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!"!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

! 

college of built environments 

Integrated Design Lab 



!D!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

HIHGJK!3LM<AN! 



HIHGJK!#8H!3I!AOINHPN! 

RSTU!V.0W8LX! 

SELECTED ENERGY USE IN HOSPITALS BY COUNTRY 
!"#$%&'()*+,$-./01$ 
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Rikshospitalet 

Rigshospitalet 

LEGEND: 

Denmark 

Norway 

Pacific Northwest 

49New Karolinska Solna 

Sweden 

!F!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

DEFE!A0/::'$1'! 

AQ(('$*!A,4'! 

R"YY!V.0W8LX! 



!Z!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

N<GJHN3IJ!"EE[!I<N3OI<6!8N#5K! 

!"#$%& 
•! !""#$#%"$&'('$)%*++",-"$ 
./'0$","1-2$1"34567,8$ 

•! 9"#"1:;,"$#%"$<1=#$57=#$ 
;,>"=#:",#$1"?4;1"3$$ 

•! 9;==":;,*#"$@"=4+#=$$ A;#%! 

Targeting 100!

!"#$%&'#()*+,*-.'/#"0(+"1'*

2"(%0&.(%3*4%'#0"*5.6*

7%.(/%&*89&:%%*;

<+%=*5+$%=."3

>+&(/?%'(*@"%&0)*

*A#%"A)*B==#."A%1'*

C>@@BD*8%((%&8&#AE'*

2"#(#.(#$%

>88<*B&A/#(%A('*

F+=.&A*B&A/#(%A(9&%*."3*@"0#"%%&#"0

G84*H+"'9=(."('

H.I%&+"*J.AB==#'(%&

J./=9I*B&A/#(%A('

J+&(%"'+"*H+"'(&9A(#+"

#"*A+==.6+&.(#+"*?#(/

H+:)&#0/(*K*LMNM*!"#$%&'#()*+,*-.'/#"0(+"O*

B==*P#0/('*P%'%&$%3O*Q+&*:%&I#''#+"*+"*

9'#"0*(/#'*3+A9I%"(R*69&:%%/S9?O%39

?#(/*'9::+&(*,&+I

@"345"$B,"1-2$C2$/'0$A;#%$ 
D;E+"$*33;67,*+$)*F;#*+$)7=#$ 



]O8M3N<6!HIHGJK!#8H! 
!"#$%&'()#'*"+#,'-!!!(*!
 
! 

N+B%?/:!./!012*.314!/?Q*'\?/('!0,)B%*/:)!! 

5567869':;<=>?@'A#B$! 
! 

N+B%?/:!3!C!],)B%*/:)!*0/*!-,::,=!<8]G<H!^E>"!DEEZ!! 

5997569':;<=>?@'A#B$'
 
!
 
!
 

N+B%?/:!.@@*D!';(*4E*3F''
 
' 

G9':;<=>?H'A#B$' 
!Y!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



!U!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

_HIA]L<G`3IJ! 



!S!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

_HIA]L<G`3IJ! 

2B$%#I"%'J99K!
DE"E!J,/:a!UEb!G'4Q?c,$!! 
'((&)*+,-./&01#2& 

"EE! 



!T!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

MHHG!GHd3H.!<I5!8N<`H]O65HG8! 



        

!^!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

! 

Electric 

Fossil Fuel 

Reheat 42.3% 

Preheat 3.5% 

Ser vice Hot Water 1.7% 

Process Steam 6.2% 

Kitchen, Labs, etc 1.2% 
Interior Lighting 8.2% 

Misc. Equipment 13.0% 

Kitchen 0.9% 

Imaging 0.8% 

Plant Med. Equip. 0.8% 

Elevators 0.7% 

Cooling 4.2% 

Heat Rejection 0.2% 

Pumps 5.7% 

HVAC Fans 10.6% 



!"E!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

N]H!NOO6! 



N]H!JO<68!Oe!N\"EE! 

!""!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

SEATTLE 
4C 

CHICAGO 
5A 

NEW YORK 
4A 

LOS ANGELES 
3C 

PHOENIX 
2B 

HOUSTON 
2A 

$ 
G8! $!""#$#%"$&'('$)%*++",-"$H71$&'G'I$ 
&8! $9"#"1:;,"$#%"$<1=#$57=#$;,>"=#:",#I$ 

(8! $9;==":;,*#"$@"=4+#=I$ 



!"D!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

AOIAHMN#<6!eG<LH.OG`! 

],:4%$1!A,$)*/$*! 
_'*=''$! 
8?0'@')a! 
! 
•! M(,1(/@!f!DDY! 

7'4);!!ZSS;EEE!8e! 
•! .%$4,=!*,!=/::! 

(/c,)!f!FEb! 
•! <BB(,g%@/*'! 

-,,*B(%$*! 
•! H$'(1+!(':/*'4! 

)*(/*'1+!7Q$4:')! 
! 
! 
! 



3INHJG<NH5!5H83JI! 

INTEGRATED 

STRATEGIES 

ENERGY 

COST SAVINGS 

FOR 

AND 

!"F!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



!"Z!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

e3G8N!f!6O<5!GH5#AN3OI! 



">!G'4Q?'!8,:/(!J/%$!! D>!G'4Q?'!M'/V!6,/4)!
 

_/)':%$'!M'/V!6,/4! 

]%10!M'(-,(@/$?'! 
M'/V!6,/4! 

F>!G'4Q?'!_Q%:4%$1!6,/4);! 

!"Y!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

5'\?,QB:'!]'/c$1;!A,,:%$1;! 
d'$c:/c,$! 

3INHJG<NH5!8NG<NHJ3H8!\!HP! 



  
   

  

   
  

 
 

  
   

  

Z>!G'4Q?'4!:,/4)!/::,=!-,(! Y>!_/:/$?'4!:,/4)!/::,=)!-,(!@,('!
 
:,='(!h,,(\h,,(!! 'j?%'$*;!/$4!)@/::'(!B:/$*!)+)*'@)!
 

TEMPERATURE 
EXCHANGE 

i!?,)*!)/&%$1)! i!?,)*!k!'$'(1+!)/&%$1)! 

   
  

 
 

3INHJG<NH5!8NG<NHJ3H8!\!HP! 

!"U!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



!"S!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

<GA]3NHAN#G<6!8K8NHL8! 

],:4%$1!A,$)*/$*! 
_'*=''$! 
8?0'@')a! 
! 
•! M(,1(/@!f!DDY! 

7'4);!!ZSS;EEE!8e! 
•! .%$4,=!*,!=/::! 

(/c,)!f!FEb! 
•! <BB(,g%@/*'! 

-,,*B(%$*! 
•! H$'(1+!(':/*'4! 

)*(/*'1+!7Q$4:')! 
! 
! 
! 



JGO#M3IJ!A63L<NH8!\!HIdH6OMH! 

_/)':%$'! 
!l,$'!Y! 

]%10!M'(-,(@/$?'! 
!L''*)!,(!'g?''4)!l,$'!Y! 

_/)':%$'! 
!l,$'!F! 

]%10!M'(-,(@/$?'! 
!L''*)!,(!'g?''4)!l,$'!F! 

!"T!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



<GA]3NHAN#G<6!8K8NHL8! 
<(?0%*'?*Q(/:!8+)*'@)a! 
$ 
m! J;-%$K"1H71:*,5"$B,>"+7F"$ 

f! L*+*,5"$%"*#$+7==$*,3$1*3;*,#$57:H71#$A;#%$#%"1:*+$ 
F"1H71:*,5"$ 

m! M7+*1$)7,#17+$ 
f! !;,;:;N"$F"*O$+7*3=$H71$577+;,-$F"1H71:*,5"$*,3$ 
;,51"*="3$#%"1:*+$57:H71#$ 

m! 9*2+;-%6,-$ 
f! P,51"*="$;,#"1;71$",>;17,:",#*+$?4*+;#2$*,3$3"51"*="$
"+"5#1;5$+;-%6,-$ 

 

$ 

!"^!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



!DE!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

_#3653IJ!LHA]<I3A<6!8K8NHL8! 

],:4%$1!A,$)*/$*! 
_'*=''$! 
8?0'@')a! 
! 
•! M(,1(/@!f!DDY! 

7'4);!!ZSS;EEE!8e! 
•! .%$4,=!*,!=/::! 

(/c,)!f!FEb! 
•! <BB(,g%@/*'! 

-,,*B(%$*! 
•! H$'(1+!(':/*'4! 

)*(/*'1+!7Q$4:')! 
! 
! 
! 



#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!!	 A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! !D"! 

DOAS 
with Displacement Ventilation5'\A,QB:'4!d'$c:/c,$!/$4!l,$/:!]'/c$1! and Radiant Panels 

/$4!A,,:%$1!&%/!G/4%/$*!8,Q(?')! 

_/)':%$'! 
VAV 

]%10!M'(-,(@/$?'! 

SET FOR ZONE 


MOTOR
 
FAN VFD CHILLER	 WITH MAXIMUM 


COOLING LOAD
 

INTAKE AIR 

FAN FILTER 

BOILER 

REHEAT
 
LOOP
 

REHEAT
 
TERMINAL
 

EXHAUST 

MAXIMUM COOLING 

T REQUIRED
 

REHEAT
 
TERMINAL
 

EXHAUST To radiant 
cooling panelsCHILLER 

REHEAT AIR HANDLINGVentilation From 
Air Handling Unit 

REQUIRED 

UNIT 
TT 

To radiantBOILER 
heating panels 

REHEAT
 
TERMINAL
 

EXHAUST 

REHEAT
 
REQUIRED
 

T 

 

 

 

 

 

 

 
 

 

  
 

  
   

            
             
              

           
               

     

 

         
    

         
    

   
  

 

  

 

   
  

 

 

  

  

   
  

 

  

 

  

  

 
      

     
      

    

 

 

 

 

 

 

 
 

 

  
 

          
             
        

         
            

             
           

           
          

               
         

             
    

 

      
         

 

 

  

 

  

 

  

 

  

_#3653IJ!LHA]<I3A<6!8K8NHL8!
 



!DD!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>!

538M6<AHLHIN!dHIN36<N3OI!

A;#%Q$
$

.%'('$!PQ!
]dGA!
`/%)'(!/$4!M/(*$'()!]'/:*0!eQ$4%$1!



538M6<AHLHIN!dHIN36<N3OI! 
5')%1$!A,$)%4'(/c,$)!f!A,Q10%$1!
 

!DF!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



538M6<AHLHIN!dHIN36<N3OI! 
5')%1$!A,$)%4'(/c,$)!f!8,:/(!J/%$!
 

3 ppm Iso-Surface Concentration! 

Solar Gain: Full! Solar Gain: Mitigated!
 

!DZ!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 



!DY!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

M6<IN!8K8NHL8! 

],:4%$1!A,$)*/$*! 
_'*=''$! 
8?0'@')a! 
! 
•! M(,1(/@!f!DDY! 

7'4);!!ZSS;EEE!8e! 
•! .%$4,=!*,!=/::! 

(/c,)!f!FEb! 
•! <BB(,g%@/*'! 

-,,*B(%$*! 
•! H$'(1+!(':/*'4! 

)*(/*'1+!7Q$4:')! 
! 
! 
! 



!DU!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

M<IN!8K8NHL8! 



!DS!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

_<8H63IH!f!M6<IN!"! 



!DT!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

]3J]!MHGeOGL<IAH!f!M6<IN!D! 



!D^!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

]3J]!MHGeOGL<IAH!f!M6<IN!F! 



!FE!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

]3J]!MHGeOGL<IAH!f!M6<IN!Z! 

A,B+(%10*!C!DE"D!#$%&'()%*+!,-!./)0%$1*,$>!!! 
<::!G%10*)!G')'(&'4>! 



!F"!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

<II#<6!6O<5!MGOe36H8!\\!_<8H63IH! 



!FD!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

<II#<6!6O<5!MGOe36H8!\\!]M! 



!FF!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

<II#<6!6O<5!MGOe36H8!\\!<66! 



!FZ!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

3I53d35#<6!lOIH!6O<58! 



!FY!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

8O#N]!lOIH!8O6<G!6O<58! 



!FU!#$%&'()%*+!,-!./)0%$1*,$!2!3$*'1(/*'4!5')%1$!6/7!2!8'/9:';!.<!2!===>%4:)'/9:'>?,@!! A,B+(%10*!C!DE"F!#$%&'()%*+!,-!./)0%$1*,$>!!<::!G%10*)!G')'(&'4>! 

<II#<6!HIHGJK!#8H! 



 

 

 

 

 

 
 

 

  
 

  
   

 

 

 

 

 

 
 

 

  
 

  
   

LHHN8!N]H!DEFE!A]<66HIJH! 

Scheme A 

Scheme B 
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Electric 

Fossil Fuel 

Reheat 42.3% 

Preheat 3.5% 

Ser vice Hot Water 1.7% 

Process Steam 6.2% 

Kitchen, Labs, etc 1.2% 
Interior Lighting 8.2% 

Misc. Equipment 13.0% 

Kitchen 0.9% 

Imaging 0.8% 

Plant Med. Equip. 0.8% 

Elevators 0.7% 

Cooling 4.2% 

Heat Rejection 0.2% 

Pumps 5.7% 

HVAC Fans 10.6% 
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