
N O R D I C  
K N O W - H O W  
2 0 2 2

C O O L I N G
S Y S T E M S  

BEST  PRACT ICES  OF
SUSTA INABLE  HEALTHCARE

IN  THE  NORDICS

R E P O R T  S E R I E S  B Y
N O R D I C  C E N T E R  F O R  S U S T A I N A B L E  H E A L T H C A R E

#7



INTRODUCTION

COOLING SYSTEMS FOR HEALTHCARE FACILITIES
   
COOLING TECHNOLOGIES

EXPERIENCES FROM SWEDISH HOSPITALS

BEST PRACTICES

CONCLUSIONS

REFERENCES

TABLE OF
CONTENTS

NORDIC KNOW-HOW #7 COOLING SYSTEMS
REPORT BY
NORDIC CENTER FOR SUSTAINABLE
HEALTHCARE/BELOK
2022

Produced by: Diego Angelino, Felicia
Hedetoft, Johannes Brundin, Karin Glader,
Lars Andersen and Victoria Edenhofer.Th is  repor t  i s  a  par t  o f  the  Pla t fo rm fo r

In te rna t iona l i sa t ion :  Energy  and  C l imate -Smar t
Hea l thcare ,  f i nanced  by  the  Swed ish  Energy  Agency .

Nordic Center for Sustainable Healthcare
Södra Promenaden 51
211 38 Malmö
Sweden

Website: nordicshc.org
Email: info@nordicshc.org
Phone: +46 (0)406065580

2

3

5

9

13

17

18



The  Nord ic  Know-How repor t  se r ies  shares
best  p ract ices  and  techno log ies  f rom the
Nord ics ,  a iming  to  improve  the  susta inab i l i t y
per fo rmance  of  hosp i ta ls  and  o ther  hea l thcare
fac i l i t i es .  The  ser ies  g reets  an  in te rnat iona l
aud ience ,  espec ia l l y  those  work ing  w i th
hosp i ta l  management  and  des ign ,  hea l thcare
procurement ,  o r  look ing  fo r  p ract ica l  g reen
so lu t ions .    

Th is  seventh  repor t  addresses  the  top ic  o f
coo l ing  sys tems fo r  hea l thcare  fac i l i t i es .  The
top ic  represents  a  s t ra teg ic  cha l lenge ,  as
comfor tab le  indoor  temperatu res  a re  v i ta l  fo r
the  comfor t  o f  personne l  and  pat ien ts ,
inc lud ing  pat ien ts ’  menta l  hea l th  and  hea l ing
processes .  Temperatu re  i s  fu r ther  key  fo r
main ta in ing  med ica l  equ ipment  and  p roper
preservat ion  of  pharmaceut ica l  p roducts  and
c l in ica l  samples .

At  the  same t ime ,  coo l ing  sys tems cont r ibu te
to  the  env i ronmenta l  impact  o f  the  hea l thcare
sector .  4 .4% of  a l l  g loba l  CO2  emiss ions
der ive  f rom the  hea l thcare  sector ,  coo l ing
inc luded.  For  hosp i ta ls ,  th is  imp l ies  about  465
Mt  annua l l y  (Hov land ,  2018) ,  i nc lud ing  CO2
emiss ions  and  o ther  g reenhouse  gases  (GHG) .   
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There  is  accord ing ly  a  need  to  inc rease
co l labora t ion  between  hea l thcare  ac tors  to
promote  susta inab le  coo l ing  sys tems.
Co l labora t ion  w i l l  i nvo lve  ensur ing  p roper
temperatu re  cond i t ions  fo r  s t ra teg ic
ins ta l la t ions  and  d imin ish ing  env i ronmenta l
impacts .  

Such  e f fo r ts  can  improve  the  susta inab i l i t y
per fo rmance  of  hosp i ta ls  and  a t  the  same t ime
fac i l i ta te  the  implementat ion  of  the  European
Green  Dea l ,  a long  w i th  in te rnat iona l
f rameworks  l i ke  the  Par is  Agreement  (avo id ing
GHG and  ach iev ing  carbon  mi t iga t ion)  and  the
K iga l i  Amendment  (phas ing  out
hydrof luorocarbon  (HFC)  by  rep lac ing
convent iona l  coo l ing  sys tems)  ( IEA ,  2018) .  

Wi th  th is  ob jec t i ve ,  the  Nord ic  Know-How #7
i nc ludes  the  most  updated  and  re levant
so lu t ions  ins ta l led  and  eva luated  a t  Nord ic
hosp i ta ls .  The  repor t  p rov ides  dec is ion -
makers  w i th  overa rch ing  knowledge  of  the
systems ’  s ign i f icance ,  the  techno log ies  on  the
market  and  p ract ica l  l essons  f rom the
Nord ics .  

INTRODUCTION



Today ’s  c l imate  c r is is  has  acce le ra ted
phenomena  such  as  heatwaves  and  inc reased
g loba l  temperatu res .  Adapt ing  pub l ic  and
pr iva te  in f ras t ruc tu re  i s  a  necessary  and
press ing  task ,  g iv ing  spec ia l  a t tent ion  to
coo l ing  ins ta l la t ions .  

Accord ing  to  the  IEA ,  convent iona l  coo l ing
produces  more  than  7% of  the  wor ld 's  GHG
emiss ions .  C l imate  change  is  l i ke ly  to  in i t ia te
the  use  of  more  coo l ing ,  w i th  emiss ions
expected  to  doub le  o r  t r ip le  by  2050  ( IEA ,
2020) .

An  u rgency  to  the  s i tua t ion  has  been  recogn ized
by  the  in te rnat iona l  communi ty .  Wi th in  COP26 ,
a  par tnersh ip  w i th  120  o rgan isat ions  led  by
Un i ted  Nat ions  Env i ronment  Programme has
been  es tab l ished :  the  Coo l  Coa l i t ion .  The
coa l i t ion  emphas izes  the  g rowing  env i ronmenta l
impact  o f  coo l ing  sys tems ,  inc lud ing  sys tems in
hea l thcare  fac i l i t i es .

The  impor tance  of  the  top ic  i s  ma jor .  Hosp i ta ls
and  o ther  hea l thcare  fac i l i t i es  a re  s t ra teg ic
in f ras t ruc tu res  on  wh ich  ones  we l lbe ing  and
susta inab le  deve lopment  depend.  Th is  requ i res
an  e f fec t i ve  and  re l iab le  funct ion ing  of  a l l  the
systems that  in tegra te  i t ,  coo l ing  sys tems
inc luded.   

COOLING
SYSTEMS FOR
HEALTHCARE
FACILITIES
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Cool ing  sys tems a re  p resent  ac ross  hea l thcare
ins ta l la t ions ,  p lay ing  a  fundamenta l  ro le  in  the
hea l th  o f  the  pat ien ts ,  s ta f f  and  l i fespan  of
equ ipments ,  pharmaceut ica ls  and  o rgans .

The  d ive rse  use  and  fo rms of  coo l ing  re f lec ts
on  the  d ive rs i t y  o f  techno log ies ,  methods  and
approaches  that  can  be  app l ied  in  a  hea l thcare
fac i l i t y .  

In  o rder  to  show the  impor tance  and  s ta te -o f -
the -a r t  in  th is  top ic ,  the  p rocess  of  wr i t ing  the
Nord ic  Know-How #7  has  inc luded  a  d ia logue  
 w i th  hosp i ta ls  ac ross  Sweden.  A  survey  has
been  car r ied  out  w i th  answers  f rom 15
d i f fe rent  count ies ,  to  co l lec t  op in ions  and
exper iences  about  coo l ing  sys tems in
hea l thcare  fac i l i t i es .  

FOR MORE INFORMATION ABOUT BEST PRACTICES
AND SUPPLIERS, PLEASE CONTACT NCSH:

INFO@NORDICSHC.ORG
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The  survey  answers  i l l us t ra te  tha t  coo l ing
systems a re  used  w ide ly  ac ross  a l l  a reas  in  the
fac i l i t i es .  Everyone  who  answered  the  survey
of fe red  some fo rm of  coo l ing  p rocess  to  the
hea l th  se rv ice .  

Th is  sample  shows the  impor tance  of  coo l ing
systems fo r  a reas  l i ke  opera t ion  theate rs  and
in tens ive  care  un i ts .  The  type  of  coo l ing
system used  var ies  depend ing  on  spec i f ic
contex ts ,  ava i lab i l i t y  and  o ther  va r iab les ,  as  i s
shown under  the  t i t l e  Exper iences  f rom Swed ish
hosp i ta ls  be low.

Yes, always Yes, normally Rarely No, never
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F igure  1 .  Do  you  use  coo l ing  in  the  fo l lowing  spaces?

The  survey  was  shared  v ia  emai l  to  ac tors  tha t
had  p rev ious ly  par t ic ipated  in  Be lok 's  focus
area  "Energy -e f f ic ien t  care  fac i l i t i es " .
Responses  were  rece ived  f rom 23  peop le
represent ing  17  d i f fe rent  count ies  (F igure  2 ) .
A l l  o f  the  respondents  work  w i th  emergency
hosp i ta ls .  Most  o f  the  respondents  a re  a lso
employed  a t  hea l th  cent res ,  reg iona l  hosp i ta ls
and/or  spec ia l i s t  hosp i ta ls .

The  responses  show that  coo l ing  is
fundamenta l  fo r  hea l thcare ,  be ing  most
common in  opera t ing  theat res  where  over  85%
responded  that  coo l ing  is  a lways  used.  Coo l ing
is  fu r ther  common in  in tens ive  care  un i ts  and
other  hea l thcare  depar tments ,  as  shown in
F igure  1 .  
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TECHNOLOGIES
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How to  def ine  a  coo l ing  sys tem for  hea l thcare
fac i l i t i es  i s  sub jec t  to  the  energy  source  used
to  p roduce  the  coo l ing  e f fec t .  

For  the  purposes  of  th is  repor t ,  "coo l ing
system"  has  been  ident i f ied  as  pass ive  coo l ing ,
f ree  coo l ing ,  mechan ica l  coo l ing  and  d is t r ic t
coo l ing .  These  a re  the  main  sys tems th rough
which  i t  i s  poss ib le  to  ident i f y  and  combine
d i f fe rent  sources  and  types  of  coo l ing
techn iques .

PASSIVE  COOLING

Pass ive  coo l ing  is  a  method  employ ing  des ign
and  techno logy  fo r  reduc ing  the  amount  o f  heat
wh ich  the  sys tem needs  to  take  care  o f .
S t ra teg ies  inc lude  c l imate -appropr ia te  bu i ld ing
or ien ta t ion ,  const ruc t ion  mater ia ls  as  we l l  as
des ign :  w indows ,  shad ing  and  natu ra l
vent i la t ion  (BTH,  2020) .   

The  Nord ic  count r ies  have  a  s t rong  t rad i t ion  of
const ruc t ion  codes  that  can  de l i ve r  the rmal l y
e f f ic ien t  bu i ld ings .  For  example :  Sweden  Green
Bu i ld ing  Counc i l  uses  16  d i f fe rent  ind icators
for  the  use  of  energy  and  types  of  const ruc t ion
mater ia ls .  Th is  i s  done  to  ensure  that  bu i ld ings
have  pos i t i ve  s tandards  fo r  peop le  and  the
env i ronment .  One  of  the  ind icators  po in ts  to
the  need  to  l im i t  so la r  heat  ga in .

FREE  COOLING

Free  coo l ing  uses  ambient  ex te rna l  a i r
temperatu res  in  the  natu ra l  env i ronment  to
lower  the  temperatu re  o f  s to red  water  o r  indoor
a i r .  The  coo led  water  can  a t  t imes  comple te ly
rep lace  the  ch i l l e r  in  a  coo l ing  sys tem,
cons iderab ly  decreas ing  e lec t r ic i t y
consumpt ion .  Examples  of  f ree  coo l ing  is  co ld
groundwater  o r  n ight  a i r .  F ree  coo l ing  in
combinat ion  w i th  modern  heat  pumps  can
ensure  both  heat ing  and  coo l ing  in  a  bu i ld ing .

FOR MORE INFORMATION ABOUT BEST PRACTICES
AND SUPPLIERS, PLEASE CONTACT NCSH:

INFO@NORDICSHC.ORG

GROUNDWATER COOLING

Th is  sys tem d i rec t l y  employs  g roundwater  fo r
coo l ing  in  the  warmer  seasons .  Dur ing  the
win te r ,  pumping  sys tems '  f low d i rec t ion  is
reversed  to  take  in  heat  f rom the  g roundwater
reservo i r .  

G roundwater  coo l ing  is  one  of  the  most
susta inab le  coo l ing  so lu t ions  and  is  ins ta l led
at  an  inc reas ing  ra te  in  the  Nord ics .  
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GEOTHERMAL COOLING

Geothermal  coo l ing  opera tes  th rough  a  rock 's
temperatu re .  Thereaf te r ,  the  g round  is  heated
and  the  heat  i s  pass ive ly  conducted  away  to
the  sur round ings .  Th is  coo l ing  can  occur  w i th
and  w i thout  a  coo l ing  mach ine .  

EVAPORATIVE  COOLING

In  an  evapora t i ve  coo l ing  sys tem,  the  a i r  i s
coo led  th rough  the  evapora t ion  of  wate r .  By
add ing  water  to  d ry  a i r ,  the  water  w i l l
evapora te .  The  energy  requ i red  fo r
evapora t ion  causes  a  decrease  of  the  a i r
temperatu re .  Th is  can  be  implemented  in  the
supp ly  a i r  s t ream.  However ,  to  avo id  h igh
indoor -a i r  humid i ty ,  i t  i s  o f ten  bet te r  to
implement  i t  i n  the  exhaust  a i r  and  use  a  heat
exchanger  to  coo l  the  supp ly  a i r .   

SORPTIVE  COOLING

Sorpt i ve  coo l ing  is  a  deve lopment  o f
evapora t i ve  coo l ing .  By  f i rs t  d ry ing  the  a i r ,
evapora t ion  coo ls  the  a i r  to  a  much  g reate r
ex tent .  The  ent i re  coo l ing  sys tem is  powered
by  d is t r ic t  heat ing  o r  a  loca l  heat  source  and
can  –  w i th  a  few ad jus tments  –  be  connected
and  used  by  anyone  who  has  d is t r ic t  heat ing
ins ta l led  and  the  space  fo r  i t  ( th is  coo l ing
method  is  ra ther  space -consuming) .  

MECHANICAL COOLING

Mechan ica l  coo l ing  re fe rs  to  the  e lec t r ic i t y -
d r i ven  vapour  compress ion  cyc le ,  where  the
use  of  a  compressor  makes  i t  poss ib le  to
t ransfe r  heat  f rom a  lower  to  a  h igher
temperatu re .  The  same process  is  used  in  heat
pumps  and  househo ld  re f r ige ra tors .  In
add i t ion  to  requ i r ing  e lec t r ic i t y ,  mechan ica l
coo l ing  a lso  requ i res  the  use  of  re f r ige rants :
A  co l lec t i ve  name fo r  the  med ium ins ide  a
c losed -c i rcu i t  p rocess ,  f rom which  usefu l
coo l ing  o r  heat  i s  de l i ve red .  

Ref r ige rants  a re  employed  in  a i r  cond i t ion ing
systems ,  re f r ige ra tors ,  f reezers ,  heat  pumps
and  more .  Cons ider ing  that  the  most  common
ref r igerant  i s  a  near l y  2  000  t imes  more  potent
GHG than  CO2 ,  i t  i s  u rgent  to  f ind  sys tems
that  combine  pass ive  and  act i ve  coo l ing  –  to
e i ther  use  the  energy  more  e f f ic ien t l y  o r  fo r
more  susta inab le  re f r ige rants  ( IEA ,  2018) .  

The Montreal Protocol (1987) phased out the
use of CFC and replaced it with HCFC. The
Kigali Amendment (2016) then presented the
progressive replacement with HFC (non-ozone
depletes, yet with high GHG emissions). 

The F-gas regulation from EU will phase out
refrigerants with high environmental impact. 

Refrigerants
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In  a  t rad i t iona l  d is t r ic t  coo l ing  sys tem,  wate r
is  d is t r ibu ted  between  the  p lant  in  wh ich  i t  i s
ch i l l ed  and  the  connected  bu i ld ings  where  i t
absorbs  heat .  However ,  the re  a re  o ther
approaches .  One  ex is t ing  sys tem uses
in te l l igent  cont ro ls  to  ensure  that  excess
heat ing  o r  coo l ing  capac i ty  in  one  par t  o f  the
network  gets  used  e lsewhere .  Th is  techno logy
improves  e f f ic iency  and  cuts  energy
consumpt ion .  Fur ther  e f f ic iency  is  sa id  to
come f rom ba lanc ing  co ld  and  hot  wate r  f lows.
Each  l inked  bu i ld ing  in  the  c losed  sys tem gr id
has  heat  pumps  and  coo l ing  un i ts  to  f ine tune
indoor  temperatu res ,  reduc ing  the  need  fo r
energy  to  heat  o r  coo l  the  ba lanc ing  un i t .  The
system can  act  as  g iant  thermal  bat te ry ,
s to r ing  excess  energy  when  ava i lab le  and
power ing  down to  reduce  load  when  demand is
h igh .

A  d is t r ic t  coo l ing  sys tem can  be  more  
 e f f ic ien t  than  a  t rad i t iona l  coo l ing  sys tem.
These  sys tems a re  sca lab le ,  se rv ing  any th ing
f rom a  few bu i ld ings  to  an  ent i re  c i t y .  They
can  a lso  be  powered  w i th  renewable  energy ,
where  ava i lab le ,  to  reduce  emiss ions .

FOR MORE INFORMATION,  CHECK
OUT THE NORDIC  KNOW-HOW #6 :  
D ISTRICT  HEATING &  COOLING

DISTRICT COOLING

Dis t r ic t  coo l ing  re fe rs  to  the  in f ras t ruc tu re
connect ing  cent ra l  coo l ing  p lants  o r  loca l
sources  w i th  coo l ing  demands  –  usua l l y
p rov id ing  ch i l l ed  water  fo r  indoor  coo l ing
th rough  a  c losed - loop  p ipe  network .
Funct iona l l y  and  techn ica l l y ,  th is  works
para l le l  to  d is t r ic t  heat ing .  The  co ld  water
employed  in  a  d is t r ic t  coo l ing  sys tem can
come f rom natura l  sources  such  as  seas  and
lakes .  I t  can  a lso  be  p roduced  by  e lec t r ic
ch i l l e rs  o r  f rom waste  heat  th rough
absorpt ion  coo l ing .   

On  a  la rger  sca le ,  app l ica t ions  underground
and  snow s torage  a re  a l te rnat i ves .  In  an
underground  s to rage ,  co ld  w in te r
temperatu res  a re  exchanged  f rom the  a i r  and
loaded  in to  e i ther  the  bedrock  o r  an  aqu i fe r
by  bore  ho les .  A  snow s torage  works  ins tead
to  s to re  f rozen  water :  To  u t i l i ze  the  co ld ,
me l ted  water  i s  pumped  to  the  coo l  ob jec t  –
d i rec t l y  in  a  d is t r ic t  coo l ing  sys tem or
ind i rec t l y  by  a  heat  exchanger .  Snow coo l ing
works  as  a  s ing le  co ld  source  ye t  can
add i t iona l l y  be  used  fo r  peak  coo l ing ,  as  no
re levant  coo l ing  l imi t  ex is ts  (see  the
Sundsva l l  hosp i ta l  case  be low fo r  fu r ther
ana lys is ) .  

Not  a l l  d is t r ic t  coo l ing  sys tems a re  the  same
and  there  can  be  d i f fe rent  approaches
depend ing  on  the  loca l  source  of  coo l ing ,  the
dens i ty  o f  the  in te rconnected  sys tem and  the
ava i lab le  techno logy .  



SOLAR COOLING

Th is  i s  an  emerg ing  techno logy  wh ich  invo lves
the  d i rec t  use  of  so la r  pane ls  th rough  heat
pumps ,  a i r  cond i t ion ing  un i ts ,  o r  so la r  the rmal
co l lec tors  connected  to  a  heat  d r i ven
absorpt ion  ch i l l e r  dev ice .  
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Dis t r ic t  heat ing  and  coo l ing  sys tems a re
ef f ic ien t  (as  shown in  Nord ic  Know-How #6) .
These  networks  can  pa i r  heat ing  and  coo l ing
serv ices  to  inc rease  the  net  e f f ic iency  and
f lex ib i l i t y  o f  the  ent i re  sys tem and  use  f ree
coo l ing  techno log ies .  

ABSORPTION COOLING

Absorpt ion  coo l ing  is  p roduced  f rom d is t r ic t
heat ing  o r  o ther  heat  sources :  so la r  energy ,  a
foss i l - fue l led  f lame ,  waste  heat  f rom
factor ies ,  and  so -ca l led  heat -d r i ven  coo l ing .
Th is  i s  a  techno logy  wh ich  makes  use  of  the
heat  in  a  d is t r ic t  heat ing  network  to  d r i ve  the
ref r ige ra t ing  mach ine  p roduc ing  d is t r ic t
coo l ing  o r  coo l ing  fo r  ind iv idua l  bu i ld ings .  

In  the  re f r ige ra t ing  mach ine ,  wate r  i s  exposed
to  s t rong  negat ive  p ressure .  The  negat ive
pressure  causes  water  to  bo i l  and  evapora te
at  a  temperatu re  o f  a round  3  degrees  Ce ls ius .
Th is  wate r  i s  subsequent l y  a l lowed  to  coo l  the
water  used  in  the  d is t r ic t  coo l ing  network .  

For  absorpt ion  coo l ing  to  be  economica l l y
v iab le ,  access ib i l i t y  to  excess  heat  a t  a  low
pr ice  is  necessary .  Such  access ib i l i t y  can  be
enab led  th rough  waste  heat  f rom an  indust ry
or  waste  inc inera t ion  in  the  summer ,  when
heat  might  o therwise  s imply  be  coo led  away .
There  is  no  ex t ra  p roduct ion  of  heat  fo r  the
purpose  of  p roduc ing  coo l ing ,  mean ing
c l imate  emiss ions  f rom d is t r ic t  coo l ing  a re
min imum.  

COMPLEMENTARY TECHNOLOGIES

Complementary  techno log ies  invo lve  the
d ig i ta l i sa t ion  of  bu i ld ings  and  opera t i ve
systems that  can  improve  coo l ing  sys tems.  An
example  be ing  smar t  the rmosta ts  tha t
s t rengthen  the  energy -e f f ic iency  o f  a  sys tem.
Th is  d i rec t l y  ra ises  the  energy -e f f ic iency  o f
a i r  cond i t ion ing  un i ts  and  o ther  coo l ing
equ ipments .   

Apar t  f rom these  complementary  techno log ies ,
the  ro le  o f  user  adapta t ions  and  behav ioura l
changes  shou ld  be  noted  as  impor tant  fac tors
for  coo l ing  e f f ic iency .  Add i t iona l l y ,  the
fundamenta l  impor tance  of  good  opera t ions
and  main tenance  shou ld  be  cons idered .  

Coo l ing  is  addressed  in  many  ways .  An
in tegra ted  who le -sys tem approach  can  fos te r
co l labora t ion ,  reduce  the  r i sk  o f  negat ive
ef fec ts  and  inc rease  benef i ts  as  we l l  as
ef f ic iency  in  the  ent i re  sys tem.
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EXPERIENCES
FROM SWEDISH
HOSPITALS
The  Nord ic  count r ies  a re  a t  the  fo re f ront  in
many  susta inab i l i t y  aspects  o f  hea l thcare .  In
Sweden ,  the re  i s  a  combinat ion  of  innovat i ve
and  ho l is t ic  approaches ,  as  we l l  as  the
ex is tence  of  innovat i ve  compan ies  and  c ross -
sector ia l  co l labora t ion  inc lud ing  loca l
governments  and  research  ins t i tu t ions .  

Th is  ecosystem re f lec ts  on  the  best  p ract ices
and  knowledge  that  cou ld  cont r ibu te  to
dec is ions  about  wh ich  coo l ing  sys tem to  use
most  e f fec t i ve ly  fo r  a  par t icu la r  hea l thcare
fac i l i t y .  

As  p rev ious ly  s ta ted ,  th is  Nord ic  Know-How #7
has  inc luded  a  d ia logue  w i th  ac tors
represent ing  hosp i ta ls  w i th in  17  d i f fe rent
count ies  and  a  co l lec t ion  of  the i r  exper iences
(F igure  2 ) .  

The  in fo rmat ion  obta ined  in  surveys  and
in te rv iews  shows that  coo l ing  sys tems a re
present  a l l  over  the  hea l thcare  sys tem.  The  
 resu l ts  ind icate  that  mechan ica l  coo l ing  is
the  most  common way  of  p roduc ing  coo l ing  fo r
hea l thcare  fac i l i t i es ,  fo l lowed  by  f ree  coo l ing
and  d is t r ic t  coo l ing .  On ly  one  county  po in t  to
the  use  of  absorpt ion  coo l ing .  The  respondent
answer ing  "o ther "  o f fe red  the  exp la inat ion
that  the  county  uses  pumps  to  genera te  f ree
coo l ing  f rom boreho les ,  wh ich  by  o ther
count ies  i s  def ined  as  f ree  coo l ing .  

Compressor  coo l ing  is  the  most  common way
of  p roduc ing  coo l ing ,  i l l us t ra ted  in  F igure  3 .  

F igure  2 .  Sample  of  consu l ted  hosp i ta ls

F igure  3 .  How is  coo l ing  produced?
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F igure  4 .  The  coo l ing  systems normal ly  work  wel l  in :

Most  o f  the  respondents  be l ieve  that  the i r
coo l ing  sys tems work  we l l  i n  opera t ing
theat res .  In  o ther  p remises ,  such  as  in tens ive
care  un i ts  and  pub l ic  a reas ,  the  answers  vary
(shown in  F igure  4 ) .  

Everyone  who  answered  the  survey  po in ted  to
some type  of  p rocess  coo l ing  to  the  hea l th
serv ice .  Th is  d i f fe rs  be tween  p rocess  coo l ing   
connected  to  the  cent ra l  sys tem or  p roduced
v ia  separa te  un i ts .  Dete rmin ing  fac tors  a re
the  comfor t  coo l ing  sys tem des ign ,  the  need
for  the  equ ipment ,  and  the  temperatu re
leve ls .  

In  o rder  to  fu r ther  eva luate  the  use  of  coo l ing
in  Swed ish  hosp i ta l ,  some of  the  respondents
were  contacted  fo r  an  in te rv iew.  The
d is t r ibu t ion  between  survey  answers  and
in te rv iews  is  p resented  in  F igure  2 .

The  in te rv iews  h igh l igh ted  an  inc reas ing
demand fo r  coo l ing  in  Swed ish  hea l thcare
fac i l i t i es .  Temperatu re  leve ls  a re  exp la ined
as  more  d i f f icu l t  to  main ta in  due  to
heatwaves  l inked  to  g loba l  warming  and
h ightened  demands  on  indoor  c l imate .  There
are  a lso  h igher  coo l ing  requ i rements  when  i t
comes  to  mach ines .  

Regard ing  energy -e f f ic iency  in  hea l thcare
fac i l i t i es ,  i t  i s  impor tant  to  opt imise  in
ex is t ing  p remises  w i thout  r i sk ing  the
pat ien ts '  safe ty .  

Some respondents  ment ioned  that  they  work
in  co l labora t i ve  g roups  to  exchange
exper iences  in ,  fo r  example ,  energy  issues .
Co l labora t ion  was  cons idered  to  be  of  g reat
benef i t ,  o f fe r ing  ins ights  and  t r igger ing
ind iv idua ls  as  we l l  as  ideas  aga ins t  each
other  in  o rder  to  improve .

St i l l ,  the  t ype  of  coo l ing  sys tem used  in
opera t ing  theat res  d i f fe rs  be tween  cent ra l
coo l ing  sys tems and  loca l  un i ts .  A i rborne
coo l ing  appears  more  common than  ch i l l ed
beams.  The  type  of  coo l ing  sys tem a lso  var ies
for  o ther  p remises  w i th in  hosp i ta l  a reas ,  ye t
cent ra l  sys tems seem most  common.  



Production

Efficient distribution and robust systems

A l imi ta t ion  of  coo l ing  capac i ty  i s  the  w ish  to
reduce  a i r  f lows  to  ach ieve  o ther  comfor t
aspects ,  a long  w i th  energy .  Ch i l l ed  beams
(espec ia l l y  o lder  mode ls )  can  be  d i f f icu l t  to
c lean  and  come wi th  p rob lems l i ke
condensat ion  dur ing  hot  and  humid  per iods .  On
the  o ther  hand ,  the re  a re  contex ts  in  wh ich
ch i l l ed  beams are  a  good  a l te rnat i ve :  in  d ra f t -
sens i t i ve  env i ronments  where  a i r  f lows  a re  low.

Respondents  recommend a  separa t ion  of
sys tems fo r  p rocess  coo l ing  and  comfor t
coo l ing  where  poss ib le .  The  reason ing  is  tha t
the  need  fo r  p rocess  coo l ing  tends  to  be
twenty - four  hours  a  day ,  seven  days  a  week  –
whi le  coo l ing  in  genera l  i s  more  seasona l .   

INTERVIEW
HIGHLIGHTS

The  in te rv iews  conc luded  that  coo l ing  in
today 's  hosp i ta ls  i s  ma in ly  p roduced  by  d is t r ic t
coo l ing  o r  loca l  mechan ica l  coo l ing .  Many
h igh l igh t  the  advantages  of  d is t r ic t  coo l ing ,  as
the  sys tem of ten  is  easy  to  ins ta l l  and  requ i res
less  main tenance .  However ,  i t  works  best  i f
the re  i s  a l ready  a  fa i r l y  cent ra l i sed  coo l ing
system at  the  hosp i ta l .  The  d isadvantage  of
d is t r ic t  coo l ing  is  a  dependency  on  supp l ie rs .   

Some in te rv iewees  had  c lear  s t ra teg ies
out l in ing  wh ich  coo l ing  sys tems to  ins ta l l ,
wh i le  o thers  sa id  tha t  they  dec ide  on  a  case -
by -case  bas is  and  adapt  to  loca l  cond i t ions  –
for  ins tance  by  t r y ing  to  avo id  us ing  e lec t r ic i t y
fo r  coo l ing  due  to  p rob lems wi th  capac i ty
leve ls  o f  e lec t r ic i t y ,  hav ing  mechan ica l  coo l ing
on ly  as  a  back -up  a l te rnat i ve .   

Due  to  the  F -gas  regu la t ion  and  the  goa l  o f
reduc ing  c l imate  impacts ,  re f r ige rants  and
absorpt ion  ch i l l e rs  a re  now be ing  invest igated
by  respondents .    

The  Swed ish  C iv i l  Cont ingenc ies  Agency  (MSB)
requ i res  Swed ish  hosp i ta ls  to  have  h igh
res i l i ence ,  represent ing  a  cha l lenge  fo r  coo l ing
systems.  More  p roact i ve  ac tors  a re  look ing  fo r
f lex ib le  so lu t ions  and  ways  of  supp ly ing  in
d i f fe rent  ways .  Some ment ioned  advantages  of
cent ra l i zed  sys tems a re  a  s impl ic i t y  o f
recover ing  heat  and  requ i r ing  less
main tenance .  However ,  th is  demands  an  ab i l i t y
fo r  coo l ing  to  be  shunted  as  needed  in
d i f fe rent  bu i ld ings ,  in  o rder  to  l im i t
overcoo l ing .  Loca l  back -ups  l i ke  smal le r  un i ts
are  o f ten  requ i red  fo r  sens i t i ve  p rocesses .  

Most  in te rv iewees  p re fe r  a i rborne  coo l ing ,  bu t
th is  i s  more  energy - in tens ive .
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Minimising the need

Many  of  the  respondents '  o rgan isat ions  focus
on  energy -e f f ic iency  dur ing  bu i ld ing
const ruct ion .  In  some cases ,  goa ls  a re  se t  to
ach ieve  cer ta in  leve ls  w i th in  env i ronmenta l
cer t i f i ca t ion  sys tems.  Another  example  is  the
use  of  so la r  shad ing  to  reduce  the  need  fo r
coo l ing .  

I t  i s  impor tant  to  choose  f lex ib le  techno log ies .
For  ins tance ,  i t  cou ld  be  w ise  to  d iv ide  sun
shad ing  in to  severa l  zones  to  avo id  the  r i sk  o f
b lock ing  v iews  when  the  shad ing  is  not  needed.
Manua l  cont ro l  i s  fu r ther  va luab le  to  meet
d i f fe rent  pat ien ts '  va ry ing  needs  and
prefe rences ,  where  the  amount  o f  sun l igh t
th rough  w indows is  one  of  many  examples .   

There  a re  severa l  o ther  ways  to  min imise
coo l ing  needs  in  ex is t ing  bu i ld ings :  se lec t ion
of  w indows (g -va lue) ,  p lan t ing  t rees  that
cont r ibu te  to  so la r  shad ing  and  so  on .  

Rather  than  adapt ing  the  c l imate  sys tem to  the
bu i ld ing ,  you  can  adapt  the  bu i ld ing  to  the
c l imate  sys tem.  Bu i ld ing  des ign  can  be  based
on  how much  heat  and  co ld  that  can  be
produced  w i th  ex is t ing/ in tended  sys tems ,
reduc ing  heat ing  and  coo l ing  needs .  Th is  can
invo lve  smal le r  w indow s izes  and  rev iewing  the
or ien ta t ion  of  the  bu i ld ing ,  w i th  more  heat -
sens i t i ve  ac t i v i t i es  located  in  the  nor th  ( in  the
Nord ics) .  
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REGION JÖNKÖPING 
USING SUPPLY AIR  AT ROOM TEMPERATURE 

On the  county ’s  ma in  hosp i ta l  s i te  (Ryhov) ,  a
new bu i ld ing  of  35  000  m2 has  been
const ructed .  Wi th in  the  bu i ld ing ,  a  range  of
d i f fe rent  ac t i v i t i es  ex is ts ,  assoc ia ted  w i th
vary ing  needs  fo r  coo l ing .  

A  d is t r ibu t ion  sys tem wi th  a i r  coo l ing  was
prefe r red  a t  Ryhov .  Th is  imp l ied  a  w i l l  to  work
wi th  low temperatu res  fo r  heat ing  and  h igh
temperatu res  fo r  comfor t  coo l ing ,  to  reduce
the  energy  demand  of  both  coo l ing  and
heat ing .

The  chosen  sys tem des ign  uses  supp ly  a i r  a t
the  temperatu re  spec i f ied  by  PTS  (Program for
Techn ica l  S tandards)  in  each  room,  ra ther  than
the  more  common s l igh t l y  ch i l l ed  o r  heated  a i r .
Any  dehumid i f ica t ion  need  is  hand led  by  the
main  coo l ing  mach ine .  Such  needs  occur  dur ing
the  warmest  days  of  summer ,  and  the  energy
demand wi l l  be  covered  by  new so la r  pane ls .
Ex t ra  heat ing  is  supp l ied  v ia  a  heat ing  pane l
ins tead  of  t rad i t iona l  rad ia to rs .  The  same
app l ies  to  coo l ing ,  where  add i t iona l  coo l ing  is
prov ided  by  the  same pane l  over  us ing  ch i l l ed
beams.  

Pane ls '  advantages  inc lude  the  ab i l i t y  to  fu l l y
in tegra te  them in  wa l ls  o r  ce i l ings .  Th is  t ype  of
sys tem so lu t ion  p laces  ex t ra  h igh  demands  on
the  se lec t ion  of  a i r  d i f fusers .  Those  in  charge
therefore  car r ied  out  severa l  tes ts  w i th
d i f fe rent  supp l ie rs  before  they  found  the  r igh t
so lu t ion .  
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By  in tegra t ing  coo l ing/heat ing  pane ls  in to  the
ce i l ing ,  h igher  hyg iene  requ i rements  can  be
obta ined  as  they  have  a  comple te ly  smooth
sur face .  Wi thout  a  rad ia to r ,  the  room wi l l  a lso
be  easy  to  fu rn ish .  Another  advantage  of  the
system des ign  is  the  cent ra l  dehumid i f ica t ion ,
reduc ing  the  r i sk  o f  hav ing  to  swi tch  of f
coo l ing  due  to  pane l  condensat ion .

One  notab le  success  fac tor  i s  tha t  the  fu tu re
need  fo r  coo l ing  was  taken  in to  account  ear l y
on ,  a l ready  a t  the  bu i ld ing  des ign  s tage .
Thereaf te r ,  the  p ro jec t  worked  to  min imize  the
need  fo r  coo l ing .  The  p ro jec t  resu l ts  a re
cur rent l y  be ing  ana lysed  and  there  a re  p lans
for  fu r ther  ins ta l la t ions  a t  the  hosp i ta l  s i te  in
Värnamo.  



REGION KALMAR COUNTY 
ACHIEVING SUSTAINABLE COOLING WHILE
MEETING AN INCREASING DEMAND

Reg ion  Ka lmar  County  has  commited  to  mak ing
comfor t  coo l ing  ava i lab le  in  a l l  workp laces
throughout  the  reg ion  in  the  phase  of
const ruc t ing  new bu i ld ings  and  renovat ing
ex is t ing  ones  ( inc lud ing  the  reg ion 's
hosp i ta ls ) .  Th is  imp l ies  h ightened
requ i rements  fo r  p roduced  coo l ing .  To  ach ieve
susta inab le  coo l ing ,  the  county  works  p r imar i l y
accord ing  to  a  two- t rack  approach :  in te l l igent
sys tems that  opt imise  the  need  and  the  tes t ing
of  more  c l imate - f r iend ly  p roduct ion
techn iques .   

For  p roduct ion ,  the re  i s  a  swi tch  towards  us ing
la rger  mechan ica l  coo l ing  un i ts  and  a  cent ra l
d is t r ibu t ion  sys tem,  supp l ing  the  major i t y  o f
bu i ld ings  w i th in  the  hosp i ta l  s i te .  The  sys tem
des ign  a lso  enab les  heat  to  be  recovered  fo r
hot  wate r  p roduct ion  and  so  fo r th .

Pr imar i l y ,  d is t r ibu t ion  v ia  a i rborne  coo l ing  is
se lec ted .  By  coo l ing  the  a i r  in  cent ra l  un i ts
wi th in  bu i ld ings  and  by  us ing  in te l l igent
regu la t ion  of  a i r  f lows  in  every  room,  the  f lows
wi l l  be  h igh  enough  to  meet  the  des i red  coo l ing
ef fec t .  The  bas is  fo r  the  regu la t ion  is  p resence
and  temperatu re  a t  room leve l .  CO2  is  not  used
for  cont ro l  w i th in  the  care  fac i l i t i es .  The
county  a lso  works  ac t i ve ly  w i th  so la r  shad ing
and  bu i ld ing  des ign  to  reduce  the  need  fo r
coo l ing .  
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In  o rder  to  ach ieve  a  more  susta inab le
product ion ,  Reg ion  Ka lmar  County  i s
a t tempt ing  to  f ind  a l te rnat i ves  to  convent iona l
coo l ing  mach ines .  A t  the  wr i t ing  of  th is  repor t ,
an  ins ta l la t ion  of  an  800kW coo l ing  mach ine
wi th  CO2 as  re f r ige rant  i s  tak ing  p lace .  CO2 as
a  re f r ige rant  i s  qu i te  unusua l  fo r  comfor t
coo l ing  a t  hosp i ta ls  today .  The  reg ion  a lso  has
a  geothermal  coo l ing  un i t  a t  one  of  i ts
hosp i ta ls .  
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SUNDSVALL ’S  HOSPITAL 
SNOW AS A  COOLING SOLUTION

At  Sundsva l l  County  Hosp i ta l  in  Sweden ,
Väste rnor r land  County  Counc i l  has  so lved  th ree
prob lems wi th  a  smar t -energy  so lu t ion .  The
County  Counc i l  i s  tak ing  advantage  of  snow
be ing  t ranspor ted  away  f rom pub l ic  a reas .  Next
to  the  hosp i ta l ,  a  poo l  has  been  bu i l t  w i th  a
capac i ty  to  accommodate  up  to  70  000  m3 of
snow.  Wi th  the  he lp  o f  a  heat  exchanger ,
pumps  and  a  p ipe l ine  sys tem,  co ld  me l twater  i s
used  to  coo l  the  hosp i ta l  dur ing  hot  days .
When  add i t iona l  snow is  needed  or  snow is
mel t ing ,  snow cannons  and  an  insu la t ing  layer
of  wood  ch ips  a re  employed.  The  hosp i ta l  can
fur ther  co l lec t  po l lu tants  accompany ing  the
snow.  

Th is  so lu t ion  has  g reat l y  reduced  the  need  fo r
mechan ica l  coo l ing  a t  the  hosp i ta l .  O ther
benef i ts  inc lude  a  decreased  e lec t r ic i t y
consumpt ion  by  over  90% and  a  reduced  r isk  o f
hazardous  leakages  wh i le  phas ing  out
re f r ige rants .  Emiss ions  of  the  GHG HFC-134a
have  decreased  by  approx imate ly  70  tons  of
CO2 equ iva lents  per  year .  Other  CO2 emiss ions
have  been  reduced  by  290  tonnes  per  year ,
a long  w i th  no ise .

The  techno logy  is  a l ready  used  a t  severa l
fac i l i t i es  in  Japan  and  a t  Gardermoen  A i rpor t
outs ide  Os lo  in  Norway .  
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NORRLAND'S  HOSPITAL

Norr land  Un ive rs i t y  Hosp i ta l ,  based  in  Umeå
(Sweden) ,  has  managed  to  save  600  tonnes  of
CO2 wh i le  d imin ish ing  opera t iona l  cost  w i th
438  000  EUR per  year .  Beh ind  these  sav ings  is
a  new geothermal  energy  so lu t ion ,  combined
wi th  a  heat ing  and  coo l ing  cent re  w i th  g round
storage  of  energy .  
  
"Prev ious ly ,  we  pa id  fo r  energy  th ree  t imes
when  we  bought  d is t r ic t  heat ing ,  d is t r ic t
coo l ing  and  e lec t r ic i t y  a t  the  same t ime.  Now,
we  on ly  buy  e lec t r ic i t y  fo r  the  heat  pumps  and
can  use  a l l  the  energy  in  the  bu i ld ing  in  the
r ight  way"  says  Jesper  Bur l in ,  techn ica l
coord inator  a t  the  hosp i ta l .  

BEST
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THE TOTAL CONCEPT:  A  WAY FORWARD

As s ta ted  ear l ie r  in  the  repor t ,  the  demand  fo r
coo l ing  w i l l  be  inc reas ing .  There  is  therefore
a  need  to  improve  energy -e f f ic iency  a t
ex is t ing  hosp i ta ls  –  not  on ly  focus  on  smar t
bu i ld ings  when  const ruc t ing  new fac i l i t i es  and
systems.  The  Tota l  Concept  ( "Tota lmetod iken"
in  Swed ish)  i s  a  method  and  f inanc ia l  too l
des igned  to  improve  the  energy  per fo rmance
of  ex is t ing  non - res ident ia l  bu i ld ings .  The  a im
is  to  ensure  max imum energy  sav ings  and
s imul taneous ly  fu l f i l  company  demands  fo r
p rof i tab i l i t y .  

Many  bu i ld ing  owners  face  the  d i lemma of
improv ing  the i r  bu i ld ings ’  energy -e f f ic iency
whi le  s imul taneous ly  l i v ing  up  to  the i r
d i f fe rent  f inanc ia l  goa ls .  The  Tota l  Concept
app l ies  a  comprehens ive  approach  to  work
wi th  energy  issues  in  a  bu i ld ing .  I t  does  th is
by  ident i f y ing  and  car ry ing  out  a  package  of
measures  that  fu l f i l  bu i ld ing  owners ’  demands
of  p rof i tab i l i t y  over  app ly ing  ind iv idua l
measures .  

The  method  has  been  deve loped  by  a  ne twork
of  non - res ident ia l  rea l -es ta te  owners ,  both
commerc ia l  and  pub l ic ,  i n  Sweden  –  and  has
been  tes ted  in  Es ton ia ,  F in land ,  Denmark  and
Norway  th rough  the  EU  p ro jec t  "Tota l
Concept " .  I t  cons is ts  o f  the  fo l lowing  s teps :  

In  S tep  1 ,  an  ac t ion  package  is  deve loped  f rom
a carefu l  ana lys is  o f  the  bu i ld ing .  A  b road
range  of  d i f fe rent  energy  measures  shou ld  be
ident i f ied  and  eva luated .  For  ins tance :  When
improv ing  a  coo l ing  sys tem,  you  need  to
overhau l  the  heat ing  sys tem,  insu la t ion ,
w indow s ta tus ,  regu la t ion  sys tems and  so  on .
The  eva luat ion  inc ludes  ca lcu la t ing  the  sav ing
potent ia l  and  l i fe  cyc le  costs .  L i fe  cyc le  costs
for  the  energy  measures  a re  then  we ighed
us ing  the  in te rna l  ra te  o f  re tu rn ,  fo l lowed  by
v isua l is ing  the  package  of  measures  in  a
d iagram.  

I f  a  bu i ld ing  manager  i s  requ i red  to
improve  the  coo l ing  sys tems ,  the  Tota l
Concept  can  be  used  to  ident i f y  o ther
measures  that  wou ld  be  p rof i tab le  to
car ry  out  s imul taneous ly .  The  method  has
been  used  on  hosp i ta l  bu i ld ings  and  care
cent res  in  Sweden  w i th  good  resu l ts .  An
example  is  a t  Akademiska  S jukhuset  in
Uppsa la :  The  Tota l  Concept  was  used  in  a
pro jec t  to  reduce  CO2 emiss ions  by
improv ing  energy -e f f ic iency .  

To learn more, visit the Total Concept webpage, where information is available in Swedish, 
English, Danish, Finnish, Estonian and Norwegian: 

www.belok.se 
http://totalconcept.se 

http://totalconcept.se/
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I t  i s  necessary  to  deve lop  and  implement
a  comprehens ive  nat iona l  po l icy  on
coo l ing .  Th is  inc ludes  put t ing  fo rward
and  enhanc ing  regu la to ry  measures ,  as
we l l  as  improv ing  the  in fo rmat ion
ava i lab le  (espec ia l l y  about  new
techn iques ,  techno log ies  and  the i r
p ract ica l  use) .

Bu i ld ing  des ign  can  min imize  the  use  of
a i r  cond i t ion ing  un i ts  and  need  fo r
coo l ing .   

D is t r ic t  coo l ing  is  one  of  the  most
ef f ic ien t ,  c l imate  f r iend ly ,  secure  and
economica l l y  benef ic ia l  ways  of
prov id ing  coo l ing  sys tems fo r  pub l ic
ins ta l la t ions  ( inc lud ing  hosp i ta ls  and
other  hea l thcare  fac i l i t i es ) .   

There  i s  a  cha l lenge  in  respond ing  to
the  inc reas ing  demand  of  coo l ing ,
w i thout  negat ive  impacts  and  fu r ther
g loba l  warming .  To  nav igate  th is ,  i t  i s
necessary  to  de l i ve r  the  requ i red
amount  o f  coo l ing  w i th  the  most  energy -
e f f ic ien t  mode l ,  a long  w i th  cu t t ing
emiss ions  and  fos te r ing  a  susta inab le
t ransformat ion  of  the  hea l thcare  sector .   

Ho l is t ic  energy  p lans  a re  recommended.
These  can  embody  the  ro le  o f
hea l thcare  sys tems wi th in  energy
in f ras t ruc tu re  and  land  use  p lann ing .  A
coo l ing  po l icy  s t ra tegy  needs  to  account
fo r  mul t ip le  fac tors :  loca l
c i rcumstances ,  the  cur rent  s ta te  o f  the
market ,  the  out look  fo r  coo l ing  demand
and  energy  use ,  economic  d r i ve rs ,
soc ia l  and  cu l tu ra l  cons idera t ions ,  as
we l l  as  t rad i t ions  sur round ing  po l icy
mak ing .  

FOR COOLING SYSTEMS WITHIN HEALTHCARE

CONCLUSIONS
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