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About ECBCS

International Energy Agency

The	 International	 Energy	 Agency	 (IEA)	 was	 established	 in	 1974	 within	 the	 framework	 of	 the	 Organisation	 for	
Econom�c Co-operat�on and Development (OECD) to �mplement an �nternat�onal energy programme. A bas�c a�m of 
the IEA �s to foster co-operat�on among the twenty-e�ght IEA part�c�pat�ng countr�es and to �ncrease energy secur�ty 
through energy conservat�on, development of alternat�ve energy sources and energy research, development and 
demonstrat�on (RD&D).

Energy Conservation in Buildings and Community Systems

The IEA co-ord�nates research and development �n a number of areas related to energy. The m�ss�on of one of those 
areas, the ECBCS - Energy Conservat�on for Bu�ld�ng and Commun�ty Systems Programme (www.ecbcs.org), �s 
to	develop	and	facilitate	the	integration	of	technologies	and	processes	for	energy	efficiency	and	conservation	into	
healthy, low em�ss�on, and susta�nable bu�ld�ngs and commun�t�es, through �nnovat�on and research.

The research and development strateg�es of the ECBCS Programme are der�ved from research dr�vers, nat�onal 
programmes	within	IEA	countries,	and	the	IEA	Future	Building	Forum	Think	Tank	Workshop,	held	in	March	2007.	
The R&D strateg�es represent a collect�ve �nput of the Execut�ve Comm�ttee members to explo�t technolog�cal 
opportun�t�es to save energy �n the bu�ld�ngs sector, and to remove techn�cal obstacles to market penetrat�on of 
new	energy	conservation	 technologies.	The	R&D	strategies	apply	 to	 residential,	commercial,	office	buildings	and	
commun�ty systems, and w�ll �mpact the bu�ld�ng �ndustry �n three focus areas of R&D act�v�t�es:

D�ssem�nat�on, 

Dec�s�on-mak�ng,

Bu�ld�ng products and systems.

The Executive Committee

Overall control of the program �s ma�nta�ned by an Execut�ve Comm�ttee, wh�ch not only mon�tors ex�st�ng projects 
but	also	identifies	new	areas	where	collaborative	effort	may	be	beneficial.	To	date	the	following	projects	have	been	
�n�t�ated by the execut�ve comm�ttee on Energy Conservat�on �n Bu�ld�ngs and Commun�ty Systems (completed 
projects	are	identified	in	grey):

Annex	1:		 Load	Energy	Determination	of	Buildings
Annex 2:  Ek�st�cs and Advanced Commun�ty Energy Systems
Annex 3:  Energy Conservat�on �n Res�dent�al Bu�ld�ngs
Annex 4:  Glasgow Commerc�al Bu�ld�ng Mon�tor�ng
Annex	5:		 Air	Infiltration	and	Ventilation	Centre	
Annex 6: Energy Systems and Des�gn of Commun�t�es
Annex	7:		 Local	Government	Energy	Planning
Annex	8:		 Inhabitants	Behaviour	with	Regard	to	Ventilation
Annex	9:		 Minimum	Ventilation	Rates
Annex	10:		 Building	HVAC	System	Simulation
Annex 11:  Energy Aud�t�ng
Annex 12:  W�ndows and Fenestrat�on
Annex 13:  Energy Management �n Hosp�tals
Annex 14:  Condensat�on and Energy
Annex	15:		 Energy	Efficiency	in	Schools
Annex 16:  BEMS 1- User Interfaces and System Integrat�on
Annex	17:		 BEMS	2-	Evaluation	and	Emulation	Techniques
Annex	18:		 Demand	Controlled	Ventilation	Systems
Annex	19:		 Low	Slope	Roof	Systems

•

•

•
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Annex 20:  A�r Flow Patterns w�th�n Bu�ld�ngs
Annex 21:  Thermal Modell�ng
Annex	22:		 Energy	Efficient	Communities
Annex 23:  Mult� Zone A�r Flow Modell�ng (COMIS)
Annex 24:  Heat, A�r and Mo�sture Transfer �n Envelopes
Annex	25:		 Real	time	HEVAC	Simulation
Annex	26:		 Energy	Efficient	Ventilation	of	Large	Enclosures
Annex	27:		 Evaluation	and	Demonstration	of	Domestic	Ventilation	Systems
Annex	28:		 Low	Energy	Cooling	Systems
Annex	29:		 Daylight	in	Buildings
Annex 30:  Br�ng�ng S�mulat�on to Appl�cat�on
Annex 31:  Energy-Related Env�ronmental Impact of Bu�ld�ngs
Annex 32:  Integral Bu�ld�ng Envelope Performance Assessment
Annex	33:		 Advanced	Local	Energy	Planning
Annex	34:		 Computer-Aided	Evaluation	of	HVAC	System	Performance
Annex	35:		 Design	of	Energy	Efficient	Hybrid	Ventilation	(HYBVENT)
Annex	36:		 Retrofitting	of	Educational	Buildings
Annex	37:		 Low	Exergy	Systems	for	Heating	and	Cooling	of	Buildings	(LowEx)
Annex 38:  Solar Susta�nable Hous�ng
Annex	39:		 High	Performance	Insulation	Systems
Annex 40:  Bu�ld�ng Comm�ss�on�ng to Improve Energy Performance
Annex	41:	 Whole	Building	Heat,	Air	and	Moisture	Response	(MOIST-ENG)
Annex 42: The S�mulat�on of Bu�ld�ng-Integrated Fuel Cell and Other Cogenerat�on Systems 
																											(FC+COGEN-SIM)
Annex	43:	 Testing	and	Validation	of	Building	Energy	Simulation	Tools
Annex 44: Integrat�ng Env�ronmentally Respons�ve Elements �n Bu�ld�ngs
Annex	45:	 Energy	Efficient	Electric	Lighting	for	Buildings
Annex	46:	 Holistic	Assessment	Tool-kit	on	Energy	Efficient	Retrofit	Measures	for	Government	Buildings														
                           (EnERGo)
Annex	47:	 Cost-Effective	Commissioning	for	Existing	and	Low	Energy	Buildings
Annex 48: Heat Pump�ng and Revers�ble A�r Cond�t�on�ng
Annex	49:	 Low	Exergy	Systems	for	High	Performance	Buildings	and	Communities
Annex	50:	 Prefabricated	Systems	for	Low	Energy	Renovation	of	Residential	Buildings
Annex	51:	 Energy	Efficient	Communities
Annex	52:	 Towards	Net	Zero	Energy	Solar	Buildings
Annex 53: Total Energy Use �n Bu�ld�ngs: Analys�s & Evaluat�on Methods
Annex 54: Integrat�on of M�cro-Generat�on & Related Energy Technolog�es �n Bu�ld�ngs
Annex	55:	 Reliability	of	Energy	Efficient	Building	Retrofitting	-	Probability	Assessment	of		 	 	 			
                           Performance & Cost (RAP-RETRO)
Annex 56: Cost Effect�ve Energy & CO2 Em�ss�ons Opt�m�zat�on �n Bu�ld�ng Renovat�on
Annex	57:	 Evaluation	of	Embodied	Energy	&	CO2	Emissions	for	Building	Construction
Annex 58: Rel�able Bu�ld�ng Energy Performance Character�sat�on Based on Full Scale Dynam�c Measurements 
Annex	59:	 High	Temperature	Cooling	&	Low	Temperature	Heating	in	Buildings
Annex	60:	 New	Generation	Computational	Tools	for	Building	&	Community	Energy	Systems	Based	on	the	Modelica&																																																																																											
                           Funct�onal Mockup Un�t Standards
Annex	61:	 Development	&	Demonstration	of	Financial	&	Technical	Concepts	for	Deep	Energy	Retrofits	of	Government/																																																																																									
                           Publ�c Bu�ld�ngs & Bu�ld�ng Clusters

Working	Group	-	Energy	Efficiency	in	Educational	Buildings
Working	Group	-	Indicators	of	Energy	Efficiency	in	Cold	Climate	Buildings
Work�ng Group - Annex 36 Extens�on: The Energy Concept Adv�ser
Working	Group	-	Energy	Efficient	Communities

About ECBCS
ECBCS Annex 45
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Lighting	is	a	large	and	rapidly	growing	source	of	
energy demand and greenhouse gas em�ss�ons. 
At the same t�me the sav�ngs potent�al of l�ght�ng 
energy �s h�gh, w�th current technology and new 
energy	 efficient	 lighting	 technologies	 coming	
onto the market. Currently, more than 33 b�ll�on 
lamps operate worldw�de, consum�ng more than 
2650	TWh	of	energy	annually,	which	 is	19%	of	
the global electr�c�ty consumpt�on. 

The goal of the ECBCS project ‘Annex 45: 
Energy Efficient Electric Lighting for 
Buildings’ was to �dent�fy and to accelerate the 
widespread	 use	 of	 appropriate	 energy	 efficient	
high-quality	 lighting	 technologies	 and	 their	
�ntegrat�on w�th other bu�ld�ng systems, mak�ng 
them the preferred cho�ce of l�ght�ng des�gners, 
owners and users. The a�m was to assess and 
document the techn�cal performance of the 
ex�st�ng prom�s�ng, but largely under-ut�l�zed, 
�nnovat�ve l�ght�ng technolog�es, as well as 
future l�ght�ng technolog�es. These novel l�ght�ng 
system concepts have to meet the funct�onal, 
aesthetic,	and	comfort	 requirements	of	building	
occupants. 

The project has generally exam�ned l�ght�ng of 
offices	 and	 schools.	 The	main	 outcome	 of	 the	
project	was	the	 ‘Guidebook	on	Energy	Efficient	
Electric	Lighting	for	Buildings’.

The Gu�debook starts w�th an overv�ew on 
l�ght�ng energy consumpt�on �n bu�ld�ngs. In 
addition	 to	 the	 equipment	 used	 (light	 sources	
and lum�na�res), the total l�ght�ng energy use 
depends also on the l�ght�ng des�gn and the room 
itself.	 Energy	 efficient	 lighting	 further	 includes	
the control of l�ght and good use of dayl�ght. As 
well as l�ght�ng des�gn, l�ght�ng technolog�es and 
control strateg�es are covered �n the Gu�debook. 
Visual	 and	 non-visual	 aspects	 of	 lighting	 and	
lighting	 quality	 are	 discussed.	 A	 worldwide	
rev�ew �s presented about l�ght�ng and energy 
standards and codes. The Gu�debook conta�ns 
chapters on comm�ss�on�ng and l�fe cycle cost 
calculat�ons, s�nce �t �s expected that �n future 

ma�ntenance schedules and l�fe cycle costs w�ll 
become as commonplace as e.g. �llum�nance 
calculat�ons already are. Case stud�es conducted 
for a var�ety of bu�ld�ngs show the energy 
sav�ngs that were ach�eved �n real appl�cat�ons 
w�th current technology. F�nally, a scenar�o �s 
g�ven to show the techn�cal potent�al for energy 
efficient	lighting	and	energy	savings,	along	with	
proposals to upgrade l�ght�ng standards and 
recommendat�ons. 

There	 is	 significant	 potential	 to	 improve	 the	
energy	 efficiency	 of	 existing	 and	 new	 lighting	
�nstallat�ons even w�th current technology. The 
energy	efficiency	of	lighting	installations	can	be	
�mproved us�ng the follow�ng measures: 

The cho�ce of lamps: Incandescent lamps 
should	be	replaced	by	compact	fluorescent	
lamps	(CFLs),	infrared	coated	tungsten	
halogen lamps or l�ght em�tt�ng d�odes 
(LEDs);	mercury	lamps	by	high-pressure	
sodium	lamps,	metal	halide	lamps,	or	LEDs;	
and ferromagnet�c ballasts by electron�c 
ballasts;

The usage of controllable electron�c ballasts 
with	low	losses;

The	lighting	design:	The	use	of	efficient	
luminaires	and	localized	task	lighting;

The control of l�ght w�th manual d�mm�ng, 
presence sensors, and d�mm�ng accord�ng to 
daylight;

The	use	of	daylight;

The	use	of	high	efficiency	LED-based	lighting	
systems.

The project suggests that clear �nternat�onal 
�n�t�at�ves (by the IEA – Internat�onal Energy 
Agency, EU – European Un�on, CIE – Internat�onal 
Comm�ss�on on Illum�nat�on, IEC – Internat�onal 
Electrotechnical	Commission,	CEN	–	European	

•

•

•

•

•

•

Participating 
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Comm�ttee for Standard�zat�on and other 
�nternat�onal bod�es) should be taken up to:

Upgrade l�ght�ng standards and 
recommendations;

Integrate values of l�ght�ng energy dens�ty 
(kWh/(m2	a))	into	building	energy	codes;

Monitor	and	regulate	the	quality	of	innovative	
light	sources;

Pursue research �nto fundamental human 
requirements	for	lighting	(visual	and	non-
visual	effects	of	light);

Stimulate	the	renovation	of	inefficient	old	
l�ght�ng �nstallat�ons by targeted measures.

•

•

•

•

•

The	introduction	of	more	energy	efficient	lighting	
products and procedures can s�multaneously 
prov�de better l�v�ng and work�ng env�ronments 
and also contr�bute, �n a cost-effect�ve manner, to 
the global reduct�on of energy consumpt�on and 
greenhouse gas em�ss�ons.

The	 Guidebook	 on	 Energy	 Efficient	 Electric	
Lighting	for	Buildings	is	available	from:	l�ght�nglab.
fi/IEAAnnex45 or www.ecbcs.org. 

General Information
ECBCS Annex 45
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Project Objectives and Scope

The goal of the ECBCS project ‘Annex 45: 
Energy Efficient Electric Lighting for 
Buildings’ was to �dent�fy and to accelerate the 
widespread	 use	 of	 appropriate	 energy	 efficient	
high-quality	 lighting	 technologies	 and	 their	
�ntegrat�on w�th other bu�ld�ng systems, mak�ng 
them the preferred cho�ce of l�ght�ng des�gners, 
owners, and users. The a�m was to assess and 
document the techn�cal performance of the 
ex�st�ng prom�s�ng, but largely under-ut�l�zed, 
�nnovat�ve l�ght�ng technolog�es, as well as 
future l�ght�ng technolog�es. These novel l�ght�ng 
system concepts have to meet the funct�onal, 
aesthetic,	and	comfort	 requirements	of	building	
occupants. The project has generally exam�ned 
lighting	of	offices	and	schools.

The Guidebook on Energy Efficient 
Electric Lighting for Buildings

The	 ‘Guidebook	 on	 Energy	 Efficient	 Electric	
Lighting	 for	Buildings’	 is	 the	 culmination	 of	 the	
work done �n the ECBCS project ‘Annex 45: 
Energy	Efficient	Electric	 Lighting	 for	Buildings’.	
More than 30 organ�sat�ons from 20 countr�es 
part�c�pated �n the project. 

The Gu�debook starts w�th an overv�ew on l�ght�ng 
energy consumpt�on �n bu�ld�ngs. In add�t�on of the 
equipment	used	 (light	sources	and	 luminaires),	
the total l�ght�ng energy use also depends on 
the l�ght�ng des�gn and the room �tself. Energy 
efficient	 lighting	 further	 includes	 the	 control	 of	
light	and	usage	of	daylight.	Lighting	technologies	
and control strateg�es as well as l�ght�ng des�gn 
are	covered	 in	 the	Guidebook.	Visual	and	non-
visual	aspects	of	lighting	and	lighting	quality	are	
d�scussed. A worldw�de rev�ew �s presented on 
l�ght�ng and energy standards and codes. The 
Gu�debook conta�ns chapters on comm�ss�on�ng 
and l�fe cycle cost calculat�ons, s�nce �t �s 
expected that �n future ma�ntenance schedules 
and l�fe cycle costs w�ll become as commonplace 
as e.g. �llum�nance calculat�ons already are. The 
case stud�es conducted for a var�ety of bu�ld�ngs 

show the energy sav�ngs that were ach�eved 
�n real appl�cat�ons w�th current technology. 
F�nally, a scenar�o �s g�ven to show the techn�cal 
potential	for	energy	efficient	lighting	and	energy	
sav�ngs, along w�th proposals to upgrade l�ght�ng 
standards and recommendat�ons. 

The full Gu�debook �s ava�lable from e�ther 
lightinglab.fi/IEAAnnex45 or www.ecbcs.org. 
Add�t�onal �nformat�on �n the Gu�debook �ncludes 
project newsletters, a brochure, append�ces, 
etc. Th�s Gu�debook �s �ntended to be useful for 
l�ght�ng des�gners and consultants, profess�onals 
�nvolved �n bu�ld�ng operat�on and ma�ntenance, 
system	 integrators	 in	 buildings,	 end	 users	 /	
owners, and all others �nterested �n energy 
efficient	lighting.

Lighting Energy Consumption 

Lighting	is	a	large	and	rapidly	growing	source	of	
energy demand and greenhouse gas em�ss�ons. 
In 2005 gr�d-based electr�c�ty consumpt�on 
for l�ght�ng was 2650 TWh worldw�de, wh�ch 
was	 about	 19%	 of	 the	 total	 global	 electricity	
consumption.	 More	 than	 one-quarter	 of	 the	
world’s	population	uses	liquid	fuel	(kerosene	oil)	
to prov�de l�ght�ng. Global electr�c�ty consumpt�on 
for	 lighting	 is	 distributed	 approximately	 28%	 to	
the	residential	sector,	48%	to	the	service	sector,	
16%	 to	 the	 industrial	 sector,	 and	 8%	 to	 street	
and other l�ght�ng. In the �ndustr�al�zed countr�es, 
nat�onal electr�c�ty consumpt�on for l�ght�ng 
ranges	 from	5%	 to	15%,	on	 the	other	hand,	 in	
develop�ng countr�es the value can be as h�gh as 
86%	of	the	total	electricity	use.

Lighting	 accounts	 for	 a	 significant	 part	 of	
electr�c�ty consumpt�on �n bu�ld�ngs. For example, 
in	the	US,	over	14%	of	all	primary	energy	is	used	
for l�ght�ng �n bu�ld�ngs. The amount of electr�c�ty 
used for l�ght�ng d�ffers accord�ng to the type of 
bu�ld�ng. In some bu�ld�ngs, l�ght�ng �s the largest 
s�ngle category of electr�c�ty consumpt�on.

The global res�dent�al l�ght�ng electr�c�ty 
consumpt�on �n 2005 was est�mated to be 811 

Project Outcomes
Energy Efficient Electric Lighting for Buildings

Project leader:  Dr. Liisa Halonen, Aalto University, Finland
Project duration:  2004 - 2008 
Further information: www.ecbcs.org/annexes/annex45.htm
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TWh,	 which	 accounts	 for	 about	 31%	 of	 total	
lighting	 electricity	 consumption	 and	 about	 18%	
of res�dent�al electr�c�ty consumpt�on. The 
household energy consumpt�on for l�ght�ng var�es 
greatly among d�fferent countr�es. The share of 
l�ght�ng electr�c�ty consumpt�on of total electr�c�ty 
consumpt�on �n homes �s very h�gh �n develop�ng 
countr�es compared to OECD countr�es. 

Res�dent�al l�ght�ng �s dom�nated by the use of 
incandescent	 lamps	 but	 compact	 fluorescent	
lamps	 (CFLs)	 are	 gradually	 increasing	 in	 their	
share	and	 light	emitting	diode	(LED)	 lamps	will	
do so �n the future. The h�gh purchase pr�ce of 
CFLs	compared	to	incandescent	lamps	has	been	
a major barr�er to the�r market penetrat�on, even 
though they last much longer, save energy, and 
have short payback per�ods. In European Un�on, 
inefficient	 household	 lamps	 are	 being	 phased	
out from the market by regulat�ons. 

Lighting	 is	 one	 of	 the	 single	 largest	 uses	 of	
electr�c�ty �n most commerc�al bu�ld�ngs. In 2005, 
the global l�ght�ng electr�c�ty consumpt�on of 
commercial	buildings	was	equivalent	 to	43%	of	
the total l�ght�ng electr�c�ty consumpt�on and over 
30%	 of	 total	 electricity	 consumption.	 Offices,	
reta�l bu�ld�ngs, warehouses, and educat�onal 
bu�ld�ngs were the largest users of l�ght�ng 
electr�c�ty �n the commerc�al sector.

Most of the l�ght del�vered to commerc�al bu�ld�ngs 
is	 provided	 by	 fluorescent	 lamps.	 In	 OECD	
commercial	buildings	in	2005,	linear	fluorescent	
lamps	provided	77%	of	the	light	output	and	the	
rest of the l�ght output was prov�ded by a m�xture 
of	 incandescent,	 compact	 fluorescent	 and	high	
�ntens�ty d�scharge (HID) lamps. S�m�larly, 
fluorescent	 lamps	were	 the	major	 light	sources	
�n US commerc�al l�ght�ng �n 2001. 

Most of the electr�c�ty �n �ndustr�al bu�ld�ngs 
�s used for �ndustr�al processes. Although the 
share of l�ght�ng electr�c�ty of total electr�c�ty 
consumpt�on �n �ndustr�al bu�ld�ngs was only 
8.7%,	it	accounted	for	about	18%	of	total	global	
l�ght�ng electr�c�ty consumpt�on �n 2005.  

Industr�al l�ght�ng has the h�ghest lum�nous 
efficacy	 among	 the	 three	 sectors:	 residential,	
commerc�al, and �ndustr�al. The electr�c�ty 
consumption	for	global	industrial	lighting	was	490	

TWh �n 2005, wh�ch produced 38.5 Plmh of l�ght 
with	 an	 average	 luminous	 efficacy	 of	 79	 lm/W.	
Th�s �s due to the fact that most l�ght �n �ndustr�al 
buildings	comes	from	efficient	fluorescent	lamps	
and HID lamps.

More	efficient	use	of	the	energy	used	for	lighting	
would l�m�t the rate of �ncrease of electr�c power 
consumpt�on, reduce the econom�c and soc�al 
costs result�ng from the construct�on of new 
generat�ng capac�ty, and reduce the em�ss�ons 
of greenhouse gases and other pollutants �nto 
the	 environment.	 At	 the	 moment	 fluorescent	
lamps	 dominate	 in	 office	 lighting.	 In	 domestic	
lighting	the	dominant	light	source	is	still	inefficient	
�ncandescent lamps, a technology wh�ch �s more 
than a century old. At present, �mportant factors 
concerning	lighting	are	energy	efficiency,	daylight	
use,	 individual	 control	 of	 light,	 quality	 of	 light,	
em�ss�ons dur�ng the l�fe cycle, and total costs.

The env�ronmental �mpacts of l�ght�ng are caused 
by the energy consumpt�on of l�ght�ng, the 
materials	 used	 to	 produce	 lighting	 equipment,	
and	the	disposal	of	used	equipment.	Emissions	
dur�ng the product�on of electr�c�ty and also as a 
result of the burn�ng of fuel for veh�cle l�ght�ng and 
�n fuel-based l�ght�ng are respons�ble for most of 
the l�ght�ng-related greenhouse gas em�ss�ons. 

The total l�ght�ng-related carbon d�ox�de (CO2) 
emissions	 were	 estimated	 to	 be	 1900	 million	
tonnes	(Mt)	in	2005,	which	was	about	7%	of	the	
total global CO2 em�ss�ons from the consumpt�on 
of	 fossil	 fuels.	Energy	efficient	 lighting	 reduces	
the l�ght�ng energy consumpt�on and �s therefore 
a means to reduce CO2 em�ss�ons.

In d�fferent stud�es l�ght�ng has been found to be a 
cost-effect�ve way to reduce CO2 em�ss�ons. The 
Intergovernmental Panel on Cl�mate Change for 
non-res�dent�al bu�ld�ngs concluded that energy 
efficient	lighting	is	one	of	the	measures	with	the	
largest potent�al for reduc�ng CO2 em�ss�ons and 
also prov�des the cheapest m�t�gat�on opt�ons. 
Among all the measures that have potent�al 
for CO2	 reduction	 in	 buildings,	 energy	 efficient	
lighting	 ranks	 first	 in	 developing	 countries,	 the	
second largest potent�al �n countr�es w�th the�r 
econom�es �n trans�t�on, and th�rd largest �n the 
�ndustr�al�zed countr�es. 
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Technical Potential for Energy 
Efficient Lighting and Savings 

An est�mat�on of the growth of global electr�c 
l�ght consumpt�on �n 2015 and 2030 was made �n 
the project under d�fferent scenar�os compared 
to the s�tuat�on �n 2005. These forecasts of the 
electr�cal energy consumpt�on for l�ght�ng were 
based on the follow�ng assumpt�ons:

Increasing	light	demand	of	25%	(2015)	and	
55%	(2030)	by	end	users;

Increasing	the	efficiencies	of	the	installations	
by	20%	(2015)	and	25%	(2030)	(light	output	
rat�o of lum�na�res and room ut�lance, ut�lance 
is	the	ratio	of	the	luminous	flux	received	
by a reference surface to the sum of the 
individual	total	fluxes	of	the	luminaries	of	the	
installation);

Reduced operat�ng t�me factors of 0.80 
(2015)	and	0.70	(2030)	by	daylight	utilization	
and	controls;

Phas�ng out �ncandescent lamps (mostly by 
2015),	T12	(2015)	and	T8	fluorescent	lamps	
(2030),	replaced	by	CFL,	T5	and	LED	lamps;

In	the	B-scenarios	(2015B	and	2030B)	LEDs	
will	take	over	the	lamp	market	quickly	and	
their	luminous	efficacy	will	develop	fast.	The	
efficacy	of	LEDs	in	use	is	estimated	to	be	80	
lm/W	by	2015	(100	lm/W	by	2015B)	and	120	
lm/W	by	2030	(160	lm/W	by	2030B).	

•

•

•

•

•

The est�mated global electr�c l�ght consumpt�on 
was	calculated	as	the	quantity	of	light,	which	is	the	
luminous	flux	over	duration	of	time;	unit:	lumen-
hours. In 2005, the est�mated total global l�ght 
consumption	 was	 20	 Mlmh/(person•a)	 and	 the	
total l�ght�ng related global energy consumpt�on 
was	470	kWh/(person	a).

The l�ght product�on of �ncandescent lamps �n 
the global res�dent�al sector was approx�mately 
equal	to	that	of	fluorescent	lamps.	However,	the	
annual electr�cal energy consumpt�on per person 
of �ncandescent lamps was approx�mately s�x 
times	more	than	that	of	fluorescent	lamps.	

In	 the	 industrial	 sector,	 fluorescent	 lamps	 and	
HID (h�gh-�ntens�ty d�scharge) lamps were the 
dom�nant l�ght sources for the product�on of 
l�ght, as well as for the consumpt�on of l�ght�ng 
energy. 

In	 the	 commercial	 sector,	 fluorescent	 lamps	
represent the largest share of electr�c l�ght 
consumpt�on and also electr�cal energy 
consumpt�on. However, although �ncandescent 
lamps represent a small share of l�ght consumpt�on, 
their	electricity	consumption	was	almost	50%	of	
that	of	fluorescent	lamps.	Compared	to	the	other	
sectors, the commerc�al sector accounted for 
the h�ghest share of both l�ght consumpt�on and 
electr�cal energy consumpt�on.

In compar�son to 2005, an �ncrease �n the global 
light	 consumption	 of	 approximately	 25%	 is	 to	
be expected by 2015. It �s est�mated, however, 

Figure 1. Worldwide 
estimated electric 
energy consumption 
kWh/(person a) in 
different sectors by 
lamp type in 2005.
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that as a result of an �mproved fac�l�ty ut�l�zat�on 
factor (l�ght output rat�o of a lum�na�re mult�pl�ed 
by	room	utilance,	LOR	x	U)	of	20%	and	reduced	
mean operat�ng t�me (a factor of 0.8 as a result 
of �mproved dayl�ght ut�l�zat�on and control 
systems), th�s w�ll compensate for the �ncrease. 
The �mprovement �n the fac�l�ty ut�l�zat�on factor 
w�ll reduce the need for l�ght product�on s�nce 
l�ght w�ll be wasted less �n the lum�na�re and 
light	 will	 also	 be	 directed	 more	 efficiently	 to	
the task area. At the same t�me �t �s expected 
that there w�ll be a clear reduct�on �n the use 
of �ncandescent lamps as a result of leg�slat�on 
(step-by-step abol�t�on of �ncandescent lamps), 
an	increase	in	the	use	of	CFLs	and	LED	lamps,	
and the replacement of T12 and T8 lamps by T5 
lamps. T5 lamps are used only w�th electron�c 
ballasts. Electron�c ballasts have lower losses 
than magnet�c ballasts, wh�ch are st�ll w�dely 
used w�th T12 and T8 lamps. 

Compared to 2005, �t �s est�mated there w�ll be 
an add�t�onal l�ght demand (l�ght consumpt�on 
by	 end	 users)	 of	 55%	 in	 2030.	Because	 of	 an	
improved	 facility	 utilization	 factor	 of	 25%	 and	
reduced	 mean	 operating	 time	 (a	 factor	 of	 0.7	
as a result of �mproved dayl�ght ut�l�zat�on and 
control), the overall electr�c l�ght consumpt�on 
w�ll therefore be approx�mately the same as 
�n 2015. Part of the electr�c l�ght consumpt�on 
w�ll be replaced by dayl�ght. Add�t�onally, the 
energy	consumption	of	fluorescent	lamps	will	be	
reduced,	as	 the	 luminous	efficacy	of	 the	 lamps	
w�ll �ncrease as a result of the replacement of 
obsolete	fluorescent	technology	(replacement	of	

T8 lamps and magnet�c ballasts w�th T5 lamps 
and electron�c ballasts).  

Furthermore, �n 2030, there w�ll be a further 
reduct�on �n the use of �ncandescent lamps as 
a result of the�r almost complete replacement by 
CFLs	and	LED	lamps.	LEDs	will	penetrate	further	
�nto the market and w�ll have a correspond�ng 
share of the market. 

F�gure 3 shows the reduct�on of electr�cal 
energy consumpt�on �n 2015 and 2030 
compared to 2005. The reduct�on �s based on 
the	 replacement	 of	 inefficient	 lamps	 and	 also	
on	 the	 increased	 luminous	 efficacy	 of	 all	 lamp	
types. The scenar�os for 2015B and 2030B are 
based	 on	 the	 assumption	 of	 LEDs	 taking	 over	
the lamp market faster than �n the scenar�os for 
2015 and 2030. Compared to scenar�o 2030, the 
l�ght consumpt�on rema�ns the same �n scenar�o 
2030B, but the electr�cal energy consumpt�on 
decreases because of the �ncrease �n the 
average	luminous	efficacy	of	LEDs.

On the bas�s of these assumpt�ons, we can expect 
a decrease �n electr�cal energy consumpt�on for 
l�ght�ng to less than a half or even to one th�rd 
of the consumpt�on �n 2005. These assumpt�ons, 
and	also	the	forecast	of	lamp	efficacies,	are	rather	
conservat�ve for the �ndustr�al�zed countr�es. The 
rema�n�ng unknown �s the development of Ch�na, 
India,	and	Africa,	which	will	define	whether	 the	
pred�cted energy sav�ngs become a real�ty.
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Figure 2. Worldwide 
estimated light 
consumption 
Mlmh/(person•a) (right) 
in different sectors by 
lamp type in 2005.
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Proposals to Upgrade 
Recommendations and Codes 

The grow�ng concern about the energy 
performance of bu�ld�ngs leads to a search for a 
‘reasonable’	optimum	in	installed	lighting	power.	
On	 one	 hand,	 visual	 requirements	 related	 to	
v�sual acu�ty have led to rather h�gh �llum�nance 
levels (500 lx to read), and even h�gher �f we 
cons�der the populat�on above 60 years of age. 
On the other hand, general amb�ent l�ght�ng �s 
more related to balance of lum�nances and 
absence of glare and m�n�mum �llum�nances 
could be lower than 500 lx. 

The d�fference between the l�ght�ng standards 
and recommendat�ons �n d�fferent countr�es has 
been attr�buted to the econom�c context and the 
geograph�cal zone of the country. The d�fferences 
are related to l�v�ng standards, technolog�cal and 
economical	capacity	and	also	to	the	influence	of	
specific	 research	 or	 institutional	 organizations	
�n the �nd�v�dual countr�es. The follow�ng 
cons�derat�ons are to be �ncluded �n future �ndoor 
l�ght�ng recommendat�ons.

The m�n�mum �llum�nance on a work 
plane	in	office	lighting	proposed	by	the	
European Comm�ttee for Standard�zat�on 
(CEN)	EN	12464-1	is	500	lx.	The	current	
recommendat�ons concern ma�nly the level 
of �llum�nances on the desk area, but �t 
should be remembered that what people 
perceive	are	luminances,	i.e.,	light	reflected	

•

from the surfaces. Therefore, d�scuss�ons 
about the 500 lx m�n�mum value should 
�ntegrate a more lum�nance-based approach.  
Add�t�onally, the �nd�v�dual and age-related 
differences	of	people	in	the	required	light	
levels should be cons�dered.

S�nce read�ng and wr�t�ng are performed on a 
small part of the desk, and s�nce a computer 
screen �s now standard �n workplaces, �t �s 
suggested that the recommended �llum�nance 
of 500 lx should be ach�eved only on the 
read�ng and wr�t�ng area of the desk.

The	rest	of	the	work	plane	would	require	
a lower �llum�nance.  D�scuss�ons about 
m�n�mum �llum�nance values for the rest of 
the room would be useful. 

CEN	Norm	EN	12464-1	gives	illuminance	
uniformity	requirements	as	a	minimum	
threshold	of	0.7	on	the	task,	and	0.5	for	the	
immediate	surroundings.	Not	much	is	said	
about the rest of the room. Tests performed 
on observers demonstrate that they respond 
pos�t�vely to var�ous k�nds of modulat�on of 
the �llum�nance d�str�but�on.  D�scuss�ons on 
the	evolution	of	recommendations	require	
ev�dence of the acceptable l�m�ts of th�s 
aspect. 

Indoor l�ght�ng des�gn �s based largely on 
prov�d�ng more or less un�form levels of 
�llum�nance �n the room, wh�le the percept�on 

•

•

•

•
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Figure 3. Scenarios 
of electric energy 
consumption for 
lighting in 2005, 2015, 
2015B, 2030, and 2030B 
by different lamp types. 
The scenarios 2015B 
and 2030B are based 
on the increased use of 
LEDs.
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of the �llum�nated env�ronment �s related 
mainly	to	light	reflected	from	surfaces	i.e.,	
lum�nances. Thus �nnovat�ve l�ght�ng des�gn 
methods could be �ntroduced wh�ch g�ve a 
high	priority	to	the	quality	of	the	illuminated	
env�ronment as our eyes perce�ve �t.

Luminaires	with	high	luminance	light	sources,	
such	as	CFL,	T5,	or	spot	lamps	(halogen,	
LEDs),	have	been	found	to	be	uncomfortable	
�f the sources are v�s�ble, even �f they are 
located above the head of the observers. 
Recommendat�ons need to be updated to 
propose more restr�ct�ons on lum�nances and 
h�gher angles of observat�on. 

The reduct�on of the s�ze of l�ght sources 
(compact	HID	lamps,	LEDs)	may	lead	
to an �ncreased r�sk of glare. Standards 
and recommendat�ons should be adapted 
accord�ngly. 

The	balance	of	luminances	in	the	field	of	
v�ew �s expressed �n the recommendat�ons 
to reduce fat�gue and eye stress. Recent 
findings	suggest	that	the	luminances	of	
vert�cal surfaces fac�ng the occupants also 
play a role �n v�sual st�mulat�on and alertness. 

The general colour render�ng �ndex (CRI) of 
the Internat�onal Comm�ss�on on Illum�nat�on 
(CIE) has �ts l�m�tat�ons. The shortcom�ngs of 
the CRI may become ev�dent when appl�ed to 
LED	light	sources	as	a	result	of	their	peaked	
spectra. It �s recommended that a new colour 
render�ng �ndex should be developed, wh�ch 
should be appl�cable to all types of l�ght 
sources,	including	white	LEDs.	

Pract�cal metr�cs should be developed and 
ment�oned �n recommendat�ons spec�fy�ng 
the values and parameters related to 
dayl�ght�ng. 

Glare from w�ndows �s not addressed, 
and there should be recommendat�ons for 
sunshad�ng systems to prevent glare.

•

•

•

•

•

•

Discussion and Conclusions 

Any	attempt	to	develop	an	energy	efficient	lighting	
strategy	 should,	 as	 the	 first	 priority,	 guarantee	
that	the	quality	of	the	illuminated	environment	is	
as h�gh as poss�ble. Through profess�onal l�ght�ng 
design,	energy	efficient	and	high	quality	lighting	
can	be	achieved.	Better	lighting	quality	does	not	
necessar�ly mean h�gher consumpt�on of energy. 
While	 it	 is	 important	 to	 provide	 adequate	 light	
levels for ensur�ng opt�m�sed v�sual performance, 
there are always l�ght levels above wh�ch further 
�ncreases do not �mprove performance. 

The �ncreased poss�b�l�t�es to control both the 
�ntens�ty and spectrum of l�ght sources should 
allow the creat�on of more appropr�ate and 
comfortable �llum�nated env�ronments. Also, 
the use of l�ght�ng control systems, based on 
presence detect�on and the �ntegrat�on of electr�c 
l�ght�ng w�th dayl�ght, can lead to substant�al 
energy	 savings.	 New	 technologies	 such	 as	
LEDs	offer	 high	 flexibility	 in	 the	 control	 of	 light	
spectra and �ntens�t�es, wh�ch enhance the�r 
attract�veness bes�des the�r grow�ng lum�nous 
efficacy.

It �s �mportant to search for technolog�cal l�ght�ng 
solut�ons wh�ch meet human needs w�th the 
lowest �mpact on the env�ronment dur�ng the�r 
l�fe cycle. The env�ronmental �mpacts of l�ght�ng 
�nclude product�on, operat�on and d�sposal of 
lamps and related mater�als. The total l�ght�ng 
energy used depends, �n add�t�on to the l�ght�ng 
equipment	 used	 (lamps,	 ballasts,	 drivers,	
lum�na�res, control dev�ces), on the l�ght�ng des�gn 
and the room character�st�cs. There are several 
character�st�cs that need to be cons�dered when 
choos�ng the lamp. These �nclude e.g. lum�nous 
efficacy	(lm/W),	lamp	life	(h),	spectrum	and	other	
colour character�st�cs (CRI, CCT), d�mm�ng 
character�st�cs, and the effects of amb�ent 
c�rcumstances on the lamp performance. For all 
lamp types, even the best lamp, �f coupled w�th 
poor or �ncompat�ble lum�na�re, ballast or dr�ver, 
loses most of �ts advantages. 

It	 is	 foreseen	 that	 LEDs	 will	 revolutionise	 the	
l�ght�ng pract�ces and market �n the near future. 
The long l�fet�me, colour m�x�ng poss�b�l�t�es, 
spectra,	 design	 flexibility	 and	 small	 size,	 easy	
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control	 and	 dimming	 are	 the	 benefits	 of	 LEDs.	
For	 LEDs	 huge	 technological	 development	 is	
expected to cont�nue. The max�mum lum�nous 
efficacy	of	phosphor	converted	cool-white	LEDs	
is	expected	be	around	200	lm/W	by	2015.	(The	
stated	value	is	for	high-power	LEDs	with	1	mm2 

ch�p s�ze at a 350 mA dr�ve current at 25°C 
amb�ent temperature w�thout dr�ver losses.) 
The	special	 features	of	LEDs	provide	 luminaire	
manufacturers w�th the capab�l�ty to develop 
new types of lum�na�res and des�gners to adopt 
totally new l�ght�ng pract�ces. The key success 
factor	for	the	broad	penetration	of	LEDs	into	the	
general l�ght�ng market �s a l�ght source w�th h�gh 
system	 efficacy	 and	 high	 quality	 at	 moderate	
prices.	One	barrier	for	broad	penetration	of	LED	
appl�cat�ons to the market �s the current lack 
�ndustr�al standards. 

Currently, there �s a global trend to phase out 
inefficient	light	sources	from	the	market	through	
leg�slat�on and voluntary measures. Two EU 
regulations	 for	 lighting	 equipment	 entered	 into	
force	in	April	2009	and	they	will	result	in	gradual	
phas�ng out of e.g. �ncandescent, mercury and 
certain	inefficient	fluorescent	and	HID	lamps	from	
the EU market. S�m�lar leg�slat�ve act�ons are 
be�ng �mplemented around the world: Austral�a 
has banned the �mport of �ncandescent lamps 
from	February	2009,	and	USA	has	enacted	the	
Energy	Independence	and	Security	Act	of	2007	
that does not phase out �ncandescent lamps 
specifically	 in	2012	 -	2014,	but	 requires	higher	
efficacy	of	all	light	sources.	Other	countries	and	
reg�ons have also banned, are on the�r way to 
ban,	or	are	considering	banning	 inefficient	 light	
sources. 

There	are	already	innovative	and	efficient	lighting	
technologies	available	in	the	market.	Very	often,	
however, current �nstallat�ons are dom�nated by 
inefficient	technology	not	utilising	control	systems,	
sensors	or	efficient	light	sources.	Today,	70%	of	
the	 lighting	 energy	 is	 consumed	 by	 inefficient	
lamps.	Low	retrofitting	rates	in	the	building	sector	
(and thus also �n l�ght�ng �nstallat�ons) �s a ma�n 
barrier	 for	 the	 market	 penetration	 of	 adequate	
and modern l�ght�ng technolog�es. It �s est�mated 
that	90%	of	all	buildings	are	more	than	20	years	
old,	and	70%	-	80%	are	older	than	30	years.	To	
increase	knowledge	and	use	of	energy	efficient	

l�ght�ng, �t �s essent�al to �ncrease d�ssem�nat�on 
and educat�on, as well as to create new standards 
and leg�slat�on.

Energy	 efficient	 lighting	 further	 includes	
cons�derat�ons of the control of l�ght and the 
use of dayl�ght. A susta�nable l�ght�ng solut�on 
includes	 an	 intelligent	 concept,	 high	 quality	
and	energy	efficient	 lighting	equipment	suitable	
for the appl�cat�on, and proper controls and 
ma�ntenance. Further energy sav�ngs can be 
ach�eved w�th smart l�ght�ng control strateg�es. 
At present, the most common form of control 
(the standard wall sw�tch) �s be�ng replaced by 
automat�c components based on occupancy or 
dayl�ght harvest�ng. Examples of th�s technology 
are occupancy sensors wh�ch turn the l�ghts off 
when the area �s unoccup�ed, t�me-based controls 
and the d�mmer plus photocell comb�nat�on. 
These can lead to energy sav�ngs that vary from 
10%	with	a	simple	clock,	to	more	than	60%	with	a	
total �ntegrated solut�on (occupancy plus dayl�ght 
plus	HVAC).

For econom�c evaluat�on of d�fferent l�ght�ng 
solut�ons, a l�fe cycle cost analys�s has to be made. 
Usually, only the �n�t�al (�nvestment) costs are 
taken �nto account. People are not aware of the 
var�able costs, wh�ch �nclude energy costs, lamp 
replacement costs, clean�ng, and ma�ntenance 
costs. In commerc�al bu�ld�ngs, the var�able costs 
are very often pa�d by those who rent space, and 
the �n�t�al (�nvestment) costs are usually pa�d 
by the �nvestor who chooses the system. The 
energy costs of a l�ght�ng �nstallat�on dur�ng the 
whole l�fe cycle are very often the largest part 
of the l�fet�me costs. It �s essent�al that �n future 
l�ght�ng des�gn pract�ce, ma�ntenance schedules 
and l�fe cycle costs w�ll become as commonplace 
as �llum�nance calculat�ons already are. 

The a�m of an opt�mum l�ght�ng des�gn �s to 
ach�eve a certa�n appearance and, at the 
same	 time,	 to	 fulfill	 fundamental	 physiological	
and	 psychological	 visual	 requirements,	 and	
to ult�mately put the whole th�ng �nto effect �n 
an	 energy	 efficient	 manner.	 LEDs	 allow	 for	
completely new des�gns and arch�tectures for 
l�ght�ng solut�ons, thus open�ng a new and w�de 
field	of	creativity	for	all	lighting	professionals.	At	
the same t�me, some old rules and standards for 
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a good l�ght�ng des�gn are just as appl�cable to 
LEDs	(e.g.	glare	assessment,	colour	rendering,	
l�ght d�str�but�on, etc.). 

The	expert	survey	conducted	during	2006	-	2007	
w�th�n the project work �nd�cated that among the 
l�ght�ng commun�ty there �s a lack of knowledge 
of the character�st�cs and performance of new 
l�ght�ng technolog�es. Another major top�c that 
was ra�sed was the lack of awareness of the 
total l�fe cycle costs. The survey also �nd�cated 
res�stance to adopt�ng new technolog�es. 

Comm�ss�on�ng �s carr�ed out for var�ous 
reasons: clar�fy�ng bu�ld�ng system performance 
requirements	set	by	the	owner,	auditing	different	
judgments and act�ons by the comm�ss�on�ng 
related part�es to real�ze the performance, 
writing	necessary	and	sufficient	documentation,	
and ver�fy�ng that the system enables proper 
operat�on and ma�ntenance through funct�onal 
performance test�ng. Comm�ss�on�ng should 
be appl�ed through the whole l�fe cycle of the 
bu�ld�ng. The Gu�debook presents an example 
of a comm�ss�on�ng process appl�ed to a l�ght�ng 
control system.

Case stud�es of d�fferent types of l�ght�ng 
systems were conducted for twenty bu�ld�ngs, 
most	of	which	were	offices	and	schools.	In	office	
bu�ld�ngs d�fferent case stud�es showed that �t �s 
possible	 to	obtain	both	good	visual	quality	and	
low	 installed	 power	 for	 lighting.	 In	 offices	 and	
schools �t �s poss�ble to reach the normal�zed 
power	 density	 of	 2	 W/(m2 100 lx) (even 1.5 
W/(m2	 100	 lx)	 in	 some	 offices)	 with	 current	
technology. It was found that the use of l�ght�ng 
control system to sw�tch l�ghts on and off based 
on occupancy sensors can reduce the l�ght�ng 
energy	 intensity	of	office	buildings.	Additionally,	
the use of d�mm�ng and control sensors for the 
integration	of	daylight	and	artificial	light	can	yield	
further energy sav�ngs. The case stud�es show 
examples	of	LEDs	in	task,	general	and	corridor	
lighting.	 LED	 lighting	 requires	 a	 new	 approach	
to l�ght�ng des�gn. The case stud�es show that 
LEDs	 can	 be	 used	 in	 renovation	 of	 lighting	 in	
commerc�al bu�ld�ngs. 

The evolut�on of standards has generally followed 
the development of l�ght�ng technolog�es, cost of 

lighting	and	increased	scientific	understanding	of	
v�s�on. The recommended values of �llum�nances 
have followed the development of l�ght sources. 
For �nstance, �n the second half of the 20th 

Century	the	evolution	of	fluorescent	lamps	led	to	
�ncreases �n the recommended �llum�nance levels. 
The d�fference between the l�ght�ng standards 
and recommendat�ons �n d�fferent countr�es has 
been attr�buted to the econom�c context and the 
geograph�cal zone of the country. Current �ndoor 
l�ght�ng des�gn �s based largely on prov�d�ng 
more or less un�form levels of �llum�nances �n 
the room, wh�le the percept�on of the �llum�nated 
environment	 is	 related	mainly	 to	 light	 reflected	
from surfaces �.e. lum�nances. Thus �nnovat�ve 
l�ght�ng des�gn methods could be �ntroduced 
which	 give	 a	 high	 priority	 to	 the	 quality	 of	 the	
�llum�nated env�ronment as our eyes perce�ve �t. 
Both the electr�cal l�ght�ng des�gn and the use of 
daylight	have	a	major	impact	on	lighting	quality	
and	energy	efficiency.	

The present l�ght�ng recommendat�ons do not 
spec�fy recommended values of dayl�ght factors 
or	 other	 daylight	 parameters.	 This	 is	 a	 field	 in	
wh�ch pract�cal metr�cs could be developed and 
stated �n the recommendat�ons. Reduct�on of the 
size	of	light	sources	(compact	HID	lamps,	LEDs)	
may lead to �ncreased r�sk of glare. Standards 
and recommendat�ons should be adapted 
accordingly.	One	parameter	to	assess	the	quality	
of l�ght�ng �s the colour render�ng �ndex CRI. 

The	current	CRI	 is	not	suitable	 to	LEDs	due	to	
the�r peaked spectra. The CIE recommends the 
development of a new colour render�ng �ndex 
(or a set of new colour render�ng �nd�ces), wh�ch 
should be appl�cable to all types of l�ght sources 
including	white	LEDs.	A	major	future	development	
of l�ght�ng recommendat�ons �s that beyond the 
visual	 requirements	 they	 should	 address	 also	
the	non-visual	effects	of	 light.	Light	has	effects	
that are fully or partly separated from the v�sual 
system. These are called the non-v�sual, non-
�mage-form�ng or b�olog�cal effects of l�ght and 
are related to human c�rcad�an photorecept�on. 
Non-visual	effects	of	light	can	e.g.	have	an	effect	
on alertness �n people. 

There	 is	 already	 a	 significant	 potential	 to	
improve	energy	efficiency	of	old	and	new	lighting	
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�nstallat�ons w�th ex�st�ng technology. The energy 
efficiency	of	lighting	installations	can	be	improved	
w�th the follow�ng measures: 

The cho�ce of lamps: Incandescent lamps 
should	be	replaced	by	compact	fluorescent	
lamps	(CFLs),	infrared	coated	tungsten	
halogen lamps or l�ght em�tt�ng d�odes 
(LEDs);	mercury	lamps	by	high-pressure	
sodium	lamps,	metal	halide	lamps,	or	LEDs;	
and ferromagnet�c ballasts by electron�c 
ballasts;

The usage of controllable electron�c ballasts 
with	low	losses;

The	lighting	design:	The	use	of	efficient	
luminaires	and	localized	task	lighting;

The control of l�ght w�th manual d�mm�ng, 
presence sensors, and d�mm�ng accord�ng to 
daylight;

The	use	of	daylight;

The	use	of	high	efficiency	LED-based	lighting	
systems.

The project suggests that clear �nternat�onal 
�n�t�at�ves (by the IEA – Internat�onal Energy 
Agency, EU – European Un�on, CIE – Internat�onal 
Comm�ss�on on Illum�nat�on, IEC – Internat�onal 

•

•

•

•

•

•

Electrotechnical	Commission,	CEN	–	European	
Comm�ttee for Standard�zat�on and other 
�nternat�onal bod�es) should be taken up to:

Upgrade l�ght�ngs standards and 
recommendations;

Integrate values of l�ght�ng energy dens�ty 
(kWh/(m2 a))	within	building	energy	codes;

Monitor	and	regulate	the	quality	of	innovative	
light	sources;

Pursue research on fundamental human 
requirements	for	lighting	(visual	and	non-
visual	effects	of	light);

Stimulate	renovation	of	inefficient	old	lighting	
�nstallat�ons by targeted measures.

The	introduction	of	more	energy	efficient	lighting	
products and procedures can s�multaneously 
prov�de better l�v�ng and work�ng env�ronments, 
and also contr�bute, �n a cost-effect�ve manner, 
to the global reduct�on of energy consumpt�on 
and greenhouse gas em�ss�ons.

The	 Guidebook	 on	 Energy	 Efficient	 Electric	
Lighting	 for	 Buildings	 is	 available	 from:		
lightinglab.fi/IEAAnnex45, or www.ecbcs.org.              

•

•

•

•

•
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Liisa	Halonen,	Eino	Tetri	&	Pramod	Bhusal,	Guidebook	on	Energy	Efficient	Electric	Lighting	for	
Bu�ld�ngs, Aalto Un�vers�ty, 2010

Liisa	Halonen,	Eino	Tetri	&	Pramod	Bhusal,	Guidebook	on	Energy	Efficient	Electric	Lighting	for	
Bu�ld�ngs - Extended Summary, Aalto Un�vers�ty, 2010 
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Energy Efficient Electric Lighting for Buildings

Category Organisation

Austral�a Queensland Un�vers�ty of Technology

Austr�a
Bartenbach	LichtLabor	GmbH

Zumtobel Staff GmbH

Belg�um
Belg�an Bu�ld�ng Research Inst�tute

Université	Catholique	de	Louvain

Canada Un�vers�ty of Br�t�sh Columb�a

Ch�na
Fudan Un�vers�ty

Shanghai	Hongyuan	Lighting	&	Electric	Equipment	Co

F�nland Hels�nk� Un�vers�ty of Technology

France

Ecole	Nationale	des	Travaux	Publics	de	l’État

CSTB

Ingélux Consultants

Lumen	Art

ADEME

Veolia	Environnement	R&D

Germany Techn�sche Un�vers�tät Berl�n

Italy

Università	di	Roma	“La	Sapienza”

ENEA	Ispra

Pol�techn�co d� Tor�no

Japan
National	Institute	for	Land	and	Infrastructure	Management

Toka� Un�vers�ty

The	Netherlands Delft Un�vers�ty of Technology

Norway NTNU	and	SINTEF

Poland WASKO S.A.

Russ�a Russian	Lighting	Research	Institute	Svetotehnika

S�ngapore National	University	of	Singapore

Sweden

School of Eng�neer�ng, Jönköp�ng

WSP	Ljusdesign

BAS Bergen School of Arch�tecture

Sw�tzerland
Solar	Energy	and	Building	Physics	Lab,	EPFL

Un�vers�ty of Appl�ed Sc�ences of Western Sw�tzerland

Turkey Istanbul Techn�cal Un�vers�ty

Un�ted K�ngdom Helvar

USA Lawrence	Berkeley	National	Laboratory

Project Participants
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