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1. OVERVIEW: ACTION IDENTIFICATION DATA 
 See "Action identification data" attached at the end of this document 

2. OBJECTIVES 

Light is vital for life: Light sources play an indispensable role to daily life of any Human being. Our 

World cannot be conceived without light. Quality of life, health and, somehow, urban security related 

with traffic and crime prevention measures depend on light and on its quality. 

Light production needs energy: more than 30 billion electrical lamps operate worldwide every day 

consuming more than 2,100 billion kWh per year (12-15% of the global energy production worldwide). 

Furthermore, the annual greenhouse gas (CO2) due to this energy production is estimated to be over 

1,700 million metric tons. OECD estimation shows that, in the near future, in western countries, the 

need for lighting will increase by a factor of 1.5. In parallel, citizens are more and more demanding for 

a better quality of light in every day’s life. 

The lighting industry is an important economic factor. The worldwide turnover is about 50 billion 

Euros (according to World Energy Council the annual growth rate in this sector is in the order of 16%) 

and Europe has an important industrial stakeholder in this major global industry. It hosts the three 

biggest lighting companies, namely Osram, Philips, and GE Lighting. These three companies own 80% of 

the North American and European market and 40% of the Asian market and are true global players with 

major manufacturing and R&D laboratories located in the USA, in Germany, in Netherlands and in 

Hungary. All in all, lighting is an important socio-economic factor and lighting system development 

should be an integral part of any Sustainable Development and of any program of improvement of 

Quality of Life 

The main objective of the proposed action, at both the basic breakthrough and the pre-competitive 

research levels, is to seek new concepts and materials for the lighting industry through the study of 

the feasibility of high efficacy, novel, light source technologies. In addition to this main objective, the 

proposed COST action will contribute also in the accomplishment of the following tasks: 

• Establishment of a database of knowledge in the area. As might be anticipated there are many 

published works, which relate directly or indirectly to light source science and technology. However, 

this knowledge is dispersed widely and thus difficult to use. In the scope of this COST action it is 

proposed to do a critical and thorough compilation of the existing information. This information 

would be based in the main on published experimental results and numerical simulation codes, as well 

as on fundamental data necessary for more detailed studies. It is intended also that the database 

would attract the deposition of previously unpublished results from whatever the source. Such 

information would be subjected to scrutiny by experts in the respective areas for comment 

regarding reliability, etc., of the data. 

• Establishment of an interdisciplinary, expert, panel able to act as a consulting body for the 

industry, subject, of course, to any non-disclosure constraints. The study of total lighting systems 

in which the lamp is but one element, albeit an important one, is intrinsically highly interdisciplinary. 

Knowledge from several major domains, for example, electrical engineering, plasma physics and 

chemistry, chemistry and materials science, is necessary in order to proceed to an optimisation of a 

given system according to its application. 

3. TECHNICAL DESCRIPTION AND IMPLEMENTATION  

After increasing steadily throughout the previous seventy-five years, efficiency of conversion of 

electric energy into light by commercial light sources appears to have reached a plateau of about 33% 

of the theoretical maximum. No truly revolutionary new light systems have been introduced since the 

mid-1960's. The inability to develop dramatically improved light sources in recent decades has not 

resulted from a lack of effort by the lamp manufacturers themselves. To achieve the above-cited 
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performance, a better understanding of the global system operation is required. Furthermore, the 

development of revolutionary new light sources having double the efficiency of modern light sources 

can be based on the detailed study of the global system and on new materials able to support higher 

temperatures and pressures, with a better resistance to hard UV radiation and corrosive action of the 

discharge components (radicals, ions…). This is a challenge for the future. This can be done by means 

of fundamental and applied research in several domains (plasma physics and chemistry, materials, 

optics, power electronics and control science). The consortium participating to this COST action has all 

necessary competences for treating the Lighting Systems as cross-disciplinary global subject.  

Splitting the consortium in several work packages and task-groups as listed in the following 

paragraphs, guarantees a better work efficacy between teams and ensures a enhanced communication 

between researchers form different disciplines 

WP.1 Plasma and Gases 

Modelling: Modelling is a fundamental element of any optimisation process. A well validated numerical 

code, i.e., experimentally validated code, can be used to predict optimal operating conditions of a 

device and thus save precious efforts imposed by an empirical “try-and-reject” method. We note also 

that a detailed numerical model of a system can lead to the identification of new physical phenomena 

often neglected up to that time. This work package is open to any type of computer simulation (LTE 

models, fluid codes, collisional-radiative simulations, monte-carlo and hybrid models…). 

Diagnostics: Experimental measurements are necessary for the study of any system. In the case of 

light sources spectroscopic and electrical measurements are particularly useful to achieving a better 

understanding of the device physics. Furthermore, computer modelling needs reliable experimental 

data for validation. Finally, experimentation is the best way to determine various fundamental data 

necessary for both modelling and theoretical work. This work package is open to any type of 

experimental technique (emission and absorption spectroscopy, laser techniques, imaging and 

tomography, electrical measurements, probe methods…). 

Fundamental Data: The extension of modelling applications to provide understanding of discharge 

systems of greatest apparent potential depends crucially on the availability of atomic, molecular, 

optical (AMO) and thermodynamic data. Research seeking to generate such data is of interest to the 

project. 

WP.2 Materials for Light Sources  

Coatings & Phosphors: Present-day luminescent materials employ a Stokes-shift of photon energy in 

the absorption of one photon of ultraviolet light and the subsequent emission of the one photon of 

visible light. Even in the case of 100% quantum efficiency there is energy loss resulting from the 

difference in photon energy of the absorbed and emitted photon. One of the objectives of this work 

package will be to identify new materials for more efficient phosphors capable of effective quantum 

efficiencies greater than unity, requiring less than 5 eV of ultraviolet energy per emitted visible 

photon. Furthermore, new materials for novel cathodes with lower extraction potential and less severe 

sputtering are required. Finally, new ceramic materials are required which would allow the use of novel 

emitters, such as barium, and new metal halide mixtures. 

Electrodes: Many of the existing lamps types have electrodes. In many case the lamp’s lifetime is 

limited by the life-time of these electrodes. In the scope of this project new cathodes will be sought 

with higher performance leading to enhanced efficacies and lumen maintenance. In parallel, a better 

understanding of electrode erosion mechanisms is needed in order to increase the reliability of the 

lamp. This work package is open to any theoretical and experimental work on this subject. 

Tubes & Sealing: The study of tubes and sealing is another important factor in improving device 

lifetime and reliability. The presence of the plasma in the arc tube may seriously affect the interface 

between the metal and glass or ceramic tube envelope limiting seriously the lifetime and the efficacy 

of the lamp. 
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WP.3 Interactions Power Supply/Plasma  

Electronic Power Supplies: Presently, the older design inductive lamp ballasts are starting to be 

replaced by electronic power supplies. The new electronic ballasts occupy considerably less volume and 

are lighter than the long established designs. 

Lighting Networks. This task group deals with the study of interactions between a large number of 

light sources in a lighting network in urban context or buildings. 

WP.4 Innovative light sources 

Light Emitting Diodes (LEDs and O-LEDs): At present, both LEDs and OLEDs have commercial entry 

points in special niche applications. On a long run, solid-state lighting technology is aimed at general 

illumination where the major economic and environmental impacts will be realized. A major goal for 

long-term solid state lighting research is to gain a better fundamental understanding of light 

generation mechanisms and improved extraction of light from a crystal. It was felt that a better 

understanding of the mechanisms for light generation and extraction, carrier recombination, and 

material/device degradation is required in the existing materials and devices. Long-term research 

should focus on the development of new experimental techniques, complete characterization of 

materials and devices, detailed first principles modelling, and the development of new semiconductor 

materials and device structures. This research should include the investigation of improved electrical 

confinement structures such as quantum dots and band-gap engineered structures as well as improved 

light-extraction structures such as nonrectangular chips and photonic crystals. It should cover work on 

understanding the problems with defects, p-type doping, contacts, and high indium and aluminium 

incorporation into AlGaInN system to make more efficient UV, green, and yellow LEDs and carrier 

confinement in AlGaInP-based LEDs to improve the efficiency of amber and yellow LEDs. 

Electrodeless lamps. These lamps are driven in the radio or microwave frequencies have nowadays 

many non-lighting applications, but they start to penetrate also general lighting markets. 

WP5. Quality of life and Environmental Issues:  

Quality of Life: Light is vital for life: For example, good quality white lighting at night in the streets 

and other public areas can contribute considerably to the character and vitality of a city. This can 

generate a sense of civic pride and provide an attraction for tourists. Driving through an unlit town at 

night creates a sense of isolation from the community. Many a central business district of a town has 

become deserted, especially, at night due to lack of amenities, attractions and a sense of security all 

of which could be enhanced by lighting of streets, squares, malls and buildings to a high standard and 

quality. Light in urban context provides proper orientation within the area and allows quick and 

accurate identification of streets and houses. Good lighting is always assisting the services of 

ambulances, fire fighting crews, police cars and rescue teams in an emergency and therefore will 

contributes to an increase of the quality of life in urban areas. Understanding the correlation between 

quality of light and quality of life in urban context will be an important research issue for COST.  

Environmental issues: Environmental effects from lamps arise mainly from effects due to electrical 

power consumption. This conclusion results from a Life Cycle Assessment (LCA) on the total 

environmental effects of light sources from the stage of raw materials production until final disposal 

at their End-of-Life (EoL). From this perspective, those lamps, selected as suitable for a certain 

application with the highest lumen efficiency, are the most beneficial from environment point of view 

too. Despite this, most gas discharge lamps, though being very efficient, contain small quantities of 

mercury and may contain some other heavy metals as well. So they must be disposed of as hazardous 

waste, or even better, they should be recycled as is required by forthcoming European law, the 

Directive on Waste of Electric and Electronic Equipment. 

This Work Package will evaluate lamp-recycling technologies on their potential to recover the main 

constituents as glass and some metal parts and to separate hazardous substances. Another option is 

the development of commonly appropriate tools to assess the main environmental effects of light 

sources based on LCA principles. 
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4. PARTICIPATION AND COORDINATION 

4.1 Management Committee 

 Chairperson: Prof Georges Zissis 

  CPAT. - Université Paul Sabatier - Toulouse III 

  118 rte de Narbonne, F-31062 Toulouse Cédex 9 FRANCE 

  tel: +33 5 61556996 fax: +33 5 61558447 E-mail: zissis@cpat.ups-tlse.fr 

  Vice Chairperson: Dr Sandor Hollo 

  GE Lighting Tungsram 

  H-1340 Budapest, HUNGARY 

  tel: + 36 1 3991449 fax: +36 1 3992584 E-mail: sandor.hollo@lighting.ge.com 

 Secretary: Piotr Swiatek (asst Milena Stoyanova) 

  European Science Foundation, 149 Louise Ave, 1050 Brussels, Belgium 

  tel: + 32 2 533 38 14 fax: + 32 2 533 38 90 E-mail: pswiatek@cost.esf.org 

 Members: 

Wolfram KNABL Plansee AG Austria 

Ronnie BELMANS K.U. Leuven Belgium 

Kiril BLAGOEV Institute of Solid State Physics Sofia Bulgaria 

Damir VEZA Univ. of Zagreb Croatia 

Goran PICHLER Institute of Physics Croatia 

Ales RICHTER Technical University of Liberec Czech Rep. 

Liisa HALONEN Helsinki University of Technology Finland 

Eino TETRI Helsinki University of Technology Finland 

Karin REICHEL VDI Technologiezentrum Germany 

Reinhard WEITZEL OSRAM GmbH Germany 

Emmanuel DRAKAKIS TEI of Crete (Iraklion) Greece 

Dimitrios KARABOURNIOTIS University of Crete Greece 

László BARTHA RITPMS Hungary 

Stella NUNZIANTE-CESARO Univ. di Roma 'La Sapienza' Italy 

Gita REVALDE University of Latvia Latvia 

Feliksas IVANAUSKAS Vilnius University Lithuania 

Artúras ZUKAUSKAS Vilnius University Lithuania 

Mikhail BENILOV Universidade da Madeira Portugal 

Antonio GAMERO Universidad de Cordoba Spain 

Cecilio BLANCO VIEJO Universidad de Oviedo Spain 

Marc ILEGEMS Ecole Polytechnique Fed. Lausane Suisse 

Sven HULDT Lunds Universitet Sweden 

Joost VAN DER MULLEN Technische Universiteit Eindhoven the Netherlands 

Marco HAVERLAG Philips Lighting B. V. the Netherlands 

Stuart MUCKLEJOHN GE Lighting Ltd. UK 

Robin DEVONSHIRE HTSL - University of Sheffield  UK 

Mihai CRISTEA Univ. Politehnica Bucuresti Romania 

   

4.2 Participating Institutions 

Institution Country Type 

Plansee AG AT Industry 

Tridonic Atco AT Industry 

Kompetenzzentrum Licht 

GmbH 

AT Major 

Luxmate AT Industry 

Luger Research AT SME 

K. Univ. Leuven B Academia 

Laborelec B Industry 

Institute of Solid State 

Physics 

BG Academia 

Univ. of Sofia BG Academia 

Geubbelmans Engineering CH SME 

3D AG CH Industry 
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The second action consisted on scientific animation: Up to day three major events have been 
organized: 

1. A full day conference (1st European meeting on Barriers in Light Sources Science) on barriers in the 
science and technology of light sources. This meeting have been held in Toulouse on June 3rd, 2002. 

The objective identifying the "barriers" in the Science and Technology of lighting systems and 
create contacts and affinities between scientists from different disciplines. During this day 14 
invited speakers presented various aspects for light sources including some the-economic impact of 
those systems. The papers have been published in a booklet (annexed in the present report) and they 
are available (with the associated slides) for download from the action web page. This “kick-off” 
meeting attracted 82 delegates form 19 COST and 4 non-COST countries (Canada, USA, China and 
Tunisia). 
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The above figure illustrates the distribution by country. As shown in the following plot the major 

part of the delegates were from academia, but 1/5 of the total were from industry (including high-
tech SME) and some representatives form national organisms and majors (consultants, agencies…) 
were present. 

2. The COST Network was the main organiser of the 10th International Symposium on the Science and 
Technology of Light Sources (LS:10) held in Toulouse from 18th to 22nd of July 2004. The 
International Symposia on the Science and Technology of Light Sources are the only international 

meetings that are focused on the science and 
technology of light sources. They have been held 
regularly since 1973 and provide a unique 
opportunity for the worldwide community of 
engineers and scientists from the lighting 
industry, research organisations and academia to 
meet, present and discuss their work on light 
source research and development. LS-symposia are 
designed to be both an opportunity to hear of the 
very latest and most exciting developments in light 

sources from leaders in their fields and, 
importantly, to provide many opportunities to meet personally with other delegates to discuss in 
detail work in areas of shared interest. In this event 398 delegates form industry (70%) and 
academia (30%) were present. These delegates came from 32 countries (4 continents) as shown in 



COST Action 529   Final Report 
Efficient Lighting for the 21

st
 Century 

COST Document n°266/00 18 

the following graphics, 60 PhD students were present also. 

 

Totally, 273 papers have been presented (16 invited, 20 landmarks and 237 
posters). These papers covered, as shown in the following graphics, all fields in 
light sources research and technology, ranging from fundament phenomena, to 
new light sources, from materials to power electronics. 
The papers have been published for the first time in the “Conference 
Proceeding Series” of IoP (Inst. of Physics, UK). Editorial Board of Journal of 
Physics D: Applied Physics invited participants of the LS:10 to submit their 
original, full research papers for consideration in this journal. J. Phys. D is an 
International journal providing speedy publication and high visibility. Accepted 

papers are published as a Cluster in a Special Issue, been identified as “LS:10 COST Papers”. All in 

all 59 papers have been submitted. Submitted papers have been peer-reviewed following standard 
J. Phys. D procedures. Finally, 39 have been accepted for publication (J. Phys. D: Appl. Phys. 38 -
2005-) 

3. COST-529 organised also two Workshops in conjunction with major conferences in the domain of 
Plasma Physics. These workshops were open to all conference participants and allow presenting and 
promoting the COST-529 action to the scientific community. In both cases COST-529 was 
considered as sponsor for these events:  

• A half-day meeting on diagnostics for light Sources has been organised in July 2003 by 
Heinz Schöpp (INP) during the XXVIth Int. Conf. on Phenomena in Ionized Gases in 
Greifswald (D).  

• A full day during on the COST-reference lamp has been organised in July 2005 by the team 
of J. van der Mullen (TU/e) in conjunction with the XXVIIth Int. Conf. Plasmas and Ionised 
Gases in Eindhoven (NL). 

 

6. DISSEMINATION OF RESULTS 
 6.1 Publications and Reports 

o Proceedings of the 1st European meeting on Barriers in Light Sources Science, Ed. U. 
Toulouse 3 

o Proceedings of the 10th International Symposium on the Science and Technology of 
Light Sources (LS:10), Ed. Institute of Physics (Conference Proc. Series n° 182, 664 
pages, ISBN 0 7503 1007-3) 

o Proceedings of Colour Aspects for Light Sources, Colorimetry and it’s Applications in 
Industry and Environment, COST529-WG5 workshop, may 2006, Varna (BG). Under 
Press 

o J. Phys. D: Applied Physics Special Issue on Light Sources, vol. 38 (2005) 
o 9 PhD: M. Novak, J. Vaclavik , J. Koprnicky (CZ); Z. Gavare, R. Ogle (LV); JB. Rouffet, B. 
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Lafitte, R. Ruscassier (FR); P. Alameida (PT) 
o 50 papers in international Scientific Journal with referees (J. Phys. D, J. Appl. Phys., 

IEEE Trans. Plasma Science, High Temp. Materials…). This figure is not including the 39 
papers published in the special issue (volume 39) 

o more than 150 communications in international conferences with referees 
o 29 internal reports from the Work group meetings 

 6.2 Conferences and Workshops 
o 1st European Meeting on the Science and Technology of Light Sources: Barriers on the 

Science and Technology of Light Sources, June 3rd, 2002, Toulouse (FR) 
o Plenary COST meeting & 10th Int. Symposium on the science and technology of Light 

Sources, July 18-22, 2004 Toulouse, (FR) 
o Diagnostics & Modelling workshop, April 12-16, 2005, Funchal (PT) 
o Colour Aspects for Light Sources, Colourimetry and it’s Applications in Industry and 

Environment, COST529-WG5 workshop, 29-31 may 2006, Varna (BG) 
o Workshop on Diagnostics for Light Sources meeting. July 14th, 2003, Greifswald (D) in 

conjunction with the International Conference on Phenomena in Ionised Gases (ICPIG) 
o Workshop on the COST reference lamp, July 17, 2005 Eindhoven (NL) in conjunction 

with the International Conference on Phenomena in Ionised Gases 

 6.3 Web site (http://www.efficient-lighting.org) 

 
 

This web page includes all necessary information about the COST action (objectives of the 
action, workgroup organisation, names and coordinates of Management committee members, 
collaborating institutions…). The “public domain” download section contains standard 
documents from the action (MoU, Announcements…). An intranet section, accessible to COST 
members only contains more documents (Meeting Proceedings, Institution Profiles, Data…). 
The following graphics shows the number of access to the web page since its creation and 
some more detail statistics during the second year of operation. Unfortunately, a hardware 
crash obliged us to not be able to update the web page up to day. A “fundamental” update is 
scheduled for 2006 and the web page will remain active after the action effective 

termination.  

 6.4 Scientific and Technical Cooperation 
a. European funded projects:  
• Programme FP-5 Energie: 3-year Combined R&D project “NumeLiTe” (NNE5-2001-00282) 

running from Jan 1st, 2001 till Dec 31, 2004; 11 partners from 6 countries: CPAT (F), Thorn 
Europhane SA (F), Ville d'Albi (F), Sinapse SA (F), U. Montpellier (F) ; ICE/HT (GR) ; U. 
Madeira (P); Knobel GmbH (CH); GE-Lighting (UK), TRL Ltd (UK) ; LMCSW GmbH (D). Total 
budget: 6,6 MEuros (EU contribution 2,8 MEuros) 

• Project INTAS “HFWater” (INTAS-2001-0200) running from April 2001 till March 2005; 6 
partners from 3 countries: University of Latvia (LV); CPAT (F) ; Univ. of St Petersburg (RU), 
Univ. of Tomsk (RU), ITAM Novosibirsk (RU), Lumex Ltd (RU). Budget 120 kEuros (100% 
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INTAS contribution). The two INTAS country partners (Farnce and Latvia) are members of 
this COST Action. 

• Project NATO Collaborative Linkage Grant (EST.CLG.979540) running from January 2003 till 
February 2005; 5 partners from 4 countries: Paul Sabatier (F); Institute High Currents (RU); 

IPEM Monastir (Tunisia); Univ. of Toronto (CA); Trojan UV Ltd (CA). The coordinator is 
member of the COST-529 actions where as Univ. of Toronto and IPEIM from Tunisia are 
associated members to this action. 

b. National funded projects 

• “Diodes électroluminescentes à base de nitrures d’éléments III pour l’éclairage”, (IPEQ-
LASPE, EPFL) - OFES (CH) 

• “Organic small thin films for high efficiency light emission” (EPFL, NOG, ETH-Hönggerberg) - 
OFES (CH) 

• “Study of the Indoor Lighting in commercial use buildings”, (TUL), Minsitry of Resaerch (CZ) 
 

 6.5 Relations with industry and other organisations 
Interaction with industry: In this COST action-529 many major light source and associated 
material industries are actively involved: Philips, General Electric Lighting, Osram, Plansee are 
members of the Management committee where as Air Liquide, Heraeus Nobelight, Schott 
Glass, Helvar, Tridonic… are active members.  
In parallel several SMEs and high-tech spin-off are also members: Sinapse (FR), Sono Eclair 
(FR), Cirtem (FR), Luger (AT), Neon products (D), Caventish Instruments (UK), Ornalux (SP), 
Euroneon (RO) are few examples. Scientists and engineers from industrial partners are 
invited to participate jointly with academia to the above described work groups and this 
greatly facilitate the technology and knowledge transfer.  

Relations with other organizations: During the 5-year existance of this COST action the 
following contacts are taken with other European and international organizations: 

• EUROMET: “European Collaboration in Measurement Standards”  
• GreenLight and New GreenLight European projects: exchange of information between 

COST and these European projects. 

• CIE: “International Commission on Illumination”: a preliminary non-formal agreement 
for cooperation and exchange of information is validated since July 2003. 

• CFL-Quality Charter Workgroup under the supervision of EU-JRC in Ispra (Italy): 
Georges Zissis has been invited to participate to this work group in the name of the 
COST action. 

• The COST-529 action became officially partner of the Plasma Science Coalition in 
USA since July 2004. 

• CEN-STAR: Since the “strategic” meeting in Brussels with G. Rivière (CEN-STAR 
Chairman) COST-529 consortium is preparing some actions on standardisation in 
conjunction with existing standardisation bodies line Elmaps. 

• Photonics 21 EU technology Platform: Georges Zissis has been invited to participate 
since December 2005 to the work group “Display & Lighting” in the name of the COST 
action. 

• Eureka: The “Folia” project Eureka consortium joined the COST-529 action since 
2004; In parallel a new Eureka proposal on greenhouse lighting is under preparation 

within COST-529 and should submitted in fall 2006. 
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