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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternational  Commission  on  I l l um inati on  (CI E)  i s  an  organ izati on  d evoted  to  i n ternationa l  co -operati on  and  exchange  
of i n formation  among  i ts  member coun tri es  on  a l l  matters  re l ati ng  to  the  art  and  sci ence  of l i gh ti ng .   I ts  membersh ip  cons is ts  
of the  National  Commi ttees  i n  abou t 40  coun tri es .  

The  ob jecti ves  of the  CI E  are :  
1 .  To  provi de  an  i n ternational  forum  for the  d i scuss ion  of a l l  matters  re l a ti ng  to  the  science,  technology and  art  i n  the  

fi e l ds  of l i gh t  and  l i g h ti ng  and  for the  i n terchange  of i n formation  i n  these  fi e l ds  be tween  coun tri es .  
2 .  To  deve lop  basic  standards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provi de  gu i dance  i n  the  appl i cation  of princip l es  and  procedures  i n  the  devel opme n t of i n ternational  and  na ti onal  

s tandards  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
4 .  To  prepare  and  publ i sh  standards,  reports  and  other publ i cati ons  concerned  wi th  a l l  matters  re l a ti ng  to  the  sci ence,  

techno logy and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
5 .  To  ma in ta i n  l i a i son  and  techn ica l  i n teracti on  wi th  o ther i n ternati ona l  organ i zati ons  concerned  wi th  matters  re l a ted  to  

the  science,  technology,  s tandard i zati on  and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  

The  work of the  CI E  i s  carri ed  ou t  by Techn ica l  Commi t tees,  organ ized  i n  seven  D i vi s i ons.   Th i s  work covers  subj ects  
rang in g  from  fundamenta l  matters  to  a l l  types  of l i gh ti ng  app l i cati ons.   The  standards  and  techn ica l  reports  deve loped  by 
these  i n ternationa l  D i vi s i ons  of the  CI E  are  accepted  th roughou t  the  wo rl d .  
A p l enary sess ion  i s  he l d  every fou r years  a t  wh ich  the  work of the  D i vi s i ons  and  Techn ica l  Commi ttees  i s  reported  and  
revi ewed ,  and  p l ans  are  made  for the  fu tu re .   The  CI E  i s  recogn ized  as  the  au thori ty on  a l l  aspects  of l i gh t  and  l i gh ti ng .   A s  
such  i t  occup ies  an  importan t  pos i ti on  among  i n ternationa l  organ i zati ons .  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Commission  I n ternationa le  de  l 'Ecla i rage  (CIE)  est  u ne  organ i sati on  qu i  se  donne  pou r bu t  l a  coopérati on  i n ternationa le  
e t  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  questi ons  re l ati ves  à  l 'art  e t  à  l a  science  de  l 'écl a i rage.   
E l l e  est  composée  de  Comi tés  Nationaux représen tan t  envi ron  40  pays.  

Les  ob jecti fs  de  l a  CI E  son t  :  
1 .  De  consti tuer un  cen tre  d 'é tude  i n ternational  pou r tou te  matière  re l evan t  de  l a  science,  de  l a  technolog ie  e t  de  l 'art  

de  l a  l um ière  et  de  l 'écl a i rage  et  pou r l 'échange  en tre  pays  d ' i n formations  d ans  ces  domaines.  
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na ti onales  dans  l es  d omaines  de  l a  l um ière  e t  d e  l ' écl a i rage.  
4 .  De  préparer et  publ i er des  normes,  rapports  et  au tres  textes,  concernan t  tou tes  matières  re l ati ves  à  l a  sci ence,  l a  

techno log ie  e t  l 'art  d ans  l es  domaines  de  l a  l um ière  e t  d e  l 'écl a i rage.  
5 .  De  main ten i r u ne  l i a i son  et  u ne  co l l aborati on  techn ique  avec l es  au tres  organ i sati ons  i n ternationa les  concernées  par 

des  su jets  re l ati fs  à  l a  science,  l a  technol og ie ,  l a  normal i sation  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'écl a i rage.  

Les  travaux de  l a  CI E  son t  e ffectués  par Comi tés  Techn iques,  organ i sés  en  sept  D i vi s i ons.   Les  su jets  d 'études  s 'étenden t  
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e t  é tab l i t  l es  proj ets  de  travaux pou r l ' aven i r.   La  CI E  est  reconnue  comme  l a  p l us  hau te  au tori té  en  ce  qu i  concerne  tous  
l es  aspects  de  l a  l um ière  et  de  l 'écl a i rage.   E l l e  occupe  comme  te l l e  une  posi ti on  importan te  parmi  l es  organ i sati ons  
i n ternationa les.  
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I I  

Th is  Techn ical  Report has  been  prepared  by CIE  Techn ical  Commi ttee  3 -49  of D ivis ion  3  
“ I n terior Envi ronment and  Ligh ting  Design "  and  has  been  approved  by the  Board  of 
Admin istration  as  wel l  as  by D ivis ion  3  of the  Commission  I n ternationale  de  l 'Ecla i rage .  The  
document reports  on  curren t knowledge  and  experience  wi th in  the  spe ci fic  fie ld  of l i gh t and  
l i gh ting  described ,  and  i s  i n tended  to  be  used  by the  CIE  membersh ip  and  other i n terested  
parties.  I t  shou ld  be  noted ,  however,  that the  status  of th is  document i s  advisory and  not 
mandatory.   

Ce  rapport techn ique  a  été  é laboré  par  l e  Comi té  Techn ique  CIE  3-49  de  l a  D ivis ion  3  
"Envi ronnement i n térieur et étude  de  l 'écla i rage"  et a  été  approuvé  par l e  Bureau  et D ivi sion  3  
de  la  Commission  I n ternationale  de  l 'Eclai rage .  Le  document expose  l es  connaissances  et 
l 'expérience  actuel l es  dans  l e  domaine  particu l ier de  la  l um ière  et de  l 'éclai rage  décri t i ci .  I l  est 
destiné  à  être  u ti l i sé  par l es  membres  de  la  CIE  et  par tous  les  i n téressés.  I l  fau t cependant 
noter que  ce  document est i nd icati f et non  obl igatoi re.   

D ieser Techn ische  Berich t i st vom  Techn ischen  Komi tee  CIE  3-49  der D ivis ion  3  " I nnenraum  
und  Beleuchtungsentwurf"  ausgearbei tet  und  vom  Vorstand  sowie  D ivis ion  3  der Commission  
I n ternationale  de  l 'Ecla i rage  gebi l l i g t  worden .  Das  Dokument berich tet über den  derzei tigen  
Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet von  Lich t und  Beleuch tung ;  es  
i st zur Verwendung  durch  CIE -M i tg l ieder und  durch  andere  I n teressierte  bestimmt.  Es  sol l te  
j edoch  beach tet werden ,  dass  das  Dokument e ine  Empfeh lung  und  ke ine  Vorschri ft  i st.   

Any mention  of organ izations  or products  does  not imply endorsement by the  CIE.  Wh i lst every 
care  has  been  taken  i n  the  compi lation  of any l i sts ,  up  to  the  time  of going  to  press,  these  may 
not be  comprehensive.   

Tou te  mention  d 'organ i sme  ou  de  produ i t  n ' impl ique  pas  une  préférence  de  l a  CIE.  Malgré  le  
soin  apporté  à  l a  compi lation  de  tous  les  documents  j usqu 'à  l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeutet ke ine  B i l l i gung  durch  d ie  CIE.  
Obg leich  g roße  Sorgfal t  bei  der Erste l lung  von  Verzeichn issen  b is  zum  Zei tpunkt der 
Drucklegung  angewendet wurde,  besteh t d ie  Mög l ichkei t,  dass  d iese  n ich t vol l ständ ig  s ind .   
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V 

DECISION  SCHEME FOR LIGHTING  CONTROLS IN  NON-RESIDENTIAL 
BUILDINGS 

Summary 

Th is  report offers  gu idel i nes  in  order to  balance  l i gh ting  qual i ty,  user comfort and  energy 
efficiency i n  l i gh ti ng  con trols  solu tions  for l i gh ti ng  i n  non-residentia l  bu i ld ings  ( i . e .  for 
commercial ,  i nsti tu tional  and  industria l  bu i ld ings).   

I t  provides  a  decision  scheme wi th  a  focus  on  the  user requ i rements  (visual  comfort,  
performance,  personal  con trol )  to  determine  the  most appl icable  con trol  solu tion ,  i nclud ing  the  
consequences  for possib le  savings.  I n  th is ,  i t  assumes  that there  are  no  technolog ical  or 
fi nancial  hurd les.  The  decis ion  scheme  i denti fies  1 6  possible  control  strateg ies,  for both  
dayl igh t and  e lectric l i gh ting ,  and  provides  gu idance  for wh ich  strategy wou ld  be  most effective  
i n  each  of the  1 2  cases  defined  by space  usage  and  occupancy.   

 

AIDE A LA DECISION  POUR LES SYSTEMES DE  CONTROLE DE  L’ECLAIRAGE 
DANS LES BATIMENTS NON  RESIDENTIELS  

Résumé 

Ce rapport propose  des  recommandations  permettan t d ’équ i l ibrer qual i té  de  l ’ éclai rage,  confort 
de  l ’ u ti l i sateur et efficaci té  énergétique,  dans  les  bâtiments  non  résiden tie ls  (ex. :  bâtiments  
commerciaux,  admin istrati fs  et  i ndustrie ls)  où  l ’écla i rage  est contrôlé  par des  systèmes  de  
gestion .   

I l  fourn i t  une  méthode  d ’a ide  à  l a  décision  basée  sur l es  besoins  des  u ti l i sateurs  (confort visuel ,  
performance,  con trôle  i nd i viduel )  permettant de  déterminer l a  stratég ie  de  contrôle  l a  p lus  
adaptée  tou t en  présentan t l es  économies  potentie l les  associées.  La  méthode  fai t  l ’ hypothèse  
qu ’ i l  n ’a  y pas  de  restrictions  financières  ou  techn iques.  E l le  s ’appu ie  su r 1 6  stratég ies  de  
con trôle  possib les  couvran t aussi  b ien  l ’ écla i rage  naturel  que  l ’ écla i rage  électrique,  e l l e  i nd ique  
quel le  stratég ie  serai t  l a  p lus  efficace  pour 1 2  cas  d ’usage  et d ’occupation  d ’un  espace.  

 

ENTSCHEIDUNGSSCHEMA FÜR BELEUCHTUNGSMANAGEMENT IN  
N ICHTWOHNGEBÄUDEN  

Zusammenfassung  

Dieser Berich t beinhal tet e inen  Lei tfaden  zur Abstimmung  von  L ich tqual i tät,  Nu tzerkomfort und  
Energ ieeffizienz von  L ich tmanagementlösungen  i n  N ich twohngebäuden  (z.B.  gewerbl ichen ,  
öffen tl i chen  und  industrie l len  Gebäuden).   

M i t  B l ick au f d ie  Nu tzererwartungen  (Sehkomfort,  Leistungsfäh igkei t  und  persön l icher Kon trol l e)  
stel l t  der Berich t En tscheidungskri terien  vor,  um  d ie  bestmög l iche  L ich tsteuerung  zu  finden  und  
dabei  den  E in fluss  au f mög l iche  E insparungen  zu  berücksich tigen .  Technolog ische  und  
fi nanziel le  E inschränkungen  b leiben  unbeachtet.  Das  En tscheidungsschema i denti fiziert 1 6  
mög l iche  Kon trol l strateg ien  sowoh l  fü r Tagesl ich t a ls  auch  fü r e lektrische  Beleuch tung  und  g ibt 
An lei tungen ,  welche  Strateg ie  i n  j edem  der 1 2  Fäl l e,  d ie  du rch  Raumnutzung  und  Belegung  
defin iert s ind ,  am  effektivsten  i st .  

  

 

Full document details: CIE 222-2017

http://www.avadocuments.com/doc/cie-222-2017
http://www.avadocuments.com/doc/cie-222-2017


CIE  222:201 7  

VI  

  

 

Full document details: CIE 222-2017

http://www.avadocuments.com/doc/cie-222-2017
http://www.avadocuments.com/doc/cie-222-2017


CIE  222:201 7  

1  

1  In troduction  

Ligh ting  controls  i n  non -residentia l  bu i ld ings ,  parti cu larly more  complex systems,  have  shown  
s lower uptake  than  many had  hoped  for,  and  a  fa i rl y l ow acceptance  level .  Th is  cou ld  be  due  
to  the  experience  wi th  early con trols  and  a  l ack of knowledge  about newer technology.  The  
general  theme of th is  Techn ical  Report i s  to  extend  knowledge  abou t the  poten tia l  effect of 
l i gh ting  con trols  on  l i gh ting  qual i ty,  user comfort and  energy efficiency,  by analysing  the  
behaviour of each  con trol  strategy.   

The  use  of a l l  l i gh ting  control  strateg ies  wi l l  have  an  effect on  the  energy consumption .  The  
actual  use  of energy wi l l  depend  on  the  type  of control  appl ied ,  bu t a lso  on  the  context (e . g .  
bu i ld ing ,  geograph ical  l ocation ,  cl imate,  combination  of controls  and  user behaviour)  these  
con trols  are  being  used  in .  Therefore  i t  i s  not possib le  to  g i ve  one  s ing le  number for the  amount 
of possib le  energy consumption  or savings.   

The  majori ty of existing  energy efficiency evaluations  and  the  resu l ti ng  choice  for the  con trol  
strategy are  made  from  a  technology viewpoin t on ly,  whereas  the  user can  greatl y a ffect the  
actual  savings.  Based  on  an  extensive  l i terature  review,  t h is  Techn ical  Report presen ts  a  
decision  scheme to  determine  the  most appl icable  control  solu tion  for a  speci fic  s i tuation ,  taking  
l i gh ting  qual i ty,  user comfort and  energy efficiency  i n to  account.  

2  Terms of reference  

I n  June  2009  a  proposal  for a  new CIE  Techn ical  Commi ttee  (TC)  Decision  Scheme for Lighting 
Controls for Non-Residential Lighting in  Buildings was  approved  wi th  the  fol lowing  terms  of 
reference:  

  Offer gu idel ines  in  order to  bal ance  l i gh ting  qual i ty,  user comfort (acceptance)  and  energy 
efficiency i n  l i gh ting  con trols  solu tions  for non-residen tia l  l i gh ting  i n  bu i ld ings  ( i . e.  for 
commercial ,  i nsti tu tional  and  industria l  bu i ld ings).   

  Work on  a  decision  scheme wi th  focus  on  the  user  requ i rements  (visual  comfort,  
performance,  personal  con trol )  to  determine  the  most appl icable  control  solu tion ,  i nclud ing  
the  consequences  for possib le  savings.   

3  Scope 

With in  th is  document,  energy efficiency,  user acceptance  and  l i gh ting  qual i ty are  evalu ated  on  
a  qual i tative  scale  from  ‘none’  to  ‘ very h igh ’ .  The  document wi l l  not resu l t  i n  a  calcu lation  method  
to  assess  energy consumption .  

The  a im  of th is  Techn ical  Report i s  to  provide  in formation  abou t the  effect of l i gh ting  controls  
and  to  promote  the  use  of these  controls  to  i ncrease  energy savings,  user comfort and  l i gh ti ng  
qual i ty i n  i ndoor appl ications.  I t  i s  assumed  that there  are  no  technolog ical  or fi nancial  
constra in ts .  Developments  i n  technology,  ease  of commission ing ,  user i n terfaces  as  wel l  as  
costs  are  such  that the  currentl y perceived  constra in ts  wi l l  become  less  onerous  in  the  near 
fu ture .   

Th is  report focuses  on  energy savings  for l i gh ting  on ly.  Savings  from  an  in tegral  approach  
i nclud ing  other bu i l d ing  services  are  not considered  in  th is  report.  Research  ind icates  that 
reducing  the  use  of e lectrical  l i gh ting  du ring  the  summer m igh t have  a  beneficia l  effect on  
energy consumption  for cool ing ,  whereas  add i tiona l  requ i red  heating  i n  win ter seems  to  be  
m in imal  (e . g .  Su l l i van  et  a l .  1 992,  Lee  et a l .  1 997).  

4 Lighting  control  strategies   

Ligh ting  controls  are  e lectrical  devices  added  to  the  i nstal l ed  l i gh ting  ci rcu i t  to  man ipu late  the  
l i gh t ou tpu t of the  l uminai res  accord ing  to  a  pre-planned  program  or au tomatic detection  reg ime  
or to  operator managed  actions.  The  con trol  devices  may  be  p laced  remote ly or be  i ncorporated  
i n to  the  l uminai res.  I n  general  they consist of detectors  ( photoelectric,  passive  in frared ,  etc. ) ,  
s ignal  carriers  (mains  borne,  wi reless  or wi red ,  etc . )  and  activators  (swi tch ,  d imming  bal l ast,  
DALI  ba l l ast,  etc. ) .  
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I n  most cases,  l i gh ting  controls  offer posi ti ve  benefi ts  to  the  surround ing  envi ronment as  wel l  
as  posi ti vely affecting  occupants.  There  are  four main  reasons  to  apply l i gh ting  controls  i n  
commercial ,  i nsti tu tional  and  industria l  bu i ld ings:   

  Make  use  of potentia l  energy savings    
(e . g .  occupancy sensing ,  dayl igh t harvesting ,  time  schedu l ing ,  demand  response).  

  Improve  user satisfaction ,  mood  and  performance    
(e . g .  personal  con trol ,  dayl igh t g lare  control ,  user demand  con trol ,  a lgori thmic stimu lation  
l i gh ting) .  

  Support bu i ld ing  appearance,  ambience  and  company image    
(e . g .  scene  setting) .  

  I ncrease  safety   
(e . g .  when  the  l i gh ting  control  system  offers  emergency l i gh ting ,  or the  l i gh ting  prevents  
feel ings  of danger or uncerta in ty,  for example  th rough  occupancy sensing ).  

Each  of these  reasons  wi l l  i n terest a  d i fferen t group  of decision  makers,  such  as  faci l i ty 
managers  and  bu i ld ing  owners,  h uman  resource  managers  and  heal th  specia l ists  for 
occupational  safety and  heal th  services,  arch i tects,  l i gh ting  designers,  marketing  managers  and  
product designers,  as  wel l  as  end  users.   

The  l i gh ti ng  con trol  strateg ies,  d iscussed  in  more  detai l  i n  Clause  4 ,  are  l i sted  in  Table  1 .  For 
each  con trol  strategy a  short explanation  and  i ts  way of working  i s  i nclud ed  (  =  au tomatic 
con trol ,    /   =  manual  con trol ,   =  swi tch ing  on  /  off,   =  d imming ,  x =  characteristic avai lable  
i n  l i gh ting  con trol  strategy,  (x)  =  typical l y au tomatic control ,  sometimes  wi th  a  possibi l i ty to  
manual l y swi tch  on) .  

Table  1  – Lighting  control  strateg ies  

Strateg ies  of 
l ighting  controls    

 
  
 

  
Explanation  

Personal  control   x  x  x  Most s imple  con trol ,  manual  control ,  u s ing  swi tch  or 
d immer;  conscious  user expected  

Dayl i gh t  harvesti ng ,  
or dayl i gh t  
responsive  con trol  

x  (x)  x  x  Swi tch ing  off when  dayl i gh t  reaches  the  l im i ti ng  value,  
or d imming  to  combine  dayl i gh t and  arti ficia l  l i gh t  to  a  
predefined  l i gh ti ng  l evel ,  both  measured  by a  sensor.  
Swi tch ing  on  by the  user or by the  system  

Occupancy sensing   x  (x)  x  x  L i gh ti ng  swi tches  off or d ims  down  when  a  person  
l eaves  the  fi e ld  of a  sensor.  The  l i gh ti ng  i s  swi tched  on  
by the  user (personal  control )  or by the  system  

Constant l i gh t  x    x  Ou tpu t of l uminai re  i s  au tomatical l y kept on  a  constant  
l evel  

Tun ing  x   x  The  i nstal l ed  l i gh ti ng  solu tion  i s  provid ing  a  h i gher l i gh t  
l evel  than  the  m in imum  requ i red  as  a  resu l t  of the  
l i gh ti ng  design ,  e i ther based  on  a l l owed  i nstal l ed  power 
or ou tdated  i l l um inance  requ i rements.  These  over-
speci fied  l i gh ting  i nstal l ations  are  d immed  down  to  
reduce  energy consumption  wh i l e  sti l l  provide  requ i red  
l i gh ti ng  l evels  wi th  reduced  energy consumption  

Load  shedd ing ,  or 
demand  response  

x   x  Au tomatic reduction  of energy demand  by an  external  
s i gnal  

Time  schedu l ing  x (x)  x  x  Time setti ng  of predefined  scenes  or t ime  based  on  and  
off  

Task demand  
con trol  

 x  x  x  L i gh ti ng  ( i nclud ing  b l i nds)  ad justed  to  the  actual  task or 
demand  by the  user 

Algori thmic l i gh ti ng  x   x  Au tomatic chang ing  of l i gh ti ng  (e. g .  l i ght  l evel  or colour 
temperature)  accord ing  to  predefined  ru les  

Scene  setti ng  x x   x  Setti ng  of predefined  stati c or dynamic l i gh ting  
scenarios,  typ ical l y for a  number of d i fferen t  types  of 
l um inai res,  to  create  d i fferent  atmospheres  

Dayl i gh t  g l are  
con trol  

x  x    Con trol  of i ncoming  dayl i gh t to  reduce g lare  and  heating  
by ad justi ng  b l i nds  au tomatical l y or manual l y by the  
user 
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A meta-analysis  was  performed  by Wi l l i ams  et a l .  (201 1 ) 1  l ooking  i n to  l i terature  presenting  the  
energy savings  poten tia l  of personal  con trol  (see  a lso  4 . 1 ) ,  occupancy sensing  (4 . 3),  dayl igh t 
harvesting  (4 . 2),  tun ing  (0)  or a  combination  of con trols.  The  overview g iven  i n  Table  2  shows  
the  savings  for l i gh ting  energy ach ieved  i n  fi e ld  stud ies,  and  i nd icates  that e nergy savings  
between  30  %  and  45  %  are  possib le  for each  strategy.  On ly stud ies  that i ncluded  savings  i n  
percen tage  or a  basel ine  and  test case  energy use  were  taken  in to  consideration  i n  the  review.  

The  meta-analysis  of Wi l l i ams  et a l .  (201 1 )  l ooked  in to  the  d i fference  between  savings  ach ieved  
i n  fi e l d  stud ies  and  those  determined  th rough  s imu lations,  and  ind icate d  that s imu lations  l i kely 
overestimate  the  savings  poten tia l  i n  case  of dayl igh t harvesting ,  bu t are  i n formative  for 
personal  con trol ,  occupancy sensing  and  tun ing .  S im i lar resu l ts  were  found  in  the  VERU  project 
by Fraunhofer I nsti tu te  for Bu i l d ing  Physics  ( I BP)  (Erhorn  et a l .  2007).  The  study showed  that 
dayl igh t savings  are  h igher than  s imu lations  pred ict i f swi tch -on  i s  manual  by the  user,  and  the  
d imming  down  and  swi tch -off i s  con trol led  by dayl i gh t avai labi l i ty .   

Energy saving  i s  often  the  major d riving  factor as  wel l  as  the  most tang ible  and  objective  
j usti fication  for l i gh ting  con trols .  Nonetheless,  i t  must not create  a  detrimental  effect .  The  
occupant’s  performance  shou ld  not su ffer due  to  a  reduced  l i gh ting  qual i ty.  L igh ting  qual i ty i s  
understood  in  i ts  common  mean ing  as  d iscussed  i n  the  fi rst CIE  L igh ti ng  Qual i ty Symposium  
(CIE  1 998):  L igh ti ng  qual i ty i s  the  degree  of excel lence  in  a  l i gh t ing  design  or i nstal lation ,  i n  
th is  case  meeting  the  human  needs,  such  as  task vi sibi l i ty,  g lare  con trol  and  non -visual  effects  
of l i gh ting .  The  cri teria  of l i gh ti ng  qual i ty are  i ncluded  in  more  detai l  i n  Table  5  of th is  document.  
I n  order to  properly design  for l i gh ting  con trols  (and  to  maximize  poten tia l  energy savings),  the  
designer shou ld  have  an  understand ing  of occupant behaviour towards  l i gh ting  control .  Th is  
document wi l l  g i ve  arguments  to  support a  decis ion  for the  hol isti c  use  of l i gh ting  con trols .   

Table  2  – Lighting  energy savings  in  percent of energy consumption  of the  study 
specific  basel ine,  ach ieved  in  field  stud ies  (based  on  meta -analysis  by Wi l l iams  et  al .  

201 1 ,  Table  7  Energy savings by building type – final filter)  
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Personal  
con trol  

35  %   
(n  =  1 3)  

  
6  %   

(n  =  2 )  
   

Dayl igh t 
harvesting  

27  %   
(n  =  1 8)  

28  %   
(n  =  1 )  

 
29  %   
(n  =  7)  

29  %   
(n  =  3)  

 
36  %   
(n  =  1 )  

Occupancy 
sensing  

22  %   
(n  =  23)  

31  %   
(n  =  4 )  

45%   
(n  =  2 )  

1 8  %   
(n  =  5)  

 
23  %   
(n  =  1 )  

36  %   
(n  =  2 )  

Tun ing  
36  %  

(n  =  1 1 )  
   

60  %   
(n  =  1 )  

  

n :  number of s tud ies  

 

Table  3  shows  the  i n fl uence  of the  control  strateg ies  on  l i gh ting  qual i ty and  user acceptance .  

  

————————— 
1  Rel ated  to  energy savings  poten ti a l  of con trol  s trateg i es ,  th i s  Techn i cal  Report  wi l l  refer to  the  resu l ts  of the  meta -
anal ys is  of Wi l l i ams  et  a l .  (201 1 ) ,  and  add i ti onal l y poin t  ou t  research  or publ i cati ons  of i n terest,  as  wel l  as  add  
i n formati on  on  u ser acceptance  and  l i gh ti ng  qual i ty.  
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Table  3  – Outl in ing  space performance:  Potential  posi tive  in fluence of l ighting  control  
strategies  on  l ighting  qual i ty (LQ)  and  user acceptance (UA)  

S-  smal l  posi ti ve  i n fl uence,  H  – h i gh  posi ti ve  i n fl uence,   
none  – no  posi ti ve  i n fl uence,  n . a.  – not appl i cable   

(detai led  i n formation  i n  Table  5 ,  Table  6 ,  and  Tables  7  to  1 8)  

Strateg ies  of l ighting  
controls   O
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1  -  Personal   
(swi tch ing ,  d imming ,  
manual ly on  /  off)  

LQ H2  H 3  H  H  H 2  H 1  H 2  

UA H  H 2  H  H  H 2  H  H 2  

2  -  Dayl igh t harvesting   
(swi tch ing ,  au to  off,  au to  
on)  

LQ S  S  n . a .  S  S  S  S  

UA none  none  n . a.  none  none  none  none  

3  -  Dayl igh t harvesting  
(swi tch ing ,  au to  off,  
manual l y on)  

LQ S 1  n . a.  n . a.  n . a.  n . a .  S 1  n . a.  

UA none  n . a.  n . a .  n . a .  n . a.  none  n . a.  

4  -  Dayl i gh t harvesting  
(d imming ,  au to  off /  on ),   

LQ S  S  n . a .  S  S  S  S  

UA none  S  n . a .  S  S  none  S  

5  -  Dayl i gh t harvesting  
(d imming ,  au to  off,  
manual ly on )  

LQ S 1  n . a.  n . a.  n . a.  n . a .  S 1  n . a.  

UA none  n . a.  n . a .  n . a .  n . a.  none  n . a.  

6  -  Occupancy sensing  
(presence  detection :  
au to  off /  on)  

LQ S  S  n . a .  S  S  S  S  

UA S  S  n . a .  S  S  S  S  

7  -  Occupancy sensing   
(absence  detection :  au to  
off,  manual ly on)  

LQ S 1  n . a.  n . a.  S  n . a .  S 1  n . a.  

UA S-H  n . a.  n . a .  S-H  n . a.  S-H  n . a.  

8  -  Constan t l i gh t con trol  
LQ S  S  n . a .  S  S  S  S  
UA S  S  n . a .  S  S  S  S  

9  – Tun ing  
LQ S  n . a.  n . a .  S  n . a.  S  n . a.  
UA S  n . a.  n . a .  S  n . a.  S  n . a.  

1 0  -  Load  shedd ing ,   
or demand  response  

LQ none  none  n . a.  none  none4  none  none  
UA S  S  n . a .  S  S4  S  S  

1 1  -  Time  schedu l ing  
LQ S  S  n . a.  S  S  S  S  
UA S  S  n . a.  S  S  S  S  

1 2  -  Task demand  
con trol  (manual )  

LQ H 1  n . a.  H  H  H5  H 1  n . a.  
UA H 1  n . a.  H  H  H  H 1  n . a.  

1 3  – Algori thmic Ligh ting  
LQ H  n . a.  H  H  H  H  n . a.  
UA H  n . a.  H  H  H  H  n . a.  

1 4  – Scene  setting  
LQ H 1  H  H  n . a.  H  H 1  H  
UA H 1  H  H  n . a.  H  H 1  H  

1 5  – Dayl ight g lare  
con trol  (manual )  

LQ H 1  n . a.  H  H  H 2  H 1  n . a.  

UA H 1  n . a.  H  H  H 2  H 1  n . a.  

1 6  – Dayl ight g lare  
con trol  (au tomatic)  

LQ H  H  H  H  H  H  H  

UA S-H  S-H  S–H  S–H  S–H  S-H  S-H  

————————— 
2 For l i gh ti ng  sol u ti ons  that  offer l i gh ti ng  cond i ti ons  for 1  – 2  persons  (s i ng l e  cel l  offi ce,  owned  area  i n  open  p l an  

offi ce)  
3  For cen tra l  con tro l l ers  on l y  
4 For l arger appl i cati ons,  such  as  supermarkets,  otherwise  not  appl i cabl e  
5 For smal l er appl i cati ons,  such  as  shops,  otherwise  not  appl i cabl e  
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As  described  in  the  previous  paragraph ,  there  are  a  number of reasons  to  apply con trols.  
Research  has  ind icated  that the  effecti veness  of these  con trols  i s  not ach ieved  i f the  user does  
not have  the  feel ing  of being  able  to  i n tervene  wi th  the  controls  when  requ i red  (Moore  et  a l .  
2004).  Personal  con trol  i s  essen tia l  when  applying  (other)  l i gh ti ng  con trol  systems.  When  
au tomatic con trols  are  combined  wi th  manual  con trols,  the  users  of these  systems  become 
more  posi ti ve  towards  these  systems (Moore  et a l .  2002 a,  Moore  et a l .  2003).  

User acceptance  i s  much  better i f the  system  is  optimal ly designed  and  wel l  explained  to  the  
user.  A project on  people-friend ly l i gh ti ng  controls  found  that scene  setting  was  qu i te  unpopu lar 
wi th  users,  because  i t  hadn ’ t  been  explain ed  to  them  what the  scenes  meant (King  et a l .  201 4).  

The  l i gh ting  con trol  strateg ies  are  described  i n  th is  clause.  Thei r effectiveness  in  terms  of 
energy efficiency,  user comfort and  l i gh ting  qual i ty i s  l i sted  i n  Table  5 .   

4.1  Personal  control   
Strategy:  1  

Personal ,  or i nd ividual ,  con trol  covers  a  wide  range  of technology i nclud ing  rocker swi tches,  
push  bu ttons,  pu l l  cords,  i n fra -red ,  rad io,  son ic,  u l trason ic and  te lephone  handset con trols.  
Trad i tional  con trol  i s  by a  swi tch  panel  near the  door,  bu t more  recent systems  offer fl exib le  
con trol  by i nd ividual  occupants  us ing  pu l l  cords  on  the  l uminai res,  hand-held  con trol l ers,  smart 
phones,  tablets  or computers.  Compared  to  conventional  swi tch ing ,  fl exib le  control  can  reduce  
wi ring  costs  and  a l lows  flexib le  parti tion ing  of open  plan  areas.  

Personal  con trol  i s  an  important l i gh ting  con trol  strategy  used  for both  energy savings  and  the  
comfort and  satisfaction  of users.  Extensive  research  has  been  carried  ou t on  th is  subject,  
mostly focusing  on  the  potentia l  for energy savings  and  the  photometric resu l ts  created  on  work 
su rfaces  as  wel l  as  the  effect of l i gh ting  con trols  on  the  mood ,  satisfaction  and  performance  of 
users.  Stud ies  by Tregenza  et a l .  (1 974)  and  Bordass  et a l .  (1 994)  show that occupants  prefer 
the  abi l i ty to  choose  the  l i gh ti ng  cond i tions  rather than  being  forced  to  accept cond i tions  chosen  
for them,  even  i f these  are  objecti vely better.   

There  i s  a  consensus  on  the  occurrence  of a  wide  range  of preferred  l i gh ting  l evels  by 
i nd ividuals ,  wh ich  j usti fies  the  need  for i nd ividual  con trols.  Research  i nd icates  that the  preferred  
i l l um inance  chosen  by users  i s  affected  by the  i l l uminance  range  offered  by the  l i gh ting  design  
and  the  i l l uminance  level  avai lable  before  ad justment by the  user (Fotios  et a l .  201 1 ,  Lo gadotti r 
et  a l .  201 1 ).  The  average  preferred  i l l uminance  increases  when  the  maximum  i l l um inance  of 
the  offered  range  i ncreases,  or when  the  preced ing  i l l um inance  i s  h igh ,  and  the  user i s  d imming  
down .  Th is  b ias  effect m igh t have  i n fl uenced  resu l ts  of stud i es  on  preferred  i l l um inance  l evels.  
Some  stud ies  report chosen  i l l uminance  levels  that are  above  cu rrent standards  ( e. g .  
Begemann  et a l .  1 997) ,  the  majori ty of stud ies  i nd icate  that users  work under i l l uminances  that 
are  below recommended  l i gh ting  levels,  resu l ting  i n  savings  of 35  %  on  average  (meta-analysis  
by Wi l l iams  et a l .  201 1 ) ,  up  to  54  %  (Moore  et  a l .  2003).  A study by Newsham  et a l .  (2008a)  
impl ies  that manual  con trol  of e lectric l i gh ting  i n  a  dayl i t  space  resu l ts  i n  h igher levels  of energy 
savings  compared  to  a  space  wi thou t dayl igh t.  I n  combination  wi th  other con trols,  such  as  
occupancy sensing  and /or dayl igh t harvesting ,  add i tional  savings  through  personal  con trol  of 
1 1  %  to  29  %  (Galasiu  et a l .  2007,  Jenn ings  et a l .  2000,  Man iccia  et  a l .  1 999)  were  found .  From  
an  analysis  of a  number of stud ies,  Boyce  et a l .  (2006)  propose  a  maximum  mean  i l l um inance  
of 700  l x i n  offices,  offering  a lmost a l l  i nd ividuals  thei r preferred  i l l uminance  and  savings  
poten tia l  i n  not permanentl y occupied ,  dayl i t  areas  wi th  e lectric l i gh ting  solu tions  that provide  
a  un i form  i l l um inance  d istribu tion .  

The  most apparent and  importan t find ing  i n  the  l i terature  i s  the  p osi ti ve  effect of personal  
con trols  on  the  satisfaction ,  comfort and  performance  of users  (Moore  et  a l . 2002 a,  Boyce  et a l .  
2000,  Galas iu  et  a l .  2007,  Newsham  et a l .  2008a,  Moore  et a l .  2004 ,  Boyce  et  a l .  2006).  
Research  by Vei tch  et a l .  (2008,  201 0)  showed  that personal  con trols  cou ld  i ncrease  the  user’s  
satisfaction  wi th  the  l i gh ting  and  the  envi ronment.  Thei r fi e l d  stud ies  showed  that th is  can  resu l t  
i n  better mood ,  l ess  heal th  problems  and  i ncreased  job  satisfaction  amongst employees.  Thus,  
the  use  of personal  con trol  i nd i rectl y affects  organ izational  productivi ty.  

Wh i le  most stud ies  report improved  satisfaction  and  performance  of users,  i t  i s  a lso  importan t 
to  note  that wi th  the  complexi ty of con trol  systems,  there  may be  a  detriment to  the  performance  
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of users  as  wel l .  Bu i ld ing  Use  Stud ies  (1 993)  showed  that the  productivi ty of the  users  
decreased  when  they found  cond i tions  that they cou ld  not control  uncomfortable.  The  study by 
Moore  et a l .  (2002b)  showed  a  strong  correlation  between  the  avoidance  of us ing  con trol s  for 
fear of confl i ct and  feel ings  of d issati sfaction  wi th  the  perceived  degree  of control .  A more  
recen t report by Nordman  et a l .  (201 0)  assessing  existing  l i gh ting  control  user i n terfaces  states  
that i n  order to  maxim ize  energy savings  and  re duce  the  annoyances  of the  users  of these  
i n terfaces,  a  s ing le  designed  language  for l i gh ting  controls  i s  very importan t.  The  l i terature  
strong ly shows  that systems  shou ld  be  designed  so  as  to  maxim ize  the  l i ke l ihood  that a l l  users  
feel  equal ly empowered  to  use  the  controls  (Moore  et a l .  2004).  Even  the  s implest l i gh ting  
con trol  can  cause  confusion  i f i t  i s  not a  fami l iar one  for the  user.  People  value  the  opportun i ty 
to  have  control ,  bu t to  avoid  d i fficu l ti es  the  s implest i s  usual l y the  best (King  et a l .  2 01 4).  
Another important fact found  i n  stud ies  i s  that the  frequency of occupant swi tch  off at the  end  
of the  working  day was  m in imal  (Moore  et a l .  2003).  There  are  confl icting  research  resu l ts  on  
the  acti vation  and  deactivation  of systems wi th  manual  con trol .  Wh i le  i n  some stud ies  occupants  
set an  i n i tia l  preferred  i l l um inance  level  and  rarely changed  i t  afterwards  (Man iccia  et a l .  1 999,  
Moore  et a l .  2003 ,  Boyce  et  a l .  2006),  other stud ies  i nd icate  a  more  frequen t use  of l i gh ting  
con trol  systems (Boyce  1 980 ,  Escuyer and  Fontoynont 2001 ) .  I n  add i tion ,  manual  swi tch ing  
probabi l i ties  are  said  to  be  dependent on  time  of day and  m in imum  dayl igh t factor (Hun t 1 979,  
Hun t 1 980).  

4.2  Dayl ight harvesting   
Strategy:  2 ,  3,  4,  5  

Some stud ies  show that users  tend  to  swi tch  l i gh ti ng  on  or off on ly when  en tering  or l eaving  the  
room  (e. g .  Reinhard  and  Voss  2003).  Workplaces  close  to  windows  or other sources  of dayl ight 
can  normal ly,  at l east part of the  day,  be  su fficien tly i l l uminated  wi th  dayl igh t on ly so  the  e lectric 
l i gh ting  can  be  completely swi tched  off.  During  the  rest of the  day or during  unfavourable  
weather cond i tions  the  temporary supplementary arti ficia l  l i gh ting  need s  to  be  used  to  assure  
the  m in imum  needed  i l l um inance  levels.  I n  l arger rooms  some  of the  workplaces  are  posi tioned  
so  far away from  dayl i gh t that they need  add i tional  arti fi cia l  l i gh ting  during  a l l  working  hours  to  
balance  the  bri gh tness  d istribu tion  i n  the  room .  Th is  technology i s  ca l led  P.S.A.L. I .  – Permanent 
Supplementary Arti ficia l  L igh ting  of I n teriors  (Hopkinson  et.  a l .  1 966).  I n  both  cases  a  l i gh ting  
con trol  system  (dayl igh t harvesting  con trol )  i s  used  to  main tain  the  requ i red  i l l uminance  on  the  
workplace  and  to  reduce  e lectrical  energy use  for l i gh ting .  Swi tch ing  or d imming  i n  dayl i gh t 
harvesting  can  be  completely au tomatic (strategy 2  and  4)  or au tomatic off,  manual ly on  
(strategy 3  and  5) .  

Dayl igh t avai labi l i ty i s  strong ly associated  wi th  the  sun ’s  posi tion  i n  the  sky and  weather 
cond i ti ons,  wh ich  means  that geograph ical  l ocation  and  cl imatic zones  have  to  be  speci fied  
when  considering  dayl i gh t u ti l i zation .  Effectiveness  of dayl igh t harvesting  i n  i n teriors  depends  
on :  

  shapes,  d imensions  and  p lacements  of windows  i n  the  enveloping  constructions,  

  d imensions  and  shape  of rooms,  

  d imension  and  l ocation  of obstructions  in  fron t of windows,   

  vegetation  and  i ts  seasonal  changes,  

  window orien tation ,  

  optical  properties  of transparen t materia ls  i n  apertu res,  

  optical  properties  of re levan t i ndoor and  ou tdoor reflecti ve  surfaces,  

  optical  properties  of devices  for shad ing ,  red i rection  and  transport of sun  l i gh t and  sky l i gh t 
i ndoors,   

  vi sual  task requ i rements  and  g lare  protection  i n  i n teriors,  

  d imensions  and  location  of workplaces,  

  working  time,  

  main tenance  of the  transparent materials ,  dayl i gh t devices  and  l i gh ting  control  system.  
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