K. 

If applying Occamí s razor principle, the approach may simply be to design 
to a 10K differential (an almost full circle back to our all­ too­ familiar 11K 6T 
of older commercial heating systems). With that, however, all the advantages 
that larger differentials present ñ  such as pipe sizes, circulated volume and 
pump duties ñ  are now gone. So, what options are available to designers to 
balance out performance, efficiency and technology?

Load assist
Traditionally, a L Z CT generator would run lead in a baseload configuration, 
with gas boiler(s) to assist as heat demands increased. ASHP hybrid systems 
can also be configured in this way, but the primary flow temperature and 
subsequent temperature differentials must be suitable for both the ASHP 
and boiler technology. 

R unning a full system on a 10K 6T (pipe and pump sizes aside) would 
not be problematic for most pre­ mix condensing boilers, but it can reduce 
the performance of some ASHPs that optimise at 5­ 7 K 6T. To benefit from 
maximum boiler efficiency, the return temperature must be kept below 54 ° C 

C o n s i d e r i n g  t h e  o p t i m a l  
o p e r a t i o n a l  d e s i g n  c o n d i t i o n s  
o f  b o t h  t e c h n o l o g i e s  i s  
e s s e n t i a l  t o  m a x i m i s e  t h e  
e !c i e n c y  o f  a  h y b r i d  h e a t  
p u m p  s y s t e m .  B a x i  H e a t i n g í s  
R yan K irk w ood o "e r s  a d v i c e  
o n  h o w  t o  a v o i d  c o n fl i c t

B
lending traditional heating with 
low and zero carbon technologies 
(L Z CT) ñ  from combined heat and 
power and biomass to ground source 
heat pumps and air source heat 
pumps (ASHPs) ñ  is a time­ tested 

method to reduce the carbon intensity of the 
heating source. 

A fully served ASHP building will achieve one 
of the lowest carbon footprints in new commercial 
building stock, but it is naÔ ve to think that, at 
present, we can engineer all projects and budgets 
fully with just ASHPs. Physical space, available 
electrical power and/ or capital expenditure budget 
are restrictions typically encountered. 

Integrating ASHPs and high­ efficiency 
condensing boilers in a hybrid system is often 
a more practicable solution, as it can overcome 
project limitations while meeting heat demand 
more sustainably. The challenge, however, is 
to incorporate the heat pump and boiler into 
a harmonious design that maximises the efficiency 
of both technologies. 

Overcoming ASHP hybrid challenges
If a hybrid boiler and heat pump system is deemed 
optimal for the building type, we must first be clear 
on a sizing proposal that maximises heat pump 

H Y B R I D  H E A T  P U M P  S Y S T E M   |   O P T IM ISIN G  P ERF O RM A N CE

D ESI G NI NG  
EF F I C I ENT 
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to promote condensing. One example of how this 
can be achieved is shown in Figure 1. To control 
this system, in basic terms, the ASHP charges the 
thermal store. The thermal store then discharges, 
acting as lead boiler. 

As previously outlined in my article ë Optimising 
thermal store design for CHPí , (March 2020 
!"#$%&'()*+,-, !"#$%&'()*+,-.(/0), the thermal 
store discharge pump can ramp up and down to 
match building load. It should never be allowed 
to fully deplete, however, as this would break the 
stratification layer and, potentially, give a lower 
flow temperature than set point. Before this point, 
the gas boilers should be cascaded on, to duty assist 
with the demand. Installing heat meters provides 
valuable performance metrics to optimise the 
system and deliver live feedback to the BMS to 
help control the demand response. 

The ratio of boiler to ASHP in this method 
will be project­ specific. Careful consideration 
must be made if both the ASHP and boiler(s) 
are required to satisfy peak demands in terms of 

operational robustness. The advantages of this method are flexibility and 
scalability, given that both generators can run together or independently as 
demands fluctuate. 

High delta T load assist 
In this method, the ASHP and boiler are operating together in a system in 
which the temperature differential or set point is above that which the ASHP 
alone can provide. A number of different methods can achieve this. 

!"#$%&'()*+$#(%#*"+,
With boiler and ASHP plant feeding into the same thermal store, the energy 
required to satisfy system loads is split. The ASHP maintains a stratified 
warm layer at the bottom of the tank to heat the cold return, with the boilerí s 
hot layer giving the final lift to reach target flow temperature. 

Under dynamic load conditions, care should be taken to avoid the boiler 
being required to top up the temperature by less than 10K, otherwise a 
temperature overshoot could occur in the tank. This overshoot is generally a 
result of most condensing boilers being unable to operate at less than a 10K 
6T condition. The introduction of a mixing valve to blend flow temperatures 
down on the demand side of the thermal store can help resolve this. 

The controls should ensure that the boiler contribution is held back until 
absolutely required. This is achieved through close monitoring of tank 
temperatures, at multiple points, and of boiler and ASHP temperatures. 

!"#$%&'()'*+,-',.."./0'1234'5&,-

!"#$%&'6)'7&89&%,/$%&':,.:,-";#0'/<&%8,5'./+%&
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The control strategy warrants greater discussion 
than can be covered in this article. Our advice, 
however, is to ensure a clear controls methodology 
is aligned during the design stage. Care should 
also be taken in the selection of the thermal store, 
to avoid mixing by making use of baffles, sparge 
pipes, and so on.  

!"#$%&'(")*$&+(,
This approach uses the gas boiler to boost the flow 
temperature to set point at times when the ASHP is 
unable to satisfy the demand differential. 

There are many permutations of this method, 
a variant of which is used on the flow header to 
correct underperforming biomass boiler set­ ups. 

This particular method, however, works on the 
return header prior to a low loss header (L L H). 
The thermal store discharge pump controls the 
charge and discharge cycle of the thermal store. 
Under low load conditions the store may be 
charged to system temperatures, to give usable 
heat without the requirement of the boilers 
cascading on (albeit for a finite period). During 
periods of high demand the thermal store injection 
will pre­ heat the return for top up by the boilers. 

Ensuring proper discharge/ charge cycling of the store is critical to the 
performance of this method.  

Pre­ heat e!ciency loss,  net e!ciency gain.
We lose approximately 1­ 2.5% overall efficiency in a gas boiler when 
preheating a 30° C return by 5­ 10K, because of slightly reduced condensing 
efficiency. This modest loss in efficiency is massively countered by the 
renewable element of the ASHP efficiency. Provided the ASHP is not pre­
heating the boiler return above condensing temperatures, the slight loss is 
acceptable to achieve a net gain. 

Avoiding confl ict
We have often seen primary and secondary heat­ generation methods fight 
against each other, at the cost of system efficiency. So, ití s crucial that flow 
and return temperatures, 6Ts, controls and, ultimately, the detailed hydronic 
design are taken into careful consideration when blending the technologies. 
Addressing and avoiding this conflict at the outset will help ensure optimal 
system performance and outcomes.

Along with standalone, purpose­ designed ASHP systems, hybrid systems 
offer the opportunity for important efficiency gains and emission reduction 
from heating in existing and new commercial premises. 

In future articles, I will explore DHW generation and where this sits 
within standalone and hybrid heat pump systems, and take a detailed look at 
more innovative methods of hybrid heat generation.  CJ  
Q�!"#$%&'!&())*!"#!$%&!%&'$!()*(!+)#",&##!-&.&/0(*&,$!*','1&2!'$!3'4"!5&'$",1

!"#$%&'()'*&+,'"-.&/,"0-1'%&,$%-'2&+3&%
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Energy Performance Upgrades always start with the heart. 
To learn more, visit armstrongfluidtechnology.com. 

TURN BIG DATA 
INTO BIG INSIGHTS
THE HEART OF YOUR BUILDING KNOWS HOW

Our connected pumps provide transparency through  

real-time HVAC performance data and unrivaled intelligence.

Armstrong’s Active Performance Management™ delivers 

insights that lead to informed decisions and immediate 

actions. A connected network of systems provides 

benchmarks and deeper learning for sustained performance.

Mechanical equipment, pure data modeling, cloud-based 

analytics and digital controls, perfectly integrated for 

reliability and efficiency that no other partner can match.
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T
he tallest building in the City of L ondon 
opened earlier this year. Billed as a new 
type of skyscraper, 22 Bishopsgate is 
 described by its developers, L ipton R ogers, 
as ë a vertical villageí  because it combines 
 commercial office  and social spaces. At 

62­ stor eys and 27 8 m high, this  village has been designed 
to accommodate up to 13,000 occupants in 200,000m2 of 
office space.

WSP w as the building services consultant . Its team 
started to develop the services design for this landmark 
tower as far back as March 2015, before the project 
went for planning approval. Now, six years and one 
global pandemic later, tenants are finally  mov ing on 
to the buildingí s fully­ glazed floor plates. When all the 
floors are occupied, the engineer estimates that it will 
require 16MW of cooling to keep the occupants  cool 
and comfortable.

The chilled water system, designed by WSP and 
installed by contractor Michael J  L onsdale, is based on 
four Carrier high­ efficiency, centrifugal liquid chillers, 
each capable of delivering up to 4 MW of cooling. It is 
designed to be highly efficient in operation.  

The chillers are located in Basement L evel 3, while 
the cooling towers  ñ  installed under a separate package  
ñ  are 27 0m above , on level 58 . To reduce  the condenser 
and chilled water static pressures, the systems have been 
split into two smaller circuits on floor 25, using heat 
exchangers;  one circuit serv es the upper floors, and one 
the lower. 

ëAlthough there are pressure breaks in the building, it 
was pretty evident that the system would have high water 
pressure so weí ve got high­ pressure water boxes  that 
can withstand pressures up to 21bar,í  explains Stephen 
Avery, Carrierí s equipment quality manager and product 
manager (centrifugal and absorption) HV AC for UK 
and Ireland.

Despite the buildingí s size, space is tight in the 
 basement because it incorporates the subterranean 
remnants of The Pinnacle ñ  the building that was to 
occupy the site,  the construction of which came to a  halt 
in the financial crisis of 2007 , just as it was coming out of 
the ground.

As such, the basement incorporates additional 
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T o  m i n i m i  s e  e n e r g y  u s e  a t  a  6 2 ­ s t o r e y  g l a s s  t o w e r  
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structural transfer beams to shift the loads from the new 
tower structure above, to the existing supporting piles 
buried in the ground. As a result, the smallest possible 
machines were selected to achieve the specified duty. 
These are still very large units, however, so getting them 
to the plantroom was challenging. 

ëAt one point, it did look as if weí d have to break the 
machines down to get them into the basement, but, as 
it turned out, there was still a series of big enough holes 
in the floor slabs to enable the chillers to be lowered into 
the basement in one piece and then skated into position,í  
says Avery.

The machines run on R 134 a refrigerant. ë It was 
recognised that things may change in the future, with 
regards to the type of refrigerant, but when we were 
developing the system we had to go with the most 
efficient option available at the time,í  Avery adds. ë We 
know that 134 a isní t being phased out over the lifetime of 
this equipment, and if things do change, these machines 
can be retrofitted with a different refrigerant.í  

An additional benefit of using R 134 a refrigerant is that 
it is A1­ rated, with low toxicity and zero flammability, 
which were important properties given the location of the 
plantroom, says Avery.

The chillers are fitted with a variable speed drive to 
ensure the chillers constantly match the cooling demand, 
to minimise energy in use. To further minimise energy 

ì Th e  s i z e  o f  t h e  p l a n t  a n d  t h e  
a m o u n t  o f  w o r k  t h e y  d o  m e a n s  
t h e  c h i l l e r s  c a n  g e n e r a t e  a  
s i g n i fi c a n t  a m o u n t  o f  h e a t î

compressor performance. ë If you doní t need the compressor to run 
so hard, you adjust the diffuser to release more gas to the evaporator,í  
explains Avery. 

Conversely, while the chillers have been installed to provide cooling, 
the size of the plant and the amount of work they do means the chillers 
can generate a significant amount of heat. R ather than allow this to 
accumulate in the plantroom ñ  and to improve motor efficiency ñ  
the compressor motors are cooled by injecting refrigerant gas from 
the chillers into an enclosure surrounding the motor. ë If you have a 
traditional open drive­ type compressor, the heat from its motor will 
dissipate into the plantroom, which will then require ventilation or 
even air conditioning,í  says Avery. 

ë With a refrigerant­ cooled motor, you take an element of the 
refrigerant from the condenser and spray it into the motor, to remove 
the heat from the windings, and then reintroduce the refrigerant 
back to the compressor so you are not losing the cooling efficiency of 
the machine and no heat escapes into the plantroom,í  he adds. The 
inverter on the machine is also refrigerant cooled.

Control of the chillers is via a proprietary plant management 
system a BACnet control solution that acts as the interface between 
the building BMS and the individual chillers. The controller has an 
onboard library of factory­ engineered control programmes designed to 
provide automatic control and monitoring to optimise operation of the 
four chillers and ensure they run in the most energy­ efficient mode. 
ë We get a signal from the BMS to say there is a cooling requirement 
and then the plant management system selects the best possible 
configuration of chillers to satisfy that requirement,í  says Avery. 

The system provides the BMS with real­ time operating conditions, 
including chilled and condenser water temperatures, chiller capacities 
and their status. It also controls the chilled water system pumps and 
load­ shedding when the building resorts to generator power.

After delays caused by Covid­ 19, final handover of the chiller system 
was before Christmas 2020.  CJ

consumption, the chillers incorporate a new (at the time) 
dual­ stage aerodynamic centrifugal impeller design. The 
chillers were specified when the manufacturer had just 
completed the design and testing of a new dual­ stage 
compressor incorporating two impellers in place of the 
more conventional single­ impeller configuration. 

Using two impellers enables the compressor to 
accommodate a wider range of temperature applications 
and improves its efficiency, with one impeller helping 
drive the other. ë With the efficient compressor 
configuration and the variable speed drive, we are 
able to achieve really good part­ load efficiencies and 
COPs [ coefficients of performance]  for the equipment,í  
explains Avery.

Another innovation introduced to drive up chiller 
efficiency is the use of tunnel diffusers. These help turn 
the kinetic energy imparted to the R 134 a refrigerant 
gas by the dual­ stage impellers into gas pressure. To do 
that, the gas passes through a diffuser. Avery describes 
this as being ë like a slotted plateí  in the refrigerant gas 
stream, which is designed to reduce the velocity of gas. 
A tunnel diffuser is essentially an enhanced version of 
the slotted plate, which can adjust its resistance based 
on the volume of gas across the impeller to optimise 
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Daikin Applied (UK) Ltd designs and manufactures a range of Air Handling Units that are 

fully HTM and SHTM 03-01 compliant. From standard modular units to more complex 

bespoke systems, our products are designed to provide inherent fl exibility that can be 
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building. 
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t started with a blank sheet of paper and a consultantí s daydream to 
do air conditioning better,í  says R oger Olsen. That was in 2012, when 
Olsen was at Arup. Now, a decade later, Olsen is chief technical officer 
of Artus Air, an Arup spin­ off business that is selling his innovative 
packaged, hybrid air conditioning device with the energy efficiency of 
a chilled beam and the flexibility and output of a fan coil unit (FCU). 

The compact air conditioning unit measures a nominal 600mm x 600mm, so can 
slot into a standard suspended ceiling grid ñ  and because it is nominally only 200mm 
deep, it is ideal for installations with a constrained ceiling height. Its most impressive 
feature, however, is that it uses up to 8 9% less energy than ducted fan coil systems. 
Artus was recognised in the 2021 CIBSE Building Performance Awards, for which it 
was shortlisted in the Product or Innovation ñ  Thermal Comfort category.

The key to the design is the patented arrangement of the U­ shaped, vertical coil, 
which encloses the unit on three sides. ë You get a better rate of heat exchange from 
one continuous coil than from three separate units,í  says Olsen.

The coilí s large surface area enables air to pass over it at a low face velocity of 
about 0.6m.s­ 1. This is similar to the air velocity through an active chilled beam and 
a lot lower than the 2.5m.s­ 1 face velocity common in FCUs. ë Ití s a quarter of the face 

‘I

velocity [ of a FCU]  and, therefore, a 16th of the 
pressure drop for the fan to overcome. Hence, 
it has very low energy in use,í  explains Olsen.

An axial fan is used to pull air through 
the coil and move it down into the space. 
Olsen says a ë lightbulb momentí  was to fit a 
low pressure­ drop fan to the unit to pass air 
though the coil, rather than the active chilled 
beam solution of connecting up ductwork 
from central plant to get the extra airflow. In 
this way Artus can be thought of as an active 
chilled beam. 

The fan selected is an off­ the­ shelf unit, 
powered by a standard variable speed, 
electronically commutated, direct­ current 
motor. What makes it suitable for this unit, 
however, is that it is fitted with a bespoke, 
injection­ moulded shroud, which ensures a 
radial air distribution pattern.

Unusually, the fan is mounted behind a 
fascia panel on the underside of the unit. 
This allows it to supply the tempered air 
directly into the space in a swirl pattern. 
Its even distribution is similar to the effect 
created by the secondary ductwork legs on 
a conventional FCU. ë Because the axial fan 
is rotating so slowly [ at about 7 00rpm]  the 

T h e  A r t u s  h y b r i d  a i r  c o n d i t i o n i n g  u n i t  i s  o n l y  2 0 0 m m  d e e p ,  
y e t  i t  a c h i e v e s  e n e r g y  s a v i n g s  o f  8 3 %  o v e r  c o n v e n t i o n a l  f a n  
c o i l  u n i t s  t h a n k s  t o  p a t e n t e d  d e s i g n s  f o r  t h e  h e a t  e x c h a n g e r  
a n d  f a n  a s s e m b l y .  A ndy P earson s p e a k s  t o  i n v e n t o r  R o g e r  
Ol s e n  a b o u t  h i s  q u e s t  t o  c o o l  b u i l d i n g s  m o r e  e !c i e n t l y

R ETH I NK I NG  
TH E F A N C O I L
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b e  a c c e s s e d Ö  c a n  b e  r e a c h e d  f r o m  b e l o w î

interaction of the fan blades with the shroud means that the air does not flow straight 
down;  instead, the fan generates a swirl pattern that induces and mixes the air in a 
similar fashion to that of a swirl diffuser,í  says Olsen. 

The benefit of this arrangement is that it eliminates the additional pressure drop 
created by the secondary ductwork and diffusers, as Olsen explains: ëA conventional 
FCU will have a 25Pa pressure drop across the coil, plus an additional 30Pa on 
external ductwork totalling 55Pa ñ  whereas we have just 7 .5Pa pressure drop 
across the entire unit. This is fundamental to how the very fan powers are achieved.í

A consequence of the low pressure drop is that typical specific fan power (SFP) 
for the unit is 0.06 to 0.08 . Ed Sayce, projects director at Artus Air, says a typical fan 
coil unit would have an SFP of ë 0.2 at bestí , while the backstop for Part L  for non­
domestic services is an SFP of 0.25. 

ë Weí re only using 25% of what is allowable, which is an 8 0% improvement in the 
SFP. Weí ve modelled for a model office scenario (see panel, ë Modelled energy use 
in an officeí ), where it saves 21% of the regulated energy against Part L  ñ  which is 
a phenomenal saving for what is a simple concept,í  adds Sayce, who points out that 
the SFP in the Part L  calculation is 100% of load, but ë for most of the time, the fan will 
be running much lower than that figureí . 

Furthermore, the fan speed is variable, to save energy and reduce fan noise. 
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Maximum fan speed is set based on the 
noise level required in the space. The unit 
can achieve noise levels as low as NR 22, 
which makes it suitable for use in residential 
applications. In an open­ plan office, however, 
an acceptable noise level is NR 35, with a 5dB 
relaxation allowed in the British Council for 
Offices Guide to Specification for a variable 
speed system. 

ë We start with NR 4 0;  because weí ve done 
loads of acoustic modelling, we know that ñ  
if the units are spaced serving 25m2 ñ  the fans 
can run up to 14 0L .s­ 1 per unit and we work 
backwards from there to calculate the cooling 
capacity,í  says Olsen.

The unit comes packaged with the 
pressure­ independent control valves, the 
controller, and condensate pump pre­ fitted, 
to enable predetermined software in the 
controller to always run the components in 
the lowest energy­ use mode. 

ë When you buy these components 
separately, as is common with a conventional 
fan coil system, you are reliant on onsite 
coordination of these components, 
whereas weí ve got certainty of component 
compatibility and performance because weí ve 
tested it all together,í  says Sayce.

In this version, the unit is fitted with a 
single, large heat exchanger coil to provide 
both heating and cooling via a changeover 
system, which is different from the UK 
convention of having FCUs with separate 
heating and cooling coils.

The coil is sized to provide 2.4 kW of 
sensible cooling based on chilled water at 6° C 
flow/ 12° C return, which Olsen says is ë a bit 
smaller than the duty of some conventional 
fan coilsí . The consequence is that more 
units will be needed for a Cat A office fit­ out. 
ë We are developing a new unit of double 
the cooling capacity to match typical FCU 
coverage,í  says Olsen.

Despite the higher number of units needed, 
Sayce claims the installation is cheaper than 
one based on conventional FCUs. ë Weí ve 
done the exercise several times with external 
quantity surveyors: the capital cost is cheaper 
because you need to add in the cost of the 
secondary ductwork, grilles, controller, 
condensate pump and control valves to the 
cost of a conventional fan coil,í  he says. 

ë Thatí s before you add in the huge 
contractor savings on quicker install time, 
reduced procurement, less controls work 
and less commissioning because there is no 
secondary air balancing, and the operational 
savings from low energy use.í

The unit can also run at an elevated chilled 
water temperature of 14 ° C/ 19° C enabling 
excellent central plant efficiencies, however, 
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the trade off is that the cooling capacity drops off at these temperatures.  
If you were to design a scheme to run all year round at elevated cooling 

temperatures, you would, in theory, need almost double the number of units or FCUs. 
However, a proprietary software and control system has been developed to provide 
a cost­ effective solution for applications designed to run at 14 ° C/ 19° C but with the 
capability of achieving peak demands by reducing the cooling temperature to 6/ 11° C.  
ë We realised that, for most of the year, 14 ° C/ 19° C is fine, because the peak cooling 
load only occurs for about 50 hours per year;  for nearly all the rest of the time, it is 
running at almost 50% load,í  says Olsen. 

The software overlay and intelligent control system looks at all of the units to see 
how hard they are working, to optimise flow temperature through the chillers using 
bespoke algorithms. This allows the system to drop the cooling water temperature to 
6° C/ 11° C during the 50 hours of peak demand without compromising system energy 
efficiency for the remainder of the time. This ensures chillers are always running at the 
higher cooling temperature possible leading to high seasonal COP on the central plant.

Under current Breeam for refurbishment and fit­ out criteria, the 10% energy 
saving in changing from a compliant FCU to these units would give at least three 
Breeam points. With the bespoke controls optimisation and reporting software 

installed, to maximise energy savings in 
operation, it is possible to achieve up to seven. 

There is big benefit in heating when using 
a single coil as the large coil area required for 
cooling is ample for the heating demand. If 
you run the heating circuit at 8 0° C flow/ 7 0° C 
return, the coil will be ë massively oversizedí , 
says Olsen. However, he adds, the advantage 
of the oversized coil is that it opens up the 
possibility of using heat pumps ñ  for example, 
to run the heating system at 35° C, ë and still get 
the heating you need from the one coilí . 

Artus also offers a twin coil option more 
akin to a traditional FCU for where a single 
coil system is not appropriate. 

Sayce says the unit has been popular for 
healthcare applications, because everything 
that needs to be accessed, including the filters, 
can be reached from below by dropping the 
unití s hinged front face. 

In fact, the unití s shallow depth, when 
compared with a FCU, means that ñ  on a 
tall building of 12 storeys or more, with a 
maximum development height ñ  the use of 
these units could allow developers to squeeze 
in an additional floor. If a developer can add 
7 ­ 8 % to the floor area of a development simply 
by using a different HV AC system, it could 
impact the viability of some developments.

The unit is also expected to be popular 
for use in cooling high­ end apartments, 
where its low noise level, combined with 
its shallow nominal 200mm depth and 
simplified returned air paths, means it can be 
accommodated relatively easily without the 
need to increase ceiling depths.

With several successful installations 
completed, Olsení s daydream has been 
realised. But, heí s not put away his blank sheet 
of paper. In response to Covid­ 19, heí s working 
on a version of the unit that recirculates and 
cleans the air. Watch this space....  CJ
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E xtract plenums have been an 
integral part of office ventilation 
solutions  for a long time. Air is 
drawn through ventilation openings 

in ceiling and light fittings, into a void above 
the ceiling tiles that is kept under negative 
pressure using open ducts to draw air from 
the void and into a riser. Eventually, it is 
discharged via an extract fan. A similar 
principle can be used to draw air at the 
highest level, where there are exposed 
services. In both instances, the amount 
of air extracted is  a close match to the 
amount of fresh air provided to the space.

The concept  became common in 
the late­ 198 0s, when it was used with 
high­ pressure variable volume systems. 
 Compared  with a ducted extract system, 
the savings were substantial;  the costs 
of large amounts of sheet­ metal extract 
ductwork was saved,  and the space saved 
by the reduced coordination allowed 
ceilings to be higher and the  height of a 
building storey to be reduced. The concept 
was simple : an even distribution of supply 
air gradually eased the return air into the 
ceiling to balance the pressure.

Mechanical systems continued to 
develop in the 90s, with fan coil units 
(FCUs) and minimum fresh air supplies 
becoming the norm, bringing further savings in costs 
and space. Fan coils may be served by ventilation ducts to 
provide fresh air from an air handling unit and, usually, 
draw additional air from the room or surrounding plenum.

 There are other options, such as chilled beams and 
ceilings, but the reliable familiarity of FCUs makes them 
the default solution  for cooling and fresh air. These more 
modern systems are routinely used  with an extract plenum.

 Then came the pandemic. Our industry was quick to 
respond with guidance that recirculating air should be 
avoided and equipment such as thermal wheels ñ   which 
provide a potential contamination route between extract 
and supply systems ñ   switched off or isolated.

If there is a good outside air ventilation supply 
(mechanical or natural) to the room or zone,  the FCU 
fan will help de stratify the air and reduce the chance 
of stagnant air pockets, helping to dilute any airborne 
pathogens. Other advice stated that it is acceptable for 
a FCU to recirculate air within a single room.

If we consider a FCU located in a return plenum, it 
seems there are risks that are not considered by the advice 

 to date. Typically, FCUs will recirculate 
a proportion of air from the ceiling void, 
and this air could  be contaminated with 
virus particles extracted from elsewhere 
in the office. If this were the case, the air 
supplied to the office from the fan coil 
would further spread the virus particles, 
with the cycle starting again to spread 
the contaminants further. In the current 
pandemic, I believe this is a risk that 
should be considered more carefully.

T hings  can be done to reduce the 
risk of such spreading of contaminants. 
FCUs do not have sufficient fan power 
to operate with a filter fine enough to 
remove Covid­ 19 viruses from the air. Air 
cleaning technologies are available, and 
ionisers and ozone cleaners can be fitted 
into the air stream of FCUs.  However, 
while  common overseas ñ   particularly  in 
the US  ñ   these solutions are not currently 
recommended in the UK because of 
concerns about the risks of secondary 
chemicals generated by the  devices, and 
 of chemical oxidation, photocatalytic 
oxidation or electrostatic precipitation .  

 In the short term, we should consider 
the benefits of using a ducted extract 
in conjunction with FCUs. This would 
keep extracted air separated from the 

supply on its way back to the riser and reduce the risk of 
wider contamination. In the longer term, consideration of 
infectious disease transmission needs to be embedded into 
building ventilation regulations and associated statutory 
guidance, in the same way that energy, comfort and air 
quality have been.  Part F: V entilation is  under review, so 
there is an opportunity to consider this  immediately . 

Many knowledge gaps ñ  including lack of data on the 
viral load in the exhaled breath of asymptomatic and 
symptomatic people, the size distribution of particles and 
how this varies with activity, and lack of data on the dose  
response ñ  mean  uncertainty remains  over how to  evaluate 
aerosol transmission effectively and determine the most 
appropriate interventions  .

Building regulations should identify performance 
standards, and enhanced measures should be taken to 
ensure  compliance is achieved in use. Further regulation 
and guidance may be required to ensure existing buildings 
can meet necessary standards.  There are no ë silver bulletí  
solutions, however, and a combination of measures is 
required to reduce the risks of infections indoors.

C o nsid ered  risk ?
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C P D  P R O G R A MME

Assessing commercial boiler 
systems for replacement and 
enhancement

This CPD will consider some of the factors that are likely to be encountered 
when assessing a typical legacy non­ condensing commercial boiler system for 
replacement, and explore some of the changes to primary hydronic systems that 
enable new systems to meet the demands of loads in an existing building.

It is a somewhat daunting task for many building services engineers to assess 
an existing, formerly unseen, boiler installation when considering a replacement 
or enhanced system. Ideally, there will be schematic ë as fittedí  drawings or digital 
models (and associated documentation), or operation and maintenance manuals 
that will be available for inspection prior to visiting the site but, particularly for older 
installations, the boiler plantroom will be the most reliable source of intelligence. 
However, boiler replacements are often undertaken as part of a more extensive 
building refurbishment, or the building may well have been altered in form or 
application since the boilers were installed, so any insight gained from the existing 
equipment must be considered in combination with a proper analysis of the 
buildingí s load requirements.

Before commencing any site activity, an appropriate health and safety assessment 
will have been undertaken and relevant enquiries and notifications made to those 
responsible for the installation, to ensure safe access (and egress) and that relevant 
personal protective equipment (PPE) is employed that meets both personal needs 
and site policies. Having ensured a safe working environment, and always being 
mindful of the risks in a boiler plantroom, an initial visual orientation should be 
undertaken in an attempt to understand the boiler configuration. 

The boiler data badge can yield a significant amount of information. So, for 
example, the data badge shown in Figure 1 provides ë Pní  ñ  the nominal rated output 
in kW at the stated flow and return temperature, while ë Q ní  is the related nominal 
input (gas/ oil) power. Dividing input by output power will provide an idea of the 
original boiler efficiency for estimation purposes (based on these specific nominal 

conditions). This particular boiler does not 
identify an output at 50/ 30° C ñ  this infers 
that the boiler is non­ condensing ñ  an 
important consideration when considering 
the flue design.

Other data on the badge relates to the 
maximum operating pressure of the boiler 
(6bar);  the power supply (230V  @  50Hz) and 
the ë Ingress Protectioní  (IP) rating (IP20 ñ  
touchproof, resistant to dust or objects that 
are over 12mm in size, but with no protection 
against liquids and susceptible to damage if it 
comes into contact with sprays of water);  and 
the B23, which  indicates that the boiler does 
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not have a draught diverter, but uses a fan 
upstream of the combustion chamber/ heat 
exchanger, and is designed to be connected 
to an open flue that will terminate vertically 
through the roof, with the combustion air 
being drawn directly from the plantroom.

Typically in small and medium load 
installations, two boilers were often selected, 
with each boiler sized to cope with 67 % 
of peak load and then operated on a duty/
assist basis, as in the example of Figure 2. 
This illustrates two gas pressure jet boilers 
on a plinth (with the flue going off to rise 
through a brick chimney). The ë gas trainí  (the 
components that combine to safely supply 
natural gas to the boiler) for each boiler are 
to the left of the respective boiler connecting 
to the (red) burner assembly that contains 
the fan (blower), air/ gas mixing section and 
control. The water­ side connections are all 
made to the rear of these boilers.

The tracing of pipework, which is often 
complicated by the lack of pipe marking and 
obfuscated by enveloping insulation, may 
be undertaken through a combination of 
visual and thermal means (potentially aided 
by an infrared or contact thermometer). A 
simplified representation of a commonly 
encountered legacy piping system for a fixed 
volume, non­ condensing arrangement, is 
shown in Figure 3. A main system pump 
(with standby) moves water from the reverse 
return header to serve the load. Each boiler 
has an individual shunt pump used when 
return water falls below approximately 60° C, 
to redirect high temperature flow back into 
the boiler return to prevent the boiler flue 
gas from condensing (as is increasingly the 
case when the boiler heat transfer surfaces 
drop below 55° C ñ  these boilers are not 

designed for condensing operation). Although such constant volume flow systems 
may have been commonly designed on 8 2° C flow and 7 1° C return, extremely low 
return temperatures are likely to occur during periods of high demand, such as at 
system start­ up. A common alternative to employing a shunt pump was to use a 
three­ port valve in combination with separate primary and secondary pumping. 
The contemporary guidance was that if the return water required to be pre­ heated 
prior to returning to the boiler for extended periods (for example, 20 minutes or 
more) a pump was preferred. So, three­ port valves were typically employed on 
smaller systems with shorter warm up periods. These valves are typically known as 
back­ end protection valves and are often thermostatically controlled to maintain a 
safe, condensation free, return water temperature.

The purpose of the reverse return header was an attempt to balance the hydronic 
resistance of the two boiler pathways to allow easier commissioning. 

Figure 4  shows where condensing boilers have been ë dropped iní  to replace the 
old non­ condensing boilers. The three­ port valve has been removed, as the boiler is 
designed for condensing operation with a commissioning set often added to assist 
in the commissioning of the resistance of the replacement boiler. Frequently, it has 
been observed1 that the only additional work undertaken is the replacement of the 
primary pump set. (That would hopefully have been preceded with a full power 
flush of the horizontal header to remove accumulated sludge.)

A consequence of such an approach is ë temperature dilutioní . As an illustration 
of this, using the system of Figure 4 , assuming that the replacement boilers are 
each 200kW, initially set to operate at 8 0° C flow and designed for a constant 60° C 
return (6e =  20K) with a minimum boiler turndown of 25%. (And obviously, at these 
temperatures, not operating in condensing mode.)
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The primary temperatures may be examined by undertaking a simple assessment 
of a heat balance in the primary circuit and, by assuming a constant specific heat 
capacity, are approximated by considering a temperature balance of the flows. 
R eferring to Figure 4 , where e is the water temperature (° C) and m is water mass 
flowrate (kg.s­ 1)
ef =  (m1e1 +  m2e2)/ mf that, in fractional terms, where m1/ mf =  F1 and m2/ mf =  F2 and, 

in this case, as the flowrates through each boiler are the same F1 =  F2 =  0.5, hence 
ef = (0.5e1 +  0.5e2)

Considering a 50kW part­ load (while maintaining a boiler flow temperature of 
8 0° C) so boiler 1 would be on (at 25%) and boiler 2 off ñ  as boiler 1 is on, the 60° C 
entering water will leave at 8 0° C and boiler 2 is off, but still has water circulating 
through it, so the water will leave that boiler at 60° C. Provided that both boilers are in 
balance, the flowrate will split equally between each boiler and (on a first iteration) the 
combined flow temperature can be assessed as ef =  (0.5 x 8 0° C +  0.5 x 60° C) =  7 0° C.

So, although the system is based on 8 0° C/ 60° C (that is, a 20K temperature 
differential) the system flow temperature is diluted to 7 0° C. Depending on the 
system side control, and accounting for it being a constant volume flowrate load, 
the return from the load could well be 50° C (or lower) that, although good for 
condensing operation, will act to further dilute (and reduce) the flow temperature, 
which then further reduces the return temperature, and so on. This will likely 
adversely impact the performance of the equipment supplying the load unless the 
load side has been adapted to work at a lower temperature. (A real application is 
likely to be rather more complex.) In an attempt to meet the required load flow 
temperature at part load, the boiler flow temperature could be increased to an 
extremely high 95° C (with a 6e through boiler 1 of 35K). This would result in a 
combined flow temperature of ef =  (0.5 x 95° C +  0.5 x 60° C) =  7 7 .5° C.

This does not fix the issue, as this simplified example illustrates, since the boiler is 
only able to produce a blended temperature of 7 7 .5° C. (This can become more of an 
issue when there are more boilers connecting into the primary system.)

An option to overcome this is to replace the main primary pump set with shunt 
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pumps to each boiler, as shown in Figure 5. 
This will allow full load flow through either 
boiler so that there is no flow temperature 
dilution through a non­ firing boiler. The shunt 
pumps may be on/ off controlled from the 
boiler;  however, they can also be controlled 
by the building management system (BMS). 
Controlling the pump via the boiler has 
the advantage that it allows the boiler to 
control run on, enable, and disable all from a 
simple signal from the BMS to the boiler, so 
simplifying the installation and mitigating the 
requirement for any additional points to be 
added to the BMS panel.

Alternatively, two­ port valves can also 
be used with a common primary pump to 
isolate offline boilers. However, this would 
require the common shunt pump to be speed 
controlled via local pressure­ sensing or BMS 
intervention. The two­ port valve would also 
require control via the BMS, again adding 
some complexity to a potentially dated 
BMS panel.

An example of a more extensive solution, 
as illustrated in Figure 6, is to remove 
the reverse return arrangement and to 
hydronically decouple the primary and 
secondary circuits with a low­ loss header 
(which can also readily combine air and 
dirt separation). The individual boilers are 
free to control themselves (overseen by 
the building control system). As the return 
water temperature rises, the variable speed 
boiler pumps modulate down to reduce the 
burner firing load, so maintaining a constant 
temperature differential.

The major advantage of this modification 
is that it decouples the generation and 
distribution side of the plant in terms of 
pressure and flow influence. The boilers are 
free to circulate through the low loss header 
without a direct hydronic influence of the 
constant volume load side and so the boilers 
can run with varying volume flowrates

A vertical low loss header can be used to 
improve air and dirt removal. The addition 
of vacuum de­ gassers can also help remove 
excess air from the system, as this is a 
particular problem often seen in re­ filling 
existing systems, as fresh (aerated) water will 
increase corrosion of existing pipework.

Wherever possible, to provide the most 
effective operation of the replacement 
condensing boilers, the load side should 
be critically examined, and potentially 
modified, in an effort to reduce the required 
water temperatures to ensure the gas boiler 
operates in condensing mode.
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C P D  P R O G R A M M E   |   B O IL ER SY ST EM S

1.   In small and medium load installations with two boilers,  
what proportion of peak load were boilers often sized to 
cope with?

A  5 0%  each

B  6 7 %  each

C    7 5 %  each

D  9 0%  each

E    100%  each

2.   W hat was the particular name given to the valves that were 
used to reduce the opportunity for condensation in non­
condensing boilers?

A  T h ree­ p ort control v alv e

B  A nti­ condensation v alv e

C    B ack ­ end p rotection v alv e

D  B yp ass v alv e

E  P rimary loop  v alv e

3 .   W hat is the term used to describe the impact on fl ow water 
temperature of the mixing of cool water from a non­ fi ring 
boiler with that of a fi ring boiler?

A  T emp eratu re attenu ation

B  T emp eratu re deg radation

C    T emp eratu re dilu tion

D  T emp eratu re diminu tion

E  T emp eratu re erosion

4 .   W hich one of these was not cited as one of the benefi ts of 
controlling the pump via the boiler?

A  A llow s th e boiler to control disable

B  A llow s th e boiler to control enable

C  A llow s th e boiler to control ru n on

D    M itig ates th e req u irement f or additional p oints to be 

added to th e B M S p anel

E    P rov ides enh anced monitoring  cap abilities f or th e boiler

5.   W hat is noted as the maj or advantage of the application 
of the low loss header?

A  C an inclu de air sep aration

B    D ecou p les th e g eneration and distribu tion side of  

th e p lant

C  E nables th e u se of  v ariable sp eed p u mp s

D    I nteg rates dirt sep aration

E  P rov ides a v acu u m de­ g asser

M o d u l e 1 8 7  
No v e m b e r  2 0 2 1

SP O N SO R
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Mechanical Ventilation with Heat 
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In-Line and 
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Comprehensive range 
of high quality ducting
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With the changes in building 
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An assigned designer, FREE 
drawings available and ongoing 
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64   E n h a n c e d  CPD d i r e c t o r y
([WHQGHG�SUR½OH�RI�RUJDQLVDWLRQV�SURYLGLQJ�&,%6(�DFFUHGLWHG�PRGXOHV�
RQ�D�UDQJH�RI�DUHDV��LQFOXGLQJ�HOHFWULFDO��½UH��OLJKWLQJ�DQG�VXVWDLQDELOLW\

7 2   CPD d i r e c t o r y
2UJDQLVDWLRQV�SURYLGLQJ�&,%6(�DFFUHGLWHG�&3'�PRGXOHV�RQ�D�UDQJH�RI�
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+5;(�+(5$�DQG�+5;(�$85$�PHFKDQLFDO�YHQWLODWLRQ�ZLWK�KHDW�UHFRYHU\��09+5��DQG�WKH�HQHUJ\�HI½FLHQW�&0;�
PHFKDQLFDO�H[WUDFW�YHQWLODWLRQ��0(9��XQLWV��ZKLFK�ERDVW�WKH�EHVW�VSHFL½F�IDQ�SRZHU�RQ�WKH�PDUNHW��

!.$+*)F"2&'#%&'.2)'*)%#*.)-"2.92"0)/.-)'&*)%9%-059'22'23)0+(&'23)*6*&"$*;)94'(4).//"-)'$,-.1"0)*6*&"$)
SHUIRUPDQFH�WKURXJK�WKHLU�H[DFWLQJ�WROHUDQFHV�DQG�HQJLQHHUHG�½W��ZKLFK�PLQLPLVH�SUHVVXUH�GURSV�DQG�YLUWXDOO\�
"#'$'2%&")%'-)#"%:%3"7)

B4")(.$,%26J*)-",+&%&'.2)/.-)G+%#'&6),-.0+(&)'*)/+-&4"-)"24%2("0)<6)"K("##"2&)&"(42'(%#)*+,,.-&)/-.$)%)
0"0'(%&"0;)'254.+*")&"%$).//"-'23)%)-%23")./)*"-1'("*)L)/-.$)0+(&)&%:"5.//*)%20)"*&'$%&'.2*;)&.)M"1'&)NFOM)%20)
N@F)*6*&"$)0-%9'23*)L)%##)/-"")./)(4%-3"7)
'RPXV�9HQWLODWLRQ�DOVR�SURYLGHV�D�GHWDLOHG�6SHFL½FDWLRQ�*XLGH�DQG�RIIHUV�VHYHUDO�&,%6(�DFFUHGLWHG�&3'�

(.+-*"*;)'2(#+0'23)!"#$%"&'$()*+"&'$)('$,&*-.$&/$-)"#*(&%*01$)%$&2*."21)('$,&#7

/#(),0"%&'.1,2)#*&').+

Q 34)."5,67887,9:;;<7
/$%'#5,$"1%.=>".."&&?
@)$*+A".&'#%&').=()=*B,
C">5,@)$*+A".&'#%&').=()=*B

@#(.)O"%&'23)=.#+&'.2*)'*)%)3#.<%#)$%2+/%(&+-"-)./)(.$$"-('%#)4"%&'23)%20)4.&59%&"-)*6*&"$*;)'2(#+0'23)<.'#"-*;)
ZDWHU�KHDWHUV��KHDW�SXPSV��QHWZRUN�LQWHUIDFH�XQLWV�DQG�DQFLOODULHV��)URP�VFKRROV�DQG�RI½FHV�WR�KRVSLWDOV��VSRUWV�
IDFLOLWLHV�DQG�UHVLGHQWLDO�DSDUWPHQWV��(OFR�KDV�D�FRPSUHKHQVLYH�UDQJH�RI�SURGXFWV�WR�GHOLYHU�KLJKO\�HI½FLHQW�DQG�
*+*&%'2%<#")*6*&"$*7

@#(.)'*)(.$$'&&"0)&.)(%-""-)0"1"#.,$"2&)%20)"0+(%&'.2;)%20).//"-*)%)-%23")./)>8?=@5%((-"0'&"0)>A!)(.+-*"*)&.)
4'34#'34&)&4"),.**'<'#'&'"*)./)*6*&"$)0"*'32)%(-.**)%)1%-'"&6)./)4"%&'23)&"(42.#.3'"*7)

B4'*)'2(#+0"*)&.,'(*)*+(4)%*C
Q*3(4$5$#$&2*'6"*"77"/'$+"&"##*,7*89:*$&#'())('$,&#
Q*;"#'*1#"*,7*5,%".&*/,&%"&#$&2*0,$)".#
Q*<&'.,%1/'$,&*',*(&%*(--)$/('$,&*,7*6"('*-15-#

>A!)*"$'2%-*)(%2)<")4"#0).2#'2").-)%&)%)(.$,%26I*),-"$'*"*)%20)%-")*+'&%<#")/.-),-./"**'.2%#*)/-.$)3-%0+%&")&.)
*"2'.-)#"1"#;)9'&4)"'&4"-)$"(4%2'(%#).-)"#"(&-'(%#)<%(:3-.+20*7

D#%B&,EF)*G,

Q 34)."5,678;,H8H,688<
/$%'#5,".I*'F'"+?"#()=()=*B
C">5,"#()=()=*B

)OlNW*URXS�LV�D�VXSSOLHU�RI�VPDUW�DQG�HQHUJ\�HI½FLHQW�LQGRRU�DLU�DQG�FULWLFDO�DLU�VROXWLRQV�WR�VXSSRUW�HYHU\�
%,,#'(%&'.2)%-"%7

B4")(.$,%26).//"-*)%)-%23")./)*.#+&'.2*)'2(#+0'23)(4'##"-*;)%'-)O%20#'23)+2'&*;)8B)(..#'23;)0%&%)("2&-")(..#'23;)
4"%&)-"(.1"-6)+2'&*;)-"*'0"2&'%#)1"2&'#%&'.2;)(%-),%-:)/%2*;)*$.:")*4%/&;)%K'%#)/%2*;)<.K)/%2*)%##)+20"-,'22"0)<6).+-)
PDE),".,#"5*&-.23)*'&")*"-1'("*)&"%$7)B4"-")%-")PQ)("2&-"*)./)/%(&.-6)"K("##"2(")%(-.**)&4")3#.<"7
=)>?'@.,1-*AB*-.,+$%"#*8:C#*,&D
Q�(53�FRPSOLDQW�DQG�HQHUJ\�HI½FLHQW�$+8V
Q*8),#"*/,&'.,)*#E#'"5#
Q*C('(*/"&'."*/,,)$&2
Q�2I½FH�FRRO�XQGHU¾RRU�DLU�FRQGLWLRQLQJ
Q�6PRNH��½UH�DQG�YHQWLODWLRQ
Q*8(.*-(.?*7(&#
Q�+RZ�WR�SUHYHQW�UHFLUFXODWLRQ�LQ�$+8V�ZLWK�WKHUPDO�ZKHHOV�°�&RYLG����DGYLFH

Q*F+".+$"G*,7*)$26'$&2*5(&(2"5"&'
Q*<FHI*G$."%I*G$.")"##*(&%*5$4"%J5,%"*#,)1'$,&#
Q2SHQ�V\VWHPV�DQG�LQWHURSHUDELOLW\�°�/RQ��
%$&QHW��'$/,����0477�

Q�'$/,���WHFKQRORJ\��IHDWXUHV�DQG�DSSOLFDWLRQ
Q'$/,���DSSOLFDWLRQ�°�%XVZLUH��%URDGFDVW��3OXJ�LQ�
(&%*K$.")"##

Q�'$/,���HPHUJHQF\�OLJKW�WHVWLQJ�DQG�PRQLWRULQJ
Q*LE#'"5*(./6$'"/'1."*(&%*(--)$/('$,&
Q*L5(.'I*$&'"2.('"%*#,)1'$,&#
Q*;$,%E&(5$/*'1&"(0)"JG6$'"*/,&'.,)
Q*@.(-6$/()*5(&(2"5"&'*(&%*5,&$',.$&2*
Q9"('5(-#I*#-('$()*,//1-(&/E*5(--$&2*
(&% %(#60,(.%#
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Q 34)."5,J88,K6L<6,7:M8,<666
/$%'#5,(G@?@"#$%&'(=()$
C">5,@"#$%&'(=()$

Q   34)."5,6M8;,H6M,888N
/$%'#5,OGG#'"@+P+&"$+=*B?
¾DNWJURXS�FRP
:HE��ZZZ�¾DNWJURXS�FRP�XN
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!"#$%&"'$&'(')*+,(*'*-(.-/'$0'.-&$)0'(0.'%-120+*+)34'5%'6(0"7(1%"/-&'(',/+(.'(0.'$00+8(%$8-'/(0)-'+7'2-(%$0)9'
8-0%$*(%$+09'($/'1+0.$%$+0$0)9'1*+&-'1+0%/+*'(0.'12$**-/'&3&%-6&'7+/'/-&$.-0%$(*'(0.'1+66-/1$(*'-08$/+06-0%&4
!"#$%&'(#%$)'*'$+,'':'!"#$%&"'2(&'1+0%$0"-.'%+',"$*.'+0'$%&'*$0-;"<9'=$%2'>9'?9'@'(0.'A;"0$%'B?>'6"*%$;&<*$%'&3&%-6&9'
DOORZLQJ�FRQWURO�RI�VHYHUDO�LQGRRU�XQLWV�ZLWK�RQH�RXWGRRU��DQG�RIIHULQJ�D�ODUJH�VHOHFWLRQ�RI�LQGRRU�½QLVKHV��
-."/$0&1+2+/3$%.2)45-':'(<<*$1(%$+0&'7+/'$%&'CB!'&3&%-6&'$01*".-'2$)2;-0.'/-&$.-0%$(*9'*$)2%'1+66-/1$(*'(0.'*(/)-/'
FRPPHUFLDO��UDQJLQJ�IURP�VPDOO�RI½FHV�DQG�VFKRROV�WR�KRWHOV��)XMLWVX
V�95)�V\VWHPV�DUH�YHUVDWLOH�DQG�UHOLDEOH��DQG�
/-1-0%'$0&%(**(%$+0&'$01*".-'%2-'D++8-/'E"$*.$0)'$0'F-&%'G+0.+0'(0.'DHI'E-*7(&%'+0'%2-'/$8-/'J2(6-&4'
6((#%+7)8/.7"9$'':'%2-'1+6<(03'+77-/&'1++*$0)'&3&%-6&'7+/'%-120$1(*'(<<*$1(%$+0&'&"12'(&'&-/8-/'/++6&'(0.'
WHOHFRPPXQLFDWLRQ�SODQWV��,W�SURYLGHV�HQHUJ\�HI½FLHQW�LQYHUWHU�FRQWUROOHG�';�DQG�FKLOOHG�ZDWHU�FORVH�FRQWURO�XQLWV��
ZLWK�GXDO�¾XLG�DQG�GXDO�FLUFXLW�RSWLRQV��DORQJ�ZLWK�IUHH�FRROLQJ��,W�DOVR�KDV�D�UDQJH�RI�DLU�KDQGOLQJ�XQLWV�DQG�
($/;%+;=(%-/'&3&%-6&'%2(%'(/-'2$)2*3'.-<-0.(,*-'7+/'&"&%($0(,*-'&+*"%$+0&4

K&$0)'%2-'$0%-/0-%'+7'%2$0)&9'!"#$%&"'</+8$.-&'&-/8$1-&'%2(%'(**+='"&-/&'%+'1+0%/+*'%2-$/'($/'1+0.$%$+0$0)'&3&%-6&'
7/+6'%2-$/'&6(/%<2+0-&4

()*+,-%./'(0)%$12

+DPZRUWK\�+HDWLQJ�LV�D�%ULWLVK�PDQXIDFWXUHU��VXSSO\LQJ�HQHUJ\�HI½FLHQW�FRPPHUFLDO�KHDWLQJ��KRW�ZDWHU�DQG�
/-0-=(,*-'&+*"%$+0&'%+'1+66-/1$(*',"$*.$0)&'+7'(**'&2(<-&'(0.'&$L-&'(1/+&&'%2-'KM4

I$01-'$0%/+."1$0)'%2-'1+01-<%'+7'6+."*(/',+$*-/&'$0'%2-'NOPQ&9'%2-'1+6<(03'2(&',--0'(%'%2-'7+/-7/+0%'+7'%2-'
1+66-/1$(*'2-(%$0)'6(/R-%4'5%'$&'1+66$%%-.'%+'&2(/$0)'$%&'$0."&%/3'R0+=*-.)-'(0.',-&%'</(1%$1-9'(0.'(**'+7'$%&'
SUHVHQWHUV�KDYH�\HDUV�RI�H[SHULHQFH�LQ�WKH�+9$&�LQGXVWU\��ZLWK�UHOHYDQW�SURIHVVLRQDO�TXDOL½FDWLRQV�
+DPZRUWK\�RIIHUV�WKH�IROORZLQJ�&,%6(�DFFUHGLWHG�&3'�FRXUVHV�
Q):.2$/.#');)"2<%/%21)$0+)=3/1.2)S0-='7+/'>Q>NT
Q)>+<)?.%#+/').2).#7)'*'$+,');)0*7/3"#%9)'+(3/3$%.2
Q)@+'$)(/39$%9+)0+3$%21)327)0.$&<3$+/)(#32$)/+A"/?%'0,+2$)
Q)B.,+'$%9)0.$)<3$+/)CBDEF)?+'$)(/39$%9+)S?'6+."*-&T

3UHYLRXV�FRXUVH�DWWHQGHHV�VDLG��́$�ORW�RI�GDWD�DQG�LQIRUPDWLRQ�FRYHUHG�LQ�D�VKRUW�VSDFH�RI�WLPH��ZKLFK�ZDV�H[HFXWHG�
YHU\�ZHOO�E\�WKH�VSHDNHUµ��DQG�́ YHU\�JRRG��RQH�RI�WKH�EHVW�VHVVLRQV�,�KDYH�EHHQ�WR��,W�ZDV�YHU\�DSSURSULDWH�VXEMHFW�
1+0%-0%'$0.--.4'U'2$)2*3'$0%"$%$8-'*-1%"/-9'=-**'.+0-4V

340)5'(0)%$12

,GHDO�+HDWLQJ�RIIHUV�D�UDQJH�RI�DFFUHGLWHG�&3'�VHVVLRQV��FRYHULQJ�WRSLFV�VXFK�DV�EHVW�SUDFWLFH�ZKHQ�FRQGXFWLQJ�
<*(0%/++6'&"/8-3&'%+'%2-'12+$1-&'(8($*(,*-'=2-0'&-*-1%$0)'%2-'6+&%'&"$%(,*-'2-(%'-W12(0)-/'7+/'('</+#-1%4

J2-'8#32$/..,)G"/H+*):8B')$8-&'(0'$0%/+."1%$+0'%+'%2-'8(/$+"&'&%()-&'$08+*8-.'$0'&"/8-3$0)'('<*(0%/++69'=$%2'
SDUWLFXODU�IRFXV�RQ�VXUYH\V�IRU�UHWUR½W�ERLOHU�LQVWDOODWLRQV��7KLV�LQFOXGHV�DFFHVV��ULVN�DVVHVVPHQWV�DQG�SUH�VXUYH\�
12-1R&9'(0.',/$-7'$07+/6(%$+0'+0'%2-',-&%'</(1%$1-'+7'1+66$&&$+0$0)4'

J2$&'&-6$0(/'$&'.-&$)0-.'7+/'6-12(0$1(*'(0.'-*-1%/$1(*'-0)$0--/&9',"$*.$0)'&-/8$1-&'-0)$0--/&9',"$*.$0)'
1+0%/(1%+/&'(0.'1+0&"*%(0%&4

J2-':.,,+/9%3#)@.%#+/)D+3$)IJ90321+/)!3$+/%3#):8B�ORRNV�DW��WKH�KLVWRU\�RI�ERLOHU�KHDW�H[FKDQJHU�PDWHULDOV��
=23'12++&$0)'%2-'1+//-1%'2-(%'-W12(0)-/'6(%-/$(*'$&'$6<+/%(0%X'%2-'<-/7+/6(01-'(0.'12(/(1%-/$&%$1&'+7'
(*"6$0$"6(0.'&%($0*-&&;&%--*'2-(%'-W12(0)-/&X'(0.'%2-'$6<+/%(01-'+7'=(%-/'%/-(%6-0%9'&3&%-6'</+%-1%$+0'(0.'
</+<-/'1+66$&&$+0$0)4

J2$&'&-6$0(/'$&'.-&$)0-.'7+/'6-12(0$1(*'(0.'-*-1%/$1(*'-0)$0--/&9',"$*.$0)'&-/8$1-&'-0)$0--/&9',"$*.$0)'
1+0%/(1%+/&'(0.'1+0&"*%(0%&4

6,.50-'71$1%0--"8%$950':,+0-

.RKOHU�8QLQWHUUXSWLEOH�3RZHU��.83��KDV�H[WHQVLYH�NQRZOHGJH�DQG�H[SHULHQFH�RI�GHVLJQLQJ��VSHFLI\LQJ��FRQ½JXULQJ��
$0&%(**$0)9'1+66$&&$+0$0)'(0.'&-/8$1$0)'<+=-/'</+%-1%$+0'&+*"%$+0&'(1/+&&'('=$.-'/(0)-'+7'(<<*$1(%$+0&4'5%'+77-/&'('
QXPEHU�RI�IUHH�́ OXQFK�DQG�OHDUQµ�WHFKQLFDO�VHPLQDUV�°�DLPHG�DW�FRQVXOWDQWV�DQG�HOHFWULFDO�HQJLQHHUV�°�WKDW�FDQ�EH�
2-*.'(%'('1*$-0%V&'&$%-'+/'8$/%"(**34'MKY'(*&+'/"0&'7"**;.(3'KYI'J/($0$0)'U1(.-63'1+"/&-&'(1/+&&'%2-'KM9'=2$12'(/-'
IUHH�WR�DWWHQG�DQG�&3'�FHUWL½HG��7KHVH�DUH�VXLWDEOH�IRU�JUDGXDWH�HQJLQHHUV�DQG�WKRVH�ORRNLQJ�WR�UHIUHVK�WKHLU�
R0+=*-.)-'+7'KYI4'J2-'1+"/&-&'(/-'.-&$)0-.'%+'$6</+8-'"0.-/&%(0.$0)'+7'%2-'6+&%'/-1-0%'<+=-/'</+%-1%$+0'
VSHFL½FDWLRQ�DQG�VHOHFWLRQ�UHTXLUHPHQWV��DQG�WKH�ODWHVW�WHFKQRORJ\�DYDLODEOH��ZKLOH�DOVR�RIIHULQJ�LQYDOXDEOH�&3'�
KRXUV�DQG�SRLQWV��$YDLODEOH�OXQFKWLPH�&3'�PRGXOHV�LQFOXGH�

Q :.,10;'<=><>'??>@<<
A*)$5;'01B"$-$0&C.)*+,-%./D
.0)%$12EF,*
G09;'.)*+,-%./
D.0)%$12EF,*HI:J'

Q :.,10;'<><KLM=MN@<
A*)$5;&)50&CO2)FEO"#$%&"D
2010-)5EF,*
G09;'O"#$%&"D2010-)5EF,*

Q :.,10;'P$F.)-4'Q-,+1R'.0)4',O'
VSHFL½FDWLRQ�VDOHV��������������
A*)$5;'-$F.)-4E9-,+1C
$40)5.0)%$12EF,*

Q :.,10;'<=>@?'MK?L<<
A*)$5;'"S&)50&E"8&CS,.50-EF,*
G09;'S,.50-D"8&EF,E"S

Q)B+'%12%21)/+'%#%+2$)K8G)'*'$+,'
Q)L/"+)>MN)<%$0)B86)K8G)'*'$+,'
Q&RQ½JXULQJ�D�836�EDWWHU\�V\VWHP�IRU�UHVLOLHQFH
Q�&RQ½JXULQJ�D�836�V\VWHP�°�FKHFNOLVW
Q)K8G);)A3"#$)9#+3/329+)327)2+"$/3#)+3/$0%21

Q)D.<)7.+')3)K8G)/+39$)$.)3)7.<2'$/+3,)A3"#$
Q)-3"#$)9#+3/329+)<%$0)327)<%$0."$)3)'$3$%9)?*(3''
Q)-."/&(.#+)90321+.H+/
Q�(DUWK�OHDNDJH�DQG�836�PRQLWRULQJ
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!"#$%&'()*+(&,-(#.,)/0*(&1*1%0.)%2,./0*(*3%1/*)(&4/*"-*/5,%6+/&.*-")*#"++/)#%(7*(&1*%&1,0.)%(7*$/(.%&4*(&1*
KRW�ZDWHU�DSSOLFDWLRQV��7KH�FXUUHQW�SURGXFW�UDQJH�LQFOXGHV�KHDW�SXPSV��VRODU�WKHUPDO�V\VWHPV��JDV�½UHG�ZDWHU�
$/(./)0*(&1*2"%7/)0*(0*3/77*(0*(00"#%(./1*(&#%77()%/08

!"#$%&'()*$(0*6)"'%1/1*9:;<=>(##)/1%./1*9?@*0/+%&()0*-")*+(&A*A/()0B*(&1*%.0*(%+*%0*."*+(C%+%0/*.$/*'(7,/*."*
%.0*(,1%/&#/*2A*-)/5,/&.7A*)/'%/3%&4*(&1*(#.%&4*,6"&*(../&1//*-//12(#D8*

E$%7/*-(#/>.">-(#/*0/00%"&0*$('/*2//&*7%+%./1*2/#(,0/*"-*9"'%1>FGB*!"#$%&'()*$(0*2//&*1/7%'/)%&4*7%'/B*"&7%&/B*
9:;<=>(##)/1%./1*9?@*3/2%&()0*)/4,7()7A8

9,))/&.*0/00%"&0*%&#7,1/H
Q!"#$%&'(&)%*+,%-+((",-.#/%0"#$.12%#13%0+$45#$",%#&&/.-#$.+1)
Q6L]LQJ�DQG�VHOHFWLRQ�RI�GLUHFW�JDV�½UHG�ZDWHU�KHDWHUV

!"#$%&'()*%0*3")D%&4*"&*&/3*9:;<=>(##)/1%./1*9?@*#"&./&.*."*"--/)*%&0%4$.*%&."*.$/*7(./0.*%&1,0.)A*.)/&10*(&1*
WHFKQRORJLHV��.HHS�DQ�H\H�RQ�WKH�WUDLQLQJ�VHFWLRQ�RI�LWV�ZHEVLWH�WR�VLJQ�XS�IRU�H[LVWLQJ�VHVVLRQV�DQG�EH�WKH�½UVW�WR�
D&"3*(2",.*&/3*#"&./&.8*I%0%.*/+-0.16#,7/$37'89$,#.1.129-&34)"(.1#,)

*+&,-).

J,&./)0K*9:;<=>(66)"'/1*9?@*0/+%&()*4%'/0*(*#"+6)/$/&0%'/*%&.)"1,#.%"&*."*$,+%1%.A*.$/")A*(&1*
GHKXPLGL½FDWLRQ��/HDUQ�DERXW�WKH�LPSDFW�RI�PRLVWXUH��FRPEDWLQJ�VHDVRQDO�¾XFWXDWLRQV�DQG�KRZ�WR�DFKLHYH�WKH�
PRVW�FRVW�HIIHFWLYH�DQG�HQHUJ\�HI½FLHQW�FOLPDWH�VROXWLRQ�IRU�\RX�RU�\RXU�FXVWRPHU��7KH�VHPLQDU�ODVWV�
(66)"C%+(./7A*"&/*$",)*(&1*#"'/)0H

Q'HKXPLGL½FDWLRQ�WKHRU\
Q0HWKRGV�RI�GHKXPLGL½FDWLRQ�DQG�LWV�EHQH½WV
Q ,QWURGXFWLRQ�WR�WKH�SV\FKURPHWULF�FKDUW
Q:#/-'/#$.12%(+.)$',"%/+#3)
Q(QHUJ\�VDYLQJ�WHFKQRORJ\�DQG�DSSOLFDWLRQV
Q'HKXPLGL½FDWLRQ�LQ�LQGXVWU\�°�FDVH�VWXG\�H[DPSOHV

6XLWDEOH�IRU�FRQVXOWDQWV��DUFKLWHFWV��VSHFL½HUV��LQVWDOOHUV�DQG�LQGXVWU\�SURIHVVLRQDOV��GHOHJDWHV�FDQ�FKRRVH�WR�KROG�
WKLV�VHPLQDU�LQ�SHUVRQ�DW�WKHLU�RZQ�RI½FH�RU�0XQWHUV
�8.�RI½FH�LQ�:\ERVWRQ��RU�RQOLQH�YLD�0LFURVRIW�7HDPV��
:- 1/7%'/)/1*%&*6/)0"&*1,)%&4*(*7,&#$.%+/B*J,&./)0*#(&*6)"'%1/*(*-)//*7,&#$*L0,2M/#.*."*#"&1%.%"&0N*(0D*-")*1/.(%70O8**

/()"#

$V�SDUW�RI�LWV�LQFUHDVLQJ�SUHVHQFH�LQ�WKH�8.�DQG�GHVLUH�WR�HQJDJH�IXUWKHU�ZLWK�WKH�VSHFL½FDWLRQ�FRPPXQLW\��3DURF�LV�
RIIHULQJ�WKUHH�DSSURYHG�&3'�SUHVHQWDWLRQV�WKDW�FDQ�EH�KHOG�DW�\RXU�RI½FHV�RU�YLD�6N\SH�RU�0LFURVRIW�7HDPV�

Q!;<:%)",6.-")%&.&"5+,8%.1)'/#$.+1�°�DLPV�WR�JLYH�GHOHJDWHV�LQFUHDVHG�NQRZOHGJH�DQG�FRQ½GHQFH�LQ�DVNLQJ�
.$/*#"))/#.*5,/0.%"&0*3$/&*#$""0%&4*(66)"6)%(./*%&0,7(.%"&*."*0,%.*(*6)"M/#.P0*&//108*Q"6%#0*%&#7,1/H*
VWDQGDUGV�DQG�TXDOLW\��%UHHDP��½UH��FRUURVLRQ��OHJLRQHOOD��DQG�FDOFXODWLQJ�WKLFNQHVVHV�

Q=.&"%.1)'/#$.+1%$0.-81"))")*R*(%+0*."*/&(27/*.$/*1/7/4(./*."*(,.$")%.(.%'/7A*#(7#,7(./*SIT9*0/)'%#/0*
%&0,7(.%"&*.$%#D&/00/0B*2(0/1*"&*.$/*)/7/'(&.*0.(&1()108*:.*(70"*4%'/0*4,%1(&#/*"&*$"3*."*1/(7*3%.$*2/06"D/*
0%.,(.%"&08*Q"6%#0*%&#7,1/H*0.(&1()10N*.$/)+(7*#"&1,#.%'%.AN*%&./)6)/.%&4*;<UVWWN*+(&,-(#.,)/)0P*.(27/0N*
#(7#,7(.%&4*2/06"D/*.$%#D&/00/0N*(&1*#,0."+*%&0,7(.%"&*6)"1,#.0*/&.)A8

Q+9$&�GXFW�LQVXODWLRQ��WKHUPDO��DFRXVWLF�DQG�½UH*R*(*4,%1/*."*1,#.3")D*%&0,7(.%"&*."6%#0*0,#$*(0*(667%#(27/*
%ULWLVK�VWDQGDUGV��WKHUPDO�FRQGXFWLYLW\��½UH�LVVXHV�DQG�DFRXVWLF�LVVXHV��7RSLFV�LQFOXGH��LQWURGXFWLRQ�WR�
1,#.3")D*%&0,7(.%"&N*.$/)+(7*(&1*#"&1/&0(.%"&*%&0,7(.%"&N*1/)%'%&4*.$/)+(7*%&0,7(.%"&*.$%#D&/00/0N*(#",0.%#*
LQVXODWLRQ��VRXQG�DEVRUSWLRQ�DQG�UHGXFWLRQ��DQG�½UH�LQVXODWLRQ��PDWHULDOV�DQG�FRQVWUXFWLRQ�UDWLQJV�

0(%&,12"3(%&45&.+6(,%"&478

6DLQW�*REDLQ�,QVXODWLRQ�8.�LV�GHOLJKWHG�WR�LQWURGXFH�,VRYHUµV�&,%6(�DSSURYHG�&3'�PRGXOH��6SHFL½FDWLRQ�DQG�
RSWLPLVDWLRQ�RI�WKHUPDO�LQVXODWLRQ�IRU�EXLOGLQJ�VHUYLFHV8
7KLV�&3'�JLYHV�DQ�RYHUYLHZ�RI�WKH�UDQJH�RI�+9$&�DSSOLFDWLRQV�DQG�WKH�GULYHUV�IRU�LQVXODWLRQ�VSHFL½FDWLRQ��,W�

DOVR�RIIHUV�JXLGDQFH�RQ�RSWLPLVLQJ�WKH�VSHFL½FDWLRQ��DQ�XQGHUVWDQGLQJ�RI�WKH�YDULDELOLW\�RI�WKHUPDO�SHUIRUPDQFH�
(##")1%&4*."*./+6/)(.,)/*)(&4/0B*(&1*2/0.*6)(#.%#/*%&0.(77(.%"&*"-*SIT9*%&0,7(.%"&8

:&0,7(.%"&*6)"1,#.0*-")*SIT9*/&0,)/*.$(.*0A0./+0*-,&#.%"&*(0*1/0%4&/1B*1/7%'/)%&4*.$/*+/1%,+*(.*.$/*#"))/#.*
./+6/)(.,)/*(.*.$/*)/5,%)/1*1/0.%&(.%"&B*7%+%.%&4*,&3(&./1*$/(.*7"00/0*(&1*4(%&0*-)"+*2,%71%&4*0/)'%#/0B*(&1*
6)/'/&.%&4*.$/*-")+(.%"&*"-*#"&1/&0(.%"&*(&1*)/+"'%&4*.$/*6"./&.%(7*-")*7"&4>./)+*1/.)%+/&.(7*%+6(#.0*0,#$*(0*
#"))"0%"&*(&1*+",71*4)"3.$8
6DLQW�*REDLQ�,QVXODWLRQ�8.�FDQ�GHOLYHU�WKLV�&3'�LQ�SHUVRQ�RU�GLJLWDOO\��,I�\RX�UHJLVWHU�\RXU�LQWHUHVW�DW�

.1)'/#$.+14'87-+(9:=>B*(*+/+2/)*"-*%.0*./(+*3%77*#"&.(#.*A",*."*())(&4/*(*.%+/*(&1*1(./*."*1/7%'/)*.$/*.)(%&%&48

Q /$"&-94:;<=>4<?==@;
AB(%694%&C"D6"#$%&'()E6,FE+G
H-3946"#$%&'()E6,FE+G

Q /$"&-94:;I@:4IJ<<IJ
AB(%694%&C"DB+&,-).E#"E+G
H-394B+&,-).E#"E+GK+G.-B%&().

Q /$"&-94L"$&4H(,,M4&(,%"&(64NOPQ4
.(6-.4B(&(R-)M4SIIT:UVI@@4J:>4;;@
AB(%694W"$&EX(,,D"X-&.#")&%&RE#"B
H-394Y()"#E#"E+G

Q /$"&-94:;IVJ4@<<:=J
AB(%6945&.+6(,%"&78E
*()G-,%&RZ-(BD.(%&,1R"3(%&E#"B
H-394%&.+6(,%"&1+GE#"BKQ/[
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!"#"$%#

!"#$%&'"(()*+),-&.(/%0)*%)("1/*%2)"3"%0*-"),()-*4)%"5.,%"&)/*).-&"%/$6")789:);<").=&$/,-#)*+)(6,''()$-&)
6-*4'"&#"),())3,/$'))+*%)6""=,-#)$>%"$(/)*+),-&.(/%0)1<$-#"(2)?$,-/$,-,-#)=%*+"((,*-$')1*?="/"-1"2)$-&)"-(.%,-#)
WKDW�TXDOL½�FDWLRQV�GR�QRW�EHFRPH�REVROHWH���

@*1*?"1)*++"%()AB)1*?=%"<"-(,3")=%*+"((,*-$')&"3"'*=?"-/)("?,-$%()&"',3"%"&)>0)<,#<'0)"C="%,"-1"&)
FULWLFDO�V\VWHP�DSSOLFDWLRQ�HQJLQHHUV��+RVWHG�RQOLQH�YLD�0LFURVRIW�7HDPV�RU�DW�\RXU�RI½�FHV��IRU�EHWZHHQ�IRXU��DQG�
DB)=$%/,1,=$-/(2)/<")("?,-$%)/$6"()$>*./)*-")<*.%2)$-&))&"'"#$/"()4,'')%"1",3")$-),-&,3,&.$')=%"("-/$/,*-)=$16)$-&)
D�FHUWL½�FDWH�RQ�FRPSOHWLRQ�

!"&'()

@*-/$0),()=%*3,-#),/()1*??,/?"-/)/*)/%$,-,-#)$-&)&"3"'*=?"-/),-)/<")>.,'&,-#)1*-/%*'(),-&.(/%0)>0)*++"%,-#)$)
1*?=%"<"-(,3")%$-#")*+)$11%"&,/"&)1*.%("()/<%*.#<)/<")@*-/$0)E1$&"?0:
(VWDEOLVKHG�LQ������DQG�D�½�QDOLVW�LQ�WKH�&RQWULEXWLRQ�WR�7UDLQLQJ�$ZDUG�FDWHJRU\�DW�WKH������%XLOGLQJ�&RQWUROV�

,QGXVWU\�$VVRFLDWLRQ��%&,$��$ZDUGV��WKH�6RQWD\�$FDGHP\�RIIHUV�D�UDQJH�RI�FRXUVHV�IRU�WKH�+9$&�DQG�FOLPDWH�
1*-/%*'),-&.(/%0:);<")@*-/$0)E1$&"?0)$,?()/*),?=%*3").-&"%(/$-&,-#)*-)/<")$==',1$/,*-)*+)("-(,-#)$-&)1*-/%*')
=%*&.1/()+*%)*=/,?.?)"-"%#0)($3,-#)$-&)1*-/%*'2)$()4"'')$()*11.=$-10)1*?+*%/:
7KH�6RQWD\�$FDGHP\µV�&3'�FRXUVHV�DUH�DFFUHGLWHG�E\�&,%6(�DQG�(QJLQHHUV�,UHODQG�DQG�LW�LV�DQ�RI½�FLDO�WUDLQLQJ�

SDUWQHU�RI�WKH�%&,$�DQG�LWV�LQGXVWU\�UHQRZQHG�%&0������FRXUVHV�
F*(/)1*.%("()$%")<"'&)$/)/<")@*-/$0)E1$&"?0G()=.%=*("H>.,'/)/%$,-,-#)+$1,',/0),-)I&"->%,&#"2)J"-/)*%)*-',-")

>./)/$,'*%?$&")1*.%("()+*%),-&,3,&.$'()$-&)1*?=$-,"()$%")$'(*)$3$,'$>'")$-&)1$-)>")("/).=)/<%*.#<)'*1$')
$11*.-/)?$-$#"%(:

!*+,(-.!(,#"

6SLUD[�6DUFR�RIIHUV�D�UDQJH�RI�&,%6(�DSSURYHG�&3'�VHVVLRQV�FRYHULQJ�DVSHFWV�RI�WKH�VWHDP�DQG�FRQGHQVDWH�ORRS��
;<")+*''*4,-#)789()$%")-*4)$3$,'$>'")3,%/.$''0)K)1*-/$1/)/<")1*?=$-0)/*)&,(1.(()%"5.,%"?"-/(L

Q))!"#$%&'()*$%#)"$+,)K)$)>%*$&2)>$(,12)"-/%0H'"3"')=%"("-/$/,*-)#,3,-#)$-),-/%*&.1/,*-)/*2)$-&)*3"%3,"4)*+2)/<")
=<0(,1$')=%*="%/,"()*+)(/"$?2)4<0),/),()4,&"'0).("&)$()$)<"$/H/%$-(+"%)?"&,.?2)$-&)/0=,1$')$==',1$/,*-(:

Q))-$,./&*#,.0)&/1),.*#2$".1),)K)&"(,#-)*+)(0(/"?(2)#**&)4*%6,-#)=%$1/,1"2)$-&)&,++"%"-1"())+%*?)*/<"%)?"&,$:
Q))!"#$%&$)*&3#$"&#4/3$)0#�°�WKH�EHQH½�WV�RI�XVLQJ�VWHDP�IRU�KHDW�H[FKDQJH�DSSOLFDWLRQV��KRZ�IXOO\�SDFNDJHG�
LQVWDQWDQHRXV�SODWH�KHDW�H[FKDQJHU�V\VWHPV�RSHUDWH��DQG�WKHLU�EHQH½�WV�

Q))!"#$%&"2$55.)0)K)/<"),?=*%/$-1")*+)/%$==,-#)(/"$?2)(/"$?)/%$=)/0="()$-&)*="%$/,-#)=%,-1,='"(:
Q))61)*#),$"#&%$)$0#%#)")K)(,M,-#2)'$0*./)*+)1*-&"-($/")',-"(N)&"(,#-)1*-(,&"%$/,*-(N)1*-&"-($/")=.?=,-#:
Q))!"#$%&7($+."8)K)&,++"%"-/)(/"$?)1*-&,/,*-()$-&)/0=,1$')$==',1$/,*-(N)+""&4$/"%)$-&),/(),?=$1/)*-)(/"$?)
5.$',/0N)(/"$?)5.$',/0)$-&)(/"$?)=.%,/0N)&"(,#-)1*-(,&"%$/,*-(:

Q))9)#208&$)*&,"#$%�°�HQHUJ\�FRQWHQW�RI�VWHDP��XVLQJ�VWHDP�HI½�FLHQWO\�IRU�KHDW�WUDQVIHU��KHDW�WUDQVIHU�
1$'1.'$/,*-(N)"-"%#0)$-&)1*-/%*')1*?=$%,(*-(:

!/%0"&

E/)@4"#*-2)4")$%")=$((,*-$/")$>*./)<"'=,-#)0*.)1%"$/")/<")>"(/),-&**%)"-3,%*-?"-/()$-&)4")'*3")(<$%,-#),&"$(2)
NQRZOHGJH�DQG�H[SHULHQFH��6R��ZH�KDYH�FUHDWHG�D�FROOHFWLRQ�RI�&3'�VHPLQDUV�WR�KHOS�\RX�FUHDWH�DQ�HI½�FLHQW��VDIH�
DQG�¾�H[LEOH�LQGRRU�FOLPDWH�

;*)1%"$/")?$C,?.?)1*?+*%/)$/))?,-,?.?)"C="-("),()-*/)$>*./)1<**(,-#)/<")%,#</)=%*&.1/:)@.11"(()%"5.,%"()
&""=)6-*4'"&#")$-&)$)#**&).-&"%(/$-&,-#)*+)<*4)&,++"%"-/)1*?=*-"-/()$-&)(0(/"?()?.(/),-/"%$1/)/*)1%"$/")
$)#**&),-&**%)1',?$/":);<%*.#<)*.%)/%$,-,-#2)0*.)1$-)'"$%-)<*4)/*)$==%*$1<2)='$-2)>.,'&)$-&)1%"$/")/<"),&"$')
,-&**%)1',?$/":
$WWHQGLQJ�RQH�RI�6ZHJRQµV�IUHH�VHPLQDUV�FRQWULEXWHV�WRZDUGV�\RXU�&,%6(�&3'�UHTXLUHPHQWV��7R�½�QG�RXW�PRUH�

$>*./)@4"#*-G()$11%"&,/"&)789)?*&.'"(2)3,(,/)&,:#01);/1%<(=<,(5512"<"2$.).)0>/5*

Q  12"&%3.4555.467.5448
9$(+:3.+&;"<=>?@"#"$%#<#"$.
A%B3..@"#"$%#<#"<=>

Q  12"&%3.C4D6E58.FG6844
9$(+:3.%&H=+,+%@?@"&'()I(#(J%$)<
#"$
A%B3..@"&'()I(#(J%$)<#"<=>

Q  9$(+:3 K(&+%:.A%::@L.
&('+"&(:.#"&@=:'(&'.@*%#+(:+@'L.
MN<9&H=+,+%@?=><@*+,(-@(,#"<#"$
A%B3..@*+,(-@(,#"<#"$O=>

Q  12"&%3.C4D.F44.4P5.EP8P
9$(+:3.@(:%@<=>?@/%0"&<#"$
A%B3.///<@/%0"&<#"$OMN
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!"#$%&'()*

Q!!(QHUJ\�HI½�FLHQW��YHQWLODWLRQ!"!#$%&'()&'*%!+,%%'%-!.*/&!)%0!.)+1*%!2**&3+'%&!/)#'%-/!,/'%-!0$4)%05.*%&+*(!67!
4*&*+!&$.8%*(*-9!)%0!$%$+-95+$.*#$+9!.*43*%$%&/:

Q!!/RZ�HQHUJ\�DLU�FRQGLWLRQLQJ�ZLWK�LQGLUHFW�DGLDEDWLF�FRROLQJ!"!)(&$+%)&'#$!4$&8*0/!*2!)'+!.*%0'&'*%'%-!&8)&!.)%!
+$0,.$!*+!$('4'%)&$!&8$!,/$!*2!+$2+'-$+)&'*%51)/$0!.**('%-:

Q �5HVLGHQWLDO�YHQWLODWLRQ�DQG�09+5!"!'%&+*0,.&'*%!&*!0'22$+$%&!&93$/!*2!+$/'0$%&')(!#$%&'()&'*%!/9/&$4/!)%0!8*;!
&8$9!)+$!0$/'-%$0!)%0!'%&$-+)&$0!'%&*!)!1,'(0'%-:

Q!!6ZLPPLQJ�SRRO�YHQWLODWLRQ�DQG�KHDW�UHFRYHU\!"!&$.8%'.)(!/$4'%)+!/,'&)1($!2*+!4$.8)%'.)(!)%0!$($.&+'.)(!
/$+#'.$/!$%-'%$$+/!0$/'-%'%-!/;'44'%-!3**(!8)((!#$%&'()&'*%!/9/&$4/!*+!.)++9'%-!*,&!$%$+-9!/,+#$9/!*%!
/;'44'%-!3**(/:

Q'DWD�FHQWUH�FRROLQJ�°�GLUHFW�DQG�LQGLUHFW�IUHH�FRROLQJ�DQG�LWV�EHQH½�WV�
Q!!3DVVLYKDXV�YHQWLODWLRQ�V\VWHPV!"!0$/'-%!)%0!.*43)+'/*%!*2!#$%&'()&'*%!/9/&$4/!2*+!<)//'#8),/!1,'(0'%-/:

+,#-(.'*/'))(%)

Q  0-,1%2*344*5456*778849
:&'(;2*<'=(<>&?<%)&,$$@
#"#$%&'()>?,>AB

=*/8'1)!7)++'$+!>?!@=7>?A!*22$+/!&8+$$!1+)%0/!3+*#'0'%-!*%$!&*&)(!BCD7!/*(,&'*%:!=*/8'1)!*22$+/!0'+$.&!$E3)%/'*%!
�';��DLU�FRQGLWLRQLQJ�V\VWHPV��ZLWK�D�KLJK�OHYHO�RI�WHFKQLFDO�IHDWXUHV�DQG�HI½�FLHQF\�DFURVV�LWV�UDQJH�RI�YDULDEOH�UDWH�
¾�RZ��95)���VSOLW�DQG�PXOWL�VSOLW�V\VWHPV��&DUULHU�LV�SULPDULO\�NQRZQ�IRU�LWV�OHDGHUVKLS�LQ�FKLOOHUV�DQG�K\GURQLF�
/*(,&'*%/F!)%0!'&/!);)+05;'%%'%-!&$.8%*(*-9:

7GD=!>?!.*43($&$/!&8$!('%$5,3!;'&8!)!.*43+$8$%/'#$!+)%-$!*2!)'+/'0$!/9/&$4/!)%0!)'+/'0$!/*(,&'*%/F!;'&8!&8$!
½�UP�DLPLQJ�WR�GHOLYHU�TXDOLW\�DQG�UHOLDELOLW\�DW�D�FRPSHWLWLYH�SULFH�SRLQW�
7&8.�RIIHUV�D�FRPSOHWH�UDQJH�RI�+9$&�SURGXFWV��DOO�EDFNHG�E\�WHFKQLFDO�VXSSRUW�DQG�XQGHUSLQQHG��7&8.�VD\V��

E\�WKH�FRPSDQ\µV�FRUH�YDOXHV��FXVWRPHU�VHUYLFH��TXDOLW\�DQG�HQYLURQPHQWDO�DZDUHQHVV�
7DSSLQJ�LQWR�WKH�NQRZOHGJH�DQG�H[SHUWLVH�RI�WKHVH�WKUHH�EUDQGV��7&8.�LV�DEOH�WR�RIIHU�DQ�H[WHQVLYH�UDQJH�RI�

7<H/!.*#$+'%-!($-'/()&'*%I!)33('.)&'*%!)%0!0$/'-%I!)%0!%$;!&$.8%*(*-'$/!)%0!'%%*#)&'*%/:!=8$/$!.*,+/$/!)+$!
0$('#$+$0!19!)!&$)4!*2!BCD7!'%0,/&+9!&+)'%$0!/)($/!$%-'%$$+/!&8)&!3+*#'0$!)!3+*2$//'*%)(!)33+*).8!)%0!#)/&!
LQGXVWU\�NQRZOHGJH�WR�EDFN�XS�WKH�FRXUVH�PDWHULDO�
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!"#$%&'()*+(,"-"-)

.,$+/!0,-!%/
+'/#''1/2324/
!'(5'(,+%/
+(,"-"-)
!"#$%&'()*#&+,+,-)./#)
¿YH�RU�PRUH�RI�\RXU�
HPSOR\HHV�DQG�EHQH¿W�
IURP�WDLORUHG�WUDLQLQJ�WR�¿W�
\RXU�FRPSDQ\¶V�QHHGV�

Q  0-,1%2*0'A;*!&($-C*+/DE*FGG;(%<*
#';%#*<()%?$,)C*H555I*84998I
:&'(;2*0'A;>#&($-@?'))(%)>?,&
J%.2**?'))(%)>?,&K?,&&%)?(';K
%1KABK
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!"#$%!"##!$%&'(%)&
&$'%***+"##,%&'(%)&+-.+/0

!"#$%!"1!2)34&5!
&$'%***+"6&+-.+/0!

!"#$%7!8!9:%('!;<(34!=3<(34>?!
@<4(!.A!7BC3-.

&$'%***+<.>:%('%)(34)<(%.)<,+-.:

!"#$%!7DE,/3!95>(3:>
&$'%ZZZ�D�¾XHV�FR�XN

!"#$%!7FF!14./@
&$'%***+<GG+-.:

!"#$%$FUH½QH�(QJLQHHULQJ�6HUYLFHV
&$'%ZZZ�DFUH½QH�FRP

!"#$%!7HI!JK
&$'%***+<-C+-.:

!"#$%!7L2M!
&$'%***+<B35+-.:

!"#$%!7BC<)-3B!7%4!JK
&$'%***+<BC<)-3B<%4+-.+/0

!"#$%!7BC<)-3B!9:.03!14./@
&$'%***+<BC<)-3B>:.03+-.+/0

!"#$%!7BC3-.
&$'%***+<BC3-.+-.

!"#$%!734:3-!JK
&$'%***+<34:3-+-.+/0

!"#$%!7%-!=3<(%)&
&$'%***+:5<%-+-.+/0

!"#$%(7%43B<,3!N)(34)<(%.)<,!
7%4 H.)B%(%.)%)&

&$'%***+<%43B<,3+-.:

!"#$%!7%4>5>!JK
&$'%***+<%46>5>+/0

!"#$%7,A<!$<C<,
&$'%***+<,A<,<C<,+-.+/0

!"#$%!7,(3-)%-
&$'%***+<,(3-)%-+-.+/0

!"#$%!7O1!95>(3:>
&$'%***+<:&>5>(3:>+-.:

!"#$%!7)B3,
&$'%***+<)B3,+-.+/0

!"#$%!7).,%>!$%&'(%)&
;3GP!***+<).,%>+3/Q'.:3

!"#$%!7@@,%3B!JK
&$'%***+<@@,%3B/0+)3(

!"#$%!7R/<,3<0!L3(3-(%.)
&$'%***+<R/<,3<0+-.:

!"#$%!7R/%@!
&$'%!***+<R/%@+-.:+</

!"#$%!74:<-3,,!JK!
&$'%!***+<4:<-3,,+-.+/0

!"#$%!74:>(4.)&!N)(3&4<(3B
&$'%ZZZ�DUPVWURQJ¾XLGWHFKQRORJ\�

-.:

!"#$%!744.*!I<,C3>!!
&$'%***+<44.*C<,C3>+-.+/0Q

!"#$%!7/4.4<!$%&'(%)&!14./@
&$'%!***+</4.4<,%&'(%)&+-.:

!"#$%!F7H)3(!N)(343>(!14./@!2/4.@3
&$'%!***+G%&63/+.4&

!"#$%7)B43*>!;<(34!=3<(%)&!
SF<T%!=3<(%)&!U

&$'%!***+G<T%'3<(%)&+-.+/0

!"#$%!7R/<G%.)!JK
&$'%!***+<R/<G%.)6/0+-.:

!"#$%!F3-0'.AA!7/(.:<(%.)
&$'% G3-0'.AA+-.+/0QG/%,B%)&

!"#$%!F21!SJKU
&$'%***+G3&6,/T.:<(+-.:Q3)

!"#$% F3,%:.!7/(.:<(%.)!JK
&$'%***+G3,%:.+-.+/0

!"#$%!F%BB,3!7%4!95>(3:>
&$'%(***+G%BB,36<%4+-.+/0

!"#$%!F.,B!H.::/)%-<(%.)>
&$'%***+G.,B-.::/)%-<(%.)>+-.+/0

!"#$% F.>-'!H.::34-%<,!<)B!
N)B/>(4%<,!=3<(%)&

&$'%***+G.>-'6%)B/>(4%<,+-.+/0

!"#$% F43<('%)&!F/%,B%)&>
&$'%***+G43<('%)&G/%,B%)&>+-.:

!"#$%!F4%&'(*<(34!2)C%4.):3)(<,
&$'%***+G*<(34+3/

!"#$%!F4.)V61,.*!JK
&$'%***+G4.)V6&,.*+-.+/0

!"#$% F/%,B%)&!H.)(4.,>!N)B/>(45!
7>>.-%<(%.)

&$'%!***+G-%<+-.+/0

!"#$%!F/>%)3>>!9@4%)0,34!7,,%<)-3
&$'%***+G/>%)3>>6>@4%)0,346

<,,%<)-3+.4&

!"#$% H<%-3!7-./>(%-!7%4!O.C3:3)(
&$'%***+-<%-3+-.+/0

!"#$%!H<,.4!1<>
&$'%***+-<,.4+-.+/0

!"#$% H<,.4!1<>!WN
&$'%***+-<,.4&<>+%3

!"#$% &DP½O
&$'%ZZZ�FDP½O�FR�XN

!"#$%!H<43,!JK
&$'%***+-<43,/0+-.:

!"#$%!H<44%34!E%43!X!9<A3(5
&$'%***+</4.4<,%&'(%)&+-.:

!"#$%!H<>>%<)!H.:@,%<)-3
&$'% LH�½UHVHFXULW\SURGXFWV�FRP

!"#$%!H3(3('34:
&$'%***+-3(3('34:+-.:Q/0

!"#$%!H.,(!N)(34)<(%.)<,
&$'%(***+-.,(%)A.+-.+/0

!"#$% H.::34-%<,!=.(!;<(34!
9.,/(%.)>

&$'%***+-'*>,(B+-.+/0

!"#$% H.:@,3(3!I3)(%,<(%.)!
9.,/(%.)>!

&$'%***+-.:@,3(3C3)(>.,/(%.)>+
-.+/0

!"#$%!H.)B<%4
&$'%***+-.)B<%4+-.+/0

!"#$%!H.)3T!FY))%)&34
&$'%***+-.)3TG<))%)&34+-.:

!"#$%!H..,!L3>%&)>
&$'%***+-B,*3G+%)A.

!"#$%!H.4%693<,!95>(3:>!
&$'%***+-.4%6>3<,+-.+/0

!"#$%!H.4><%4!2)&%)334%)&B
&$'%***+-.4><%43)&%)334%)&+-.+/0

!"#$%!HZ7!2)&%)334%)&!9.,/(%.)>
&$'%***+-@<6&4./@+-.:

!"#$% HZI
&$'%***+-@C+-.+/0

!"#$% H4<)3!F/%,B%)&!934C%-3>!
X J(%,%(%3>

&$'%***+-4<)3G>/+-.:

!"#$%L!H!Z4.A3>>%.)<,!L3C3,.@:3)(
&$'%***+-4<)3G>/+-.:
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!"#$%"#$%$&!'(
&$'%)))*+#$%$&*,-*.%/,0+

!"#$%"12&!'(
&$'%)))*+12&*,-*.%

!"#$%!"1$3
&$'%)))*+1$3*,-4

!"#$%"154#6$,!7$826$&8!9#&#8141&6
&$'%)))*+154#6$,*,-4

!"#$%!"1:$8&05#&!7$826$&8
&$'%)))*+1:$8&05#&*,-*.%

!"#$%!"1:6;#$6#$;
&$'%)))*+1:6;#6#$;*,-*.%

!"#$%!"1<6;#!=;-.0
&$'% 2660>//+1<6;#8;-.0*,-*.%/

!"#$%"$#4-&+!?@:614:
&$'%)))*+$#4-&+:@:614:*,-*.%

!"#$%"$33.:$-&!=;-.0!
&$'%)))*+$33.:$-&A8;-.0*,-4

!"#$%!"9?!9161;$&8!?-5.6$-&:
&$'%)))*+4:56+*,-4

!"#$%!"-4.:!B1&6$5#6$-&!?@:614:
&$'%)))*+-4.:C1&6$5#6$-&*,-*.%

!"#$%�'RVD½O
&$'%ZZZ�GRVD½O�FR�XN

!"#$%!".;#0$01!'(!
&$'%)))*+.;#0$01*,-*.%

!"#$%!".6@0-$&6
&$'%)))*+.6@0-$&6*,-4

!"#$%!D#:64#&
&$'%)))*1#:64#&*,-4

!"#$% DE4A0#0:6!'(
&$'%)))*1E40#0:6*,-4

!"#$% DFD
&$'%)))*1,1.%*,-4

!"#$% D5,-!'(/G6#8
&$'%)))*15,-*,-*.%

!"#$% D56#!=;-.0
&$'% 156#8;-.0*,-*.%

!"#$% D&H,1#&!G55$#&,1
&$'%)))*1&-,1#&A#55$#&,1*-;8

!"#$% D&C$;-&41&6#5!?$61!?.005$1:
&$'%)))*1:#$;,-&*,-4

!"#$%!D&C$;-B1&6
&$'%)))*1&C$;-C1&6*,-4

!"#$% D<,15!I16)-;%$&8!?-5.6$-&:
&$'%)))*1<,15A&16)-;%$&8*,-4

!"#$%!1@;$:1
&$'%)))*1@;$:1*,-4

!"#$% J#81;2.56!7$826$&8
&$'%)))*3#81;2.56*,-4

!"#$% J$;1!"1:$8&!?-5.6$-&:
&$'%ZZZ�½UHGHVLJQVROXWLRQV�FRP

!"#$%!J$;1!?#316@!K;#$&$&8!=;-.0
&$'%)))*3:68*-;8*.%

!"#$%!J$;14#,
&$'%ZZZ�½UHPDF�FRP

!"#$% JLMD?GJD!J$;1!M#61+!".,6)-;%
&$'%ZZZ�½UHVDIHGXFWZRUN�FR�XN

!"#$%!J5#%6!=;-.0!'(!
&$'%ZZZ�¾DNWJURXS�FRP�XN

!"#$%!J51<1N
&$'%ZZZ�¾H[HM�FR�XN�H[SDQVLRQ�

N-$&6:

!"#$%!J;#6155$!O166$&#;-5$
&$'%)))*0166$&#;-5$*,-4

!"#$% J;1&81;!?@:614:
&$'%)))*3;1&81;*,-*.%

!"#$% J.N$6:.!=1&1;#5!P'(Q!F-
&$'%)))*3.N$6:.A81&1;#5*,-4/.%

!"#$% J.56-&!R-$51;!S-;%:
&$'%)))*3.56-&*,-*.%

!"#$% J.6.;1!"1:$8&:
&$'%)))*3.6.;1+1:$8&:*,-*.%

!"#$%=1E1;$6!?#51:
&$'%)))*81E1;$6*,-*.%/:1;C$,1:/

6;#$&$&8/,0+A6;#$&$&8*2645

!"#$%=1&1;#5!D&C$;-&41&6#5!
?1;C$,1:!P=D?!S#61;Q

&$'%)))*81:A)#61;*,-*.%

!"#$%!=1-;81!J$:,21;!?#51:
&$'%ZZZ�JHRUJ½VFKHU�FRP

!"#$%=1-AT1;-U!0#;6!-3!621!D<,--5!
=;-.0!PD,-#$;E-<Q

&$'%)))*81-AV1;-*,-4

!"#$%!=$#,-4$&$!'(
&$'%)))*8$#,-4$&$*,-*.%

!"#$%=5#4-<!7.<-&$,!7$826$&8!
&$'%)))*85#4-<5.<-&$,*,-*.%

!"#$%=51&!"$4051<!W1#6$&8!#&+!
B1&6$5#6$-&!

&$'%)))*8+2C*,-*.%

!"#$%!=5-E#5!S#61;!?-5.6$-&:
&$'%)))*85-E#5)#61;:-5.6$-&:*,-4

!"#$%!=5-E#5!G::-,$#61:
&$'%)))*85-E#5A#::-,$#61:*,-*.%

!"#$%!=;$0051
&$'%)))*8;$0051*,-4

!"#$%!W*!=.&6&1;!'(!
&$'%)))*8.&6&1;*,-*.%

!"#$%!W#56-&!O;-+.,6:!
&$'%)))*2#56-&*,-4

!"#$%!W#4)-;62@!W1#6$&8
&$'%)))*2#4)-;62@A21#6$&8*,-4

!"#$%W1#6$&8!G005$#&,1:!X!?0#;1:
&$'%)))*2#:5*,-*.%

!"#$%(W1;V!B#5C1:!'(!
&$'%)))*21;VC#5C1:*,-4

!"#$%!W-&1@)155!=1&6
&$'%)))*81&6*,-*.%/1+.,#6$-&/

FO":

!"#$%!W.4$+$6@!9#661;:!
&$'%)))*2.4$+$6@4#661;:*,-*.%!

!"#$%W@+;-61,!P'(Q
&$'%)))*2@+;-61,*,-*.%

!"#$%!W@:-06
&$'%)))*2@:-06*,-4

!"#$%!L#&!G!(1;&-2#&!PI*L*Q
&$'%)))*$#%-&5$&1*,-4

!"#$%!L+1#5!F-441;,$#5!R-$51;:
&$'% $+1#5,-441;,$#5E-$51;:*,-4

!"#$% L9L!W@+;-&$,!D&8$&11;$&8
&$'%)))*6#2@+;-&$,:*,-*.%

!"#$% LO'!=;-.0
&$'%)))*$0.*,-*.%

!"#$%!LO?!J5-)!?@:614:
&$'%ZZZ�LSV¾RZV\VWHPV�FRP
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!"#$%!"#!$%&'()*!
&$'%+++,-./%&'()*,0&1

!"#$%!2343!563*-74!$%&'(0*8!9:
&$'%!+++,;343,0&,()

!"#$%!26%61-38!9:
&$'%!+++,;6%61-38,()

!"#$%!:31/1377
&$'%+++,:31/1377,0&,()

!"#$%!:-748/37<3*6%!37'!=76%4>
&$'%+++,)-748/37+3*6%37'676%4>,

0&1

!"#$%!:-748/37!?60@7-03A!"78(A3*-&7
&$'%+++,)-748/37*60@7-03A

-78(A3*-&7,0&,()

!"#$%(:BC!9:
&$'%!+++,)7D(),&%4

!"#$%!:&@A6%!E!FGHI
&$'%+++,)&@A6%J8'1&,0&1K=B

!"#$%:&@A6%!97-7*6%%(/*-LA6!$&+6%
&$'%+++,)&@A6%J(/8,0&,()

!"#$%!:FM!
&$'%(+++,)8L,0&,()

!"#$%!N-O680-6706!$%&'(0*8
&$'%+++,A-O680-6706,0&,()

!"#$%!N-7'3L
&$'%+++,A-7'3L,0&,()

!"#$%!N&0@-7.3%
&$'%(+++,A&0@-7.3%,A*',()

!"#$%!N&48*&%!9:
&$'%+++,A&48*&%,0&1

!"#$%�0DQV½HOG�3ROODUG�	�&R
&$'%ZZZ�PDQV½HOGSROODUG�FR�XN

!"#$%H3%A6>!$A(1L-74!37'!G%3-7346
&$'%+++,13%A6>/',0&,()

!"#$%!H6%0)!N-O6!F0-6706!9:
&$'%+++,16%0)4%&(/,0&1

!"#$%�0+,�6SHFL½FDWLRQV���'�3OXV�
&$'%+++,1@-8/60,0&,()

!"#$%!H-D6%4>!
&$'%+++,1-D6%4>,0&,()

!"#$%H&L&*-D
&$'%+++,1&L&*-D,0&1

!"#$%!H&7&'%3(4@*
&$'%+++,1&7&'%3(4@*,0&1

!"#$%!H(7*6%8!
&$'%+++,1(7*6%8,0&,()

!"#$%!B3%60!G-8*%-L(*6'!=76%4>
&$'%+++,73%60'6,0&,()

!"#$%!B(3-%6KB(3-%6!P%&(/
&$'%+++,7(3-%6,0&,()

!"#$%!7#67*!Q3>0@61
&$'%+++,%3>0@61R7.67*,0&1

!"#$%!I/6%3*-&73A!"7*6AA-46706
&$'%+++,'0J&-,0&1

!"#$%!I%137'>!Q>0%&O*!=74-766%-74
&$'%+++,&%137'>4%&(/,0&1

!"#$%(I**6%!#30((1!F>8*618
&$'%+++,&**6%.30((1,0&,()

!"#$%!I.67*%&/!9:
&$'%+++,&.67*%&/,0&,()

!"#$% 3DUNHU�+DQQL½Q
&$'%+++,/3%)6%*%3783-%,0&1K

?%3783-%

!"#$%!$3%)-74!#67*-A3*-&7!=S(-/167*
&$'%!+++,/.6(),0&1

!"#$%!$3%&0!9:
&$'%+++,/3%&0,0&1

!"#$%�3DUDJRQ�%XLOGLQJ�&RQVXOWDQF\
&$'%+++,/3%34&7L0,0&,()

!"#$%!$64A6%!T&%)8@-%6!P%&(/
&$'%(+++,/64A6%>&%)8@-%6,0&,()

!"#$%!$@-A-/!$3>76
&$'%+++,/@-A-//3>76,0&,()

!"#$%!$-AA6%!9:!
&$'%+++,/-AA6%,0&1

!"#$% 3ODVPD�&OHDQ
&$'%+++,/A3813J0A637,0&1

!"#$%!$&**6%!F-473A!
&$'%+++,/&**6%8-473A,0&1

!"#$%!$&+6%138*6%
&$'%+++,/&+6%138*6%JA*',0&,()

!"#$% $&+6%/-/6!F>8*618
&$'%+++,/&+6%/-/6(),0&,()

!"#$%!$%-@&'3!9:
&$'%+++,/%-@&'3,0&,()

!"#$% 3ULYD�8.��%XLOGLQJ�
,QWHOOLJHQFH��

&$'%+++,/%-.3,0&1K()

!"#$%!$%&A&;-)'!
&$'%!+++,/%&A&;-),0&1

!"#$%�3XUPR�*URXS��8.�
&$'%!+++,/(%1&4%&(/,0&1

!"#$%!Q60&*@6%1
&$'%!+++,%60&*@6%1,0&,()

!"#$%!Q6@3(
&$'%+++,%6@3(,0&1K()J67K

'-80&.6%J)7&+A6'46

!"#$% Q6A-3706!<&%A'+-'6!
&RUSRUDWLRQ

&$'%!+++,%+0,0&,()

!"#$%!Q678&7!U3L%-03*-&78
&$'%+++,%678&7,6(K67J4L

!"#$%(Q-6AA&!
&$'%!+++,%-6AA&L(%76%8,0&,()

!"#$%!Q-773-!9:
&$'%!+++,%-773-(),0&1

!"#$% Q-**3A
&$'%+++,%-**3A,0&,()

!"#$%�5REXV�/LJKWLQJ��/('�*URXS
&$'%(%&L(8,0&1

!"#$%!Q&AA8JQ&>06!F&A(*-&78!9:
&$'%!+++,1*(J8&A(*-&78,0&1

!"#$% Q&0@68*6%!H-'A37'!
&RUSRUDWLRQ

&$'%!+++,%10&%/A*',0&,()

!"#$% Q$!?60@7-)
&$'%+++,%/J4%&(/,0&1

!"#$%�6	6�1RUWKHUQ
&$'%+++,8787&%*@6%7,0&1

!"#$%!F3O643%'!F>8*618
&$'%+++,83O643%',-6

!"#$% F346%!VP
&$'%+++,8346%J*60@7-03AJ

-78(A3*-&7,0&,()

!"#$%!F3-7*JP&L3-7!$31
&$'%!+++,/31'%3-7346,0&,()

!"#$%!F3-7*JP&L3-7!"78(A3*-&7!9:!
&$'%+++,-78(A3*-&7J(),0&1

!"#$%!F3(*6%!V(*&13*-&7'
&$'%!+++,83(*6%3(*&13*-&7,0&,()

!"#$%!FV#!F>8*618
&$'%!+++,83.J8>8*618,0&1
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!"#$%!"#$%&'
&$'%!((()*#$%&')#')+&

!"#$% "#$'',!'-!./#$012#1+/23!
4+0,5067!8!90:0,!;670622/0673!
<'+7$='/'+7$!>60:2/*01?

&$'%((()=0*@%)'/7

!"#$%!"2#+/01'6
&$'%!((()*2#+/01'6)#'A

!"#$%("2#+/2!B212/*
&$'%!((()*2#+/2A212/*)#'A

!"#$%!"22,2?!C612/6%10'6%,
&$'%!((()*22,2?0612/6%10'6%,)#'A

!"#$% "26*067!D/2#0*0'6
&$'%((()*26*067E@/2#0*0'6)#'A

!"#$% "261062,!D2/-'/A%6#2!
"',+10'6*

&$'%(((()*261062,@/'12#1*)#'A

!"#$%!"$261'6!F/'+@!GF,'=%,H
&$'%((()*$261'67/'+@)#')+&

!"#$%"02A26*!4+0,5067!I2#$6','702*!
GJ',5067*H

&$'%((()*02A26*)#')+&K!
=+0,506712#$6','702*

!"#$%!"0760-?
&$'%((()*0760-?)#'A

!"#$% "A'&2!9'61/',!
.**'#0%10'6!L;I.

&$'%((()*A'&2#'61/',)'/7)+&

!"#$% "'#'A2#!C66':%10:2!D'(2/!
"','+10'6*

&$'%((()*'#'A2#)#'A

!"#$%!"'#'12#!G@/2:0'+*,?!;"FH
&$'%((()*'#'12#)#')+&

!"#$%!"',/%?!
&$'%((()*',/%?)#')+&

!"#$% "',%/;572!9/010#%,!D'(2/!>M
&$'% #/010#%,@'(2/)*',%/2572)#'A

!"#$%!"'61%?
&$'%!((()*'61%?)#'A

!"#$%!"D9!G"!8!D!9'0,25!D/'5+#1*H!
&$'%((()*@#E$:%#)#')+&

!"#$% "@0/%NE"%/#'!;670622/067
&$'%!((()*@0/%N*%/#')#'AK+&

!"#$%!"1%/!O2-/072/%10'6
&$'%!((()*1%/E/2-)#')+&

!"#$%!"12,/%5
&$'%!((()*12,/%5)#'A

!"#$%!"1'%62!<07$1067
&$'%!*1'%62,07$1067)#'A

!"#$%!"1'&:0*!;62/7?!"?*12A*
&$'%!((()*1'&:0*='0,2/*)#'A

!"#$%("1/%1270#!B250%!.*0%
&$'%!((()*1A250%E%*0%)#'A

!"#$%!"1/2=2,
&$'%!((()*1/2=2,)#')+&

!"#$% "1+%/1!I+/62/
&$'%((()*1+%/1E1+/62/)#')+&

!"#$%!"1+,P!>M
&$'%(((()*1+,P)#')+&

!"#$%!"(27'6
&$'%!((()*(27'6)#'A

!"#$%("Q;D!C612/6%10'6%,
&$'%((()*(2@)621

!"#$%!"?*12A%0/!GL/0#'H
&$'%!((()*?*12A%0/)#')+&

!"#$%(I%A,012!<07$1067!!
&$'%(((()1%A,012)#')+&

!"#$%!I;R
&$'%!((()12:,0A0125)#'A

!"#$%!I$'/,+N!G<07$1067H!!
&$'%!((()1$'/,+N)#'A

!"#$% I01'6!
&$'%((()101'6)#'A

!"#$%!I'*$0=%!9%//02/!>M
&$'%((()#%//02/%0/#'6)#')+&

!"#$%!I/261!9'61/',!D%62,*
&$'%((()!1/261@/'5+#1*)#'A

!"#$% I/05'60#!>M
&$'%!((()1/05'60#)#'A

!"#$%!I/'N!>M
&$'%!((()1/'N+&)#')+&

!"#$%!>@'6'/!>M!
&$'%((()+@'6'/)#'A

!"#$%!R%0,,%61!F/'+@
&$'%!((():%0,,%61)#')+&

!"#$%!R2#1%0/2
&$'%!((():2#1%0/2)#')+&

!"#$%!R2#1'/!.0/!8!Q%12/
&$'%((():2#1'/E%0/%65(%12/)#')+&

!"#$%!R2/%6'!F,'=%,!*)@)!P)')'!
&$'%((():2/%6'#'6:2#1'/)#')+&

!"#$%R2/10:!G@/2:0'+*,?!;A2/*'6!
S21('/&!D'(2/H

&$'%!((():2/10:#')#'AK26E2A2%

!"#$%!R2N'!C612/6%10'6%,!G>MH
&$'%!((():2N'061)#'A

!"#$%(R0#1%+,0#
&$'%!((():0#1%+,0#)#'A

!"#$%!R027%
&$'%!((()!:027%)#')+&

!"#$%!R0&067!>M!8!C
&$'%(((():0&067E2A2%)#'A

!"#$%!R0,0#'A
&$'%(((():0,0#'A)#'A

!"#$%!R0A%/
&$'%(((():0A%/)#'A

!"#$%!R'/10#2!
&$'%(((():'/10#2),15)+&

!"#$%!Q%/A!>@
&$'%(((()(%/A+@)#')+&

!"#$%�:DUPD¾RRU��*%��
&$'%(ZZZ�ZDUPD¾RRU�FR�XN

!"#$%!Q%12/,''!.0/!D/'5+#1*
&$'%(((()(%12/,'')#')+&

!"#$%!Q4!D'(2/!"2/:0#2*
&$'%(((()(=@*,15)#')+&

!"#$%!Q$012#/'-1!<07$1067
&$'%(((()($012#/'-1,07$1067)#'A

!"#$%!Q0,'!G>MH
&$'%(((()(0,')#'AK7=K26

!"#$%!Q0/2,2**!.,2/1
&$'%(((()(%*',)#')+&

!"#$%!T1/%,0*!G>MH
&$'%(((()N1/%,0*)#'A

!"#$%!T?,2A!Q%12/!"',+10'6*!>M
&$'%(((()N?,2A06#)#'A

!"#$%!U2$652/
&$'%((()P2$652/)#')+&

!"#$% U21%!9'A@,0%6#2!"2/:0#2*
&$'%(((()P21%*2/:0#2*)#')+&

!"#$%!U02$,E.=277!>M
&$'%(((()P02$,E%=277)#'AK26

!"#$%!U0@E9,0@
&$'%(((()P0@E#,0@)#'A

!"#$%!U0@!Q%12/!>M
&$'%(((()*@2#0-?)P0@(%12/)#')+&
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Future focus
W h a t  w i l l  b e  t h e  b i g  t r e n d s  e m e r g i n g  i n  2 0 2 2 ,  a n d  
w h a t g a m e ­ c h a n g i n g  t e c h n o l o g i e s  w i l l  h e l p  m e e t  

c a r b o n ­ r e d u c t i o n  t a r g e t s  i n  t h e  U K ?  W e  a s k e d  
s e v e n p r o f e s s i o n a l s  t o  s h a r e  t h e i r  v i e w s
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!"#$%&'%()*+%$,"$-".$)%%$'/%$*(01.)*"($"2$/%3'$
SXPSV�EHLQJ�DV�D�UHWUR½�W�RQ�H[LVWLQJ�V\VWHPV"
7KH�LQLWLDO�WKRXJKW�PD\�EH�WKDW�WKH�¾�RZ�
WHPSHUDWXUH�IURP�PRVW�KHDW�SXPSV�ZRXOG�QRW�VXLW�
ROGHU�V\VWHPV��+RZHYHU��ORRNLQJ�DW�WKH�UHTXLUHG�
WHPSHUDWXUH�RQ�D�W\SLFDO�FRPSHQVDWLRQ�FXUYH��LI�
VXFK�D�FXUYH�ZHUH�VXLWDEOH�IRU�D�SDUWLFXODU�V\VWHP��
PD\�VXJJHVW�WKDW��°�GRZQ�WR�D�JLYHQ�RXWVLGH�
WHPSHUDWXUH��WKH�ELYDOHQW�SRLQW�DW�ZKLFK�D�KHDW�
SXPS�PD\�VZLWFK�RII�DQG�D�ERLOHU�VZLWFK�RQ��°�
WKH�KHDW�SXPS�V��FRXOG�RSHUDWH�DQG�VXSSO\�
WKH�V\VWHP�QHHGV�RQ�WKHLU�RZQ��*LYHQ�WKDW�WKH�
PHDQ�8.�WHPSHUDWXUH��LQ�WKH�VRXWK�DW�OHDVW��LV�
DURXQG����&���KHDW�SXPSV�FRXOG��LQ�PDQ\�FDVHV��
!"##$%&'()&*+,-./'%&-0&'()&+11"+$&()+'/12&)1).2%&
UHTXLUHPHQWV��:H�PLJKW�UHIHU�WR�WKLV�DV�D��ELYDOHQW�
´VZLWFKµ�V\VWHP��

4*11$.)*(5$/%3'$6.76)$"($0%('831$613('$68"/*9*'$
'/%$.)%$"2$/%3'$*('%8230%$.(*')$:!;<)=$3)$#%>+%$
FRPH�WR�NQRZ�WKHP"
&,%6(µV������GRFXPHQW�&3��!"#$%"&%'()*+,*$%&"(%
-$)+%.$+/"(01%,.%+-$%23�VWDWHV�WKDW�WKH�GRPHVWLF�KRW�
ZDWHU�JHQHUDWHG�E\�DQ�LQVWDQWDQHRXV�KRW�ZDWHU�
KHDWLQJ�V\VWHP��VXFK�DV�DQ�+,8��VKDOO�EH�VHW�WR�
DFKLHYH����&�DW�WKH�SODWH�KHDW�H[FKDQJHU�RXWOHW�
RI�WKH�+,8��&OHDUO\��WKLV�PHDQV�WKDW�WKH�SULPDU\�
WHPSHUDWXUH�WR�WKH�SODWH�KHDW�H[FKDQJHU�QHHGV�WR�
EH�KLJKHU�WKDQ�WKDW��KRZHYHU��ZLWK�FDUHIXO�VHOHFWLRQ��
$+.2).&#$+')!&3+1&4)&3(-!)1&'-&-00).&+&!"/'+4$)&

VHFRQGDU\�¾�RZ�UDWH�DW�ORZHU�SULPDU\�WHPSHUDWXUHV�
WKDW�ZRXOG�VWLOO�EH�ZLWKLQ�WKH�FDSDELOLWLHV�RI�KHDW�
SXPSV�WR�GHOLYHU�

4/3'$39".'$/%3'$6.76)$5%(%83'*(5$)'"8%,$
GRPHVWLF�KRW�ZDWHU��'+:�"
6SHFL½�F�XQLWV�DUH�DYDLODEOH�IRU�WKLV�SXUSRVH��EXW��
LQ�PDQ\�FDVHV��LW�PD\�EH�IHOW�WKDW�°�IRU�¾�H[LELOLW\�
DQG�VWDQGE\�°�WKH�'+:�SULPDULHV�DUH�RII�WKH�
PDLQ�KHDWLQJ�V\VWHP��LQ�ZKLFK�FDVH�D�SUHKHDW�
FRLO�RU�SODWH�KHDW�H[FKDQJHU�FDQ�IHHG�SUHKHDWHG�
SRWDEOH�ZDWHU�LQWR�D�FDORUL½�HU��$Q�HOHFWULFDO�
HOHPHQW��°�RU��LQ�WKH�FDVH�RI�D�K\EULG�VZLWFK�V\VWHP��
D�ERLOHU��°�FDQ�WKHQ�EH�XVHG�WR�UDLVH�WKH�ZDWHU�WR�
WKH�GHVLUHG�WHPSHUDWXUH�

ì I n many cases,  
h eat p u mp s 
cou ld su p p ly 
th e maj ority 
of  th e annu al 
h eating  energ y 
req u irementsî

:KLFK�ELJ�WUHQGV�GR�\RX�VHH�HPHUJLQJ�LQ�����"
�:H�ZLOO�VHH�D�FRQWLQXDWLRQ�RI��KHDW�SXPS�
WHFKQRORJ\�JURZLQJ�ZLWKLQ�WKH�FRPPHUFLDO�
VHFWRU���7KH�DPELWLRXV�WDUJHWV�VHW�RXW�E\�
JRYHUQPHQW��WR�UHGXF�H�HPLVVLRQV�DQG�LQFUHDV�H�
UHQHZDEOH�WHFKQRORJ\��FDQ�RQO\�EH�DFKLHYHG�E\�
PDNLQJ�H[LVWLQJ�EXLOGLQJV�PRUH�HI½�FLHQW�DQG�
UHGXFLQJ�HPLVVLRQV�E\�LQWURGXFLQJ�UHQHZDEOH�
HQHUJLHV��$,&�KD�V�EHHQ�GHYHORSLQJ�SURGXFWV�
DQG�V\VWHPV�WKDW�ZLOO�GHOLYHU�KLJKHU�HI½�FLHQF\��
DQG�UHGXFHG�HPLVVLRQV��DQG�LQFUHDVH�UHQHZDEOH�
WHFKQRORJ\�LQWR�H[LVWLQJ�EXLOGLQJV�

4/3'$(%#$)?*11)$3(,$?("#1%,5%$,"%)$'/%$
9.*1,*(5$)%8+*0%)$%(5*(%%8$"2$'"7"88"#$(%%,$
WR�GHYHORS"
7KH�\�QHHG��WR�EH�SUHSDUHG�IRU�FRQWLQXDO�
OHDUQLQJ���:H�DUH�JRLQJ�WKURXJK�RQH�RI�WKH�
ELJJHVW�VKLIWV�LQ�HQHUJ\�XVDJH�DQG�DSSOLFDWLRQ�
LQ�JHQHUDWLRQV��DQG�ZLOO�EH�X�VLQJ�WHFKQRORJLHV�
WKDW�DUH�QRW�HYHQ�XVHG�LQ�WKH�½�HOG�DW�WKH�
PRPHQW���$V�PDQXIDFWXUHUV��ZH�LQYHVW�LQ�
UHVHDUFK�DQG�GHYHORSPHQW�RI�QHZ�SURGXFWV�
DQG�WHFKQRORJLHV�WR�WU\��WR�VWD\�DKHDG�RI�WKH�
FXUYH��DQG�VXSSO\��SURGXFWV�WKDW�ZLOO�PHHW�WKH�
JRYHUQPHQWµV�HPLVVLRQV�WDUJHWV��7KH�NQRZOHGJH�
WKDW�PDQXIDFWXUHUV�FDQ�EULQJ�WR�WKH�EXLOGLQJ�
VHUYLFHV�HQJLQHHU�ZLOO�EH�LQYDOXDEOH�ZKHQ�WKH\�
DUH�GHVLJQLQJ�SURMHFWV�

ì T h e bu ilding  
serv ices eng ineer 
of  tomorrow  
needs to be 
p rep ared f or 
continu al learning î

4/3'$38%$'/%$537%@0/3(5*(5$'%0/("1"5*%)$'/3'$
ZLOO�KHOS�PHHW�FDUERQ�UHGXFWLRQ�WDUJHWV"
7KH�PDLQ�WHFKQRORJ\�WKDW�ZLOO�EH�D�ODUJH�
LQ¾�XHQFH�LQ�UHGXFLQJ�FDUERQ�HPLVVLRQV�LV�
�K\GURJHQ�IXHO�°�LGHDOO\��JUHHQ�K\GURJHQ��°�
DOWKRXJK�WKLV�LV�D�PLG��WR�ORQJ�WHUP�VROXWLRQ�
ZLWKLQ�WKH�FRPPHUFLDO�VHFWRU��:H�FRQWLQXH�
WR�GHYHORS�SURGXFWV�WKDW�ZLOO�IXQFWLRQ�ZLWK�
EOHQGHG�K\GURJHQ�DQG�FDQ�EH�FRQYHUWHG�WR�
�����K\GURJHQ��
,Q�WKH�VKRUW�WHUP��KHDW�SXPS�K\EULG�V\VWHPV�

DUH�D�SHUIHFW�ZD\�WR��UHGXFH��HPLVVLRQV�E\�
LQFRUSRUDWLQJ�DQ�$,&�WKHUPDO�PDQDJHPHQW�
XQLW��ZKLFK�PDQDJHV�WKH��V\VWHP�WR�X�VH�DV�PXFK�
UHQHZDEOH�HQHUJ\�DV�SRVVLEOH��ZLWK�WKH�FRPIRUW�
RI�D�KLJK�HI½�FLHQF\�JDV�DSSOLDQFH�WR�PHHW�
�GHPDQG�LI�UHTXLUHG�

A'%6/%($4*1)"(B
!"#"$%#$&'%()*+,(&"+&-./

C38?$D%88*)B�VSHFL½�FDWLRQ�
!"#"$)(&"+&01*,&
2)"+%#$&3,14+%,#5
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!"#$%&'%$"(%)*$*+(%,&-%.)%"(#$&/01
!"#$%&'(%)#$*(%+&'(,("#%+-&#.(&!/01&2)#.3)+&#4&"(#&
5('4&$"&6787-&)"9&#.(&9(,)':4"$1)#$4"&4;&.()#$"<-&
.)1&;4,=1(9&4"&'(1$9("#$)%&')#.('&#.)"&,4>>(',$)%&
)22%$,)#$4"1?&@(0*(&)%%&.()'9&#.(&.()9%$"(1&A&BC4&
<)1&:4$%('1&$"&"(3&:=$%91&:+&67680?
&D"&E(,(>:('&6767-&.43(*('-&#.(&<4*('">("#01&

F7GH4$"#&H%)"&)"9&#.(&&I%$>)#(&I.)"<(&
I4>>$##((01&J#.&I)':4"&K=9<(#&A&)"9&-&>41#&
'(,("#%+-&#.(&!"#$%#&'%()*+'*&,-%.$/#$",0&A&1#)'#(9&#4&
$",%=9(&,4>>(',$)%-&2=:%$,&:=$%9$"<1&)"9&"(#34'L&
.()#$"<&$"&>4'(&9(#)$%?
M4-&3.)#&)'(&#.(&42#$4"1N&O&1&3(%%&)1&:'4)9("$"<&

#.(&1,42(&4;&(;;4'#1&#4&9(,)':4"$1(&#.$1&,4="#'+01&
.()#$"<&$";')1#'=,#='(-&#.(1(&2=:%$,)#$4"1&$"9$,)#(&&&A&
$"&&%$"(&3$#.&4='&43"&*$(31&A&#.)#&)&>$P&4;&2'49=,#&
#+2(1&3$%%&:(&'(Q=$'(9&#4&>((#&4='&6787&#)'<(#?
H'(*$4=1%+-&#.(&;4,=1&3)1&4"&#')"1$#$4"$"<&;'4>&

<)1&)22%$)",(1&#4&(%(,#'$,&14%=#$4"1-&$",%=9$"<&.()#&
2=>21-&(%(,#'$,&:4$%('1&)"9&2)"(%&.()#$"<?&K=#&
#.('(01&)%14&#)%L&4;&#.(&24#("#$)%&;4'&)&")#=')%&<)1R
>(#.)"(&:%("9&)"9-&(*("#=)%%+-&F77S&.+9'4<("&
#4&'(2%),(&#.(&>(#.)"(&1=22%$(9&#.'4=<.&#.(&
#')9$#$4")%&<)1&"(#34'L?&T+9'4<("&.)1&;)'&>4'(&
$"&,4>>4"&3$#.&#.(&2(';4'>)",(&4;&#49)+01&<)1&
:4$%('1-&3$#.&)&.$<.('&42(')#$"<&#(>2(')#='(&#.)#01&
:(##('&1=$#(9&#4&4%9('&:=$%9$"<1-&3.('(&=2<')9$"<&
:=$%9$"<&;):'$,&$1"0#&()1+&4'&);;4'9):%(?
U.(&34'%9&4;&,4>>(',$)%&.()#$"<&$1&,.)"<$"<-&

.43(*('V&#.('(&$1&"4&,%()'&2)#.&+(#&)"9&3(0'(&

ì A  mix of  p rodu ct 
typ es w ill be 
req u ired to meet 
ou r 205 0 targ etî

)3)$#$"<&;='#.('&<=$9)",(&;'4>&<4*('">("#?&&U.)#&
94(1"0#&>()"&3(0'(&1#)"9$"<&1#$%%-&.43(*('&A&;)'&
;'4>&$#?&W='&%4"<G#('>&*$1$4"&$1&#4&1=224'#&+4=&$"&
1(%(,#$"<&#.(&2'49=,#1&:(1#&1=$#(9&&#4&+4='&2'4X(,#1-&
'(<)'9%(11&4;&;=(%&14=',(?&
D"&()'%+&6766-&3(0%%&:(&:'$"<$"<&,4>>(',$)%&.()#&

2=>21&#4&#.(&>)'L(#&-&,4>:$"$"<&4='&L"43%(9<(&$"&
,4>>(',$)%&.()#$"<&3$#.&4='&<'4=201&(P2('$(",(&
$"&.()#&2=>21?&@(0'(&)%14&34'L$"<&.)'9&&4"&#.(&
#')"1$#$4"&#4&.+9'4<("?&O1&#.(&24%$,+&;4'&,4"*('1$4"&
4;&#.(&<)1&<'$9&#4&F77S&.+9'4<("&$1&9(*(%42(9-&&$#&
$1&%$L(%+&#.(&&<'$9&3$%%&2('>$#&67S&:%("9(9&.+9'4<("&
3$#.$"&#.(&67671&#4&'(9=,(&&$#1&,)':4"&$"#("1$#+&?&
&T)>34'#.+&:4$%('1&3$%%&'="&4"&#.$1&>$P&3$#.4=#&)"+&
PRGL½�FDWLRQ�WR�WKH�H[LVWLQJ�WHFKQRORJ\�

!"&2"%3&0%$+(/4'%4.%5.*%'((%(,(+0&/0%&/%67661
6XVWDLQDELOLW\�DQG�HQHUJ\��HI½�FLHQF\�DUH�VRPH�
4;&#.(&>41#&$>24'#)"#&#'("91&;4'&6766?&I%$>)#(&
,.)"<(&$1&)&.=<(&,.)%%("<(-&:=#&A&;4'#=")#(%+&A&#.(&
2'42('-&1=1#)$"):%(&)"9&"4"G,4>:=1#$:%(&$"1=%)#$4"&
4;&:=$%9$"<1-&TYOIG$"1#)%%)#$4"1-&2'49=,#$4"&
(Q=$2>("#&$"&#.(&&2'4,(11&&$"9=1#'+&)"9&1.$21&$1&)&
*)%=):%(&#44%&#4&'(9=,(&4='&IW6&;44#2'$"#?&
H)'4,&.)1&#.(&)12$')#$4"&#4&'(9=,(&$#1&IW6

(>$11$4"1&:+&87S&:+&67Z7&)"9&#4&&(%$>$")#(&#.(&
=1(&4;&;411$%&;=(%1&:+&#.("?&&U.(&1)>(&("<)<(>("#&
<4(1&;4'&3)1#([&&:+&67Z7&"4&>4'(&3)1#(&1.4=%9&
%()*(&4='&;),#4'$(1?
\$'(&1);(#+&'(>)$"1&4"(&4;&#.(&L(+&#'("91V&

ORRNLQJ�DW�UHFHQW�½�UHV�LQ�EXLOGLQJV�WKDW�FDXVHG�
;)'&#44&>)"+&,)1=)%#$(1-&#.(&"((9&;4'&"4"G
,4>:=1#$:%(&$"1=%)#$4"&>)#('$)%&'(>)$"1&4:*$4=1?&
,QVXODWLRQ�FDQ�VLJQL½�FDQWO\�LQFUHDVH�WKH�½�UH�

%4)9&4;&)&:=$%9$"<-&)"9&#.(&,.4$,(&4;&$"1=%)#$4"&
>)#('$)%&.)1&)&>)X4'&$>2),#&4"&#.(&:=$%9$"<01&
RYHUDOO�½�UH�VDIHW\�
U.(&1);(1#&14%=#$4"&$"&)%%&L$"91&4;&,4"1#'=,#$4"1&

$1&#4&=1(&)&"4"G,4>:=1#$:%(&OF&4'&O6G1F-97&,%)11&
$"1=%)#$4"?&M#4"(344%-&3$#.&$#1&>(%#$"<&24$"#&
<'()#('&#.)"&F-777]I-&'(>)$"1&#.(&:(1#&,.4$,(?&
D"&4#.('&34'91[&H&)'4,&M#4"(344%&.(%21&1)*&(&%$*(1-&
SURSHUW\�DQG�WKH�HQYLURQPHQW�LQ�WKH�HYHQW�RI�½�UH�
O"4#.('&$>24'#)"#&)12(,#&$1&"4$1(&2'4#(,#$4"[&

W='&,$#$(1&<'43-&)"9&14&94(1&#.(&9(1$'(&#4&
2%)"&)"9&:=$%9&>4'(&9("1(&)'()1&3$#.&,%41(&

ì T h e need f or 
non­ combu stible 
insu lation 
material remains 
obv iou sî

,4""(,#$4"1&#4&#')"124'#&'4=#(1?&U.('(;4'(-&#.(&
$>24'#)",(&4;&2'4#(,#$4"&;'4>&="3)"#(9&"4$1(&
)%14&$",'()1(1?&
O,4=1#$,&,4"#'4%&$1&)"&(11("#$)%&2)'#&4;&

EXLOGLQJ�GHVLJQ��DQG�FDQ�KDYH�D�VLJQL½�FDQW�
$>2),#&4"&2(42%(01&3(%%:($"<-&,4>>="$,)#$4"&
)"9&2'49=,#$*$#+?
H)'4,&M#4"(344%&$1&)*)$%):%(&$"&)&3$9(&

)114'#>("#&4;&2'49=,#1&)"9&14%=#$4"1&;4'&),4=1#$,&
,4"#'4%-&)"9&4;;('1&(P,(%%("#&&"4$1(&'(9=,#$4"&)"9&
14="9&):14'2#$4"&#.)"L1&#4&$#1&.$<.G9("1$#+-&
RSWLPDO�½�E�UH�VWUXFWXUH�DQG�DLU�SHUPHDELOLW\��

8"+&'%8#$./9%!"#$%&'%
(&))"*(+#,%-*&$.(/%
)#0#1")"0/2%3*&.-%
4/,#0/+(%562%789%
#0$%:&*/!%4)"*+(#%
;-#*"0/%(&)-#0<%&'%
=#)>&*/!<%="#/+01?

:."/%!#$$9%0#/+&0#,%=@4A%
B#,"B%)#0#1"*2%56%C%
9*",#0$2%D#*&(

;#+.2%8<#4=>5'$(,9%
).+%&/$(+/#<%#/4%
(-$(+/#<%*'(
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!"#$"%&#'%()*+,-%,.%/.0%-**%*1*)'#+'%#+%23224
!"#$%&'#$()$*"#$+,-.$&/%012*&(/$3245#*$&%$
#%*&32*#6$*($74(8$9#24$(/$9#24:$!"&%$&%$64&;#/$
<9$*"#$74(8*"$()$*"#$=(/%*40=*&(/$&/60%*49>$
#%=212*#6$6#32/6$)(4$+,-.$%9%*#3%>$2/6$*"#$
&/=4#2%&/7$/##6$*($4#60=#$#/#479$=(/%03?*&(/$
&/$<0&16&/7%:$

!"4(07"(0*$@A@@>$*"#$&3?1#3#/*2*&(/$
()$%*4&=*#4$<0&16&/7$=(6#%$()$?42=*&=#$$2/6$
4#7012*&(/%$*($3&/&3&%#$#/#479$=(/%03?*&(/$B$
2/6$2$)(=0%$(/$*"#$CD$/#*$'#4($=24<(/$*247#*%$$B$
ZLOO�FRQWLQXH�WR�GULYH�WKH�QHHG�IRU�HI½�FLHQW�
+,-.$*"#4321$&/%012*&(/$%(10*&(/%$*($3&/&3&$%#$
*"#$#/;&4(/3#/*21$&3?2=*$()$<0&16&/7%:$

!"#4#$&%$21%($1&5#19$*($<#$2$%*4(/7#4$)(=0%$
(/$(;#4"#2*&/7>$2/6$2$/##6$*($4#60=#$&/*#4/21$
"#2*$72&/%>$8"&="$8&11$4#E0&4#$)04*"#4$(?*&3&%#6$
&/%012*&(/$)(4$+,-.$2/6$F+G$&/%*2112*&(/%:

ì T h ere is 
lik ely to be a 
strong er f ocu s 
on ov erh eating  
and a need to 
redu ce internal 
h eat g ainsî

-*$H%(;#4>$8#$24#$=(33&**#6$*($325&/7$*"#$
8(416$2$<#**#4$"(3#:$I04$H%(;#4$&/%012*&(/$
%(10*&(/%$"#1?$4#60=#$#/#479$=(/%03?*&(/$
2/6$#/#479J4#12*#6$#3&%%&(/%$(;#4$*"#$
1&)#$()$9(04$?4(K#=*%>$8"&1#$"2;&/7$3&/&321$
#/;&4(/3#/*21$&3?2=*$604&/7$32/0)2=*04&/7$
2/6$$*"#&4$1&)#J=9=1#:$

-$5#9$*4#/6$*"2*$H%(;#4$#L?#=*%$*($6#;#1(?$
)04*"#4$&%$*"#$&3?(4*2/=#$()$#=($=4#6#/*&21%$&/$
WKH�VSHFL½�FDWLRQ�SKDVH��

G#$%*4&;#$*($=(/*&/0(0%19$&/=4#2%#$*"#$
23(0/*$()$4#=9=1#6$=(/*#/*$&/$(04$?4(60=*%M$
(04$42/7#$()$712%%$8((1$%(10*&(/%$$&%$326#$()$0?$
*($NAO$4#=9=1#6$712%%:$

H/$266&*&(/>$8#$$?4(;&6#$%(10*&(/%$*"2*$8&11$
325#$%9%*#3$&/%*2112*&(/$#2%&#4$2/6$1#%%$*&3#J
=(/%03&/7$604&/7$=(/%*40=*&(/$()$4#%&6#/*&21>$
=(33#4=&21$2/6$&/60%*4&21$<0&16&/7%:

!"5(%+*6%-7#88-%5+,%7+.68*,'*%,.*-%("*%&0#8,#+'%
-*)9#$*-%*+'#+**)%.:%(.1.)).6%+**,%(.%,*9*8.;4
-%$2/$&/60%*49>$8#$%"(016$*25#$74#2*$?4&6#$&/$%(3#$
()$(04$&//(;2*&;#$2/6$=0**&/7J#67#$#/7&/##4&/7$
%(10*&(/%:$!"#$829$8#$"2;#$*2=51#6$#/#479$
HI½�FLHQF\�LV�D�SDUWLFXODU�WULXPSK��EXW�GRHV�LW�PDWWHU�
&)$*"#$?#(?1#$(==0?9&/7$(04$<0&16&/7%$24#$/(*$"2??9$
2/6$"#21*"9P$Q04#19>$*"#&4$#L?#4&#/=#$30%*$<#$*"#$
01*&32*#$3#*4&=$)(4$3#2%04&/7$%0==#%%P

Q29&/7$*"2*$R<0&16&/7%$24#$)(4$?#(?1#S$3&7"*$$<#$2$
%*2*#3#/*$()$*"#$(<;&(0%$<0*>$()*#/>$*"#$<#"2;&(04$
()$(04$&/60%*49$%077#%*%$8#$"2;#$)(47(**#/$*"&%$
)0/623#/*21$*40*":$G#$=2/$<#$70&1*9$()$)2&1&/7$*($
)(=0%$(/$42&%&/7$2/6$3##*&/7$*"#$#L?#=*2*&(/%$()$
(==0?2/*%$2/6$2664#%%&/7$*"#&4$8#11<#&/7$/##6%:

$T0&16&/7%$24#$<#=(3&/7$3(4#$=(3?1#L$*($6#%&7/>$
(?#42*#$2/6$32/27#:$!"#$="211#/7#%$>$/(*$1#2%*$
<#=20%#$()$/#*$'#4($>$24#$74(8&/7$$2/6$<#=(3&/7$
3(4#$6#*2&1#6$$B$<0*$21%(>$?(*#/*&2119>$3(4#$
4#8246&/7:$-$4#=#/*$%*069$)(0/6$*"2*$<#*8##/$
UAO$2/6$VAO$()$#3?1(9##%$4#?(4*$?((4$"#21*"$
%93?*(3%>$&/=106&/7$"#262="#%$(4$2**#/*&(/$
?4(<1#3%>$2*$8(45>$8"&="$%077#%*%$*"#&4$&/6((4$
#/;&4(/3#/*$&%$/(*$%0??(4*&/7$*"#&4$8#11<#&/7$
2/6$?4(60=*&;&*9:$!"#$?2/6#3&=$21%($"&7"1&7"*#6$
*"#$4#12*&(/%"&?$<#*8##/$$&/6((4$2&4$2/6$*"#$4&%5$
()$*42/%3&**&/7$2&4<(4/#$6&%#2%#>$8"&="$*"40%*$
$;#/*&12*&(/$&/*($2/$0/2==0%*(3#6$1&3#1&7"*:$

I/$*(?$()$*"&%>$*"#$CDS%$$.1&32*#$."2/7#$
.(33&**##$$"2%$K0%*$?0<1&%"#6$2$4#?(4*$*"2*$&%$

ì W e can be g u ilty 
of  f ailing  to f ocu s 
on raising  and 
meeting  th e 
exp ectations of  
occu p ants and 
addressing  th eir 
w ellbeing  needsî

"&7"19$=4&*&=21$()$*"#$829$<0&16&/7%$24#$<#&/7$
262?*#6$*($6#21$8&*"$$="2/7&/7$=1&32*&=$=(/6&*&(/%:$
RW(4#$*"2/$UAA>AAA$"(3#%$24#$60#$*($<#$<0&1*$
#2="$9#24$2=4(%%$*"#$CD$2/6$*"#4#$&%$2$32K(4$4&%5$()$
1(=5J&/$&)$*"#9$24#$/(*$?12//#6$2/6$<0&1*$*($2664#%%$
RYHUKHDWLQJ�DORQJVLGH�HQHUJ\�HI½�FLHQF\�DQG�ORZ��
=24<(/$"#2*&/7>S$*"#$$4#?(4*$%2&6:

!"#$&3?1&=2*&(/%$24#$;#49$%#4&(0%>$2%$0?$*($
@>XAA$?#(?1#$6&#6$&/$*"#$CD$12%*$9#24$2%$2$4#%01*$()$
"#2*82;#%$:$G#$/##6$2$30="$3(4#$262?*2<1#$<0&1*$
#/;&4(/3#/*>$8"&1#>$2*$*"#$%23#$*&3#>$?4(*#=*&/7$
*"#$/2*0421$8(416:$!"#$7(;#4/3#/*$=2/$?129$2$
<&$7$$4(1#$<9$0%&/7$*"#$$4#;&%&(/%$()$*"#$T0&16&/7$
Y#7012*&(/%$2/6$*"#$/#8$Z/;&4(/3#/*$T&11$*($%#*$
?(1&=&#%$*"2*$="211#/7#$0%$211$*($?129$(04$?24*:

<5((%=(5+:.),>%
+9$&�VSHFL½�FDWLRQ�
PDQDJHU��6DLQW�*REDLQ�
,QVXODWLRQ�8.

?.-"%@1*)-.+>%KHDG�RI�
PDUNHWLQJ��6ZHJRQ�8.	,
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Together on 
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to net zero

ZERO
embodied & operational carbon

HVR Zero
Hybrid Ventilation Heat Recovery

Windcatcher Zero
Natural Ventilation Heat Recovery

Cool-phase Zero
Natural Cooling Heat Recovery
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7KLV�&3'�DUWLFOH�H[SORUHV�DQ�DSSOLFDWLRQ�RI�FRPSXWDWLRQDO�¾XLG�G\QDPLFV��&)'��WR�
LQYHVWLJDWH�D�SUDFWLFDO�DLU¾RZ�SUREOHP�WKDW�ZRXOG�RWKHUZLVH�UHTXLUH�H[WHQVLYH�°�DQG�
SUREDEO\�H[SHQVLYH�°�SK\VLFDO�WHVWV��&)'�LV�HPSOR\HG�WR�GHWHUPLQH�DQG�GHVFULEH�
WKH�PRWLRQ�RI�D�¾XLG��JDV�VXFK�DV�DLU�RU�OLTXLG�VXFK�DV�ZDWHU��WKURXJK�LWHUDWLYHO\�
VROYLQJ�D�VHULHV�RI�QXPHULFDO�HTXDWLRQV�WR�SURYLGH�WKH�YDOXHV�RI�SDUDPHWHUV�WKDW�
GHVFULEH�WKH�¾XLG��VXFK�DV�YHORFLW\��SUHVVXUH�DQG�WHPSHUDWXUH�
0DQ\�8.�EXLOGLQJV�XWLOLVH�YHQWLODWLYH�VWUDWHJLHV�WR�FRPSO\�ZLWK�WKH�YDULRXV�

WKHUPDO�FRPIRUW�FULWHULD�RXWOLQHG�E\�EXLOGLQJ�VWDQGDUGV��0RVW�YHQWLODWLRQ�V\VWHPV�
HPSOR\�D�½[HG�SRVLWLRQ�DLU�GLVWULEXWLRQ�PHWKRG�WKDW�LV�ODUJHO\�GHWHUPLQHG�E\�
ZLQWHUWLPH�UHTXLUHPHQWV�WR�HQVXUH�JRRG�PL[LQJ�DQG�SUHYHQW�XQZDQWHG�KLJKHU�
YHORFLW\�DLU�PRYHPHQW�DFURVV�RFFXSDQWV��7KLV�DSSURDFK�OLPLWV�WKH�LPSDFW�WKDW�
LQFUHDVHG�DLU¾RZ�GXULQJ�VXPPHU�SHULRGV�FDQ�KDYH�RQ�LPSURYLQJ�SHUFHLYHG�
WKHUPDO�FRPIRUW�IURP�RFFXSDQWV�DV�D�UHVXOW�RI�FRQYHFWLYH�KHDW�WUDQVIHU��7R�LOOXVWUDWH�
WKH�DSSOLFDWLRQ�RI�&)'��WKLV�DUWLFOH�ZLOO�IRFXV�RQ�KRZ�&)'�KDV�EHHQ�HPSOR\HG�
WR�H[DPLQH�WKH�URRP�DLU�PRYHPHQW�FUHDWHG�WKURXJK�D�KLJK�OHYHO��IDQ�DVVLVWHG�
RXWGRRU�DLU�YHQWLODWRU��WR�GHWHUPLQH�LI�VXPPHU�WKHUPDO�FRPIRUW�PD\�EH�LPSURYHG�
GHVSLWH�DPELHQW�WHPSHUDWXUHV�EHLQJ�KLJK��7KH�H[DPSOH�&)'�H[HUFLVH�ZLOO�FRPSDUH�
WKH�WKHUPDO�FRPIRUW�H[SHULHQFHG�E\�FODVVURRP�RFFXSDQWV�LQ�D�W\SLFDO�VXPPHU�
FRQGLWLRQ�IRU�WZR�HOHFWULFDOO\�FRQWUROOHG�PRGXODWLQJ�JULOOH�RXWOHW�EODGH�SRVLWLRQV��
XSZDUG�DQG�GRZQZDUG��DV�VKRZQ�LQ�)LJXUH����,Q�WKH�EODGH�´XSµ�SRVLWLRQ��DLU¾RZ�LV�
GLUHFWHG����GHJUHHV�XSZDUGV��WRZDUGV�WKH�FHLOLQJ��7KLV�DUUDQJHPHQW�RSWLPLVHV�
WKHUPDO�FRPIRUW�GXULQJ�ZLQWHU�FRQGLWLRQV��PLQLPLVLQJ�DLU¾RZ�DFURVV�RFFXSDQWV��,Q�
WKH�EODGH�´GRZQµ�SRVLWLRQ��WKH�DLU¾RZ�OHDYHV�WKH�JULOOH�DW����GHJUHHV�GRZQZDUGV��
WRZDUGV�WKH�RFFXSLHG�]RQH��+HUH��WKH�DLU¾RZ�LV�PRYHG�GLUHFWO\�RYHU�WKH�RFFXSDQWV��
DQG�WKLV�ZLOO�SURYLGH�WKH�VXEMHFW�IRU�WKH�&)'�LQYHVWLJDWLRQ�LQ�WKLV�DUWLFOH�
7KH�RSSRUWXQLW\�WR�DSSO\�&)'�WRROV�LV�EHFRPLQJ�LQFUHDVLQJO\�DYDLODEOH�DV�WKH�

LQWHUIDFHV�EHFRPH�PRUH�LQWXLWLYH�IRU�WKH�&)'�QRQ�VSHFLDOLVW��,QFUHDVLQJ�QXPEHUV�
RI�&)'�FRGH�GHYHORSHUV�RIIHU�ZHE�EDVHG��RU�DSSOLFDWLRQ�VSHFL½F��LQWHUIDFHV�WR�

WKHLU�SDFNDJHV�DV�VRIWZDUH�DV�D�VHUYLFH�
�6DD6��VROXWLRQV�WKDW�DUH�´FORXG�EDVHGµ��7KLV�
SURYLGHV�D�JUHDW�RSSRUWXQLW\�IRU�WKH�EXLOGLQJ�
VHUYLFHV�HQJLQHHU�WR�WU\�RXW�DSSOLFDWLRQV�
RI�&)'��DV�VHYHUDO�YHQGRUV�SURYLGH�IUHH�RU�
ORZ�FRVW�HQWU\�OHYHO�DFFHVV��)RU�FORXG�EDVHG�
LPSOHPHQWDWLRQV��WKHUH�LV�QR�UHTXLUHPHQW�
IRU�KDUGZDUH�RU�VRIWZDUH�LQVWDOODWLRQ�RU�
PDLQWHQDQFH�LQYHVWPHQW��DVLGH�IURP�D�
VWDQGDUG�ODSWRS�FRPSXWHU�RU�WDEOHW��+RZHYHU��
WKH�XQGHUO\LQJ�SULQFLSOHV�DUH�FRPSOH[��
DQG�HYHU\�&)'�VLPXODWLRQ�LV��DV�WKH�QDPH�
VXJJHVWV��DQ�DSSUR[LPDWLRQ�RI�WKH�UHDO�ZRUOG��
7KH�PHWKRGV�HPSOR\HG�DQG�WKH�JUDQXODULW\�
RI�WKH�GLJLWDO�LQWHUSUHWDWLRQ�RI�WKH�SK\VLFDO�
DSSOLFDWLRQ�ZLOO�LPSDFW�VLJQL½FDQWO\�RQ�WKH�
UHOLDELOLW\�RI�WKH�UHVXOW�
9HORFLW\��SUHVVXUH��WHPSHUDWXUH��GHQVLW\��

DQG�YLVFRVLW\�DUH�WKH�PDLQ�SURSHUWLHV�
WKDW�DUH�FRQVLGHUHG�VLPXOWDQHRXVO\�
ZKHQ�FRQGXFWLQJ�DQ�H[DPLQDWLRQ�RI�¾XLG�
G\QDPLFV��7KH�SK\VLFDO�SKHQRPHQD��VXFK�
DV�WXUEXOHQFH�DQGPDVV�WUDQVSRUW�RI�DLU��ZLOO�
YDU\�HQRUPRXVO\�DQG�DUH�FDWHJRULVHG�LQWR�
NLQHPDWLF��WUDQVSRUW��WKHUPRG\QDPLF��DQG�
RWKHU�PLVFHOODQHRXV�SURSHUWLHV���7KH�1DYLHU�
6WRNHV�HTXDWLRQV�DUH�FRPPRQO\�DSSOLHG�WR�
H[DPLQH�FKDQJHV�LQ�WKHVH�SURSHUWLHV�GXULQJ�

C P D  P R O G R A MME
SP O N SO R

Application of CFD to examine 
the supply of fan­ assisted 
outdoor air for summer comfort
T h i s  m o d u l e  l o o k s  a t  t h e  u s e  o f  c o m p u t a t i o n a l  fl u i d  d y n a m i c s  ( C F D )  
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PDVV�¾RZ�DQG�RU�WKHUPDO�LQWHUDFWLRQV��DQG�
DUH�DSSOLHG�LQ�LQYHVWLJDWLRQV�WKDW�LQFOXGH�
D�GLYHUVH�UDQJH�RI�DSSOLFDWLRQV��LQFOXGLQJ��
ZHDWKHU�SUHGLFWLRQ��FDU�GHVLJQ��SROOXWLRQ�DQG�
¾RRG�FRQWURO��WKH�VWXG\�RI�FOLPDWH�FKDQJH��
EORRG�¾RZ��RFHDQ�FXUUHQWV��WLGHV��WXUEXOHQFH�
DQG�VKRFN�ZDYHV��WKH�UHSUHVHQWDWLRQ�RI�ZDWHU�
LQ�YLGHR�JDPHV�RU DQLPDWLRQV�!�DQG��RI�FRXUVH��
EXLOGLQJ�VHUYLFHV�HQJLQHHULQJ�
7KH�VHW�RI�HTXDWLRQV�LV�EDVHG�RQ�

WKH�SULQFLSOHV�RI�FRQVHUYDWLRQ�RI�PDVV��
PRPHQWXP��DQG�HQHUJ\�WKDW�DUH�RIWHQ�
VROYHG�IRU�PDQ\�WKRXVDQGV�RU�PLOOLRQV�
RI�LQGLYLGXDO�HOHPHQWV��RU�FHOOV��WKDW�KDYH�
EHHQ�GH½QHG�E\�WKH�PHVK��DV�GLVFXVVHG�
EHORZ��WKDW�UHSUHVHQWV�WKH�YROXPH�RI�WKH�
URRP��WKH�FRQWHQW��DQG�LWV�ERXQGDULHV��7KH�
FRQVHUYDWLRQ�RI�PDVV�LV�H[SUHVVHG�LQ�WHUPV�
RI�WKH�FRQWLQXLW\�HTXDWLRQ��ZKHUH�WKH�UDWH�DW�
ZKLFK�WKH�PDVV�HQWHUV�D�V\VWHP�LV�HTXDO�WR�
WKH�UDWH�DW�ZKLFK�PDVV�OHDYHV�WKH�V\VWHP�SOXV�
DQ\�DFFXPXODWLRQ�RI�PDVV�ZLWKLQ�WKH�V\VWHP��
&RQVHUYDWLRQ�RI�PRPHQWXP�LV�GHVFULEHG�E\�
1HZWRQµV�VHFRQG�ODZ��VXFK�WKDW�WKH�VXP�RI�
DOO�WKH�IRUFHV�RQ�WKH�HOHPHQW�PXVW�HTXDO�WKH�
PDVV�RI�WKH�HOHPHQW�WLPHV�LWV�DFFHOHUDWLRQ��
7KLV�PLJKW�FDXVH�WKH�HOHPHQW�WR�VSHHG�XS��
VORZ�GRZQ��RU�FKDQJH�GLUHFWLRQ��GHSHQGLQJ�RQ�
WKH�GLUHFWLRQ�RI�WKH�IRUFH�DQG�WKH�GLUHFWLRQV�
LQ�ZKLFK�WKH�REMHFW�DQG�UHIHUHQFH�IUDPH�DUH�
PRYLQJ�UHODWLYH�WR�HDFK�RWKHU�"�$QG��½QDOO\��
WKH�FRQVHUYDWLRQ�RI�HQHUJ\�LV�DQ�DSSOLFDWLRQ�
RI�WKH�½UVW�ODZ�RI�WKHUPRG\QDPLFV��WKDW�
HQHUJ\�FDQQRW�EH�FUHDWHG�RU�GHVWUR\HG�EXW�LV�
MXVW�WUDQVIRUPHG�IURP�RQH�IRUP�LQWR�DQRWKHU�
7KH�QRQ�OLQHDULW\�RI�WKH�JRYHUQLQJ�

HTXDWLRQV�PHDQV�WKDW�¾XLGV�DUH�LQKHUHQWO\�
FKDRWLF��DQG�WKHUHIRUH�KLJKO\�VHQVLWLYH�WR�
FKDQJHV�LQ�LQLWLDO�RU�ERXQGDU\�FRQGLWLRQV�
�VXFK�DV�WKH�DQJOH�RI�WKH�RXWOHW�EODGH���7KLV�
PHDQV�WKDW�D�FKDQJH�LQ�DQ\�LQSXW�YDULDEOH�
FDQ�SURGXFH�D�YDVWO\�GLIIHUHQW�UHVSRQVH�WR�
D�VHHPLQJO\�VPDOO�SHUWXUEDWLRQ�LQ�WKH�LQSXW�
YDULDEOH��7KLV�QRQ�OLQHDULW\��DORQJ�ZLWK�WKH�
FRPSOH[LW\�RI�WKH�SK\VLFDO�JHRPHWULHV��
PHDQV�WKDW�DQ�DFFXUDWH�DQDO\WLFDO�VROXWLRQ�
�VXFK�DV�GLUHFWO\�HPSOR\LQJ�WKH�1DYLHU�
6WRNHV�HTXDWLRQV��LV�RIWHQ�QRW�SRVVLEOH��DQG�
VR�QXPHULFDO�PHWKRGV�DUH�XVHG�WR�LWHUDWH�
VROXWLRQV�ZLWKLQ�D�´GLVFUHWLVHGµ�GRPDLQ�XQWLO�
WKH�VLPXODWLRQ�FORVHO\�DSSUR[LPDWHV�WKH�
DQDO\WLFDO�VROXWLRQ��7KH�QXPHULFDO�VROXWLRQ�
RI�WKH�GLIIHUHQWLDO�HTXDWLRQV�FDQQRW�SURGXFH�
D�FRQWLQXRXV�GLVWULEXWLRQ�RI�WKH�YDULDEOHV�
RYHU�WKH�ZKROH�VROXWLRQ�GRPDLQ��VXFK�DV�WKH�
URRP�YROXPH��DW�D�VLQJOH�SDVV��VR�WKH�DLP�LV�
WR�SURGXFH�D�VHW�RI�GLVFUHWH�YDOXHV�DW�PDQ\�
WKRXVDQGV��RU�PLOOLRQV��RI�QRGHV��HDFK�RQH�
VXUURXQGHG�E\�LWV�VPDOO�YROXPH��WKDW�FRYHU�
WKH�VROXWLRQ�GRPDLQ�#

7KLV�LV�WKH�EDVLV�RI�WKH�½QLWH�YROXPH�
PHWKRG�WKDW�LV�FRPPRQO\�HPSOR\HG�WR�

KDQGOH�WKLV�NLQG�RI�SUREOHP��7KH�VWUDWHJ\�ZRUNV�
E\�WKH�´PHVKLQJµ�RI�FRQWLQXRXV�JHRPHWULHV�LQWR�
JULGV�RI�GLVFUHWH��LQWHUFRQQHFWHG�YROXPHV�NQRZQ�
DV�FHOOV��0RVW�PHWKRGV�HPSOR\�DOJRULWKPV�
EDVHG�RQ�WKH�5H\QROGV�DYHUDJHG�1DYLHU�6WRNHV�
�5$16��HTXDWLRQV��5$16�WXUEXOHQFH�PRGHOV�
ZHUH�GHULYHG�E\�WLPH�DYHUDJLQJ�WKH�1DYLHU�
6WRNHV�HTXDWLRQV�°�WKLV�PDNHV�WKH�SURFHVV�OHVV�
FRPSOH[�WR�PRGHO�QXPHULFDOO\�WKDQ�FRQVLGHULQJ�
HYHU\�PLQXWH�GHYLDWLRQ�IURP�WKH�DYHUDJH�DW�D�

SDUWLFXODU�SRLQW��DV�WKH�¾XLG�SURSHUWLHV�YDU\�FKDRWLFDOO\�LQ�WKH�WXUEXOHQW�DLU�VWUHDP��
7KHVH�DUH�WKHQ�DSSOLHG�WR�LWHUDWLYHO\�HYDOXDWH�¾XLG�SDUDPHWHUV��VXFK�DV�YHORFLW\��
SUHVVXUH�DQG�WHPSHUDWXUH��IRU�HDFK�RI�WKHVH�FHOOV��XQWLO�D�FRQYHUJHG�VROXWLRQ�LV�PHW��
7KH�½QLWH�YROXPH�PHWKRG�LV�D�SDUWLFXODUO\�SRSXODU�FKRLFH�IRU�&)'��DV�LW�ULJRURXVO\�
HQIRUFHV�FRQVHUYDWLRQ��DQG�LV�¾H[LEOH�LQ�WHUPV�RI�ERWK�JHRPHWU\�DQG�WKH�YDULHW\�
RI�¾XLG��,W�GRHV�QRW�OLPLW�FHOO�VKDSH�DQG�PDVV��PRPHQWXP�RU�HQHUJ\�LV�FRQVHUYHG�
HYHQ�RQ�FRDUVH�JULGV��7KHUH�DUH�VHYHUDO�HI½FLHQW��LWHUDWLYH�ZHOO�GHYHORSHG�´VROYHUVµ�#

&)'�VROYHUV�WUDQVIRUP�WKH�GH½QLQJ�PRPHQWXP�DQG�WKHUPRG\QDPLF�ODZV�LQWR�
DOJHEUDLFDO�HTXDWLRQV��DQG�FDQ�HI½FLHQWO\�VROYH�WKHVH�HTXDWLRQV�QXPHULFDOO\�
&RPPRQO\�HPSOR\HG�VROYHUV�IRU�LQFRPSUHVVLEOH��VWHDG\�VWDWH�¾RZ�UHJLPHV�

LQFOXGH�WKH�WZR�HTXDWLRQ�VKHDU�VWUHVV�WUDQVSRUW�N�RPHJD��667�N�t��HGG\�YLVFRVLW\�
PRGHO�WR�SURYLGH�DQ�DSSUR[LPDWLRQ�RI�5$16�HTXDWLRQV��VHH�´3URSHUWLHVµ�ER[RXW�
IRU�GHVFULSWLRQV���7KH�XVH�RI�D�N�t�IRUPXODWLRQ�LQ�WKH�LQQHU�SDUWV�RI�WKH�ERXQGDU\�
OD\HU�PDNHV�WKH�PRGHO�GLUHFWO\�XVDEOH�DOO�WKH�ZD\�GRZQ�WR�WKH�ZDOO�WKURXJK�WKH�
YLVFRXV�VXE�OD\HU��7KH�667�IRUPXODWLRQ�VZLWFKHV�WR�D�N�HSVLORQ��N�¡��EHKDYLRXU�LQ�
WKH�IUHH�VWUHDP��DQG�WKHUHE\�DYRLGV�WKH�FRPPRQ�N�t�SUREOHP�WKDW�WKH�PRGHO�LV�
WRR�VHQVLWLYH�WR�WKH�LQOHW�VWUHDP�WXUEXOHQFH�SURSHUWLHV��7KH�667�N�t�PRGHO�LV�E\�QR�
PHDQV�SHUIHFW�EXW�LV�OLNHO\�WR�EH�PRUH�HIIHFWLYH�WKDQ�HPSOR\LQJ�D�VLQJOH�N�¡�PRGHO�%

&UHDWLQJ�D�KLJK�TXDOLW\�PHVK�WR�UHSUHVHQW�WKH�GRPDLQ�LV�D�FULWLFDO�IDFWRU�LQ�
HQVXULQJ�&)'�VLPXODWLRQ�DFFXUDF\��$�½QH�PHVK�ZLWK�D�JULG�RI�VPDOO�°�SRVVLEO\�
LUUHJXODUO\�VKDSHG�°�LQWHUFRQQHFWHG�FHOOV�ZLOO�W\SLFDOO\�\LHOG�D�KLJKHU�TXDOLW\�PHVK��
EXW�WKH�FRPSXWDWLRQDO�FRVW�ZLOO�EH�VLJQL½FDQWO\�LQFUHDVHG��$�ORZHU�TXDOLW\�PHVK�
�ZKLFK�PLJKW�DOVR�EH�D�FRDUVH�PHVK��ZLOO�QRW�RQO\�UHVXOW�LQ�LQDFFXUDWH�VLPXODWLRQ�
UHVXOWV��EXW�PD\�DOVR�FDXVH�´FRQYHUJHQFHµ�GLI½FXOWLHV���&RQYHUJHQFH�LV�D�PHDVXUH�
RI�KRZ�WKH�LWHUDWLRQV�DUH�FRQYHUJLQJ�WRZDUGV�DQ�DFFHSWDEOH�UHVROXWLRQ�RI�VROXWLRQ���
:KHUH�D�TXLFN�VROXWLRQ�LV�QHHGHG�°�IRU�H[DPSOH��DW�FRQFHSW�GHVLJQ�VWDJH�°�LW�PD\�
EH�DFFHSWDEOH�WR�HPSOR\�D�OHVV�UH½QHG�PHVK�WR�UHGXFH�VHW�XS�WLPH��+RZHYHU��PRVW�
DQDO\VHV�ZLOO�UHTXLUH�VRPH�WLPH�DQG�HIIRUW�WR�VHW�XS�WKH�PHVK�XVLQJ�WKH�GLIIHUHQW�
PHWKRGV�DQG�FRQWUROV�PDGH�DYDLODEOH�LQ�WKH�VRIWZDUH��,W�LV�QRUPDO�WR�VWDUW�ZLWK�
D�FRDUVH�PHVK�DQG�WKHQ�JUDGXDOO\�UH½QH�WKH�PHVK�IRU�VSHFL½F�DUHDV�RI�LQWHUHVW��
)RUWXQDWHO\��WKH�VSHHG�RI�VROXWLRQ�LQ�VLPSOH�PRGHOV�°�SDUWLFXODUO\�FORXG�EDVHG�
V\VWHPV�°�SURYLGH�UHDG\�RSSRUWXQLWLHV�WR�H[SHULPHQW��7R�HDVH�WKH�SURFHVV��PRVW�
&)'�SDFNDJHV�LQFOXGH�DXWRPDWHG�PHVK�JHQHUDWLRQ�WRROV��ERWK�VWDWLF�DQG�G\QDPLF��
WKDW��LI�VHW�XS�FRUUHFWO\�ZLWK�JRRG�TXDOLW\�GH½QLWLRQV�RI�ERXQGDULHV�°�VXFK�DV�WKH�
ZDOOV�DQG�WKH�JULOOH�RXWOHW�EODGHV�°�DQG�YROXPH�¾XLG�SURSHUWLHV��DUH�OLNHO\�WR�EH�
DGHTXDWH�IRU�PRVW�JHQHUDO�EXLOGLQJ�VHUYLFHV�LQYHVWLJDWLRQV��:KLOH�D�PHVK�PD\�
FRQWDLQ�PLOOLRQV�RI�QRGHV��WKDW�IDFW�DORQH�GRHV�QRW�QHFHVVDULO\�HTXDWH�WR�TXDOLW\�&

!"#$%&'()'*+,-%.'-/.'.0,/,-%.'0$12&1'3010%"4&.'
52-.&'+04"1"0/4'670$%8&)'90/0.%-$#:1;

3523(57,(6

!"#"!$%&'$("&%&)*+
t"#",-'&%")&-&))&."',"/0"'1&"'2)324&%'"
-)&52&%(+6"'1&")/'&"/'"71$(1"'2)324&%(&"
!$%&'$("&%&)*+"$0"(,%8&)'&."$%',"'1&)9/4"
$%'&)%/4"&%&)*+":&)"2%$'"8,429&"/%."'$9&;

¡�°�VSHFL½F�GLVVLSDWLRQ�UDWH�DW�ZKLFK�
YHORFLW\�¾XFWXDWLRQV�GLVVLSDWH<
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!"#$%&'()*'+,'*-)'&)./)*01'2'3-$4-'4"%'%.0/"551'6)'$/,.0*)7'80./'9:;'.0'
FUHDWHG�GLUHFWO\�ZLWKLQ�WKH�&)'�SDFNDJH�°�DQG�GH½QHG�WKH�ERXQGDULHV��YROXPHV�
DQG LQLWLDOLVHG�FRQGLWLRQV��WKH�PHVK�ZLOO�EH�JHQHUDWHG�DQG�WKH�SUH�SURFHVVLQJ�VWDJH�
$('4./,5)*)<'
'XULQJ�WKH�SURFHVVLQJ�VWDJH��DIWHU�HDFK�LWHUDWLRQ��DW�HDFK�FHOO��D�QHZ�YDOXH�IRU�

"'#"0$"65)'$('7)*)0/$%)7'80./'="0$"65)>?@'A'="0$"65)BC;'D'_'E="0$"65)FG?;H9I?;'2'
="0$"65)BC;J'3-)0)'_'$('*-)'0)5"K"*$.%'8"4*.0<':%'_�����XQGHU�UHOD[DWLRQ��ZLOO�VORZ�
GRZQ�WKH�FRQYHUJHQFH�UDWH�EXW�LQFUHDVH�WKH�VWDELOLW\��DQG�DV�_'/.#)('"6.#) L'
�RYHU�UHOD[DWLRQ���LW�FDQ�VRPHWLPHV�DFFHOHUDWH�WKH�FRQYHUJHQFH�UDWH�EXW�ZLOO�
7)40)"()'(*"6$5$*1<'I-)'7$88)0)%4)'6)*3))%'*-)',0)#$.+('0)(+5*'"%7'*-)'4+00)%*'
UHVXOW��WKH�´HUURUµ��LV�NQRZQ�DV�WKH�UHVLGXDO��$V�WKHVH�HUURUV�GHFUHDVH��WKH�UHVXOWV�
"0)'0)"4-$%&'#"5+)('*-"*'"0)'4-"%&$%&'5)(('"%7'5)(('3$*-')"4-'$*)0"*$.%'"%7'(.'*-)'
VROXWLRQV�DUH�FRQYHUJLQJ��,I�WKHVH�HUURUV�LQFUHDVH��WKH�VROXWLRQ�LV�VDLG�WR�EH�GLYHUJLQJ��
I-)'&)%)0"551'"44),*)7'(*"0*$%&',.$%*'$('*.')/,5.1'*-)'(.8*3"0)'7)8"+5*'#"5+)('.8'
0)5"K"*$.%'8"4*.0(<

Example
)RXU�&)'�VLPXODWLRQV�ZHUH�XVHG�WR�PRGHO�WKH�VWHDG\�VWDWH�DLU¾RZ�FKDUDFWHULVWLFV�LQ�
WKH�H[DPSOH�FODVVURRP��DQG�WR�XVH�WKH�RXWSXW�WR�SURYLGH�WKHUPDO�FRPIRUW�SUR½OHV��
H[SUHVVHG�LQ�WHUPV�RI�SUHGLFWHG�PHDQ�YRWH��309��IRU�WKH�WZR�JULOOH�EODGH�SRVLWLRQV�
2'+,'"%7'7.3%'2'"%7'8.0'*3.'7$88)0)%*')K*)0%"5'"$0'*)/,)0"*+0)('2'MNO9'"%7'MPO9<'
8QGHU�UHOD[DWLRQ�IDFWRUV�ZHUH�DOVR�DGMXVWHG�IRU�FRQYHUJHQFH��ZLWK�WKH�DQDO\VLV�
VWRSSLQJ�ZKHQ�JOREDO�UHVLGXDO�YDOXHV�IRU�FRQWLQXLW\��HQHUJ\�DQG�WXUEXOHQFH�ZHUH�
)#"5+"*)7'6)5.3'LQ����7KH�DLU¾RZ�VXSSOLHG�E\�HDFK�XQLW�ZDV����/<(��'"%7'LRQ'C<(��

�UHVSHFWLYHO\��IRU�WKH�GLIIHUHQW�H[WHUQDO�DLU�WHPSHUDWXUHV��ZLWK�WZR�XQLWV�½WWHG�WR�
HDFK�URRP��WR�HPXODWH�WKH�W\SLFDO�UHVSRQVH�RI�DQ�LQVWDOOHG�XQLWµV�FRQWURO�VWUDWHJ\�
7KH�JHRPHWU\�RI�WKH�URRP�ZDV�FUHDWHG�LQ�&$'��DQG�VLPSOL½HG�EORFN�JHRPHWULHV�

3)0)'+()7'*.'0),0)()%*'*-)'.44+,"%*('"%7'#)%*$5"*$.%'+%$*(<'I-) $%*)0%"5'

4./,.%)%*('.8'*-)'#)%*$5"*$.%'(1(*)/('
ZHUH�QRW�PRGHOOHG��DQG�D�VLPSOH�
ERXQGDU\�FRQGLWLRQ�VWDWLQJ�D�¾RZ�YHORFLW\�
DQG�WHPSHUDWXUH�ZDV�XVHG��WR�UHGXFH�
4./,+*"*$.%"5'*$/)<
I-)'9S;'"+*./"*)7'/)(-'"5&.0$*-/'

ZDV�HPSOR\HG��KDYLQJ�EHHQ�VHW�WR�IRUP�
½YH�DXWRPDWLF�SULVP�OD\HUV�ZLWKLQ�D�FORVH�
SUR[LPLW\�WR�DQ\�ERXQGDU\�ZLWKLQ�WKH�GRPDLQ��
DV�D�PHDQV�RI�FDSWXULQJ�¾XLG�VROLG�LQWHUDFWLRQ�
$%'7)*"$5'E())')K"/,5)('$%'S$&+0)'MJ<
,Q�WKH�SRVW�SURFHVVLQJ�SKDVH��WKH�

($/+5"*$.%'.+*,+*'3"('+()7'*.',0.#$7)'
7"*"'8.0'6.*-'FT='4"54+5"*$.%('"%7'#$(+"5'
LQWHUSUHWDWLRQV��VXFK�DV�WKH�YHORFLWLHV�VKRZQ�
LQ�)LJXUH����7KLV�LQGLFDWHG�WKDW��XQGHU�WKH�
PRGHOOHG�FRQGLWLRQV��ERWK�EODGH�SRVLWLRQV�
DUH�SUHGLFWHG�WR�SURYLGH�VXLWDEOH�YHORFLW\��
WHPSHUDWXUH��DQG�WKHUPDO�FRPIRUW�SUR½OHV�WR�
/))*'*-)'40$*)0$"'()*'.+*'3$*-$%'UULQL<P'EI-)'
0)(+5*('.8'*-)'"%"51($('3)0)'"5(.'(+44)((8+551'
HYDOXDWHG�DJDLQVW�WKH�&,%6(��$6+5$(�DQG�
%6 (1�,62�����LQ'7)($&%'40$*)0$"<J
I-)'.+*,+*'$%7$4"*)7'*-"*'*-)'7$(*0$6+*$.%'

RI�LQFRPLQJ�DLU¾RZ�ZLWKLQ�WKH�URRP�ZRXOG�
EH�HYHQ��DQG�WKURZV�VKRXOG�FRYHU�WKH�ZLGWK�
"%7'7),*-'.8'*-)'0../<'I-)0/"5'4./8.0*'
3"('$%7$4"*)7'"('0)/"$%$%&'6)*3))%'"'FT='
RI������DQG������ZLWKLQ�WKH�RFFXSLHG�]RQH�
"*'"'-)$&-*'+,'*.'L<V/<'9./,"0)7'3$*-'*-)'
´XSZDUGµ�SRVLWLRQ��WKH�´GRZQµ�SRVLWLRQ�IRU�WKH�
EODGHV�LPSURYHG�WKH�309�VFRUH�E\�����IRU�
WKH�´QRUPDOµ�VXPPHUWLPH�DQDO\VLV�ZLWK�DQ�
H[WHUQDO�WHPSHUDWXUH�RI����&��DQG�LPSURYHG�
LW�E\�����IRU�WKH�´DGYHUVHµ�VXPPHU�DQDO\VLV�
3-)%'*-)')K*)0%"5'*)/,)0"*+0)'3"('MPO9<
I-$('"0*$45)',0.#$7)('"'(/"55'80"4*$.%'.8'

*-)'7),*-'"%7'4./,5)K$*1'*-"*'9S;'"%"51($('
UHTXLUHV��DQG�WKH�VROXWLRQV�WKDW�LW�RIIHUV��
I.'40)"*)'/)"%$%&8+5'"%7'0)5$"65)'.+*,+*'
UHTXLUHV�WKH�XVHU�WR�GHYHORS�H[SHUWLVH��RU�
*.'+*$5$()'*-)'()0#$4)('.8'"',0.8)(($.%"5'3-.'
VSHFLDOLVHV�LQ�WKH�½HOG�RI�&)'�IRU�EXLOGLQJ�
()0#$4)(')%&$%))0$%&<
!"!"#$%&'()*$+,+-#"

Q @$*-'",,0)4$"*$.%'8.0'*-)'*)4-%$4"5'$%,+*'61'
'U (VIDQG�%XUPDQ�RI�,('(��8&/�

Q I+0%'*.',"&)'RV 8.0'0)8)0)%4)(<

)LJXUH����7KH�VXUIDFH�PHVK�VWUXFWXUH�RI�WKH�´EODGH�XSµ�¾XLG�GRPDLQ��%RWK�GRPDLQV�FRQWDLQHG�DSSUR[LPDWHO\����PLOOLRQ�FHOOV��6RXUFH��0RQRGUDXJKW�

)LJXUH����([DPSOH�YLVXDOLVHG�
RXWSXW�RI�VWHDG\�VWDWH�
YHORFLW\�VWUHDPOLQHV�ZKHQ�
WKH�EODGHV�DUH�IDFLQJ�GRZQ��
ZLWK�HDFK�XQLW�VXSSO\LQJ�
���/�!���ZLWK�DLU�VXSSOLHG�DW�
���&��6RXUFH��0RQRGUDXJKW�
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T h e CIBSE Journal C P D  P rog ramme
!"#$%&'()($%'(*+#(*#',(-#./0#1234567#"24#)2*-6*'#'2#-,%&(*+#"24&#36'%(5-#8(',#
92*23&%4+,':#92*23&%4+,'#1%"#)2*'%)'#"24#;(%#61%(5#%*3<2&#'656$,2*6#
8(',#=4&',6&#(*=2&1%'(2*#%*3#'6),*()%5#(*-(+,'#2*#('-#-6&;()6-:#>24#,%;6#',6#
&(+,'#'2#2$'#24'#=&21#-4),#)2114*()%'(2*-#%'#%*"#'(16:
?#4*36&-'%*3#',%'#?#8(55#&6)6(;6#1%&@6'(*+#)2114*()%'(2*-#=&21#

92*23&%4+,'#%='6&#)21$56'(*+#',(-#123456#A$56%-6#'()@#,6&6BC
!"#6*'6&(*+#"24&#36'%(5-#%D2;67#"24#%+&66#',%'#.?!EF#1%"#)2*'%)'#"24#

8(',#(*=2&1%'(2*#%D24'#./0#%*3#2',6&#'&%(*(*+#2&#$&2=6--(2*%5#36;652$16*'#
$&2+&%116-7#%*3#%D24'#161D6&-,($#2=#.?!EF7#(=#"24#%&6#*2'#%#161D6&:
G2#'2#!!!"#$%&'()*+,-."#)/0#12#'2#)21$56'6#',(-#H46-'(2**%(&6#2*5(*6:#

<RX�ZLOO�UHFHLYH�QRWL½FDWLRQ�E\�HPDLO�RI�VXFFHVVIXO�FRPSOHWLRQ��ZKLFK�FDQ�EH�
4-63#'2#;%5(3%'6#"24&#./0#&6)2&3-: I5'6&*%'(;65"7#½OO�LQ�WKLV�SDJH�DQG�SRVW�LW�
'2C#345*+.'67489:;<74===4:-.>-/45$?>4@)-274A),2),74;BC=4D:;"

1.   W hat is the meaning of ë SaaSí  as referred to in this article?

A  Sof tw are as a serv ice

B  Sof tw are as a simu lation

C    Sof tw are as a solu tion

D  Sof tw are as a standard

E     Sof tw are as a system

2.   W hich of these was not identifi ed as one of the main 
properties that are considered simultaneously when 
conducting an examination of fl uid dynamics?

A  D ensity

B  E nth alp y

C  P ressu re

D  T emp eratu re

E  V elocity

3 .   W hat was explicitly described as being employed to 
describe conservation of momentum?

A    C ontinu ity eq u ation

B  F inite v olu me meth od

C    F irst law  of  th ermodynamics

D  N ew toní s second law

E  R A N S

4 .   W hich of these is not true when considering the mesh for 
a CFD simulation?

A    A u tomated mesh  g eneration tools are lik ely 
to be adeq u ate f or most g eneral bu ilding  
serv ices inv estig ations

B  F ine mesh  w ill typ ically be a h ig h er­ q u ality mesh

C    F or a q u ick  solu tion,  a less­ refi ned mesh  can be u sed to 
redu ce set­ u p  time

D    H av ing  millions of  nodes does not necessarily eq u ate 
to q u ality

E    SST  k ­ t transf orms th e p h ysical model into a 
dig ital mesh

5.   By how much was the PMV  improved in the ë normalí  
summertime scenario with downward pointing blades 
compared with upward blades?

A    26 %

B    28 %

C  29 %

D     3 4 %

E  5 0%

Further reading:
J,6&6#(-#%#145'('436#2=#&6=6&6*)6-#A(*)543(*+#',2-6#4-63#(*#',6#%&'()56B#%*3#
*416&24- =&665"#%))6--(D56#2*5(*6#)24&-6-#$&2;(363#D"#2$6*K-24&)6#%*3#$&2$&(6'%&"#
.L0#-$6)(%5(-'-:
I-#%*#6M%1$56#2=#%#.L0#%$$5()%'(2*7#',(-#%&'()56#3&68#2*#',6#&6)6*'#&6$2&'#

!"#$%&%'()*+!,-+%.%/01(1+"2+'3*+*22*4'+"2+567+8&(//*+%.8/*1+".+'3*&#%/+4"#2"&'#D"#I56M#
.,%*356&#%*3#N()@#O2$$6&#2=#92*23&%4+,':

References:
P Q,('67#L7#9LVFRXV�¾XLG�¾RZ#R&3#F3('(2*7#9)G&%8KO(55#96),%*()%5#F*+(*66&(*+7#PSSP:

T   9)F8%*7#?7#%$E".608F3)G=C8HIC7#TUPV#W#%))6--63#PU#X)'2D6&#TUTP:
R  Y4)%-7#Z7#%$E".608F3)G=C8HI=7#TUPV#W#%))6--63#PU#X)'2D6&#TUTP:
[   9%*),6-'6&#.L0#'6%17#\Q,%'#(-#\0(-)&6'(]%'(2*^_#>EE1&J00%$E".608F3)G=C8HIK7#

TUPS#W#%))6--63#PU#X)'2D6&#TUTP:

`   .L0#X*5(*6#\EEJ#@K216+%#12365’ %$E".608F3)G=C8HIL#W#%))6--63#PU#X)'2D6&#
TUTP:

a   &)'�2QOLQHµ�6SHFL½F�WXUEXOHQFH�GLVVLSDWLRQ�UDWHµ�%$E".608F3)G=C8HIM#W#%))6--63#
PUX)'2D6&#TUTP:

V   Z%367#97#.L0#X*5(*6#\b-6#2=#@K6$-(52*#%*3#@K216+%#92365-^#%$E".608F3)G=C8HIN
W#%))6--63#PU#X)'2D6&#TUTP:

c   \E(1-)%56#!52+#\`#J($-#2*#O28#'2#.&6%'6#%#O(+,Kd4%5('"#96-,^
%$E".608F3)G=C8HIO7#TUPc#W#%))6--63#PUX)'2D6&#TUTP:

S   %%������9HQWLODWLRQ��WKHUPDO�FRPIRUW�DQG�LQGRRU�DLU�TXDOLW\7#TUPc7#
%$E".608F3)G=C8HIP#W#%))6--63#PU#X)'2D6&#TUTP:

PU   !E#FN#?EX#VVRU#(UJRQRPLFV�RI�WKH�WKHUPDO�HQYLURQPHQW��$QDO\WLFDO�GHWHUPLQDWLRQ�
DQG�LQWHUSUHWDWLRQ�RI�WKHUPDO�FRPIRUW�XVLQJ�FDOFXODWLRQ�RI�WKH�309�DQG�33'�LQGLFHV�
DQG�ORFDO�WKHUPDO�FRPIRUW�FULWHULD7#!E?#TUU`:
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P R O D U C TS &  SER VI C ES

P ro d u c t s o f  t he mo nt h
Rinnai aiming to bring clarity to net zero debate

!!""#!$!%$&'$('))!%%!'"$#$
(')*+,-,"%!.,$(')*#+#&!.,$+,.!,/$
#"0$+,*'+&$'"$1#%$#"0$,2,(&+!($

#**2!#"(,%$3%!"1$#$.#+!,&4$'5$,",+14$.,(&'+%$!"$
6'&-$+,%!0,"&!#2$#"0$(')),+(!#2$78$%(,"#+!'%9$
:-,$('))!%%!'"$!%$6,!"1$(#++!,0$'3&$64$'",$

'5$&-,$6!11,%&$)32&!"#&!'"#2$('"%32&#"(!,%$!"$
&-,$63!20!"1$#"0$('"%&+3(&!'"$%,(&'+;$#"0$&-,$
½QDO�UHSRUW�ZLOO�EH�KHDGHG�E\�D�WHDP�RI�QRQ�
SROLWLFDO�DQG�QRQ�SDUWLVDQ�DFDGHPLFV�
<=,$%!)*24$/#"&$&'$%,,$+,#2!%)$6+'31-&$!"&'$

#"$!"(+,#%!"124$*'2#+!%,0$0,6#&,$&-#&;$#&$&!),%;$
+,#(-,%$2,.,2%$'5$3"6+!02,0$-4%&,+!#;>$%#4%$:'"4$
?!&&!"1%;$)#"#1!"1$0!+,(&'+$'5$@!""#!9$
<A#(&;$2'1!($#"0$+,#%'"$)3%&$6,$,)*2'4,0$5'+$

&-,$6,%&$'3&('),$5'+$#22$'5$3%9$
<=,$",,0$0,(#+6'"!%#&!'"$B$/,$",,0$",&$

C,+'$B$#"0$/, ",,0$!&$#%$%''"$#%$*'%%!62,;$63&$
!"$%3(-$#/#4$&-#&$!%$*+#1)#&!($!"$&,+)%$'5$

+,*'+&;$#"0$&-,$('"&+#(&$/!&-$&-,$#3&-'+%$
VWLSXODWHV�WKDW�WKHUH�LV�QR�WKLUG�SDUW\�
0'(&'+!"1 '+$%*!"9$:-,$('"%3),+$",,0%$&'$6,$
1!.,"$&-,$5#(&%$&'$)#D,$#"$!"5'+),0$0,(!%!'";>$
#00%$?!&&!"1%$E*!(&3+,0;$2,5&F9
<=,$#+,$)#"35#(&3+,+%$'5$*+'.,"$,G(,22,"(,$

#"0$#+,$3%!"1$'3+$('+,$(')*,&,"(!,%$'5$0,%!1"$
,"1!",,+!"1$%'23&!'"%$&'$%3!&$#22$*'%%!62,$53&3+,$
",,0%$#"0$53,2%9$=,$-#.,$#$12'6#2$+,#(-;$/!&-$
HIJ$@KL$,"1!",,+%;$#"0$/!22$,.'2.,$&'$,"%3+,$
&-#&$'3+$(3%&'),+%$-#.,$&-,$.,+4$6,%&$*'%%!62,$
*+'03(&$'*&!'"%9
<=,$6,2!,.,;$!)*2!(!&24;$&-#&$&-,+,$/!22$

6,$# ",,0$5'+$#$.#+!,&4$'5$%'23&!'"%$&'$
&-,$MN",+14 :+!2,))#O$B$&-,+,$!%$"'&$'",$
%!"12, 53,2 '+$#**2!#"(,$&-#&$!%$&-,$#"%/,+$&'$#22$
&-,$*+'62,)%9$
<=,$#2%'$6,2!,.,$%'),$'5$&-,$%&#&,),"&%$

FRPLQJ�IURP�TXDVL�RI½FLDO�TXDUWHUV�LV�WKH�
0+3)6#"1!"1$'5$!"&,+,%&,0$*#+&!,%$2''D!"1$
DIWHU�WKHLU�RZQ�SULPDU\�½QDQFLDO�DQG�RU�
*'2!&!(#2$!"&,+,%&%9>$

Q�V isit: www. rinnaiuk. com

M anu f actu rer to annou nce new  
low  carbon tech nolog ies and 
h ybrid solu tions by end of  2021

Rinnai CPDs focus on minimising carbon without compromising performance

! LQQDL�RIIHUV�D�UDQJH�RI�IUHH��&,%6(�
#**+'.,0$PQL%$5'+$0,%!1",+%;$
VSHFL½HUV�DQG�EXLOGLQJ�VHUYLFHV�

('"%32&#"&%$#"0$,"1!",,+%$/'+D!"1$'"$
FRPPHUFLDO�VLWHV�WKDW�QHHG�OLPLWOHVV�¾RZV�RI�
WHPSHUDWXUH�DFFXUDWH�KRW�ZDWHU�IRU�SHUVRQDO�
-41!,",;$2#3"0+4;$5''0$*+'03(&!'";$#"0$'&-,+$
(2,#"!"1$#"0$0!%!"5,(&!"1$+,1!),%9$
:-,$PQL%$5'(3%$'"$2'/,+!"1$#"0$)!"!)!%!"1$

(#+6'"$'3&*3&;$/!&-'3&$(')*+')!%!"1$
SHUIRUPDQFH��DQG�DUH�DYDLODEOH�DW�&RYLG�VDIH�
*+,)!%,%$'+$.!#$R!(+'%'5&$:,#)%$'+$S'')9$
T36U,(&%$(3++,"&24$#.#!2#62,$0!+,(&$5+')$
@!""#! !"(230,V
O$W40+'1,"$B$,",+14$%'3+(,$5'+$&-,$53&3+,
O�(QHUJ\�HI½FLHQW�RQ�GHPDQG�ZDWHU�KHDWLQJ
O%LR�/3*�°�D�WHFKQLFDO�DQG�HFRQRPLFDOO\�
.!#62,$+'3&,$&'$0,(#+6'"!%#&!'"$"'/

O /RZ�WHPS�'+:�°�FDUERQ�DQDO\VLV�DFURVV�DOO�
,",+14$.,(&'+%

O�&RQWLQXRXV�¾RZ�DSSUHFLDWLRQ
O�&RQWLQXRXV�¾RZ�KRW�ZDWHU�V\VWHP�GHVLJQ
O�/��DQG�FRQWLQXRXV�¾RZ
:-+'31-$!&%$PQL$#"0$&+#!"!"1$*+'1+#)),%;$

@!""#!$2''D%$&'$(2#+!54$#"0$,"1#1,$/!&-$&-,$)#+D,&$
WR�DVVLVW�GHFLVLRQ�PDNLQJ�DQG�XQGHUVWDQGLQJ�ZLWK�
PXYTN$('"%32&#"&%;$,"1!",,+%$#"0$0,%!1",+%9
P-+!%$?'11!";$'*,+#&!'"$0!+,(&'+;$%#4%V$<=,$(#"$

0,)'"%&+#&,$-'/$!""'.#&!'"$(#"$+,03(,$&-,$3%,$
'5$5'%%!2$53,2%$/-!2,$)#G!)!%!"1$+,",/#62,$1#!"%9$
Z",$,G#)*2,$!%$'3+$[$T,+!,%$+#"1,;$/-!(-$(#"$6,$
3%,0$/!&-$#$+,",/#62,$-,#&$%'3+(,$B$%'2#+$'+$-,#&$

*3)*$B$&'$)#G!)!%,$1#!"%$5+')$&-!%$&,(-"'2'149$
:-,$@!""#!$%4%&,)$/!22$*+,(!%,24$6''%&$&-,$
/#&,+$&'$&-,$+,\3!+,0$&,)*,+#&3+,;$%#.!"1$53,2$
/!&-'3&$(')*+')!%!"1$*,+5'+)#"(,9
<=,$#2%'$-#.,$PQL%$&-#&$2''D$#&$('"&!"3'3%$

¾RZ�WHFKQRORJLHV�DQG�KRZ�WKLV�FDQ�EHQH½W�WKH�
!"03%&+4$.,+%3%$&+#0!&!'"#2$%&'+#1,$%4%&,)%9$
:H�DQDO\VH�ZDWHU�KHDWLQJ�V\VWHP�GHVLJQ�DQG�
VSHFL½FDWLRQ�LQ�GLVFXVVLQJ�GHVLJQ�LVVXHV�DQG�
6,%&$*+#(&!(,$5'+$?]$#"0$2,1!'",22#$*+,.,"&!'"9$
:H�FDQ�SURYH�WKDW�FRQWLQXRXV�¾RZ�PHDQV�
.#23,$,"1!",,+!"1$&-#&$2#%&%$#$2'"1$/'+D!"1$2!5,9>
@!""#!$-#%$#2%'$!".,%&,0$!"$#$53224$,\3!**,0$

&+#!"!"1$5#(!2!&4;$/-,+,$!&%$PQL$('3+%,%$#+,$
VXSSRUWHG�E\�D�VWDWH�RI�WKH�DUW�PXOWLPHGLD�
VXLWH�WKDW�FDQ�EH�XVHG�WR�GHOLYHU�RQH�KRXU�
('3+%,%$&'$%3!&$&-,$",,0%$'5$#"4$'+1#"!%#&!'"9
@!""#!$*+'03(&%$'55,+$,"0$3%,+%$#$2!)!&2,%%$

VXSSO\�RI�LQVWDQWDQHRXV�WHPSHUDWXUH�
('"&+'22,0$-'&$/#&,+;$#%$2'"1$#%$/#&,+$#"0$1#%$
%3**2!,%$#+,$('"%&#"&9$:,)*,+#&3+,$#((3+#(4$
,"%3+,%$-'&$/#&,+$(#"$6,$%3**2!,0$&'$%3**'+&$
DQWL�OHJLRQHOOD�UHJLPHV��WKHUPDO�GLVLQIHFWDQW��
#"0$(')5'+&9$R'+,$!"5'+)#&!'"$(#"$6,$5'3"0$
'"$@!""#!>%$/,6%!&,$#"0$!&%$W,2*$R,$P-''%,$
0,0!(#&,0$/,6*#1,9$
Q�Call 019 28 53 1 87 0,  email sales@

rinnaiuk. com or engineer@ rinnaiuk.
com,  or visit www. rinnaiuk. com

R ang e of  su bj ects cov ered 
by C I B SE ­ ap p rov ed cou rses 
av ailable online or in p erson

(#&,+!"1$&'$&-,$,G!%&!"1$*'*32#&!'"%$#"0$)#+D,&%9>
Y,5'+,$&-,$,"0$'5$&-,$4,#+;$@!""#!$!%$,G*,(&,0$

&'$#""'3"(,$!&%$'/"$",/$*+'03(&$0,.,2'*),"&$
#"%/,+!"1$&-,$",&$C,+'$(#22;$!"(230!"1$2'/$(#+6'"$
&,(-"'2'1!,%$#"0$-46+!0$%'23&!'"%9
<=,$#+,$('))!&&!"1$%36%&#"&!#2$%3)%$&'$&-!%$
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P ro d u c t s o f  t he mo nt h
Daikiní s V RV  5 air  conditioning  leading the charge in sustainable technologies

!!!"#$%&#'()%*&+')($*'(,"!%&!-"-)./(
0'&!1(2$+'(&!(%3'(+'#'."42'!%("5(
.&13%6,"22'*,&$.($!+(*')&+'!%&$.(

$&*(,"!+&%&"!&!1(%',3!"."1/7(%"(
&24*"#'(%3'()-)%$&!$0&.&%/7(*'.&$0&.&%/($!+(
4'*5"*2$!,'(4*"4'*%&')8(
9!'()-,3(4*"+-,%(.'$+&!1(%3'(,3$*1'(&)(

:$&;&!<)(=>=(?()/)%'28
@"*(0-&.+&!1()'*#&,')(4*"5'))&"!$.)7(

-)&!1()-)%$&!$0.'(%',3!"."1/(&)(
,*-,&$.(5"*(2''%&!1(&!,*'$)&!1./()%*&,%(
'!#&*"!2'!%$.(%$*1'%)8(:$&;&!<)(
959���V\VWHP�KDV�EHHQ�VSHFL½�FDOO\�
+'#'."4'+(%"(-)'(>6AB(*'5*&1'*$!%(7(C3&,3(
3$)($(1."0$.(C$*2&!1(4"%'!%&$.(DEFGH(
%3$%(&)(IJK(."C'*("!($()/)%'2(.'#'.(%3$!(
$.%'*!$%&#'()"-*,')8
L3'(=>=(?(2$;')(-)'("5(:$&;&!<)(

&!!"#$%&#'(M3N*-+"(%',3!"."1/7(C3&,3("55'*)(
+')&1!(#'*)$%&.&%/8(
L3'()/)%'2('!,"24$))')($(,"24.'%'(

,"!)&+'*$%&"!)8(@-*%3'*2"*'7(&%("55'*)(
'O,'4%&"!$.(4*"%',%&"!(&!(%3'(-!.&;'./(
'#'!%("5($(.'$;8(M3"-.+(%3&)(",,-*7(
%3'(0-&.%6&!()'!)"*(C&..($,%&#$%'($!(
$.$*2(&!%'1*$%'+(&!%"(%3'()/)%'2<)(
P$+";$(,"!%*"..'*8(

L3'(,-.2&!$%&"!("5(%3&)(%',3!"."1/(
$!+("%3'*(4*"%',%&#'(5-!,%&"!)(
3$)(1*$!%'+(%3'(=>=(?()/)%'2(
5-..(,"24.&$!,'(C&%3(%3'(!','))$*/(
.'1$.(*'Q-&*'2'!%)(-!+'*(RSTUVAA?6B6
WV(DS+8UH8
X$#&!1(0''!(+'#'."4'+(%"(

+'.&#'*(*'2$*;$0.'('!#&*"!2'!%$.(
4'*5"*2$!,'7($)(C'..($)(&!)%$..$%&"!(
#'*)$%&.&%/($!+(&!%'1*$%'+(.'$;(
+'%',%&"!7(:$&;&!<)(=>=(?(
)/)%'2(%$;')(5-..($+#$!%$1'(
"5(%"+$/<)(2")%(&!!"#$%&#'($&*(

,"!+&%&"!&!1(%',3!"."1/8(
F&%3()%*$&13%6"-%6"5(%3'60"O()-)%$&!$0&.&%/7(

*'.&$0&.&%/($!+(4'*5"*2$!,'(4*"4'*%&')(
$))-*'+7(&%(&)(3$*+(%"(."";(4$)%(%3'(
=>=(?()/)%'2(5"*(*')&+'!%&$.($!+(.&13%6
,"22'*,&$.(-)'8(
Q���V isit: www. daikin. co. uk/ vrv5

System o! ers installation 
fl  exibility and can be fi  tted 
in rooms as small as 10m2

4$,;$1'("5($+#$!,'+(+'#'."42'!%)7($..(
VWDQGDUG��LQWHJUDWHG�DQG�FRQ½�JXUHG�
M3N*-+"(%',3!"."1/($.."C)(5"*(,"24.'%'(

LQVWDOODWLRQ�¾�H[LELOLW\���RIIHULQJ�WKH�DELOLW\�WR�
&!)%$..(%3'()/)%'2(&!%"(*""2)($)()2$..($)(
JV2B((C&%3"-%(%3'(!''+(5"*($++&%&"!$.(+')&1!(

V ent­ Axia shortlisted for 
two awards  
Y'$+&!1(#'!%&.$%&"!(2$!-5$,%-*'*(='!%6ZO&$(
3$)(0''!()3"*%.&)%'+(&!(%C"(,$%'1"*&')(&!(%3'(
4*')%&1&"-)(!"#$%&'((ZC$*+)(BVBJ8(
L3'(='!%6ZO&$([Y"6T$*0"!(P-.%&#'!%(PS=(

)DPLO\µ�LV�D�½�QDOLVW�LQ�WKH��'RPHVWLF�9HQWLODWLRQ�
G*"+-,%("5(%3'(\'$*((,$%'1"*/7(C3&.'(%3'(
,"24$!/<)((T9=R:6J](M-44"*%(T$24$&1!((3$)(0''!(
)3"*%.&)%'+(5"*(%3'((T"#&+(@*"!%.&!'(Z,3&'#'2'!%("5(
%3'(\'$*(($C$*+8
Q��Call + 4 4  (0)3 4 4  856 059 0 or visit 
www. vent­ axia. com/ multivent­ mev­ family 

N ew names welcomed to sales team  

Y'$+&!1(5$!(2$!-5$,%-*'*(̂ &,"%*$(E'03$*+%(3$)(2$+'(%C"(;'/($44"&!%2'!%)($3'$+("5(%3'(.$-!,3("5(&%)(
QH[W�JHQHUDWLRQ�RI�KLJK�HI½�FLHQF\�SURGXFWV�
E$*/(_*"";')(3$)(̀ "&!'+($)()$.')(2$!$1'*(D9SP($!+(+&)%*&0-%&"!H8(X'(C&..(C"*;(C&%3('O&)%&!1($!+(

!'C(,-)%"2'*)(%"(+'#'."4('!+6%"6'!+()".-%&"!)(%$&."*'+(%"(,-)%"2'*)<(&!+&#&+-$.(*'Q-&*'2'!%)8
>/$!(E&..#*$/(3$)(0''!($44"&!%'+($)(&!%'*!$.()$.')('!1&!''*7(*')4"!)&0.'(5"*(,-)%"2'*(*'.$%&"!)($!+(

)-44./(,3$&!(2$!$1'2'!%8
Q��Call + 4 4  (0)17 09  7 807 60 or email g. llewellyn@ nicotra­ gebhardt. com

Breathing Buildings o! ers CIBSE­
approved CPD on school ventilation
_*'$%3&!1(_-&.+&!1)7($(ab(4*"#&+'*("5(,"!%*"..'+7(
3/0*&+(#'!%&.$%&"!()/)%'2)7(&)("55'*&!1($(TR_MS6
$44*"#'+(TG:("!(2''%&!1(%3'(*'Q-&*'2'!%)("5(
__JVJc()*+,&-+.&($/.$0&.1+-21+/.3$14&562-$7/68/51$2.,$
+.,//5$2+5$9*2-+1:$+.$(74//-(($!+(LP?Bc(;4&$-+6+1($/8$
14&562-$7/68/51<$20/+,+.=$/0&54&21+.=8(
L3&)(,"-*)'((d(+'.&#'*'+(0/("!'("5((%3'(,"24$!/<)(

'O4'*&'!,'+(#'!%&.$%&"!('O4'*%)(d(&)(4$*%&,-.$*./(
%&2'./(C&%3(%3'(,-**'!%(5",-)("!(),3"".)($!+(
#'!%&.$%&"!(%"(&24*"#'(&!+""*($&*(Q-$.&%/($!+(3'.4(
2&%&1$%'(T"#&+6J](%*$!)2&))&"!8((
Q�Call + 4 4  (0) 1223  4 50 060  or 
email info@ breathingbuildings. com 
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Breathing new life into historic building  

&RQGDLUµV�VWHDP�KXPLGL½HUV�DUH�SOD\LQJ�
D�YLWDO�UROH�LQ�PDLQWDLQLQJ�WKH�H[FHSWLRQDO�
FUDIWVPDQVKLS�LQYROYHG�LQ�SURGXFLQJ�
6WHLQZD\µV�IDPRXV�SLDQRV��
6WHLQZD\�	�6RQV��ZKLFK�KDV�EHHQ�

EXLOGLQJ�SLDQRV�IRU�PRUH�WKDQ�����\HDUV��
UHFHQWO\�UHIXUELVKHG�LWV�/RQGRQ�VKRZURRP�
LQ�0DU\OHERQH��7KH�FRPSDQ\�UHTXLUHG�
WKH�RSWLPXP�HQYLURQPHQWDO�FRQGLWLRQV�
WR�SUHYHQW�WKH�ZRRG�XVHG�WR�FUDIW�WKHVH�
SUHFLVLRQ�LQVWUXPHQWV�IURP�ZDUSLQJ��

!"#$%&'()*'+)&),&-+*),+%.*/012*
KXPLGL½HUV�ZHUH�VSHFL½HG�DQG�WKHQ�
LQVWDOOHG�LQ�WKUHH�URRPV��LQFOXGLQJ�WKH�
EDVHPHQW�ZRUNVKRS��$OO�IHHG�VWHDP�LQWR�DLU�
KDQGOLQJ�XQLWV�WR�PDLQWDLQ�WKH�YLWDO�KXPLGLW\�
OHYHOV�UHTXLUHG�
6WHLQZD\µV�8.�PDQDJLQJ�GLUHFWRU��&UDLJ�7HUU\��VD\V��́ ,QFUHGLEO\�UDUH�DQG�H[SHQVLYH�ZRRG�LV�XVHG�

LQ�VRPH�RI�RXU�PRGHOV�°�EXW��DFWXDOO\��DQ\�W\SH�RI�ZRRG�LV�VXVFHSWLEOH�WR�FKDQJHV�LQ�HQYLURQPHQWDO�
FRQGLWLRQV��'U\QHVV�LV�WKH�HQHP\�RI�SLDQRV��VR�KXPLGLW\�LV�UHDOO\�LPSRUWDQW��:H�QHHG�����WR�����
KXPLGLW\�DOO�WKH�WLPH�WR�SURWHFW�WKH�ZRRG��&RQGDLUµV�XQLWV�DUH�LGHDO�IRU�WKH�MRE�µ
Q�V isit www. condair. co. uk

  Panasonic introduces 
Aq uarea Designer online tool 
3DQDVRQLF�+HDWLQJ�	�&RROLQJ�6ROXWLRQV�KDV�
LQWURGXFHG�LWV�$TXDUHD�'HVLJQHU��DQ�HDV\�WR�XVH�
RQOLQH�WRRO�WR�KHOS�KHDWLQJ�DQG�FRROLQJ�GHVLJQHUV��
DUFKLWHFWV��GHVLJQ�RI½FHV��LQVWDOOHUV��DQG�
GLVWULEXWRUV�DOLNH��
7KH�QHZO\�GHYHORSHG�DLU�WR�ZDWHU�GHVLJQ�WRRO�

LV�RSWLPLVHG�WR�KHOS�SURIHVVLRQDOV�HDVLO\�LGHQWLI\�
WKH�PRVW�DSSURSULDWH�$TXDUHD�DLU�WR�ZDWHU�KHDW�
SXPS�IRU�D�SDUWLFXODU�DSSOLFDWLRQ��WR�FDOFXODWH�WKH�
VDYLQJV�FRPSDUHG�ZLWK�RWKHU�KHDW�VRXUFHV��DQG�WR�
FDOFXODWH�&23�HPLVVLRQV�YHU\�TXLFNO\��
Q�V isit: www. panasonicproclub. com/ GB_
en/ tools/ aq uarea­ software/  or Register 
for ProClub

  Space­ saving Aq uasub 
water­ booster range launched
$TXDWHFK�3UHVVPDLQ�KDV�LQWURGXFHG�LWV�QHZ�
VSDFH�VDYLQJ�$TXDVXE�UDQJH�RI�SDFNDJHG�
ZDWHU�ERRVWHU VHWV�
6PDUW�VXEPHUVLEOH�SXPSV�KDYH�EHHQ�SODFHG�

LQWR�WKH�ZDWHU�VWRUDJH�EUHDN�WDQN��VR�WKH�XQLW�LV�
VPDOO�HQRXJK�WR�½W�WKURXJK�D�GRRU��7KLV�PDNHV�
LW�LGHDO�IRU�XVH�LQ�DQ\�EXLOGLQJ�ZLWK�UHVWULFWHG�
DFFHVV�WR�WKHSODQWURRP�
Q�Email sales@ aq pm. co. uk or 
visit www. aq uatechpressmain. co. uk

  From heat pumps to 
horse power

7ZR�KLJK�HI½FLHQF\����0:�&DUULHU�KHDW�SXPSV�
DUH�EHLQJ�XVHG�WR�GU\�/XFHUQH�KD\��D�SUHPLXP�
IHHG WKDW�LV�LQ�GHPDQG�E\�8.�UDFHKRUVH�EUHHGHUV�
DQG�WUDLQHUV��
7KH�JURXQG�VRXUFH�KHDW�SXPS�V\VWHP�ZDV�

LQVWDOOHG�DW�D�VSHFLDOLVW�IDUP�QHDU�&RYHQWU\�E\�
201,�+HDW�DQG�3RZHU��DQG�ZLWK�VXSSRUW�IURP�WKH�
5HQHZDEOH�+HDW�,QFHQWLYH�VFKHPH�
7KH�KD\�GU\LQJ�IDFLOLW\�XVHV�WZR�&DUULHU�

$TXD)RUFH���;:+9�ZDWHU�VRXUFH��YDULDEOH�
VSHHG�VFUHZ�KHDW�SXPSV�WR�XSJUDGH�HQHUJ\�
H[WUDFWHG�IURP�D�VHULHV�RI�ERUHKROHV��ZKLFK�WDS�DQ�
XQGHUJURXQG�DTXLIHU��
7KH�KHDW�SXPSV�XSJUDGH�WKH�ZDWHU�

WHPSHUDWXUH�IURP���&�IURP�WKH�ERUHKROHV�WR����&�
H[LWLQJ�WKH�V\VWHP��,W�LV�WKHQ�XVHG�WR�HYHQO\�DQG�
FRQVLVWHQWO\�GU\�/XFHUQH�KD\��
Q�V isit carrier. com or follow @ Carrier 
on Twitter 

Trilux illuminates medical 
research centre  
7ULOX[µV�/&���/('�OLJKW�FKDQQHO�IRUPV�
WKH�EDFNERQH�RI�D�OLJKWLQJ�VFKHPH�DW�WKH�
8&/ ,QVWLWXWH�RI�,PPXQLW\�DQG�7UDQVSODQWDWLRQ�
LQ�/RQGRQ��
$�FROODERUDWLRQ�EHWZHHQ�WKH�5R\DO�)UHH�

/RQGRQ�1+6�)RXQGDWLRQ�7UXVW��WKH�5R\DO�)UHH�
&KDULW\��DQG�8QLYHUVLW\�&ROOHJH�/RQGRQ��WKH�
ZRUOG�FODVV�LQVWLWXWH�GHYHORSV�QHZ�WUHDWPHQWV�
IRU�FRQGLWLRQV�LQFOXGLQJ�OHXNDHPLD�DQG�GLDEHWHV��
,WV�QHZ�KRPH�LQ�WKH�3HDUV�%XLOGLQJ�LQFOXGHV�
ODERUDWRULHV��SDWLHQW�DFFRPPRGDWLRQ��D�FDU�SDUN��
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KHOSV�ZLWK�PDLQWHQDQFH�
7KH�EXLOGLQJµV�DWULXP�LV�GHVLJQHG�WR�IRVWHU�LQWHUDFWLRQ�DPRQJ�UHVHDUFKHUV�DQG��KHUH��PRUH�WKDQ�����
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KDYH�EHHQ�XVHG�LQ�WKH�EDFN�RI�KRXVH�DUHDV��FDU�SDUNV�DQG�FLUFXODWLRQ�URXWHV�
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Air Handling

Energy E!  ciency

Fire Protection
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ZZZ�JURHQKROODQG�FR�XN

Manufacturer of high quality bespoke AHU’s. 
Specialists in refurbishment and site assembly projects. 

Rapid delivery service available.
Aircraft Air Handling Ltd
Unit 20, Moorfi eld Ind Est, 

Cotes Heath, Stafford, ST21 6QY
Tel: 01782 791545  Fax: 01782 791283

Email: info@aircraftairhandling.com  Web: www.aircraftairhandling.com �

!"�����#!$%&#�����'())*#+#,-.�����,-(,�����!-,��

!"#$%&&'()*%#"(%+ ,-./'./0-01-23'456178.9'0:01/;0'<./'
;<25,<615./4='-201<>>/4'<24'6/.1-,-/4'?:'85.'@<.12/.0'78.>47-4/A'

!)B#%'<CC.8D/4'82>-2/'!@E'0/;-2<.'<24'/FC/.1'C.8G/61'<4D-6/'-0'
<D<-><?>/'18'H%@'I'(-./'!8205>1<210'J'B5->4-23'#/.D-6/0'%23-2//.0A'
!"#$%&&'()*%#"(%

+
'-0'>-6/26/4'18';<25,<615.-23'@<.12/.0'78.>47-4/'?:'(-./0<,/'(-./'*<1/4'E56178.9+'&14'

/01234/256789:1;<7:<6;

.=($)+&,$.>+?#$.(@(#)++
A>+,B+(B)#&#B)#B.+B%.(@(#)+A%)>++

&,%6(�'LUHFWRU\������LQGG���� ������������������

Health Trust depends on Gilberts to support care 
forvulnerable patients  
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Expert source for fl oor­ mounted 
lifting stations  
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Out of the 10,000 people who applied to be a volunteer at the UN Climate 
Change Conference COP26, only 1,000 were accepted. One of them is 
Sorcha Breslin, a graduate mechanical engineer working in Glasgow for 
CIBSE Employer of the Year ChapmanBDSP. We ask Breslin about her the 

role and what she would say to world leaders if she was given the opportunity.

!"#$%&'((%)*+%,-%.*'/0%#$%123456
My role at COP26 will be as a volunteer providing assistance and information to 
attendees transiting between travel hubs. I will be representing Glasgow City Council 
and the COP26 organisation itself. This will be a public­ facing role that will involve 
assisting attendees and members of the public, and answering questions relating 
to the conference and city. I will be at various locations across the conference area 
to facilitate delegates and members of the public travelling between zones, and 
travelling to and from the conference. 

!")%.'.%)*+%7*(+/$--86
My main motivation is my interest and concern with regard to the steps required by 
industrialised economies to address the climate crisis.

Having lived in Glasgow for the past five years, I had heard about the preparations 
for the conference and researched how I could get involved. I am extremely 
passionate and motivated when it comes to sustainability and raising awareness 
of the impact of climate change. For these momentous discussions to take place 
effectively and efficiently, the city needs a large amount of support. I wanted to have 
as much impact on the running of the event as possible.

9*&%:(*;-()%.*-;%)*+8%&*8<%8-(#$-%$*%$"-%3#8';%=08-->-/$?;%#'>;6
The Paris Agreement, which aims to limit global warming to 1.5° C, among other 
things, is reliant on a wide variety of factors, and depends on many sectors of 
industrial economies (established and emerging) achieving challenging targets. 
This is, of course, heavily dependent on reducing carbon emissions. The build 
and construction sector is responsible for 39% of all global carbon emissions. 
ChapmanBDSP is committed to achieving net zero carbon  and encouraging clients 

to follow suit when it comes to projects they 
are working on. By being a part of a building 
services engineering company that focuses 
intensely on the sustainability of its projects, 
and reducing the environmental impact, 
there is real potential to have a significant 
positive impact on carbon emissions within 
the UK. Hopefully, this will provide a positive 
example, and other countries can learn from 
the UK experience.

=8-%)*+%"*@-A+(%*A%#%@*;'$'7-%
*+$:*>-%A8*>%123456%!"#$%';%
)*+8%08-#$-;$%A-#86
I am a positive person, and I am sure those 
attending COP26 are aware of the urgency 
of the task of limiting the hazardous effects 
of climate change. However, any talks or 
negotiations surrounding the state of our 
planet are not always entirely positive. It is 
quite easy for conversations to be negative, 
and to demonstrate resignation at the scale of 
the challenges facing the planet. 

At COP15 in Copenhagen, countries spent 
more time casting blame on each other than 
addressing ways in which they could agree 
positive steps to address the climate crisis, and 
I am concerned that history may repeat itself.

It is easy to become despondent in the 
face of a global challenge, particularly in 
international discussions, but it is important to 
remember that, even though global warming 
is currently an inevitable by­ product of 
modern economies, there are still things we 
can all do to limit climate change.

!"#$%&*+(.%)*+%;#)%'A%)*+%"#.%#%
:"#/:-%$*%#..8-;;%&*8(.%(-#.-8;%
#$%123456
Three things:
!"##$%&'()#'*#'+(#&,%()'%&'&#-).#'+(#.-'-#
'+(/#01*2%.(#%)#1(3-'%*)#'*#'+(#415(),/#
*6#'+(#&%'4-'%*)

7"#8)2(&'#9*1(#%)#1(&(-1,+#-).#.(2(3*09()'
:"##;-<(#0(1&*)-3#1(&0*)&%=%3%'/#-).#
%)%'%-'%2(#>+()#%'#,*9(&#'*#.(-3%)5#
>%'+#'+(&(#01*=3(9&"

The climate crisis cannot be wished away. 
It can only be solved through individual 
countries taking responsibility for the whole 
planet, and all of them acting collectively and 
in collaboration. The crisis needs strategic 
attention and engagement so that the 
ingenuity of science and engineering can have 
maximum impact.

Q & A
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CIBSE JOURNAL PODCASTSNATIONAL EVENTS 
AND CONFERENCES
SLL Young Lighter 2021
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CIBSE REGIONS AND 
GROUP EVENTS
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SLL and Signify: In 
conversation withÖ
Ele onora Brembilla and 
Kynthia Chamilothori
>42"3/)+/0?4"$',$/
H6%&2$&#:$A#6,#A$/6*>$)00$
%&2$),1&,/.?$/#%-'6,&1$(#%2,&1$
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*/ !#+"&*(*1.@

SLL and Signify: In 
conversation withÖ
Roger Sexton and 
Michael Grubb
@A42"3/)+/0?4"$',$/
P*&-,&',&1$-"#$A#6,#A$
IHDWXULQJ�OHDGLQJ�½�JXUHV�IURP�
-"#$(,1"-,&1$,&2'A-6.@$!",A$
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+6#%-,=#$2,6#+-*6$*/$I,+"%#($
Y6';;$)-'2,*@$

CIBSE Scotland: Chain of 
infection ñ  a reservoir 
of organisms
@B4C/&/)+/0?4"$',$/
Z#-#$!.A*&?$/6*>$-"#$[%-#6$
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LIVE ONLINE 
TRAINING COURSES
P]H)J$-6%,&,&1$+*'6A#A$
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VB+*>,&1$+*'6A#AE

Designing water­ e!  cient 
hot and cold supplies
-42"3/)+/0

Design of ductwork 
systems
B42"3/)+/0

Earthing and bonding
D42"3/)+/0

Electrical distribution 
design
@A42"3/)+/0

Low and zero carbon 
technologies
@A42"3/)+/0

Above­ ground building 
drainage
@@42"3/)+/0

Heat networks (CP1) 
half­ day update
@E42"3/)+/0

Standby diesel generator
@F42"3/)+/0

Low carbon 
consultant design
@F<@G42"3/)+/0

Fundamentals 
of drainage
@H42"3/)+/0

Embodied carbon in 
MEP design:  how to use 
CIBSE TM65
@H42"3/)+/0

Building services 
explained
-><-E42"3/)+/0

Air conditioning and 
cooling systems
-B42"3/)+/0

Heat networks code of 
practice (CP1)
F<H4C/&/)+/0

Mechanical services 
explained
H<D4C/&/)+/0

The importance of 
energy­ e!  cient buildings
D4C/&/)+/0

Below­ ground building 
drainage
D4C/&/)+/0

Electrical services 
explained
@B<@F4C/&/)+/0

Low carbon consultant 
design
@B<@F4C/&/)+/0

Emergency lighting to 
comply with fi  re safety
@E4C/&/)+/0

Overview of IET wiring 
regulations (18th edition)
@E4C/&/)+/0

Design of ductwork 
systems
@F4C/&/)+/0
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ONLINE LEARNING
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STUDENT 
WEBINARS
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EVENTS

Membership webinars
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Online Learning

Each of our online learning 

an allocated number of CPD hours. 

learning experience.

The content of each module 
is designed to enhance the learning 

it more organised and memorable. 

You can dip in and out of an 
online learning module or course 
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CMR Controls manufactures low air pressure and air volume
measurement sensors and control systems for standard air
conditioning, clean rooms, sterile laboratories, containment
facilities, and fume 
cupboard extract 
systems.

DPM PRESSURE SENSOR

Panel Mount Pressure or Velocity Transducers
with remote alarms, analogue and digital
interfaces. Traceable calibration certificates
supplied as standard.

CAV AND VAV DAMPERS

Accurate air flow measurement with the
unique CMR Venturi built into the
airtight shut-off damper to control room
pressure or constant volume.

Poly-propelene control and shut off valve
incorporating the CMR Venturi Nozzle. This
is essential when dealing with corrosive
extract air especially from fume cupboard
systems.

AIR MANAGEMENT SYSTEM

A complete turn-key system to control room
pressure to +/-1Pa. Fume cupboard face
velocity to 0.5m/s at high speed and provide
constant air changes into the labo - clean
room.

PPS EXTRACT DAMPER

DPC CONTROLLER
Fast and accurate controls to drive
high speed dampers or invertors.
Full PID stand alone controls with
BMS interface.

Metal Damper

PPS Damper

PRECISION COMPONENTS FOR VENTILATION AND PROCESS CONTROL

CMR CONTROLS
A Division of C. M. RICHTER (EUROPE) LTD

22 Repton Court, Repton Close,
Basildon, Essex SS13 1LN. GB
W e b s i t e : h t t p : / / w w w. c m r. c o . u k

Tel: +44 (0)1268 287222
Fax: +44 (0)1268 287099
E - m a i l : s a l e s @ c m r. c o . u k

HEPA
FILTER

NORMAL EXTRACT

EXTRACT
CONTROLLER

LABO - CLEAN ROOM

FUME
CUPBOARD

VAV
EXTRACT
DAMPER

CAV
SUPPLY
DAMPER

PPS
DAMPER

p92.CIBSEMagNov21.indd   92 19/10/2021   15:41




