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I n t roduc t ion 

In line with its redefined mission Vito has committed itself to stimulate sustainable techno­
logical development and is expanding its R&D potential, its knowledge base and its highly spe­
cialised service capabilities accordingly This general objective is translated into concrete actions 
and projects in ten centres of expertise, which cover three major activity domains, namely ener­
gy, environment and materials A selection of the successes that were achieved in 1999 is pre­
sented in this annual scientific report 

A few years ago Vito decided to operate as a customer-dnven but independent research compa­
ny The majority of its activities has therefore become part of contractual agreements with either 

1 public authorities or industrial clients However an important part of the research capacity 
;: remains devoted to strategic (self-initiated) R&D This allows Vito to build up expertise and 
^ strengthen the knowledge base prior to customer or market requirements Vito wants the 
g answers before the questions are asked 

2 During last year's dioxin cnsis the effectiveness of this approach became cristal dear The avail-
c ability of highly qualified laboratory facilities and the know how of our employees based on over 
a> a decade of active involvements in European networks dealing with dioxins and PCBs, were cru-
Q cial supports to the Belgian authorities Investing in future technology developments therefore 
t: continues to be a key point of our strategy which you will find reflected in the items treated 
^ under the different headings of the centres of expertise further in this report 

O 
Q- Seizing and creating opportunities for co operation with other players in the field of R&D and 
a: innovation has become a fixed habit in our approach Embedding our strategic R&D in a number 
!:: of national and international (European) projects and networks is used as a multiplicator for the 
- efficiency of our R&D efforts 
z In this context Vito is also supporting a number of PhD students, who perform their research 
^ work in the laboratories of Vito under a common promotor supervision of a university professor 
>" and a Vito researcher In 1999 four new grants were awarded and four students obtained their 

PhD degree 

The considerable increase of the scientific output which was achieved in 1998, could be consol­
idated in 1999 The dominance of the number of reports is due to the priority which is given to 
tailonng our expertise so as to be able to respond adequately to the needs of industrial and pub­
lic clients However, in a number of high-tech fields Vito was also very prominently present on the 
international publication scene, as evidenced by the publication lists, which are included in this 
report (Fig ID 
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Fig. 11 Evolution of the scientific output 

This publication has been conceived to inform you about our mode of operation and about the 
technology fields we are active in, by highlighting a number of our recent accomplishments We 
hope that it can be the starting point for many new fruitful co-operations, yielding sound solu­
tions for the technological challenges that you, we and our society will encounter tomorrow 

Dr Rik Schrooten 
Managing director 
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V i t o E n e r g y 1 
Rational use of energy 
in the field of Rational use of energy (RUE) Vito's mam task is to generate ana disseminate 
reliable information on where, how and how much saving can be realised in a realistic way and 
without loss of production or comfort Research and development is performed on specific 
technologies Evaluation and dissemination of results of new and proven technology is carried 
out in promotional programmes and networking 
AS there is a close link between Rational use of energy and 'Renewable energy' programmes 
such as cold/heat storage and biomass are also undertaken in the near future more specific 
technological topics will be covered, and from 2000, the centre will be renamed as 'ENERGY 
TECHNOLOGY 

Energy technology demonstration projects 
Vito monitors and evaluates demonstration projects within the context of the Flemish 
Demonstration Programme for Novel Energy Technology This is necessary in order to obtain 
accurate and reliable evaluation data, as the equipment suppliers only guarantee theoretical 
results, and are not very interested in doing on site efficiency evaluation During a penod of at 
least one year energy flows and other relevant parameters are measured Based on these meas­
urements a technological analysis of the new technology, an economic evaluation and a deter­
mination of the primary energy savings and CO2 emission reductions are made 
Three projects of combined heat and power generation (CHP) showed good results The first 
IS a CHP installation in an horticulture company The electncity produced is delivered to the 
national gnd and the heat produced is used for greenhouse heating and water heating New 
elements in this project are the use of the CO2 produced by the CHP for increasing growth 
and production of the plants, and the use of a flue gas condenser for increasing the thermal 
efficiency The CHP reduces the primary energy consumption with 15,016 CJ/year or 
31 % compared to separated production of heat and power The payback time of the invest 
ment for the company is 5 years 
The CHP installation of a company which manufactures polyethylene for floppy disks and for 
foam packing materials has been monitored in a second project The blowing medium for the 
matenal is butane Part of the butane is recovered from the production sites and is used as fuel 
in a CHP The electncity produced is used in the production plant, the heat produced is used for 
heating the production sites and for driving an absorption water chiller The primary energy sav­
ing amounts to 20,000 CJ/year The simple payback period is 5 years 
A third project involves a dairy company The electncity produced is delivered to the national grid, 
the heat is used for the production of process steam and supply water The reduction of the pri 
mary energy consumption amounts to 13 909 CJ/year The simple payback period of the invest­
ments IS 2 4 years for the company 



A thermo-technical laboratory and demonstration facilities 
Vito has developed a new technical laboratory for research and testing of thermal energy systems 
with a maximum thermal power of 400 kW Dynamic tests of (combinations of) thermal systems 
at different water temperatures (between 6 °C and 95 °C) can be performed Combined with this 
thermo-technical laboratory a demonstration facility for energy efficient building technologies 
has been worked out Small scale combined heat and power, heat pumps, efficient and con­
densing boilers can be demonstrated under real working conditions for potential users (in par­
ticular for starting small and midsized enterprises) Other energy efficient technologies for the 
building industry are solar collector systems for the production of hot tap water and photovoltaic 
solar systems for the production of electricity In addition a demonstration facility for energy effi­
cient lighting for buildings has been worked out The project is acknowledged as strategically 
important and funded by the European regional development fund (ERDF) 

Energy efficiency of domestic heating 
Technical tools for the evaluation of existing heating systems and the correct choice of new tech­
nologies have been further developed and put into practice In a European project (SAVE) a joint 
research between 11 laboratories resulted in 'BOILSIM', a computer tool to calculate the annual 
efficieny of old and modern heating systems In this framework Vito did set up an extensive data­
base with the energy characteristics of different boiler types used throughout the EU 
The BOILSIM programme was translated into an evaluation tool for the Flemish installers, called 
VLAMEK This tool makes it possible for an installer to make a quick but fairly accurate estimation 
of the energetic, economic and ecologie benefits of energy saving measures for heating instal­
lations As a try-out the tool was applied to about 40 dwellings in co-operation with several 
installers and the Belgian oil and gas industry The results show that about 50 % of the end-users 
were planning to carry out the energy saving measures proposed on the basis of the VLAMEK cal­
culation tool Most of the measures relate to the replacement of boilers or burners and resulted 
in energy savings up to 35 % 
The developed evaluation tools were also used in a study for the Belgian energy sector in which 
the efficiencies of modern heating systems were compared for different building types Specific 
conclusions were drawn with respect to the importance of condensing boilers and modulating 
burners under low heat demand, e g in well insulated dwellings, the annual efficiency of mod­
ern on/off boilers can decrease significantly, while modulating burners show a constant per­
formance even at loads lower than 5 % 

Combined heat and power 
In 1999 a project on 'CHP and COj emissions' was carried out on behalf of Electrabel/SPE Based 
on pnor Vito work, the mam conclusion was that CHP could substantially contribute to a reduc­
tion of CO2 emissions However, for small scale CHP, (with limited operating hours) results were 
rather ambiguous In companson with new large-scale investments (gas fired combined cycle), 
small scale CHP may need additional power which, in the Belgian context of today, is provided by 
coal fired power plants which would have a negative impact on the final result 
For the promotional organism Belcogen a number of tasks were carried out in 1999 The guide­
book on CHP has been published and will be updated on a regular basis as well as the inventory 
of CHP projects in Flanders (Fig REG 1) 
Vito continued to perform CHP feasibility studies for different sectors In 1999 an important study 
was made for the hospital Stuivenberg in Antwerp 
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Fig REG 1 Demonstration of the combinect use of heat and power (CHP) in horticulture 
The addition of a flue gas catalyst and a condensor allows to use the flue gases for CO^ 
fertilisation in the greenhouse 

Thermal energy storage 
Ambient thermal energy winter cold and summer heat from the air can be stored in aquifers 
(ATES - Aquifer thermal energy storage) and can be used for cooling purposes in summer and for 
pre heating in winter A cold/heat storage system can be used for cooling a building or an indus 
trial process resulting in energy savings of between 40 and 80 % Introducing energy storage 
increases the use of renewable energy and has a positive impact on the environment as com 
pared with conventional cooling installations 
Vito IS promoting ATES in Flanders since four years and feasibility studies have been carried out 
Two installations are in service now three are under construction and the design work has start 
ed for five other projects Vito has realised a breakthrough in the Flemish market of the tech 
nology of ATES and this effort will be continued by a spin off firm As a support to the authori 
ties responsible for water licences (AMINAL) Vito has made a detailed inventory of the hydro 
geology of Flanders in relation to the applicability of ATES 
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A feasibility study was initiated on the technology for high temperature (> 50 °C) thermal energy 
storage in the underground (UTES) at high temperatures (> 50 °C) with vertical heat exchangers. 
Such type of energy storage can Improve the attractivity of the utilisation of renewable energies, 
in particular solar energy and the utilisation of waste heat from industrial processes. In connection 
with CHP (Combined heat and power) energy storage will Improve the energy savings even more. 
The project 'High Temperature Thermal Energy Storage In Saturated Sand Layers with Vertical Heat 
Exchangers', running under the Fifth Framework Programme of the EU, will explore the applica­
tion of UTES in conditions which are not only typical for Flanders, but for many regions In Europe. 

Power electronics and lighting 
The EUREKA ELCADI project in co-operation with VERDEYEN NV, SYLVANIA NV and lES SA (France) 
has been completed. This resulted in new dimmable electronic ballasts for street lighting with 
fault monitoring for 70, 150 and 250 W HPS lamps. These ballasts are commercialised under 
licence by VERDEYEN. The development of new ballast types and accessories is continued. 
A new electncal safety relay (Fig. REG 2) was developed in the ERDF framework (European 
Regional Development Fund) for EUROPOWER bvba. This device protects users and electrical 
equipment against electrical hazards by monitoring insulation faults, frequency and voltage. It is 
particularly useful for mobile power units because the star point of the generator (or trans­
former) must not be connected to earth, which is not always done In practice although it is 
required when using a residual current detector This system can be manufactured cheaply and 
will increase safety in the application of small mobile electrical power units. 

Fig. REC 2: Safety relay for mobile power units 

An evaluation for a new daylighting system developed by ETAP NV was started In the framework 
of a VUET-bis (IWT) project. The system consists of a special retro-reflective solar blind, a dedicat­
ed reflector at the ceiling and lighting fixtures equipped with a daylight responsive dimming sys­
tem Strategic research was focused on inverters for electrical generators, grid-coupled invert­
ers, daylighting systems and new types of lamp ballasts. 
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Energy efficiency networl<ing 
Vito IS the Belgian representative in the International Energy Agency's CADDET (Centre for analy­
sis and dissemination of demonstrated energy technologies) information network This network 
collects and disseminates information on energy efficient technologies and renewable energy in 
15 countries Vito also runs the Belgian National Team through which information is distributed 
by means of newsletters, brochures, reports, workshops and a database By the end of 1999, 980 
Belgian subscribers from industry, utilities, consultants, institutes, energy end-users, suppliers 
and government were grouped in the CADDET Energy Efficiency network Via these networks, 
Flemish energy technology used in industry or in SME's, is promoted at an international level 
As mam partner in VTC (Vlaamse thermie coördinatie), Vito also participates in the Organisation 
for the Promotion of Energy Technologies (OPET) network 
The OPET network is a collaborative venture between the demonstration component of the 
JOULE-THERMIE Programme (Joint opportunities for unconventional or long-term energy sup­
ply) It IS formed of 41 OPET's, located in all member states of the European Union and associa­
ted countries such as Norway Iceland, Liechtenstein and Israel In 1998,13 fellow members were 
added to the OPETs Network (FEMOPETs) to cover the Central European area 
Each year VTC implements a targeted set of actions, aimed primanly at a given technology or sec­
tor, focusing on how to provide activities which meet the real needs of market actors In 1999 
focus was on information days on renewable energy in social housing, biomass database, replace­
ment of old domestic boilers and the organisation of SME information days on RUE 
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Publications 
Landfill gas heats greenhouses through CHP 
E De Spiegeleer 
CADDET Register internet (ww«/ caddet 
ee org/register/data ee/cce02634 htm) (1999) 
1998/REC/P/0027 

Sulphur lamp light pipe / C van Bogaert 
CADDET EE Register internet site (1999) 
1998/REC/P/0038 

Heat recovery f rom flue gases wi th absorption cooling 
J Vanderlinden C Van Bogaert 
CADDET Newsletter No 1 22 23(1999) 
1398/REC/P/0106 

Verwarming van Vlaamse woningen uitgedrukt in 
cijfers / E Peeters 
Sanilec 1999 nr 25 p 59 60 
1993/REC/P/0004 

Conclusions du séminaire national Inspection 
reguliere et remplacement des chaudières 
résidentielles / E Peeters B Lefèvre 
Installateur nr 63 p 40 44 1999 
1999/REC/P/0005 

Besluiten van het nationaal seminarie Regelmatige 
controle en vervanging van residentiele 
verwarmingsmstallaties / E Peeters B Lefevre 
Installateur nr 63 p 40 44 1999 
1999/REC/P/OOOS 

Overview of the ATES projects in Flanders (Belgium) for 
air conditioning in large buildings and industrial 
process coo l ing /P Dirven B Cysen 
Bulletin d Hydrogeologie (17) 367 374 1999 
1399/REC/P/0012 

Warmtekrachtkoppeling Haalbaarheidsanalyse 
w Luyckx 
Milieutechnologie Be jaargang (4)4/3 4/5 1999 
1999/(?EC/P/0015 

Koude warmteopslag in watervoerende lagen voor 
klimaatregeling in gebouwen en industriële 
proceskoeling / P Dirven B Cysen P Vandekerckhove 
Leef Milieu (2) 50 58(1999) 
1999/REC/P/0036 

Koude warmteopslag m watervoerende lagen voor 
klimaatregeling in gebouwen en industriële 
proceskoeling / P Dirven 
Milieupraktijk (3) 4 5 1999 
1999/REC/P/OO^ 

From landfill to energy using landfill gas for electricity 
p roduc t ion /E De Spiegeleer 
CADDET RE Newsletter nr 2 p 21 23 1999 
1999/REC/P/0049 

Erfahrungen mit BHKW fur Cewachshauser 
A Martens 
VDI Berichte 1485 1485 169 180 1999 
1999/)?EC/P/00S9 

Subsidies voor energiebesparende projecten 
J Van Baei 
Nieuwsbrief Milieupraktijk (4) 7 8 1999 
1999/REC/P/0060 

Zuinig koeien' Overweeg koude warmteopslag in de 
bodemi / H Hoes B Cysen P Dirven 
Kempense Kamer Info (10) 21 23 1999 
•(999/)?EC/P/0062 

Koude warmteopslag duurzaam én zuinig alternatief 
voor koeling van gebouwen en processen / B Cysen 
Milieutechnologie (8) 4 7 1999 
1999/REC/P/0065 

Hoe verwarmt de Belg zijn won ing ' De cijfers 
E Peeters 
Bouw en renovatie 19 21 1999 
1999/REC/P/0075 

Comment ie Beige chauffe t li sa maison' Les chiffres 
E Peeters 
Construction et renovation 19 21 1999 
1999/REC/P/007a 

Tuinbouw en warmtekrachtkoppeling metingen van 
de economische waarde/J van Baei 
Technisch Management 101 104 1999 
1999/REC/P/0119 

Warmtekrachtkoppeling / w Luyckx 
Milieutechnologie 6e jaargang (3) 3/6 3/8 1999 
1999//?EC/P/0120 

Communications 
Overview of the ATES projects in Flanders (Belgium) for 
air conditioning in large buildings and industrial 
process cooling / P Dirven B Cysen 
European Ceothermai Conference Basel 99 Basel 
(Switzerland) 1999 09 28 1999 09 30 
1999/REC/M/0011 

Koude warmteopslag in watervoerende lagen voor 
klimaatregeling in gebouwen en mdustneie 
proceskoeling / P Dirven B Cysen 
Energy Efficiency Brussel (België) 1999 03 16 
1999 03 18 
1999/REC/M/00ia 

Actions on regular inspection and replacement of 
heating systems / c Vekemans 
Algemene statutaire vergadering Brussel (België) 
1999 02 27 
1999/REC/M/0018 

Experiences wi th small scale CHP In horticulture 
A Martens 
Energy and Agriculture towards the Third Millennium 
Athens (Greece) 1999 02 05 1999 05 06 
1999/REC/M/0026 

KWO voor gebouw en proceskoeling / P Dirven 
Vergt uw energiebeleid veel energie' Hasselt 
(Belgium) 1999 04 26 
1999/REC/M/0032 
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Praktljkanalyse van 10 woningen - Aspect verwarming 
C vekemans 
Energiecertificatie van gebouwen Limelette (België), 
1999-05-04 
1999/REC/M/003S 

Erfanrungen mit BHKW für Cewachshaüser 
A Martens 
Blockneizkraftwerke 'ggTechnlk und Entwicklung, 
Wirtschaftlichkeit, Betriebserfahrung, Essen 
icermany), 1999-06 15 -1999-06 16 
1999/REC/M/0038 

Toelichting meetcampagne bij Rosarium / A Martens 
Kwaliteits-WKK met diesels, Sint-Katelijne-waver 
(België) 1999-05-19 
1999/REC/M/0039 

Vlaamse demonstratieprojecten voor energiezuinige 
koeling / J Van Bael 
Koude- en nieuwe conserveringstechnologleén, 
Leuven (België), 1999-05-19 
1999//?EC//W/0041 

Toepassing van koude-warmteopslag in de tuin- en 
landbouw / P Dirven 
Koude- en nieuwe conserveringstechnologieen, 
Leuven (België), 1999-05-19 
1999/REC/M/0M3 

Presentatie opzet Vliet-bis project / J Van Bael 
Algemene vergadering VEGEBE, Roeseiare (België), 
1999-07-01 
1999/REC/M/0050 

Boller inspection In the EU achievements and 
challenges for the futures / c vekemans 
SAVE - For An Energy Efficient Millennium, Craz 
(Austria), 1999-11-08 -1999-11-10 
1999/REC/M/0067 

23 new energy efficient social houses In Hulshout, 
Belg ium/J Van Bael 
Bedrijfswereld ontmoet lokale besturen, Hasselt 
(België), 1999-10-13 -1999-10-15 
1999//?EC/M/0068 

Thermotechnisch labo van Vito / J Van Bael 
Water in de Industrie, Zemst (België) 1999-10-08 
1999/REC/M/0071 

The Flemish Biomass Platform / E De Spiegeleer 
3rd European Motor Biofuels Forum, Brussels (België), 
1999-10-10 1999 10-13 
1999/ReC/M/0076 

Koude-warmteopslag m watervoerende lagen 
een volwaardig alternatief voor de traditionele 
koelingsmethoden voor gebouwen en processen 
P Dirven 
Water In de Industrie, Zemst (België), 1999-10-08 
1999/REC/M/CI077 

Utilisation ratlonnelie de l'ênergle et energies 
renouvelables dans les logements soclaux en Belgique, 
presentation de 4 realisations / o vanuytsel 
MaTtrise de I énergie & energies renouvelables dans ies 
logements sociaux. Paris (France) 1999-10-13 
1999/REC/M/0080 

Subsidies in Vlaanderen / C vanuytsel 
Zaken doen door energiebesparing, Hasselt, Neerpelt 
(België), 1999-10-21 - 1999-10-28 
1999/REC/M/0082 

Ruimteverwarming / E Peeters. 
Zaken doen door energiebeparing, Hasselt, Neerpelt 
(België), 1999-10-21 -1999-10-28 
1999/REC/M/008'I 

Thermotechnisch Laboratorium Vito / J van Bael 
Zakendoen door energiebesparing, Hasselt, Neerpelt 
(België), 1999-10-21 -1999-10-28 
1999/REC/M/0085 

Energle(kosten)besparing, toerentalregeling op 
elektrische draaistroommotoren / C Van Bogaert 
Zakendoen door energiebesparing, Hasselt, Neerpelt 
(België), 1999-10-21 -1999-10-28 
1999/REC/M/0086 

wat Is koude-warmteopslag' Welke mogelijkheden en 
voordelen biedt deze techniek' zijn er reeds projecten 
In Vlaanderen verwezenli jkt ' / Hans Hoes 
Koude-warmteopslag duurzaam en zuinig alternatief 
voor koeling van gebouwen en processen, 
Crobbendonk (Belgium), 1999-10-28 
1999/REC/M/0090 

Hoe biedt Vito een oplossing voor al je vragen omtrent 
koude-warmteopslag' welke aspecten komen aan bod 
Ineen haalbaarheidsstudie'/H Hoes 
Koude-warmteopslag duurzaam ên zuinig alternatief 
voor koeling van gebouwen en processen, 
Crobbendonk (België), 1999-10-28 
•)999//?EC//M/0091 

Economisch energieverbruik in de woning / E Peeters 
De donderdagavonden over wonen, Brussel (België), 
1999-10-28 
1999/REC//W/0095 

Wat IS koude-warmteopslag' welke mogelijkheden en 
voordelen biedt deze techniek' Zijn er reeds projecten 
in Vlaanderen verwezenli jkt ' / P Dirven 
Koude-warmteopslag duurzaam ên zuinig alternatief 
voor koeling van gebouwen en processen. Ceel 
(België), 1999-11-18 
-f999/;?EC//W/0099 

Hoe biedt Vito een oplossing voor al je vragen omtrent 
koude-warmteopslag' Welke aspecten komen aan bod 
in een haalbaarheidsstudie' / B Cysen 
Koude-warmteopslag duurzaam én zuinig alternatief 
voor koeling van gebouwen en processen. Ceel 
(Belgiel, 1999-11-18 
1999/REC/M/0100 
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Liberalisering en Elel<trlclteit / w Luvckx 
studieavond Liberalisering GOM Oost Vlaanderen Gent 
(België) 1999 11 23 
1999/REC/M/0101 

Mini WKK in sociale woningen te Herentnout 
J van Bael 
Studiedag Mini WKK Antwerpen (Belgium) 1999 12 07 
1999/REC/M/0102 

Wat IS l<oude warmteopslag' Mogelijkheden 
voordelen en projecten in Vlaanderen / P Dirven 
Koude warmteopslag duurzaam én zuinig alternatief 
voor koeling van gebouwen én processen Mol 
(België) 1999 11 29 
1999/REC/M/0105 

Vito en koude warmteopslag' Haalbaarheidsstudie in 
de praktijk / B Cysen 
Koude warmteopslag duurzaam en zuinig alternatief 
voor koeling van gebouwen én processen Mol 
(België) 1999 11 29 
1999/REC/M/0106 

Min! WKK in België economisch haalbaar' / w Luyckx 
Studiedag mini WKK Antwerpen (België) 1999 12 07 
1999/REC/M/0107 

Potentieel voor het energetisch gebruik van stortgas 
in Vlaanderen / E De Spiegeleer 
Studiedag stortgas in Vlaanderen Pellenberg iBelgie) 
1999 11 30 
1999/REC/M/0108 

Reports 
Potentieel voor het energetisch gebruik van stortgas 
in Vlaanderen / E De Spiegeleer 68 p 
1999/REC/R/0023 

Jaarverslag National Team CADDET EE en -RE periode 
april 97 maart 98 / C Van Bogaert 50 p 
1999/REC/R/0051 

Studiedag Stortgas in Vlaanderen 3011 99 
E De Spiegeleer 75 p 
1999/REC/R/0104 

Studiedag Mini WKK / H Van den Bergh loo p 
1999/REC/R/0118 
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Vi to Energy 1 
Traff ic and env i ronment 
The centre of expertise Traffic and environment evaluates and optimises the energy and envi 
ronmental aspects of vehicle and fuel technologies components of drive trains and traffic 
Special attention is given to experimental studies identifying the relation between real traffic 
situations and the performances of new technologies Important research efforts are put in 
the development of tools and models for supporting market orientated projects voem Vito s 
on the road emission and energy monitonng system and E^Trac Vito s test infrastructure for 
drivelines have become internationally acknowledged tools for the control and improvement 
of the environmental impact of traffic 

On the road measurements with VOEM 
The European legislative emission tests for vehicles are not representative enough for real traffic 
behaviour To get realistic numbers for the gaseous emissions an in house developed and vali 
dated on board tailpipe emission monitoring system VOEM is used The entire system is built into 
the vehicle and the energy parameters and the exhaust gas emissions of carbon monoxide (CO) 
hydrocarbons (HO nitrogen oxides (NOx) and carbon dioxide (COj) are measured while the vehi 
cle IS actually driven on the road Recently Voem was upgraded with a module for dynamic mass 
particulate matter (PWI) emission measurements The new part consists of a Tapered element 
oscillating microbalance (TEOM) measuring device coupled with a portable micro dilution tunnel 
sampling system The TEOM is mounted in vehicles in such a way that the influence of on road 
conditions such as shocks vibrations and accelerations is minimal It proved to have a zero sta 
bility below 2 mg/m' The system is computer controlled The VOEM PM measurements were sue 
cessfully validated versus a constant volume sampling chassis dynamometer 
To demonstrate the system capabilities a latest technology EURO 2 diesel city bus owned by the 
Brussels public transport company MIVB was measured The bus was selected from a group of 
similar vehicles based upon its low opacity reading On a circuit a a t / cycle was driven in both 
power and economy mode The CO HC NÔ  and PM emissions in power mode were respective 
ly 5 13 20 and 0 5 g/km In economy mode the results were respectively 5 10 19 and 0 9 
g/km Although the bus was by 10 % more energy efficient in the economy mode the PM emis 
sions were nevertheless higher This PM emission increase is due to the engine operating in low 
lambda conditions for longer periods in economy mode 

Realistic testing cycles for heavy duty vehicles 
In the framework of the Impulse programme for energy technology of the flemish government 
(VLIET) a research project was set up to develop a test methodology for the evaluation of the 
environmental impact of heavy duty vehicles (HDV) By environmental impact is meant the fuel 
consumption and emissions of CO2 CO HCandNO^ HDV are in contrast with passenger cars not 
subject to a type approval test for the vehicle Only the engines of the HDV are subject to a type 
approval test but in view of the wide variety in the use of the engines it is not evident to trans 
pose the engines test results to the environmental impact of the vehicle under realistic operat 
ing conditions 
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However there is a need for a methodological evaluation of this impact both for fleet owners 
and policy makers They need a scientific base for their decisions when buying respectively pro 
moting environmentally friendly vehicles 
Two major critena must be kept in mind in the development of testing cycles The testing cycle 
must be representative for the daily operation of these vehicles and the tests must be repro 
ducible To deal with these two requirements the commonly used approach of speed vs time 
profiles was abandoned The mam reason for doing this is that in reality the vehicle itself has a 
major impact on its kinematics certainly dunng the acceleration phases Therefore the approach 
of a speed vs-distance approach is followed in which the term speed must be interpreted as 
the targetted speed at each location It are the intrinsic vehicle capacities that define at which 
locations the maximum speed level is reached or not Fig V&M 1 illustrates this principle both 
the maximum speed levels of the testing cycle and the actual speed levels as measured with the 
tested vehicle are plotted 

testing cycle measured profi 

0 200 400 600 800 1000 1200 1400 1600 1800 

distance (m) 

Fig V&M 1 Realistic behaviour of a vehicle driving a test cycle The bold line represents the 
targetted speed during the test cycle the thin line represents the speed recorded dunng an 
actual test The fact that the bold line does not impose the full kinematic behaviour of the 
vehicle guarantees a realistic operation of the vehicle dunng the test 

Two methodological aspects were investigated in detail The first concerns the extraction of rep­
resentative speed vs distance profiles out of the registered daily operations of a vehicle The sec­
ond concerns the best practice to achieve repeatable test results using this speed-vs-distance 
approach For this purpose a driver guidance system was developed that specifies amongst oth 
ers the driving behaviour First results obtained with this system show that an adequate repeata 
bility of the test is feasible 
The results of the study are discussed in the COST 346 network This COST action compares dif 
ferent methodologies and models to quantify the real emissions of HDV 
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Evaluation of hybrid and natural gas vehicles 
Manufacturers invest a lot in the development of new engines and dnvetrains for complying with 
the most stringent emission legislations However minimal energy consumption and emissions 
can only be guaranteed if the technology is chosen as a function of the application This is par 
ticularly true for HDV and the effect is most pronounced for HDV running on gaseous fuels or 
HDV with hybrid traction Vito carried out different measuring campaigns for various national and 
international clients to quantify the effect of the chosen technology on the environmental per 
formance of the vehicle in real operating conditions 
On behalf of the Flemish Administration for natural resources and energy (ANRE) Vito has evalu 
ated a hybrid bus of the Flemish public transport company De Lijn The main goal of this evalu 
ation was to investigate the possibilities for enhancing the performance of the bus A bus 
equipped with the VOEM system was driven on a circuit or on the actual exploitation route 
Fig V&M 2 Illustrates that the power generated by the engine under these conditions vaned 
with the state of charge (SOC) of the battery When the battery is almost fully charged the power 
of the engine is low while under low SOC the engine power is high Under normal operation of 
the bus in the city of Leuven the SOC of the battery stays above 60 Ah The engine is therefore 
working under low power conditions for which the fuel efficiency is low and the emissions are 
high This situation could be improved by installing a smaller engine 
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Fig V&M 2 Engine power as a function of the state of charge (SOC) of the battery 
When the state of charge of the battery increases from 36 Ah to 71 Ah (fully loaded) 
the average engine power decreases from 45 kWe to 15 kWe 

In the framework of an international project the fuel consumption and emissions of a natural gas 
bus with a stoechiometnc engine were measured under vanous load conditions with VOEM This 
was done on a test track used by the local public transport company The measurements were 
performed with a fully loaded bus (6 400 kg) an average load (5 700 kg) and a small load 
(1 000 kg) The results given in Table V&M 1 show that the emissions especially NÔ  and CO are 
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influenced by the load conditions This can be ascribed to the different working points of the 
engine Under heavy loads the engine works more under maximum torque conditions, while 
under low loads higher engine speeds are obtained The CO2 emissions are directly related to the 
fuel consumption which increases with the total mass (load) of the vehicle 

Load 
kg 

6 400 
3 700 
1 000 

CO2 
g/km 

1,461 
1 385 
1,137 

CO 
g/km 

0 46 
0 63 
0 30 

HC 
g/km 

0.18 
016 
011 

NO, 
g/km 

1 92 
0 82 
2 84 

Table V&M 1 Emissions of a natural gas bus under different loading conditions, according to 
a testing cycle of a public transport company 

The city of Turnhout started in 1999 a demonstration project financed by ANRE with 3 light duty 
trucks running on natural gas The gasoline engines of three Ford transit vans were converted to 
bi fuel natural gas-gasoline engines The vehicles can drive on natural gas or on gasoline The 
project was set up to demonstrate the potential of natural gas as a practical and environmental­
ly fnendly fuel To investigate the environmental benefits of the vehicles, measurements with 
VOEM were carried out Tests were performed on the highway, rural ways as well as on city roads 
Driving on the rural roads and the highway gave a fuel consumption that was 20 - 25 % lower as 
compared to city driving (Table V&M 2) The lower carbon-hydrogen ratio of natural gas compared 
to gasoline resulted in lower CO2 emissions (10 15 %) for the natural gas driving for all three road 
types For the other emissions (CO, HC and NO,) the same straight relation between natural gas 
and gasoline was not found In the city the natural gas vehicle had lower NO, emissions but equal 
CO and HC emissions as compared to gasoline, whereas on the highway CO emissions were lower 
but NO, emissions were higher This is mainly due to the fuel-control system For gasoline the 
engine is capable to keep the air-fuel ratio close to stoechiometnc (average lambda around 0 99) 
When the engine runs on natural gas the air fuel mixture tends to be nch Especially under city 
conditions, with a higher fuel consumption and a dynamic load, the air-fuel mixture becomes rich 
(lambda value around 0 977) resulting in low NÔ  but high CO emissions 

Fuel 

Natural gas 

Gasoline 

Road type 

City 
Rural 
Highway 
City 
Rural 
Highway 

Emissions 
CO2 (g/km) 

337 
274 
275 
392 
297 
305 

CO (g/km) 

20 
1.0 
01 
25 
19 
25 

HC (g/km) 

0 05 
019 
0 03 
0 03 
0 02 
0 04 

NOx (g/km) 

0 20 
0 25 
0 53 
128 
0 53 
0 37 

Table V&M 2 Emissions of a bi-fuelled van (natural gas-gasolinei under different traffic conditions 
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Models and databases 
For the calculation of emissions from road transport, Vito developed the emission model TEMAT 
This model calculates histoncal emissions and predicts future emissions for different scenanos 
The emissions are calculated from the emission factors, the vehicle fleet and the annual mileage 
These three parameters vary with year, fuel, age, emission norm, road type, traffic conditions and 
cylinder capacity The emission factors for cold and hot emissions and evaporation emissions are 
taken into account Different composition of the future fleet can be calculated starting from the 
mobility demand and the histonc fleet composition Therefore, a vanable surviving curve was 
implemented in the model 
Scenarios can be defined by combining different tables with input data that quantify the three 
basic parameters Because of its flexibility the TEMAT model can be used to evaluate different 
scenarios, which include present and/or future measures for road transport The model can be 
adapted to the Flemish, Belgian or even European situation The TEMAT model strengthens the 
scientific basis for evaluating different measures in transport It is an important tool for advising 
policy makers in relation to traffic and environmental problems 
A database was developed and put on the internet to inform the consumers on the fuel con­
sumption of new cars available on the Belgian market In this way, it is expected that a shift in 
purchase behaviour towards more fuel-efficient cars can be provoked Each car receives a 'fuel 
economy label' This label is based on the fuel economy of the car compared to cars of the same 
size (defined as length x width) and the same fuel type The companson is made by means of a 
regression analysis on fuel consumption as a function of size The fuel efficiency is expressed as 
the deviation in terms of percentage of the regression line On behalf of ANRE, research is car­
ried out to investigate the possible introduction of other, more market oriented, parameters 
Information is given on the difference between official fuel consumption data and on-the-road 
consumption and emissions, effects of driving behaviour and traffic conditions Recommenda­
tions are made for economical driving One year after the introduction of the Internet database 
25,000 visitors were registered, or an average of 63 visitors a day (http //wwwvito be/autover-
bruik) (in Dutch) 
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Vi to Energy ] 
Product and process assessment 
The centre of expertise Product ana process assessment develops integral evaluation methods 
for products and processes taking into account environmental, energetic and social aspects 
The implementation of these methodologies in practice supports authorities and companies in 
their commitment for a sustainable management of the environment 

Life cycle assessment and ecodesign 
A demonstration project on ecodesign has been initiated The project is funded by the European 
LIFE programme and is executed by the Regional Development Authority of West Flanders (COM 
West-Vlaanderen), the VDAB Training and Education Croup and Vito The goal of the project is to 
give the Flemish industry the opportunity to build up knowledge and expertise in the area of sus­
tainable product design (ecodesign) and to stimulate companies to implement this methodolo 
gy in their design process 
Furthermore, Vito has participated in a project that aimed at the inventansation and analysis of 
the state-of-the-art of ecodesign in Europe This project has been executed through the ESTO 
network (European Science and Technology Observatory) by a consortium of 5 institutes 
acquainted with the subject of ecodesign Vito conducted the country studies for Belgium. 
France and Luxembourg The mam conclusion regarding the situation in Belgium is that ecode­
sign became only recently a topic of interest for research institutes as well as for companies 
However it seems that ecodesign is gaming momentum now, especially in the Flemish Region 
The LIFE-project mentioned earlier illustrates this 
A cleaner production information network (CPIN) a WWW-based pilot project commissioned by 
the European Environment Agency (EEA) has been established This European network aims to 
promote cleaner production in Europe by improving communication between scientists and 
industry It is the intention to set up a global telematic network, based on the experience with 
the European network 

Assessment of environmental damage costs of energy 
and transport 
Vito develops and applies methodologies for the evaluation of environmental damage caused by 
economic activities To this purpose, Vito is part of the European wide ExternE network of scien­
tific institutes that apply the ExternE methodology for the assessment of external costs of ener­
gy and transport, i e the calculation of impacts and damages for public health, the natural and 
man made environment These tools and data are further developed and applied for projects 
performed on behalf of national and regional authorities and the industry The mam work of Vito 
in this area covers a wide range of issues and clients (Fig PRE 1) 
• Vito participates in European (EU Joule) and national research projects (OSTC) to calculate the 

external costs of transport m Belgium A detailed European model has been implemented 
for Belgium to assess external costs for different vehicles on selected trajectories These 
results were introduced into a model for the calculation of external costs at a more aggre­
gated level (e g all passenger cars for a certain year) 

• As CO ordinator of the ExternE Concerted Action network Vito organised two meetings in 
Brussels It showed that in all EU countries, the expertise built up with the EU Joule con­
tracts, has been further developed and applied in national research programs, government 
agencies and industries 
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• In the framework of a research project (VLIET bis) for the Flemish government Vito made first 
estimates of the external costs caused by air emissions from all energy uses in Flanders 

• The ExternE accounting framework is further being completed and integrated with expert 
ise and models in related fields (emissions, dispersion models, human and eco-toxicity) in 
view of an integrated approach for risk assessment 

1993 1994 1995 1996 1997 1998 
Fig PPE1 Evolution of fleet mileage and external costs from air pollutants for Belgian 
passenger cars over the period 1993 -1998 

Technology assessment 
The project group Technology assessment concentrated its work on the elaboration of its net­
work activities and performed different studies for a vanety of clients in the field of sustainable 
development 
The group continued its role as the Belgian representative in the European ESTO network 
(European Science and Technology Observatory) on behalf to the Institute for Prospective 
Technological Studies at Seville The ESTO network is composed of seventeen European institu­
tions from 12 countries, all with experience in the field of scientific and technological assessment 
at the national level ESTO aims at detecting at an early stage scientific or technological break­
throughs, trends and events of potential socio economic importance, which may require action 
at a European decision-making level The mam clients for these activities are European science 
and technology policy-makers in particular within the Commission 
The European Vocational Training Association commissioned a study that analysed the existing 
and professional education and training responses to support the improved environmental per­
formance of SMEs in Belgium This resulted in a national profile that provided the basis for a 
senes of recommendations aimed at each of the key actors and to which European Commission 
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policies could be directed to support implementation 
For the College of Europe in Bruges a definition study was supported on a proposed research and 
training initiative for the United Nations University This centre will be located in Bruges and will 
deal with issues in the field of inter and intra regional integration 

The Flemish centre for Best available techniques (BAT) 
and the Energy and environment information system (EMIS) 
The centre for Best available techniques (BAT) is founded by the Flemish Government and host 
ed by Vito The BAT centre collects evaluates and distributes information on environmentally 
friendly techniques In 1999 BAT reports on laundries vegetable processing ceramic industry 
service stations and used oil processing were published 
Laundnes face a difficult economic situation the market is declining and internal competition is 
fierce The extensive use of process water and energy as well as the quality of the waste water 
are the key environmental issues for this industry The BAT selected consists of waste water purif i 
cation using biological systems for larger laundries and several measures of good housekeeping 
including the installation of mangle hoods and frequent maintenance of equipment (Fig PPE 2) 

hig HPE 2 Example of a Best available technique for the launürv sector automatic dispensers 
reduce the detergent consumption and water pollution 

The BAT study on the service stations focused mainly on the techniques for preventing petrol 
vapour emissions and more particularly the vapour recovery during car tank filling (so called 
stage II systems) Emissions of volatile organic compounds released during the filling of the petrol 
car tanks contribute to the creation of ozone in the lower layers of the atmosphere cause odour 
pollution and can present danger to human health Vapour recovery was shown to be BAT for 
most of the service stations A regulation to introduce vapour recovery (stage II) was suggested 
to the Flemish authorities The average cost of stage II vapour recovery is 0 04 to 0 09 BEF per 
litre It will reduce VOC emission in Flandres by about 1 000 tonnes per year 
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The clay processing industry produces ceramic products by heating clays or loam Air pollution is 
the mam environmental issue for the clay processing industry Through the flue gases that anse 
during the baking process, the sector is a source of SO,, HF, HCI, dust, VOC and other emissions 
BAT for flue gas purification are CaCOj adsorption and post combustion (of initial VOC > 150 
mg/Nm') By applying the BAT measures, the Flemish clay processing industry should be able to 
accomplish emission reductions of 25 % for SOj, 76 % for HF, 50 % for HCI, 65 % for dust and 
53 % for VOC In turn, an average Flemish enterprise will have to carry an additional yearly cost of 
10 million BEF, as a minimum BAT associated emission limit values proposed, depending on 
clay composition, are SO, 500 - 2 500 mg/Nm^ HF 5 - 15 mg/Nml HCI 30 mg/Nml dust 
50 mg/Nm' and VOC 50-150 mg/Nm' 
The key environmental problems for the 'fruit and vegetable processing industry' are the use of 
large volumes of groundwater and the production of waste water polluted with organic carbon, 
nitrogen and phosphorus BAT on waste water treatment are e g 
• primary and aerobic waste water treatment for small potato peeling enterprises, 
• primary anaerobic and aerobic waste water treatment, including nitrification / denitnfication / 

defosfatation for larger companies 
Annual waste water treatment costs for an average enterprise were estimated to be 15 - 20 mil­
lion BEF Water-saving BAT measures and re-use of water might cause a 25 - 30 % decrease in the 
use of ground water 
Used oil IS processed in the Flemish region by different processes, including the removal of sed­
iment and water, incineration and injection in blast furnaces A new initiative is the re-refining 
route that yields distillates suitable for the production of base oil BAT assessment showed that 
the re-refining project and the use in the blast furnace are the most preferred options Almost 
as good are recycling of industrial oils, co-combustion in cement kilns and the use as fuel in a 
hazardous waste incinerator When the 170,000 ton of used oil that are annually produced in 
Flanders, are treated according to BAT SOj emission could be lowered from 2,000 to below 200 
t/y The emission of metals would be reduced to 36,000 kg/y as compared to the total of 40,000 
kg/y 
The EMIS website (httpZ/wwwemis vito be) has seen an ever increasing number of visitors In 
December, 15,000 visitors found information on energy or the environment on EMIS Popular 
themes like the new legislation, jobs, the green guide, etc have been continuously updated The 
important changes of the Vlarem-legislation (first of May 1999) have been incorporated the same 
day in the Flemish navigator (http //www2 vito be/navigator/default asp) In co-operation with 
the Flemish Waste Agency OVAM and Infomil (NL) and the Dutch provinces, a new site 
(http//www milieuwinst nl) has been established where SMEs and households can easily find 
hints for environmental pollution prevention Further, the Felnet site was officially opened 
(http //wwwfelnet org) The Felnet website gives access to the integrated library catalogue of 
Flander's most important environmental libraries 

Energy and environmental studies 
The Energy and environmental studies project group focused its activities on emission and emis­
sion reduction related studies These studies concerned mainly the global warming issue and 
were linked to the regional and federal policies The challenge is the selection of greenhouse gas 
reduction measures to achieve reduction targets, as agreed within the Climate Convention 
UNFCCC, without threat to our economy or standard of living As one of the major tools used to 
evaluate policies and measures and emission projections, the MARKAL model is used, an energy 
technology optimisation model developed through the Energy Technology System Analysis 
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Programme (ETSAP) of the International Energy Agency (lEA) The OSTC funds the scientific work 
and development related to this model for which Vito together with CES Centre of Environ 
mental Studies of the KU Leuven are the national contacts At Vito the model is used to assess the 
federal greenhouse gas reduction plan to update the Flemish regional CO2/RUE policy plan and 
to assess the impact of different global warming reduction scenarios on the electricity produc 
tion plan (Fig PPE 3) 
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Fig PPE 3 Evolution of energy consumption and CO2 emissions in Flanders over the period 
1990 1997 based on Flemish energy and CO2 emission inventory data collected by Vito 

For each of these studies a sound basis of high quality data is required Vito further improved the 
quality of the Flemish energy and CO2 emission inventories by detailed inquiries of industry In 
collaboration with the Institut Wallon responsible for establishing the Walloon region inventories 
a common methodology and data base has been developed in order to aggregate regional ener 
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gy balances at the Belgian level The annual energy balance and CO2 emission inventory for 
Flanders were published for the year 1996 The regional inventories have been used to establish 
the Belgian emission inventones for 1996 and a preliminary inventory for 1997 These detailed 
and complete inventones are required for making emission projections and for evaluating emis 
sion reduction measures 

water pinch analysis 
Water pinch analysis is a methodology for optimising the water management in complex indus 
trial environments In the past process integration techniques based on pinch analysis have been 
successfully applied to improve the energy efficiency in the chemical and process industnes 
To extend its activities in water pinch analyses Vito has joined the Water pinch club which was 
created by Linnhoff March The activities on process simulation and process optimisation by pinch 
analysis were actively promoted in a Water pinch analysis seminar which was jointly organised 
with Linnhoff March in Antwerp 
The application of WaterPinch® in oil refining and petrochemical processes has demonstrated 
that water savings up to 25 % can be achieved when the changes are limited to adaptations of 
the piping and the control systems More radical interventions such as process modifications or 
the selective regeneration of waste water allow even savings exceeding 50 % 
Vito focuses on water pinch studies but whenever appropriate energy saving aspects (energy 
pinch) are also addressed Vito is involved in several EU projects in which water and energy pinch 
are combined and procedures for an overall optimised scheme are developed Vito also extends 
Its general knowledge on pinch technology towards other areas and is involved in a EU project on 
development and application of chemical pinch technology 
Vito has carried out water pinch studies for different companies with water licensing or waste 
water problems The feasibility of the proposed process modifications are supported by Simula 
tion tests using an Aspen Plus™ process simulator and by laboratory or pilot scale regeneration 
tests which provide valuable information for the final implementation of the optimisation 
scheme Vito has carried out water and energy optimisation studies for companies in the food 
steel and energy sector As part of the project investment roadmaps provide the necessary infor 
mation for the companies concerning the investment cost required for the implementation of 
the proposed process schemes 
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Vi to Env i ronment ] 
Environmentat diagnost ics 
The centre of expertise Environmental diagnostics has extended its activities continuously dur­
ing the last year Thereby we had numerous opportunities to demonstrate our competence, 
objectivity and reliability as a research partner for the government and for the industry, in this 
respect we can refer to the crucial role we played in circumscribing and solving the recent 
dioxin crisis in Belgium. 
However, the most important tasl< of the Environmental diagnostics group remains its role as 
the Flemish reference laboratory and as the structural scientific partner of the Flemish envi­
ronmental administrations in this way Vito meets an important structural need of the Flemish 
authorities This can be illustrated by a number of new assignments that were granted last 
year such as 
• recognition of laboratories In the framework of the Flemish decree on overfertilisatlon (on 

behalf of VLM); 
• studies for a sectorial smell regulation ion behalf of AMINAU; 
• control system for soil investigations to keep an eye on the quality of the commercial sen/-

ices of recognised soil remediation experts and laboratories (on behalf of OVAM): 
• further development of the network for continuous monitoring of the ambient air quality 

(on behalf of VMiVl). 
in addition highly specialised and multldisclplinary environmental studies are undertaken at 
the request of the Industry. Routine analyses or investigations that can be performed by com­
mercial laboratories or consultants are not addressed. 

Analytical support during the dioxin crisis in Belgium 
End of May 1999 it was disclosed that an accidental contamination of feed had occurred in 
Belgium in the beginning of the year, resulting in high concentrations of dioxins and PCBs in 
chicken fat Immediately the Ministry of Public Health installed an expert group to advise the 
authonties on the analytical approach to clear blocked stocks of products for the market, on cut­
off values for the residues in food and on a monitoring plan 
Being considered as the centre of expertise in Belgium for analyses of dioxins and PCBs, Vito was 
entrusted a key role in working towards a suitable and feasible analytical approach Dunng the 
first decade of June the highest priority was given to gather critical evidence on the chemical pat­
tern of the contamination In a report to the European Commission it could then be pointed out 
that the pattern of the dioxins was virtually identical to that in the contaminated rice oil that poi­
soned 2,000 people in 1968 in Yusho, Japan (Fig DIA 1) The pattern of PCBs in the feed was 
matched to a mixture of two widely used transformer oils The concentrations of the PCBs (sum 
of 7 indicator congeners) and dioxins (toxicity equivalents) in the feed, as well as in eggs and poul­
try were found to correlate closely having an average ratio of about 50,0001 Based on this 
information the European Commission could be convinced to follow a pragmatic approach, con­
sisting of a screening of food items for PCBs with fixed cut-off values This test is indeed much 
faster and cheaper than a dioxin analysis, and allows to achieve the required huge laboratory 
capacity within a reasonable time During and after the cnsis penod Vito has been the reliable 
adviser on analytical aspects for the authorities It contnbuted to the development of a nor­
malised procedure for PCB analyses in feed and food, informed the dioxin commission of the 
Belgian parliament on analytical matters, and continues to be involved in the scientific steering 
of follow-up studies 
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Fig. DIA 1: The pattern of the dioxin contaminants in Belgian feed products was virtually 
identical to that in a PCB contaminated Japanese rice oil (Yusko incident): in an early stage of 
the dioxin crisis this was strong evidence for identifying PCB as the external contaminant. 

Obviously the dioxin crisis strongly influenced the laboratory activities. Following the request 
from the federal ministries to give highest priority to the analytical support during the crisis, 
ongoing research and analytical servicing were temporarily frozen and the organic laboratory was 
fully oriented towards PCB and dioxin analysis of feed and food. Most of the samples originated 
from the dedicated control of suspect farms, but Vito was also frequently asked to provide ref­
erence values when analyses by other laboratories appeared contradictory or dubious The 
advanced technical principles (e.g. Isotope dilution) and quality control of the Vito methods 
ensured the highest degree of reliability Among the crucial dioxin analyses a series of ten con­
sumer milk samples should be mentioned; they had been collected in March-May 1999 as part of 
the existing dioxin monitoring programme to which Vito collaborates since 1993, The results, 
obtained within about 1 week, turned out to be strong evidence for withdrawing a European ban 
on Belgian dairy products. 

Structural analysis of soot for source determination 
The increase of fine aerosol in the environment has been a hot topic during the last years. 
Particles with small diameters can penetrate deeply into the airways and thus can cause a lot of 
harmful health effects. One of the least understood atmospheric aerosols is soot, a major com­
ponent of fine atmospherical dust Incomplete combustion forms particles, which condense into 
a black aerosol when cooling down Due to their small dimensions (10 nm to 2 um), their struc­
ture, and the ability to adsorb thousands of different species, these particles can cause severe 
health problems to men. Because soot strongly scatters and absorbs light and because it 
enhances cloud formation, it plays an important role in 'global change'. These effects are 
strengthened by the long residence times in the atmosphere and consequently by the possibili­
ty to be transported over long distances. 
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Because the effects soot causes depend crucially on its size, morphology internal structure, and 
chemical composition, these features are studied to understand how these effects are produced 
and how they could be avoided Since these structure charactenstics are the result of the for­
mation conditions and the combustion process it might even be possible to use it as a means to 
Identify the origin of environmental soot particles 
The mam source of soot in the atmosphere is diesel traffic Other important sources are heating, 
air traffic and industry Therefore, we focus in this study on soot emitted by a car running on 
diesel and biodiesel, both at idle run and at stationary regime soot from an oil fired domestic 
heating installation and soot from a jet aircraft exhaust Carbon black a commercial product with 
similar features as soot, is used as a reference material 
By performing individual particle analyses (e g by electron microscopy) both the morphology and 
the composition of single particles can be measured The mam advantage over bulk analysis is 
that we gam more detailed information on the nature of the particles their origin, their forma 
tion processes and potential transformation they may undergo in the environment In order to 
link these parameters up the particles are characterised as a function of their aerodynamic dia­
meter The aerodynamic diameter is an important physical parameter for describing diffusional or 
inertial deposition of aerosols into the human respiratory system A methodology was established 
to characterise the complex aggregate morphology (Fig DIA 2) with automated image analysis of 
electron microscopic photographs 

^ 
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Fig DIA 2 Electron microscopical picture of two diesel soot particles, exhibiting the typical soot 
aggregate morphology 

By studying the electronic bonding state of carbon the mam constituent of soot, we found that 
the soot from domestic heating diesel soot and carbon black all have a significant amount of sin­
gle bonding character Diesel soot seems to have rather a double bonding character and shows 
a tendency towards forming polycrystalline grains Elemental analysis shows that carbon, oxygen 
and sulphur, probably in the form of adsorbed sulphate, are present in all soot types The chem 
ical composition differs for soot from different sources For example no potassium nor calcium 
are observed in soot from an aircraft engine, which gives us a means to distinguish it from all 
other types of soot 

38 



The size distributions of the soot aggregates show that the majority occurs in the smallest frac­
tion of the studied range (0.15 - 0.45 Mm) This trend is most pronounced for aircraft exhaust 
soot, with almost 80 % of the particles having a size of 0.15 pm On the basis of these results, it 
might be possible to determine the origin of soot in the environment. 

Vito's expertise in soil pollution investigations 
Vito is carrying out soil investigations on behalf of government departments such as OVAM 
(Public Waste Agency of Flanders) and on behalf of the industry 
For OVAM, Vito has been conducting two types of investigations Those specifically requested to 
verify results of investigations carried out by recognised soil remediation experts (since 1995 the 
Flemish decree on soil remediation allows OVAM to recognise such experts) and investigations 
where it is necessary to evaluate and investigate complicated soil contamination problems. The 
industry is also requesting support from Vito for the more complex pollution problems. Routine 
studies (e.g exploratory and descnptive soil investigations) are not conducted on behalf of the 
industry 
On a yearly basis 20 to 40 investigations are conducted at the request of OVAM to verify the site 
investigation results prepared by recognised soil remediation experts The investigations done by 
Vito include inventory and evaluation of data, critical quality assessment of the investigation 
report, extra fieldwork and analyses of soil and groundwater samples (Fig. DIA 5) This system of 
random control by the reference laboratory was set up by OVAM to control and to assure the 
quality of the services delivered by commercial labs and by recognised soil remediation experts. 

Fig. DIA 3: Ceoprobe equipment for advanced soii and groundwater sampling 
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OVAM also sollicitates the support of Vito for pollution problems which are particularly complex 
with respect to hydrogeological aspects or the type of contaminant and for which the combined 
expertise of several experts is required As an example the study of groundwater pollution in the 
industrial area Vilvoorde - Machelen (north of Brussels) can be mentioned An extensive invento­
ry completed with field work (including the installation of 37 observation wells with depths rang­
ing from 6 up to 32 m) and a detailed study of the geology and hydrogeology of the area, allowed 
to gam a better overview and understanding of the pollution problems of the site (mainly BTEX 
and chlonnated hydrocarbons) The data collected for this study are used for nsk evaluation and 
will be used to support the selection of remedial actions needed in the area 
Another interesting groundwater pollution study concerns the regional soil and groundwater 
pollution by heavy metals in the Campine area (north - east of Belgium) This project includes the 
study of the unsaturated and saturated zones For the unsaturated zone a mathematical model 
has been developed to descnbe the transport processes of heavy metals towards the saturated 
zone For the saturated zone groundwater flow modelling has identified the flow paths which 
made it possible to understand the regional transport of pollutants like zinc and cadmium An 
important result of this study is the understanding of the groundwater recharge causing pollu­
tion of the surface waters in the area 

Validation of analytical methods and interlaboratory comparison 
for the analysis of manure, soil, fertiliser, water and animal feed 
The spreading of manure on farmland is essential for agriculture but overfertilisation has a neg­
ative influence on the environment because nutrients pollute the soil and the groundwater The 
phosphate content of the majority of farmlands is too high and recent concentration increases 
of nitrate and phosphate in the groundwater are obvious There was a need for a legislation to 
regulate this situation while maintaining a sustainable agriculture 

With regard to the use and production of manure the Flemish legislation provides a number of 
measures in order to decrease the negative influence on the environment One of them is the 
restriction of the amount and the limitation of the period for spreading of manure on farmland 
These measures are meant to limit the leaching of nutrients (mainly nitrate) into the ground­
water In order to examine the leaching of nutrients, their concentrations in soil will be deter­
mined yearly for every farmland during autumn, when most nutnents should have been con­
sumed The legislation also gives farmers the opportunity to assess a minerals balance of their 
farm This should give them the possibility to keep input (i e animal feed) and output (i e 
manure, wastewater) of nutnents in balance 
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All these measures give rise to huge numbers of analyses, mainly of soil but also of manure, fer­
tiliser, water and animal feed On behalf of the 'Vlaamse Landmaatschappij (VLM)' which is respon­
sible for the implementation of the legislation with regard to manure, Vito provided the analyti­
cal methods for up to 19 parameters in 5 matrices and organised an interlaboratory comparison 
Due to the big differences in composition of the matrices, different methods are needed for 
measuring the same parameter in different matrices 
As we had little experience with some of these matnces, all standardised methods were com­
pared In consultation with experts, the most suitable methods were selected A compromise 
between very accurate and more convenient methods had to be found, as fast methods are pre­
ferred due to the large number of samples As some standardised methods tend to be labour-
intensive and time-consuming some of them could not be adopted without modifications For 
manure and soil analysis most of the methods were adapted to routine analysis Every modified 
analytical method was subjected to a brief validation and some performance charactenstics were 
evaluated All procedures were put together in a compendium and made available to the labora­
tories on the Vito web site (http //www vito be) 
In the spnng of 1999, laboratones got the opportunity to participate in an interlaboratory com­
parison for all those parameters in the different matrices Samples were provided and checked 
for their composition and homogeneity by our laboratory About 50 laboratories participated The 
variation of the results was surprisingly low The processing of the data was performed, selection 
criteria were established and recommendations for the accreditation of the laboratories and 
modifications to some analytical methods were formulated This interlaboratory companson 
resulted in the selection of 15 laboratories for routine analysis of all parameters 
In the autumn of 1999 research was performed in order to improve and modify some analytical 
methods This resulted in a first update of the compendium Laboratories who did not succeed 
in the first interlaboratory comparison got the opportunity to participate in a second one at the 
end of the year 1999 
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Publications 
Health risk assessment of dioxin exposure the 
Neerlandwijl<(Wilrijk Belg ium)/J Nouwen C Cornells 
R De pre p Ceuzens 
Dioxin 99 19th International symposium on 
halogenated environmental organic pollutants 
proceedings Organohalogen compounds vol 44 
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J Nouwen c Cornells R Craps I De Vlieger 
C Mensink C Schoeters H Witters M P Coyvaerts 
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1999/DIA/P/0094 
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R M Pype 
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Jaartal 1999 p 6 
1999/DIA/P/0106 

Morphological analysis of individual soot aggregates 
with known aerodynamic diameter by TEM 
A Smekens M Vervoort J Pauwels P Berghmans 
p Van Espen R van Crieken 
Journal of aerosol science vol 30 suppi 1 
p S909 910 1999 
1999/DIA/P/016a 

Interlaboratory precision study of a whole sediment 
toxicity test wi th the bioluminescent bacterium vibno 
fischeri / P Ross C Jr Allen Burton c Malbone K Ho 
P Meier L Sweet A Auwarter A Bispo K Doe 
K Erstfeld S Coudey M Coyvaerts D Henderson 
M Jourdam M Lenon 
Environ Toxicol vol 14 jaartal 1999 p 339 345 
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PCB s in voeding de analytische aanpak 
R van Cleuvenbergen 
Chemie Magazine nr 6 jaartal 1999 p 39 40 
1999/DIA/P/0201 
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methods (J C Millar & K F Haynes) / R De Pre 
International journal of environment and pollution 
Vol 11 nr 4 jaartal 1999 p 570 571 
-/999/DM/P/0217 

Analytical aspects The dioxin PCB relationship 
R Van Cleuvenbergen 
Chapter 2 in Dioxins and PCBs contamination of the 
food Cham in Belgium Proposal for an emergency cut 
off value of dioxins and PCBs s in food commodities 
Proceedings jaartal 1999 p 6 14 
1999/DIA/P/0225 

Dioxin deposition in Planders Belgium / E Roekens 
L Van Lieshout R Van Cleuvenbergen R De Pre 
Air quality in Europe challenges for the 2000s 
jaartal 1999 p 73 
1999/DM/P/0226 

Communications 
Ambient air values as indicator for personal and indoor 
exposure to hydrocarbons in urban and rural areas 
E Coelen 
3rd International symposium on modern principles of 
air monitoring (AIRMON 991 Ceilo (Norway) 1999 02 10 

1999 02 14 
1998/DIA/M/0228 

Berekening van blootstelling bij 
bodemverontreiniging / C Cornells 
De rol van humane nsico s in de onderbouwing van 
bodemgebruiksnormen Delft (Nederland) 1999 03 18 
1 9 9 9 / D ; / I / / M / 0 0 8 4 

Lysimeter study of non reactive tracer transport 
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wick samplers and TDR / P Seuntjens D Mallants 
XXIV General Assembly European Geophysical Society 
Den Haag (the Netherlands) 1999 04 19 1999 04 23 
1999/DM/)M/0087 

Transport of Cadmium through contaminated 
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C Cornells P Ceuzens 
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1999/DIA/M/0088 

Definitie Grof stof / P Berghmans 
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Puture directions for quality assurance of isocyanate 
measurements / E Coelen 
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1999/DM/M/0107 

Occurrence of air pollutants recent studies 
International conference Air quality in Europe 
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The Vlto proficiency testing scheme LABS / E Coelen 
European workshop development of proficiency 
testing in Europe Gielo (Norway) 1999 02 15 
1999/DIA/M/0109 

Toelichting van de door vito gemaakte cc/MS 
procedures / T De Ceuster 
Werkgroep Vito Labs Mol (Belgie) 1999 06 25 
-/999/DM/M/0160 

Kwaliteitscontrole bij erkende laboratoria lucht 
E Coelen 
Contactdag Vito Labs Mol (België) 1999 06 23 
1999/DM//W/0161 

Morphological analysis of individual soot aggregates 
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A Smekens 
European aerosol conference EAC 99 Praag (Czech 
Republic) 1999 09 06 1999 09 10 
1999/DM/M/0163 
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Dioxinen Bronnen verspreiding en toxiciteit 
M Wevers 
Milieu en Mens Risico s van vervuiling voor de 
gezondheid Leuven (België) 1999 10 25 
1999/DM/M/0176 

Aanpak van & ervaring met EN45001 accreditatie 
R van Cleuvenbergen 
Accredidatie van laboratoria volgens EN45001 
Antwerpen Berchem (België) 1999 11 16 
•/999/DM/M/0177 

Meetonzekerheid bij vi/ateranalyse een slag in het 
water / H Van den Broeck 
Meetonzekerheid spanningen tussen theorie en 
praktijk Utrecht (Nederland) 1999 11 16 
1999/DM/M/0-)78 

Behandeling erkenningsdossiers en afhandeling 
EN45001 beoordelingen / H Van den Broeck 
Contactdag Vito Labs Hove (België) 1999 06 23 
-/999/DM/M/01S0 

Meetonzekerheid bij wateranalyse een slag in het 
water / H Van den Broeck 
Wat zijn milleumetingen waard ' Cent (België) 
1999 11 18 
1999/DIA/M/0182 

Results of a first sampling exercise on aldehydes in 
simulated indoor urban and ambient air 
T De Ceuster F Ceyskens E Coelen 
Aldehydes project meeting (SMT4 CT 97 2190) 
Calten (Denmark) 1999 12 06 
1999/DM/M/0212 

VOC s in Antwerp ambient air exposure versus 
population exposure / E Coelen 
Monitoring for the millennium London (UK) 
1999 12 15 1999 12 16 
1999/DIA/M/0215 

Enkele aspecten van buitenluchtverontreiniging 
R De Fre 
Milieu en Mens Leuven (B) 1999 09 25 
1999/DM/M/0219 

Aanpak van & ervaring met EN 450C1 accreditatie 
R Van Cleuvenbergen 
Accreditatie van laboratoria volgens EN 45001 
Antwerpen IBelgie) 1999 11 16 
1999/DM/M/0222 

Distributie van de bekomen analytische resultaten aan 
PCB s en dioxinen tijdens de crisisperiode 
R Van Cleuvenbergen 
Hoge gezondheidsraad bijeenkomst tijdelijke 
expertgroep dioxinen Brussel (Belgium) 1999 11 18 
1999/DIA/M/0223 

The dioxin crisis In Belgium / R Van Cleuvenbergen 
La dioxine evaluation des risques textes 

réglementaires et methodes d analyse Paris (France) 
1999 11 05 
1999/DIA/M/022a 

Development of a beta absorption equipment for 
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metals IBASPM project) / P Berghmans L Bertrand 
R De Lathouwer 
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1999/DM//M/0227 

Reports 
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grond / c Cornells B Laethem P Geuzens 28 p 
•/999/DM/R/0071 

Procedure voor de beoordeling van het gebruik van 
grond m opvullingen en terreinverhogingen 
C Cornells B Laethem P Ceuzens 24 p 
1999/DIA/R/0072 

Compendium lucht Methode 07 de kwantitatieve 
bepaling van op carboxen 1 000 geadsorbeerde 
ketonen met CC MS / T De Ceuster J Pirard E Coelen 
T Rymen 25 p 
1999/DIA/R/0116 

Compendium lucht Methode 03 de kwantitatieve 
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T Rymen 20 p 
1999/DM/R/0209 
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Vi to Env i ronment 1 
Remote sensing and atmospheric processes 
The centre of expertise Remote sensing and atmospheric processes develops and applies 
methodologies for the monitonng of terrestrial and atmospheric processes by means of com­
puter modelling and remote sensing The centre operates processing and archiving facilities for 
remote sensing data and evaluates air quality at local urban and regional levels 

As we stnve to realise synergies in research, most of our projects are performed in close co-oper­
ation with universities and institutes More in particular, research tasks were combined with the 
UCL (image processing). Dig, VUB (land cover classification), UG, UIA (carbon fluxes) and FUL and 
Cembloux (agriculture) At the international level, research forces were joined with the JRC Space 
Applications Institute with respect to the applicability of VEGETATION imagery in land cover classi­
fication and agriculture, and the use of radar images for land cover characterisation in Africa 
Synergy was found with RIVM and the VMM for the improvement of the regional scale air pollu­
tion model EUROS and the further development of the other urban and regional modelling tools 
For the hyperspectral imaging activities, a fruitfull co-operation with RSL (Remote Sensing 
Laboratories - University Zurich) was achieved Vito also participated in several European networks 
and COST actions related to Earth Observation and Air Quality 

VEGETATION imagery: improved processing and development 
of applications 
Vito hosts the image processing and central archiving centre of the VEGETATION instrument on 
board the SP0T4 satellite Purpose of the instrument is the daily monitoring of the world vegeta­
tion cover, an emanation of the implementation of global systematic observation systems called 
for in the framework of several environmental treaties Vito is also responsible for the adminis­
trative and technical co-ordination of all ground segments, including satellite programming, data 
reception, data processing, archiving and quality assessment In 1999, more than 12,000 VEGETA­
TION image products were produced for end-users a volume of more than 200 times the earth s 
surface Most of these products were delivered on GD-ROM for scientific end-users The elapsed 
time between the observation at the sensor in space and the delivery of the fully processed image 
product, was on average only one dayi A continuous and high-level archive of decadal world syn 
theses products has been built from April 1998 onwards A powerful VEGETATION image catalogue 
and user interface have been established on the web (http //wwwvgt vito be) 
In a European framework, Vito contributes to the development of improvements to the VEGE­
TATION image processing algorithms and manages the implementation of these improvements in 
the operational environment In 1999, algorithms for cloud, snow and cloud shadow masking 
have been developed and demonstrated (Fig TAP 1) Glouds obstruct the viewing of the earth s 
surface by satellites operating in the visual and infrared spectrum On the basis of their particu­
lar spectral behaviour, clouds can be detected and eliminated from the image before further pro­
cessing Genetic algonthm and neural network techniques were applied to optimise the discnm-
ination of clouds from clear sky and to reallocate ambiguous pixels, which were classified as both 
cloudy and snow covered A further enhancement was to introduce a region of uncertainty for 
the cloud mask A novel approach was developed to detect cloud shadow It uses information 
from the cloud mask, radiometry and geometry (observation and illumination angles), to forecast 
cloud height, and consequently mask shadowed pixels The output of the algorithm includes a 
three level cloud mask (cloud-uncertain-clear), a two level snow mask and a two level shadow 
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mask A first version of the cloud mask, which was specifically tuned to the format of the current 
cloud mask algorithm in the VEGETATION processing chain, but which altered the thresholds to 
those calculated with the genetic algorithm, dramatically improved the quality of the original 
cloud mask. 

Fig. TAP 1: Vlto has developed new and fully automated algorithms for cloud, snow and 
cloud shadow masking for use In the VEGETATION image processing chain. The figure illustrates 
this approach on an image of the Sahara desert In Algeria. Left: VEGETATION image in 
near-infrared; right: the corresponding cloud mask (green: cloud, blue: uncertain) and shadow 
mask (purple). 

We have brought our research on the applicability of VEGETATION images to real world problems 
a step further Our C-Fix model estimates for a given location three types of carbon fluxes on a 
daily basIS' Gross Primary Production (GPP), Net Primary Production (NPP) and Net Ecosystem 
Production (NEP). GPP represents the gross uptake of carbon by photosynthesis, NPP already 
accounts for the autotrophic respiratory losses. Finally NEP also includes the soil respiration loss­
es, caused by the heterotrophic decomposition of soil organic litter The reliable quantification of 
these fluxes Is one of the main scientific challenges within the context of global warming. C-FIx 
works with NOAA-AVHRR or VEGETATION images and meteorological parameters as input. C-Fix 
was applied with reasonable success for the Belgian territory Within the frame of a European 
project, the C-Fix model has been upscaled towards application at the European continental scale 
and has been calibrated with ground-based experiments at six European sites. 
Research on landcover classification and the estimation of blome proportions yielded a method­
ology for the analyses of global VEGETATION synthesis Images for a full yearly vegetation cycle. 
These Images are classified with a sub-pixel supervised classification technique using high resolu­
tion ground cover data as training sets. The result consists of estimates of areal proportions for 
each class and for each pixel (1 km^), which is different from a traditional classification map where 
each pixel is assigned to one class. This means that the output is composed of multiple layers, 
each layer representing one class and each pixel containing the percentage of this pixel covered 
by that class Traditional landcover classification exercises were performed for Central Africa 
based on a full year of VEGETATION Images (Fig. TAP 2), and for the south and south-west of Ivory 
Coast based on LANDSAT TM Images. 
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Vegetation Classes & Ecological Domains 
i^B Dense moist forest (Guineo Congolian) 
^ B Secondary forest & rural complex (Guineo Congolian) 
^ B Forest/Savanna mosaic (Guineo Congolian) 
WÊÊ Dense dry forest & f^iombo woodland (Zambezian/Sudanian) 
^ B Tree savanna & woodland savanna (Sudanian/Sudano Guinean) 
B B Grasslands & bare soil (Guineo Congolian/Zambezian) 
B B Shrub savanna & steppe (Sudano Sahelian/Sahelian) 
^ B Mangrove 
^ B Swamp grasslands (Guineo Congolian/Zambezian) 
^ B Water bod es & rivers 

Fig TAP 2 New vegetation map of Central Afnca denved from SPOT-VECETATION images of 
1998 (update of the JRC TREES map of 1992) 

In the context of a federal research project the European crop yield forecasting system 
(Monitonng of Agriculture by Remote Sensing - MARS JRC Space Applications Institute) was 
adapted for application to Belgium This will provide the Ministry of Agriculture with a tool for 
yield estimation and prediction per agricultural region The Belgian Crop Growth Monitonng 
System (B CCMS) will also be useful to evaluate the magnitude of losses caused by extreme 
events In the European forecasting system the output of satellite image processing and crop 
growth modelling are acquired independently and are subsequently submitted to a spatio tem 
poral comparison Within the B CCMS project Vito concentrates on the integration of processed 
VEGETATION data in crop growth models Land use data per parcel and specific crop reflectances 
were combined in a spectral unmixing technique resulting in temporal reflectance profiles for 
each crop of interest Subsequently these profiles were used in a production efficiency model for 
the estimation of produced biomass In the next phase the biomass estimates will be integrated 
in the crop growth model to enhance the accuracy of agncultural yield estimates 
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Development of new remote sensing techniques 
Vito took part in an industrial partnership for the conceptual design and market analysis of an 
end to-end earth observation system based on a bi-spectral high resolution sensor mounted in 
a mini-satellite Vito also defined products and services in the environment and forestry applica­
tion fields of ESA's European Remote Sensing Information System 
Within the framework of an ESA R&D programme, Vito started together with a Swiss university 
partner the development of the hyperspectral imaging spectrometer APEX APEX is an airborne 
experiment for future space missions, and serves scientific goals targeted towards advanced 
image processing and application development APEX offers hyperspectral data in approx 300 
bands in a range between 400 and 2 500 nm and at a spatial ground resolution of 2 to 5 m 
Hyperspectral resolution greatly extends the scope of traditional remote sensing The detection 
of many narrow spectral channels presents opportunities for much more precise identification of 
features than is possible with broadband sensors In 1999, Vito designed the calibration quality 
assurance and exploitation schemes, and developed the hardware concept for the processing 
and archiving facility Industry finalised under the supervision of both institutes the detailed engi­
neering of the sensor Once developed, Vito will assume the responsibility for the exploitation and 
the image processing facility of the instrument 
Satellite radar images are used to bndge an information gap in the practice of atmospheric trans­
port and deposition modelling The current practice of modelling low altitude airflows and 
derived deposition, relies on inaccurate estimates of the aerodynamic roughness at a very coarse 
scale The SarScape project aims at the denvation of these surface roughness parameters at a 
much more precise and detailed level A mapping procedure for the relevant landscape structur­
al charactenstics was developed based on radar image textural features In the first stage the 
image is segmented based on intensity gradients such that areas with homogeneous texture 
features are delineated Second, these homogeneous areas are charactensed by a limited set of 
complementary parameters (the texture signature) These parameters result from the descrip­
tion of shape features of the local auto-correlation function (or power spectrum), produced from 
the image by Founer transforms After testing and tuning the extraction method was applied to 
a data set covenng the Region of Flanders (Fig TAP 5) The resulting landscape structure maps 
will be incorporated in a regional atmospheric transport and deposition model applied to esti­
mate forest sensitivity to pollutant deposition 

Fig TAP 3 The SarScape image of Flanders shows We structural characteristics of the landscape 
which are relevant for atmospheric transport and deposition modelling (aerodynamic surface 
roughness) SarScape is based on textural features of satellite radar images 
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Modelling of atmospheric processes 
Vito's SMOGSTOP model was used to forecast maximum hourly ozone concentration dunng the 
summer of 1999 The programme operated flawlessly and achieved good results throughout the 
summer A new sort of models was added to SMOGSTOP based on neural network technology 
(one model for every one of 25 ozone measuring stations in Belgium) The big advantage of the 
new neural network models lies in the fact that they are much less sensitive to the structure and 
charactenstics of the explanatory variables This results in models which are far easier to adapt to 
other regions with other characteristics of ozone formation than those which govern the Belgian 
situation 
At the same national scale Vito co-ordinates the improvements and upscaling of the European 
Operational Smog Model (EUROS) The EUROS model was implemented in Flanders to analyse tro-
posphenc ozone pollution and to evaluate policy measures In the framework of a federal 
research programme on sustainable development, EUROS is now being upscaled and improved 
to serve as the standard evaluation tool for all policy levels within Belgium In 1999 Vito intro­
duced improvements in the way the mixing height is estimated Various methods to determine 
the mixing height from the meteorological fields have been applied to two three-dimensional 
meteorological data sets one with a coarse resolution covenng the whole of Europe, and one 
with a high resolution limited to the BENELUX and the North of France A further improvement 
resulted in a dynamic emission inventory for the European countnes that are covered by the 
EUROS domain The inventory provides the spatial and temporal variations in anthropogenic emis­
sions for SIX source categories and the spatial distribution of biogenic emissions varying with 
temperature 
High pnority was given to the development of tools for the simulation of urban air quality and 
the evaluation of policy measures Within our urban modelling system AURORA an Eulerian dis­
persion model (EDM) was developed which calculates the advection and diffusion of pollutant 
concentrations on a three-dimensional numencal grid EDM requires pollutant emissions and 
meteorological vanables (wind components, turbulent diffusion coefficients) as input EDM was 
applied to a highly urbanised area in Northern Belgium encompassing the cities of Antwerp and 
Brussels The meteorological parameters were computed for the specific topography and land 
use of the area, and under conditions charactenstic of a mid-latitude summer anticyclone Owing 
to the urban heat island phenomenon, the resulting surface wind fields exhibit strong conver­
gence patterns over the city centres EDM was run with idealised traffic related emissions origi­
nating from urban areas only The resulting near-surface concentrations in the early afternoon 
are displayed in Fig TAP 4, clearly showing the impact of land use patterns on pollutant concen­
trations Vito used this modelling approach in MESOCOM, a mesoscale atmospheric model inter-
comparison exercise involving 15 European research teams and led by the Joint Research Centre 
(Ispra) 
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F/g. MP 4; Tracer concentrations near the surface at 14:00 local solar time, ranging from low 
(blue) to higt) (red) values, for a region encompassing Antwerp and Brussels. The areas within 
the red lines correspond to urban land use. Due to the converging surface wind patterns over 
the larger urban areas, pollutant concentrations are seen to reach their highest values close 
to the city centres. 

On behalf of the provincial administration of Oost­Vlaanderen, the local air quality of the Antwerp 
Linl<eroever was investigated with the atmospheric transport and dispersion model IFDM For 
more than twenty pollutants emitted by industry traffic and residential heating, yearly averaged 
concentrations and percentiles of daily and hourly concentrations were calculated. These results 
were compared with available ambient air quality measurements and interpreted with respect to 
current and future air quality standards. This study was part of the province's strategic plan on 
land use and environment. The IFDM model was also used in studies related to airborne lead, 
dioxins and odour. 
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Publications 
Evaluation of a compact chemical mechanism for 
photochemical smog modelling / P Viaene 
W Debruyn C Mensink J van Rensbergen 
PROCEEDINGS Of the EUROTRAC Symposium 98 
PM Borell P Borell (eds) (1999) 
1998/TAP/P/0052 

Temporal and spatial emission modelling for urban 
environments using emission measurement data 
C Mensink J Van Rensbergen P Viaene I De Vlieger 
F Beirens 
PROCEEDINGS Of the EUROTRAC Symposium 98 
PM Borell P Borell (eds ) 11999) 
1998/TAP/P/0053 

The impact of surface evaporative fraction on 
boundary layer equivalent potential temperature 
K De Ridder 
Physics and Chemistry of the Earth vol 24 nr 6 
p 615 618 / H Savenije (ed ) (1999) 
1998/TAP/P/00S9 

Verzur ing/C Mensink P Viaene 
MIRA T Milieu en natuurrapport Vlaanderen 1999 
p 219 231 (1999)/A Verbruggen eta l (ed ) 
1998/TAP/P/012S 

An integrated assessment of acidification 
eutrophication and ozone formation in Flanders using 
regional scale air quality models / c Mensink 
J Duerinck 
PROCEEDINGS Of the 2nd CLOREAM workshop 
R San José (ed ) (1999) 
1998/TAP/P/0127 

The ERS 1 Central Africa mosaic a new perspective in 
radar remote sensing for the global monitoring of 
vegetation / F De Grandi J p Malingreau M Leysen 
Transactions on geoscience and remote sensing 
vol 57 nr 3 ICRSD2 May (1999) p 1730 1746 
1998/TAP/P/0129 

Development of an urban emission inventory for the 
Antwerp area / N Moussiopoulos C Mensink 
I De Vlieger 
EUROTRAC annual report 1998 (subproject SATURN) 
(1999) 
1999/MP/P/0006 

Validations of urban emission inventories / R Sokhi 
R San Jose L Hamilton C Mensink 
Second international conference on urban air quality 
conference abstract book (1999) p 161 162 
1999/TAP/P/0011 

An integrated assessment of acidification 
eutrophication and ozone formation using regional 
scaleair pollution m o d e l s / c Mensink P Viaene 
M Jacobson H Power 
Air pollution VII p 813 822 / c A Brebbia (ed ) (1999) 
1999/r/lP/P/0016 

An urban transport emission model for the Antwerp 
area /C Mensink I De Vlieger J Nijs R Pischmger 
8tn International symposium transport and air 
pollution including COST 319 final conference vol 76 
June (1999) p 301 309/P Sturm (ed ) 
1999/TAP/P/0026 

Vermesting / C Mensink L Vanongeval C Coppens 
M Geypens L Lauwers D Van Gijseghem M Van 
Steertegem 
MIRA T1999 Milieu en natuurrapport Vlaanderen 
thema s april (1999) p 205 218 
•;999/T/lP/P/0053 

Broeikaseffect/J Van Rensbergen K Smekens 
MIRA T1999 Milieu en natuurrapport Vlaanderen 
themas april(1999) p 257 268 
1999/TAP/P/0035 

Air pollution levels and trends in Belgium s major cities 
J C Kretzschmar c A Brebbia M Jacobson H Power 
Proceedings Air Pollution VII P 285 291 (1999) 
1999/TAP/P/0047 

Why and how to harmonise air pollution impact 
assessmentmodels ' /JC Kretzschmar CA Brebbia 
M Jacobson H Power 
Proceedings Air Pollution Vil P 771 781 (1999) 
1999/TAP/P/0018 

Seasonal variations in leaf area index leaf chlorophyll 
and water content scaling up to estimate fAPAR and 
carbon balance m a multilayer multispecies temperate 
forest / V Gond G C De Pury F Veroustraete 
R Ceulemans 
Tree Physiology p 673 679 (1999) 
1999/771P/P/00S1 

The DAIS 7915 Airborne Imaging Spectroscopy 
Campaign at Brasschaat Belgium/W Debruyn 
H Eerens V Gond Y Verheljen F Veroustraete 
K wouters 
Proceedings of the Fourth International Airborne 
Remote Sensing Conference and Exhibition / 21st 
Canadian symposium on Remote Sensing (1999) 
1999/771P/P/0058 

Zeventig jaar luchtbeleid en onderzoek in Belgie en 
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spectroscope / C Decat 
7th international conference Air pollution 
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1999-04-23 
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Longterm effects of climate change on European 
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1999/TAP/M/0012 
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1999/TAP/M/0017 
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models / C Mensink, w Debruyn, L Janssen M Ruts 
3rd CLOREAM workshop, ischia (Italy), 1999-09-22 -
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Vi to Env i ronment 1 
Envi ronmenta l tox ico logy 
The effects of non-ionising radiation and the influence of environmental pollutants on human 
health are major research items of the expertise centre Experimental work addresses the 
effects of diesel and urban air particles and the sensitising potential of pesticides in relation to 
the enhanced occurrence of asthma and different types of allergies A lot of effort is given to 
bioassav-tiased detection of toxicity in environmental matrices (water soil, air, i and in food 
specific methods and appropriate extraction procedures are developed to identify the pres­
ence of genotoxicants, endocnne disruptors and dioxin-like compounds Ecotoxicity tests to 
Identify the ecotoxicological hazard of pure chemicals are conducted under the stringent qual­
ity standards of CLP (Good laboratory practices) for which our accreditation was prolonged 

Development and validation of In vitro assays to investigate 
effects of Immuno-haematotoxlcants 
Vito actively supports the 3 R's principle of Reduction Refinement and Replacement of animals 
in toxicity testing according to EC guideline 86-609 Where it is appropriate alternative tests are 
implemented in our research activities Vito represents the scientific research institutes in the 
Belgian Platform for Alternative Methods which was created in 1999 For the study of the toxic 
effects of environmental chemicals on the human immuno haemopoietic system we develop 
specific in vitro models to address problems such as inflammatory changes in lung cells caused 
by diesel particles and sensitisation of the skin caused by some pesticides 
Dioxins, some PCBs and some polyaromatic hydrocarbons (PAHs) are considered as immuno-sup-
pressants Haemopoietic stem cells and early blood progenitor cells may be target cells because 
they should supply the body over a life time with bloodforming cells including the immune cells 
Various other chemicals such as anti-cancer drugs also affect these progenitors We currently par 
ticipate in an international validation study for haematotoxicity testing in vitro in order to predict 
reduced production of granulocytes and macrophages The study is supported by ECVAM 
(European centre for validation of alternative methods) 
One of the major advantages of in vitro testing is the possibility to study effects directly on 
human cells and tissues, which allows to omit the difficult extrapolation from animals to humans 
It remains difficult however to extrapolate from in vitro to the in vivo situations Extensive vali­
dation (reproducibility of the in vitro test and prediction power for in vivo effects) is essential A 
standard operating procedure (SOP) was first established to quantify in vitro the direct adverse 
effects of xenobiotics on clonal colony formation by a progenitor cell of granulocytes and 
macrophages (CFU-CM) giving rise to neutrophiles In an initial phase (protocol refinement) two 
cell culture media containing different growth factors were compared and the two tests were 
applied to both human (bone marrow and umbilical cord blood) and mouse (bone marrow) CFU-
CM In a second phase (protocol transfer) the SOP was transferred to four laboratories to verify 
the linearity of the assay response and its interlaboratory reproducibility A further phase (proto­
col performance) allowed to generate a prediction model by testing a panel of six anticancer 
drugs The results showed that the assay is linear under SOP conditions, and the in vitro end 
points were highly reproducible within and between laboratories The 90 % inhibitory concentra 
tion values (IC90)from both tests accurately predicted the human maximum tolerated dose (MTD) 
for four to five out of the six anticancer drugs As expected, both tests failed to accurately pre­
dict the human MTD of a drug that needs bioactivation in the liver 
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The prediction model selected for this study of prevalidation can predict a human MTD by adjust 
ing the animal derived MTD for the differential sensitivity between CFU-CM from the animal 
species and the human This model can be used without knowledge of pharmacokinetic differ­
ences across species Nevertheless, this model should be capable of predicting human exposure 
levels within fourfold of the actual (the inter-species variation in tolerated dose due to differences 
in clearance rates), and this is sufficiently accurate to contribute to the establishment of permis 
sible exposure limits 
On the basis of these results, a formal validation phase was started An interlaboratory blind trial 
IS actually going on using a type A test for 20 xenobiotics which represent a spectrum of poten­
tial haematotoxicants 

Endocrine disrupting compounds: occurrence and aquatic toxicity 
Vanous environmental chemicals such as several pesticides PCB's phtalates and alkylphenolic 
compounds have the potential for endocnne disruption In addition natural and synthetic hor­
mones have been detected in aquatic ecosystems The potential risks of these compounds for 
human health is under scientific review, while effects on the reproduction of wildlife populations 
have already been documented Biological tests have been optimised and validated either for 
screening of the estrogenic potency of water samples or for the assessment of reproduction 
effects on fish 
The estrogen inducible screen with a recombinant yeast strain (YES-assay) and human breast can 
cer cells, transfected with pVit-tk Luc (MVLN assay), both based on estrogen receptor binding 
have been evaluated for their sensitivity, reproducibility and ease of use to assess estrogenic 
activity Dose-response curves were produced for several representative compounds of diverse 
chemical groups In addition both test systems have been used to monitor estrogenic potency 
in Flemish rivers, effluents of municipal waste water treatment plants and resources for dnnking 
water production (study supported by SVW) The highest estrogenic potency was demonstrated 
in the rivers with values above 5 ng/l E2-equivalents for most sampling points These levels of 
estrogenic activity are likely to have significant effects on the reproduction of natural fish popu­
lations 
Fish exposure studies with zebrafish and trout were performed in laboratory conditions to assess 
the effects of known estrogenic compounds on reproduction related parameters An ELISA-
method has been optimised to quantify the induction of vitellogenin, a yolk protein as an early 
biomarker in zebrafish Experiments with adult male and female zebrafish have shown that 
changes of vitellogenin are predictive for harmful effects on ovana and testis Figures TOX 1 and 
2 show a time-dependent relationship between vitellogenin induction and decrease of ovana size 
during a 24 days exposure to 10 ng/l ethinylestradiol Comparative experiments with 25 ng/l 
ethinylestradiol confirmed these findings and showed more pronounced effects After 24 days 
the estrogenic compound was removed and fish were allowed to recover in control water Data 
on ovana somatic index (OSI) and vitellogenin demonstrate that observed deleterious effects are 
reversible and reach normal values within 3 weeks The methods to measure reproduction relat­
ed parameters are now well standardised and will be applied to assess endocrine disruption in fish 
during in situ exposure expenments in Flemish nvers 
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Fig TOX 1 Mean values (±SD) of ovana somatic Index (OSI) and vitellogenin production IVTC) 
in adult female zebrafish as a function of exposure time to 10 ng/l of ethinylestradiol (EE2) 
which IS the synthetic homologue of the female sex hormone and which is found in sewage 
and surface waters Removal of the pollutant results in recovery of the ovarian function 
(green bars) 

Fig TOX 2 ovana from female zebrafish exposed to control water (A) and exposed to water 
with 10 ng/l ethinylestradiol (B) Three weeks exposure to an endocrine-disrupting compound 
reduces the size of the ovana drastically which no longer contain any matured eggs 
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soil ecotoxicity tests applied to Flemish environmental soil 
samples 
At present, risk assessment of contaminated soils is mainly based on chemical analyses of a pri­
ority list of toxic substances, corrected for the total amount of organic and inorganic matter 
present in the soil This analytical approach does not allow for mixture toxicity nor does it take 
into account the bioavailibility of pollutants Bioassays provide an alternative because they con­
stitute a measure for environmentally relevant toxicity i e the effects of a bioavailable fraction of 
interacting pollutants set in a complex environmental matnx Increasing evidence suggests that 
a single bioassay will never be able to provide a full picture of the quality of the environment Only 
a test battery composed of different bioassays on different species belonging to different troph­
ic levels may contain sufficient discriminatory power and reduced uncertainty to allow for an 
accurate assessment of the state of the environment Ideally a multitude of biological end-points 
(I e biological variables such as survival, reproduction, enzyme activity gene induction and oth­
ers) should be included in such a test battery 
A different but equally obstinate problem is often given by the absence of suitable non-contam­
inated reference soils when field plots have to be evaluated This problem is directly related to 
the confounding factors that may exist for different biological end-points when applied under 
different environmental conditions Indeed, not only the bioavailable fraction of pollutants may 
be influenced by the soil charactenstics such as pH, cation exchange capacity clay content and 
the percentage organic matter, but also the physiology of the test organisms and thus their 
response to the bioavailable fraction of pollution 
In a collaborative research with the Universities of Ghent (UC), Louvain (KU Leuven) and Diepen­
beek (LUC), a test battery composed of 30 bioassays of varying biological end-points has been 
compared with regard to their sensitivity to Cd and Zn and their robustness when applied to dif­
ferent soil matrices and soil pH The impact at microbial level was assessed using metal sensing 
whole cell biosensors (Biomet®) and a bacterial genotoxicity sensor (Vitotox®) Methane oxidation, 
nitrification and soil respiration were included to probe microbial community effects At the level 
of pnmary producers lethality and morphological effects were studied in 4 different plant species 
including Brassica sativus. Trifolium pratense, Lolium perenne and Phaseolis vulgaris In case 
of Phaseolis vulgaris also a number of sub-lethal endpoints were included both in the roots and 
the leaves i e malic enzyme, guiacol peroxidase and glutamate dehydrogenase Eisenia foetida 
was included as a representative of the soil decomposing micro-invertebrates community Apart 
from lethality and loss of weight also heat-shock protein synthesis and an array of immunologi­
cal parameters were studied, including agglutination, phagocytosis, phenoloxidase activity and 
neutral red uptake In order to compare above-mentioned endpoints, the expenments were run 
in parallel in 4 field soils with different soil characteristics contaminated with increasing concen­
trations of Cd (2, 20 and 200 mg/kg) and Zn (300, 600 and 3,000 mg/kg) and adjusted to three 
different pH's Additionally also histoncally contaminated field soils with different soil characteris­
tics and a heavy metal burden were included 
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From these experiments the soil pH was identified as the single most important factor influenc 
ing both the bioavailability of Cd and Zn and the responsiveness of the different end points 
(Fig TOX 3) Whereas nitrification, soil respiration and morphological alterations in vascular plants 
rank among the most sensitive end­points tested, they were equally sensitive to changes in com­

position and pH of the soil In contrast most endpoints in E. foetida were shown to be robust 
but their sensitivity for Cd was low The Biomet® whole cell biosensors rank among the best 
bioassays when both sensitivity and the robustness of the test are taken into account Partly 
based on these results the Biomet® has been recognised by the Flemish authorities as a valid tool 
to assess heavy­metal contamination in soils 
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Fig TOX 3 TOXIC effects are pH dependent - higher toxicity at lower pH The pH effects are 
modulated by the type of soil as shown by the loss of biomass (%) in Eisenia foetida in 
response to increasing concentrations of zinc CO control soil, Zn05 300 mg/kg Zn. Znl 
600 mg/kg Zn and Zn2 3,000 mg/kg Kalmthout, Aalst Nethen and TerMunck soils were 
classified as sandy sandy-loam, loamy-sand and silt soils respectively 
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Vito Env i ronment 1 
Environmental technology 
The centre of expertise Environmental technology has further strengthened Its capacity to 
assist industry with the implementation of new technologies by extending its arsenal of multi­
functional demonstration facilities. In 1999 a soil washing pilot plant IPILBO) was taken into 
operation, which allowed to evaluate new soil and waste treatments on a relevant large scale. 
The efficiency of water treatments with sand filters Inoculated with microorganisms was also 
demonstrated on a pilot scale. Heavy metals as well as cyanides, nitrates and some COD could 
be removed by applying this technology to non-ferrous Industry waste water waste water of 
the surface treatment industry, mine drainage water and contaminated groundwaters. The Vito 
membrane bioreactor BICMER proved to be a valid tool for the treatment of the landfill 
leachates of a dumpsite in Germany soft remediation technologies such as phytoremediation 
for soils contaminated with heavy metals were demonstrated in the field. Finally the 
Promotion and demonstration centre for environmental technology (PRODEM) handled more 
than 50 industrial requests (mainly by SMEs) for analysing and solving environmental problems. 

Demonstration experiments for the treatment of heavy metal 
polluted soils: in situ treatment by immobilisation, phytoextraction 
and bio-extraction 
Soils with elevated concentrations of heavy metals, such as zinc, cadmium and lead, are found in 
the northern part of the Province of Limburg and the Antwerp Campine area mainly as a conse­
quence of the activities of the former non-ferrous industry In this area, the surface contaminat­
ed with a Cd content higher than 3 mg/kg is about 75 km^. The total surface with an increased 
Cd content (> 1 mg/kg) is even estimated at more than 280 km^. 
'Hard' remediation techniques, such as excavation and removal of contaminated soil or leaching 
and extraction of the heavy metals, are drastic, expensive and not always effective remediation 
methods. New 'soft' remediation techniques are therefore developed, which are inexpensive, 
easy to implement, environmentally sound and effective to reduce the environmental risks of 
heavy metal polluted soils. On demand of the Flemish public waste corporation (OVAM), three 
techniques - immobilisation, phyto-extraction and bio-extraction - were further developed and 
demonstrated. The project, which ran from July 1996 till April 1999, was carried out by the 
Limburgs Universitair Centrum and Vito (Fig. MIT 1) 

Proefproject van VITO en LUC 
Met fïnanciëte steun van EFRO en de OVAM 

Fig. MIT 1: Vito and LUC worked together on field tests for phyto-extraction and phyto-
stabilisation. 
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To immobilise heavy metals in soils, additives altering the chemical and physical structure of the 
heavy metal contaminants are mixed with the top layer As a consequence the heavy metals are 
not or to a lesser extent available for uptake by organisms, thus decreasing the toxicity of these 
contaminants for organisms such as plants, worms and bactena, as well as the risks for human 
health The treated soil becomes suitable for planting Immobilisation also decreases the risks of 
leaching of heavy metals into the groundwater This technique is very suitable for the treatment 
of large sites contaminated with moderate to high levels of heavy metals The expenments were 
carried out in laboratory conditions and on field plots located in Balen, Mol, Neerpelt and Overpelt 
(in the North-east of Belgium) Biological and physico-chemical evaluation methods were applied 
The results are very encouraging, showing a decrease of metal concentrations available for plants, 
worms and bacteria The treatment with cyclonic ashes and treatments where cyclonic ashes 
were used in combination with other products showed the highest immobilisation degree 
Laboratory experiments demonstrated that heavy metals are effectively immobilised for at least 
30 years, thus showing that immobilisation is also a sustainable remediation technique 
In the phyto-extraction approach plants are used to remove heavy metals from lightly polluted 
soils Some plant species are able to accumulate large amounts of metals in their aboveground 
parts When these plant species have also a high biomass production that is easy to harvest, they 
are suitable for phyto-extraction On lightly polluted sites in Mol-Wezel, Balen and Neerpelt (in the 
Northeast of Belgium) phyto-extraction expenments with rapes were carried out At present 
phyto-extraction could not be proven to be sufficiently effective to be applied in practice 
For the remediation technique bio-extraction, unmodified bacteria are used which are able to 
concentrate metals in their biomass Cultures of these bacteria are mixed with heavy metal pol­
luted soil in a 'Biometal sludge reactor' (BMSR) (Fig MIT 2) Nutrients are added, and the pH of the 
soil sludge is controlled during incubation The available metals are accumulated by the bactena 
and bound at their cell surfaces The heavy metal loaded biomass, which remains in suspension, 
IS removed from the clean soil together with the supernatant The bacteria are then separated 
from the water phase by flotation, resulting in clean process water and a small biomass fraction 
with a high concentration of heavy metals This fraction can either be used for recovery of met­
als, or be dumped on a licensed waste site This technique is very suitable for the treatment of 
soils contaminated with low concentrations of heavy metals Based on the results of the labora­
tory tests, a demonstration experiment was set up in Mol-Wezel Treatment of the soil in the 
BMSR reactor, allowed to lower the Cd content from more than 3 mg/kg to below the norm of 
1 mg/kg soil (dry weight) 
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Fig. MIT 2: In this Biometal sludge reactor (BMSR) special bacteria are mixed with soil 
contaminated with heavy metals. The metals are linked to the biomass, which is removed 
from the process water after settling of the soil. 

The BIOMET®test was used for the evaluation of the different soft remediation techniques. The 
BIOMET*test, which has been developed at Vito test, allows to quantify the bio-availability of spe­
cific heavy metals in soils within 5 hours. Based on the outcome of this project, BIOMET® was offi­
cially recognised by OVAM as an ecological relevant test to determine the bio-availability of heavy 
metals. 
The techniques developed and evaluated during this project are available for commercialisation 
by Flemish SMEs 

Mobile and modular pilot plant for soil washing (PILBO) 
At the beginning of 1999, Vito has commissioned a new mobile test plant for recycling contam­
inated soil and solid waste. This plant can be used to simulate the common types of commercial 
soil washing plants. The results of a test can be used to evaluate the technical feasibility the qual­
ity of the produced material fractions and the economical aspects of the waste treatment 
process. The modular construction allows to simulate different process configurations, as 
required for the specific problem to be handled. Different wastes may be treated in this installa­
tion, such as polluted soil, dredging soil, sand from sieving recycled construction materials, 
sludge from sewer cleaning and sand from street cleaning. 
The installation is mobile, with a capacity of 0 5 -1 2 tons per hour The following techniques for 
separation and cleansing are included (Fig. MIT 3)-
• sieving (vibrating screens and rotating drumscreen); 
• hydrocycloning; 
• separation with a spiral classifier (screw); 
• attrition scrubbing, 
• coal spiral gravity separation, 
• froth flotation; 
• coagulation/flocculation, thickening and dewatering. 

63 



Fig. MIT 3: The PIL- _ . ..jtfor soil washing) Is used for solving soil, sludge and solid waste 
problems. The fadlity allows to apply sequences of different separation and cleaning 
techniques to relevant quantities of contaminated samples. 

The pilot plant has been used for a number of projects on behalf of authorities and industry 
During infrastructure construction activities in the city of Kortrijk, over 100,000 tons of soil were 
discovered which were polluted by historic disposal activities. Vito performed treatability tests on 
4 different representative lots of soil, with the process configuration described above It turned 
out that half of the soil could be cleansed for reuse as soil and that almost all of the material could 
be treated for reuse as construction material. 
In another project, 10 tons of sewer cleaning sludge were cleansed on behalf of a company plan­
ning to order a soil washing installation. The test was done to evaluate which process steps would 
be the most suitable for the application It was concluded that a relatively simple process would 
be sufficient to transform their material into a product that would meet the requirements for 
reuse as construction material, and in some cases for reuse as soil 
A third project was done on behalf of a company designing and building installations for the 
treatment of household refuse. A process was developed for the separation of a residual fraction 
of household waste treatment which up till now was combusted. A number of product streams 
were isolated from this residue which could be reused beneficially The process was demonstrat­
ed for a large number of interested parties, including industry, problem owners and foreign and 
local authorities. The Flemish Environment minister, Vera Dua, asked Vito to evaluate the process 
in the broader perspective of Flemish domestic waste management. 
A demonstration project for the treatment of soil contaminated by the industrial operation of 
gas plants was run under the european Life program at the location of the gas plant of Lier 
Together with the contracting company Envisan-Jan De Nul, Vito has demonstrated the potential 
of on-site soil washing by treating 50 tons of soil contaminated with PAH and cyanides. 
At the end of the twentieth century. Vito's centre for Environmental technology has acquired the 
tools and experience needed to investigate a wide range of applications for recycling polluted 
soils and solid wastes on behalf of the industry and the authorities. 
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Promotion and demonstration centre for environmental 
technology (PRODEM) 
PRODEM operates as an advisory centre with regard to environmental aspects of industrial activ­

ities and introduction of environmentally friendly technologies Via technological hardware and 
elaborated know­how, the centre has proven to be a guide for Flemish companies in their search 
for techno­economical solutions for their environment­related problems The projects are very 
specific and handle aspects related to water, air (odour), refuse or soil contamination 

Case study: feasibility study for anaerobic treatment of a synthetic emulsion 
from a metal finishing Industry 
Many metal finishing industries use different natural and synthetic emulsions for lubricating and 
cooling purposes After use, these emulsions have to be removed because they usually contain 
high (> 500 mg/l) concentrations of heavy metals such as zinc and copper, as well as mineral oils 
Most of the time these emulsions have to be removed for external handling At the request of 
order of a big metal finishing company, the possibility for anaerobic treatment of a certain syn­

thetic emulsion was studied In the study the degree of toxicity of the emulsion with respect to 
anaerobic biomass was evaluated and an advice was given concerning the feasibility of such 
anaerobic treatment 
The toxicity of the waste emulsion for anaerobic biomass was studied by exposing different dilu­

tions of the emulsion to a certain amount of anaerobic sludge In Fig MIT 4 the biogas produc­

tion IS shown when different dilutions of the waste emulsion are spiked with 1 g/l acetic acid 
Between a dilution rate of 12 and 4, the waste emulsion starts to inhibit the degradation of acetic 
acid which results in an increased lag period As a dilution factor of twelve might be necessary to 
prevent toxic effects, a degradation efficiency of more than 90 % would be required for a con­

tinuous anaerobic reactor treating undiluted water As this is quite high, it is necessary to dilute 
the influent for such a continuous reactor as well 
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Fig MIT a- Different dliutions of a waste emuision were exposed to an anaerobic siudge spiked 
with acetic acid. The biogas production was measured as a function of time. It can be seen 
that for a dilution factor (DF) between 4 and 12 the waste emulsion starts to inhibit the 
biodegradation it can be concluded that a dilution factor of 10 is required for handling this 
waste emulsion with the anaerobic process. 
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In a second stage the degradation of a twelve times diluted waste emulsion in an upflow 
anaerobic sludge blanket reactor (UASB) (Fig MIT 5) was studied In this lab scale reactor the COD 
reduction efficiency increases to 80 % at a COD loading of 0 043 kg/m^h and a hydraulic reten­
tion time of 2 days Minimal residual COD s of 1 000 mg/l are measured As these values are still a 
lot above the objective it could be concluded that anaerobic treatment without a physico chem 
ical pretreatment was not feasible for this specific waste stream 

Fig MIT 5 Lab scale upflow anaerobic sludge blanket reactor (UASB) used to demonstrate and 
optimise the treatment of waste flows at the request of industrial clients 

Case study opt imisat ion of the physico-chemical t rea tment of a tank cleaning 
waste water w i th a mobile pi lot instal lat ion 
A tank cleaning company experienced problems with too high suspended solid concentrations in 
the effluent of a biological waste water treatment A pilot study (Fig MIT 6) was developed to 
determine the possibilities of reducing the amount of suspended solids by using a physico chem 
ical treatment Several coagulants and flocculants were tested and their optimum concentrations 
could be determined 

Fig MIT 6 Pilot test for waste water treatment at the site of a tank cleaning company 
The addition of coagulants and flocculants allowed to reduce the amount of suspended 
solids in the effluent 

66 



The advantage of testing wastewater with the mobile Prodem pilot installations is significant it is 
a real time simulation with real waste water, with its fluctuating characteristics Online, there is a 
follow-up of several characteristics such as pH, conductivity and turbidity The physico-chemical 
treatment is tested by adding coagulants and flocculants In addition it is also possible to test the 
separation of the sludge by performing flotation or sedimentation tests 
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The use of plant associated bacteria as a potential 
strategy for improving phytoremediation processes 
Y Wang, C Lodewyckx W Hai S Taghavi, J Vangrons­

veld D van der Lelie J Vander Leyden M Mergeay 
Ninth European Congress on Biotechnology, 
Brussels (Belgium), 1999­07­11 ­1999­07­15 
1999/MIT/M/002a 

Nickel resistance determinants of Alcaligenes 
eutrophus construction of mmitransposons 
S Taghavi, C Lodewyckx, M Mergeay D van der Lelie 
Ninth European Congress on Biotechnology (ECB9), 
Brussels (Belgium), 1999­07 11 ­1999­07­15 
1999/MIT/M/0029 

The porlead resistance determinant Of/l/ca//genes 
eutrophus CH34/B Borremans, J Hobman 
A Provoost, P Corbisier N Brown M Mergeay 
D van der Lelie 
Ninth European Congress on Biotechnology (ECB9), 
Brussels (Belgium) 1999­07­11 ­1999­07­15 
1999/MIT/M/0030 

Aerobic degradation of 2,4­dinitrotoluene by a 
bacterial consortium / z Sneilinx, S Taghavi, J Ceets, 
J Vangronsveld, H Clusters, D van der Lelie 
Ninth European Congress on Biotechnology (ECB 9), 
Brussels (Belgium), 1999­07­11 ■ 1999­07­15 
1999/MIT/M/00S1 

Cobalt and nickel resistance in Ralstonia eutropha 
CH54 fundamental mechanisms to applications 
C Tibazarwa, D van der Lelie, M Mergeay, L Wijns 
Ninth European Congress on Biotechnology (ECB9), 
Brussels (Belgium) 1999­07­11 ­1999­07­15 
1999/MIT/M/0032 

Phytoremediation of TNT contaminated sites 
Z Sneilinx 
Cost Action 837 ■ Working Croup 1, Chatham (United 
Kingdom), 1999­05 04 1999 03 05 
1999/MIT/M/0033 

De sanering van zware metalen uit de bodem m de 
Kempen een zachte aanpak/L Dieis 
Milieuweek Overpelt (Belgium), 1999­03­08 
1999/M;7" / /M/0034 

The VITOTOX® genotoxicity test and its potential 
application in space / P Corbisier 
Belgian User Support and Operation Center (B USOO­

studiedag, Brussels (Belgium) 1999 03­15 
1999/MtT/M/0037 

Measuring the bioavailability of heavy metals in 
industrially polluted soils a comparative study using 
biosensors, chemical and biological methods / L Diels 
Workshop on Bioavailability and Biostimulation 
Strategies, Hamburg (Germany), 1999­03­25 ­
1999­03 26 
1999/MtT/M/0041 

The use of bacterial tests to analyse chemicals and 
environmental samples / P Corbisier 
217th American Chemical Society Meeting Anaheim 
(USA), 1999­03­19 ­1999­03­25 
1999/)M/T/M/0042 

VITOTOX® genotoxicity assay system basic principle 
and applications / D van der Lelie 
Seminar cycle of institut Pasteur, Tehran, Tehran (Iran) 
1999-04-06 
1999/MIT/M/0045 

Bacterial heavy metal resistance­ basic research, 
development of biosensors and their application in 
case studies / D van der Lelie 
HAMi Seminar Schedule for winter/spring 1999, 
Roskiide (Denmark) 1999­02­11 
•;999/M;r//M/0027 
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On­site monitoring and mobile pilot plants 
K Vanderstraeten 
water Target a new technology to reduce industrial 
water usage and its related costs, Antwerp (Belgium), 
1999-04-23 
1999//M/T/M/0049 

Membraanreactoren ­ de koppeling van 
membraanfiltratie en biologische waterzuivering 
W Ghyoot 
inzet Membraantechnieken, Heverlee IBelgie), 
1999-05 19 
1999/MIT/M/OOSO 

New membrane bioreactor concept for the 
biodegradation of recalcitrant organic compounds 
and the removal of heavy metals f rom wastewaters 
W Chyoot 
Membrane BioReactor 2 (MBR2), cranfield (United 
Kingdom) 1999­06­02 
1999/MIT/M/0051 

Possibilities of membranes in the separation of the 
axenic compartments of the MELISSA concept 
L Diels 
Microbial Ecological Life Support Systems Alternative 
(MELISSA) Annual Meeting, Noordwijk (The 
Netherlands), 1999­04­15 
1999/MIT/M/0052 

Regulation of cobalt and nickel resistance m Ralstonia 
eutropha CH34 f rom fundamental mechanisms to 
applications/C Tibazarwa 
Chemistry of Metals in Biological Systems, Tomar 
(Portugal), 1999-05-08 - 1999-05-12. 
1999/M/T//M/0063 

The genus Ralstonia a microbial resource for bio­

remediation of heavy metal polluted environments 
M Mergeay 
European Symposium ■ Biotechnology in 
Environmental Protection, Rennes (France) 
1999-10-26 - 1999 10-27 
1999/MIT/M/0066 

Heavy metal contaminations m Belgium and in situ 
bioprecipitation of heavy metals / L Bastiaens 
NATO/ccMS­meeting about pilot studies. Angers 
(France) 1999 05­09 1999­05­14 
1999/M/T/M/0069 

Development of new multisensing biosensors for the 
detection of bioavailable heavy metals in solid 
matrices BIOMETSENSOR' / P Corbisier 
European Workshop on the Protection of European 
Water Resources, Dresden (Germany) 1999­06­16 ­
1999-06-13 
1999/M/T/M/0079 

Haalbaarheidsonderzoek voor technologiekeuze en 
procesoptimalisatie bij bodemsanering / J Cemoets 
studiedag bodemsanering in­situtechnieken, Tl­KViv 
Antwerpen (België), 1999­06­02 
1999/M/r/M/0081 

Removal of nickel f rom plating rinsing water with a 
moving­bed sand f i lter inoculated wi th metal sorbing 
and precipitating bacteria / T Pumpel, C Ebner 
B Pernfuss, F Schinner L Diels, z Keszthelyi 
L Macaskie, M Tsezos, H Wouters 
Biohydrometallurgy and the Environment toward the 
mining of the 21st century ­ International 
Biohydrometallurgy Symposium IBS'99, Madrid (Spain) 
1999­06­20 1999­06­23 
1999//W/T//M/00S5 

Heavy metals removal by sand filters inoculated with 
metal sorbing and precipitating bacteria / L Diels, 
PH Spaans, S Van Roy L Hooyberghs, H Wouters, 
E Walter, J Winters L Macaskie, J Finlay B Pernfuss, 
T Pumpel 
Biohydrometallurgy and the Environment toward the 
mining of the 21st century International 
Biohydrometallurgy Symposium IBS'99, Madrid (Spam), 
1999 06 20 ­ 1999 06­23 
1999//M/T/M/0087 

The 'behaviour of five metal biosorbing and 
bioprecipitating bacterial strains, inoculated in a 
moving­bed sand f i l t e r / B Pernfuss, C Ebner, 
T Pumpel, L Diels, L Macaskie, M Tsezos, z Keszthelyi, 
F Ciombitza 
Biohydrometallurgy and the Environment toward the 
mining of the 21st century ­ International 
Biohydrometallurgy Symposium IBS'99, Madrid (Spam), 
1999-06 20 ■ 1999-06 23 
1 9 9 9 / M ; 7 ' / / M / 0 0 S 9 

Reduction and removal of hexavalent chromium by 
new microorganisms and assessment of the potential 
of new and established strains for remediation of 
Cr(Vl)/J Finlay R Perry P Pattanapipitpaisal, 
L Macaskie, A Zanell T Pumpel, L Hooyberghs L Diels 
Biohydrometallurgy and the Environment toward the 
mining of the 21st century ­ International 
Biohydrometallurgy Symposium IBS'99, Madrid (Spam), 
1999­06­20­ 1999­06­23 
1999/MIT/M/0091 

Evaluation of in situ immobilization, phyto­extraction 
and bio­extraction by a BMSR as soft remediation 
techniques for heavy metal polluted soils / J Bierkens, 
H Clusters P Corbisier M Mergeay L Noê N Spelman 
D van der Lelie J vangronsveld M De Smet, L Diels 
Biohydrometallurgy and the Environment toward the 
mining of the 21st century international 
Biohydrometallurgy Symposium IBS'99, Madrid (Spam) 
1999­06­20 1999­06 25 
1999/M/T/M/0092 

Measuring the bioavailability of heavy metals in 
industrially polluted soils a comparative study using 
biosensors, chemical and biological methods 
p corbisier L Diels 
Biohydrometallurgy and the Environment toward the 
mining of the 2lst century ­ international 
Biohydrometallurgy Symposium IBS 99, Madrid (Spam), 
1999 06-20 -1999 06-23 
1 9 9 9 / M ; T / M / 0 0 9 5 
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New membrane reactors for the removal of heavy 
metals f rom wastewaters / s Van Roy, L Diels 
Biohydrometallurgy and the Environment toward 
mining of the 21st century ­ International 
Biohydrometallurgy Symposium IBS'99 Madrid (Spain), 
1999­06­20 ­ 1999­06­23 
1999/MIT/M/009a 

The use of whole­cell biosensors to detect bioavailable 
heavy metals (BIOMETI and genetoxic compounds 
(VITOTOX*! / P Corbisier 
9th European Congress on Biotechnology (ECB 91, 
Brussels (Belgium), 1999­07­11 ­1999­07­15 
•J999/M;r/M/009S 

Aerobic degradation of 2,4­dihitrotoluehe by bacterial 
Co­cul tures/z Sneilincx 
Ninth European Congress on Biotechnology (ECB 9), 
Brussels (Belgium), 1999­07­11 ■ 1999­07­15 
1999/MIT/M/0098 

The use of plant associated bacteria as a potential 
strategy for improving phytoremediation processes 
Y Wang, C Lodewyckx w Hai S Taghavi J vangrons­

veld. N van der Lelie, J vanderieyden, M H/lergeay 
Ninth European Congress on Biotechnology (ECB 9), 
Brussels (Belgium) 1999­07­11 ­1999­07­15 
1999/MIT/M/0105 

Ammonia removal f rom centrate of anaerobicaily 
digested sludge state of the art of biological methods 
and case studies / s Vandaeie, c Thaeye, w Ghyoot 
13th Forum for Applied Biotechnology 99, Gent, 
(Belgium), 1999­09­01 
1 9 9 9 / M ; T / / M / 0 ­ ) 2 2 

Transfer and heterologous expression of heavy metal 
resistance genes in endophytic bacteria and 
colonization of their host plant in the perspective of 
phytoremediation / C Lodewyckx 
Mini Symposium on Piant­IVIicroorganism Interactions 
and Their Applications to Phytoremediation, Mol 
(Belgium), 1999­09­06 ■ 1999­09 07 
•/999/M;r/M/0125 

Use Of heavy metal resistant bacteria in a bioreactor 
concept (bacteria metal sludge reactor) to remove 
bioavailable heavy metals f rom polluted soils 
D van der Lelie 
5th international Conference on the Biogeochemistry 
of Trace Elements, Vienna (Austria), 1999­07­11 ­
1999-07-15 
1999/MIT/M/012B 

Development and use of biosensors for environmental 
applications / D van der Leiie 
Koninklijke Vlaamse Chemische Vereniging ­ studiedag 
(bio)chemische sensoren, Tervuren, (Belgium), 
1999-09-24 
1999/MIT/M/0127 

Heavy metals removal f rom waste water by moving 
bed sand filters inoculated with heavy metal adsorbing 
or precipitating micro­organisms / L Diels 
Global Symposium on Recycling, Waste Treatment and 
Clean Technology REWAS 99, San Sebastian, (Spam), 
1999-09-05 - 1999-09-10 
1999//M;T/M/012S 

Development and assessment of biotechnologlcal 
methods for the removal of metal anions f rom waste 
water (BIROX) / L Diels 
Global Symposium on Recycling, Waste Treatment and 
Clean Technology REWAS 99, San Sebastian (Spain), 
1999-09-05 -1999-09-10 
1999/MIT/M/0129 

The effect of heavy metal resistant endophytic 
bacteria in uptake of heavy metals by their host plant 
C Lodewyckx, S Taghavi D van der Lelie, 
J Vangronsveid, H Clusters, M Mergeay 
13th Forum for Applied Biotechnology, 
Ghent (Belgium), 1999­09 22 ­1999­09­23 
1999/MtT/M/0iai 

Een projectmatige aanpak van afgasemissies 
wetgeving broninventarisatie en 
technoiogiescreening / VOS­emissies en 
geurbestrijding / K Peys 
industriële Luchtzuivenng praktisch bekeken 
Antwerpen (België) 1999­11 04 
1999/MtT/M/0162 

Knowledge Management bij Vito / V Magchieis 
Knowledge Management Event Brussel (Belgium), 
1999­10­21 
1999/MIT/M/0163 

Measuring the bioavailability of heavy metals in 
industrially polluted soils a comparative study using 
biosensors, chemical and biological methods 
P Corbisier 
Natural waters and Water Technology Chemical 
Speciation of metals and bioavailability, Castelvecchio 
Pascoli (Italy), 1999­10 15 ­1999 10­20 
1999/MIT/M/0164 

De rol van plant geassocieerde rhizosfeer bacteriën bij 
de fytoremediatie van organische poliuenten 
D van der Lelie 
Fytoremediatie Bodemsanenngstechniek met 
toekomst', Cent (Belgie), 1999-11 18 1999-11 19 
1999/MIT/M/0165 

A method to quantify heavy metal polluted soils with 
lux­marked soil bacteria / P Corbisier 
MAREP 2nd international Conference Marker/reporter 
Genes in Microbial Ecology Stockholm (Belgium) 
1999-12 04 1999-12-07 
1999/MtT/M/0167 

Evolution Of catabolic genes where are the phage­like 
e l e m e n t s ' / D Spnngael 
Mobile elements contribution to bacterial adaptability 
and diversity (MECBAD) Le Mont Ste Odile (France), 
1999-04-23 - 1999 04-27 
1999/MIT/M/0169 

Verifying biodegradation in situ environmental fitness 
of a soil phenanthrene degrading Sphingomonas 
strain labelled with a green­fluorescent protein 
J J Ortega P wattiau D Spnngael 
Enzymes in the environment activity, ecology and 
applications, Granada (Spam), 1999­07­12 ­1999­07­15. 
1999/MIT/M/0170 
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Characterization of genes required for PAH 
degradation by Sphingomonas sp LB126 / P wattlau 
L Bastiaens D Springaei C R Cornells 
Pseudomonas 99 Biotechnology and pathogenesis 
Maui Hawaii (U S A l 1999 09 01 1999 09 05 
1999/MIT/M/017a 

Detection of consortia of PAH degrading bacteria in 
soil by using strain and genus specific primers 
combined with DCCE or SSCP / N Leys 1. Bastiaens 
P Wattiau K vanbroel<hoven J Cemoets E Top 
D Springaei 
13th Forum for Applied Biotechnology (FAB) Ghent 
(Belgium) 1999 09 22 1999 09 23 
1999/MIT/M/0178 

Environmental monitoring of bioavailability promoting 
strains in a LNAPL contaminated soil 
K Vanbroekhoven L Bastiaens N Leys R De Mot 
D Springaei 
13th Forum for Applied Biotechnology (FAB) 
Ghent (Belgium) 1999 09 22 1999 09 23 
1999/M/7/M/0-f79 

Comparative study of protocols for isolation of PAH 
degrading bacteria using PAHs provided in various 
available states in order to isolate novel PAH degrading 
bacteria / D Springaei K vanbroekhoven L Bastiaens 
A Ryngaert N Leys P Wattiau L Oiels 
BAGECO 99 Florence (Italy) 1999 06 20 1999 06 21 
1999/MtT/M/0181 

A Hydrocarbon Utilisation Fingerprint test combined 
wi th Denatured Gradient Gel Electrophoresis (DGGE) to 
monitor microbial communities and their degradation 
spectrum in hydrocarbon contaminated soils before 
and during bioremediation / D Springaei A Ryngaert 
B Borremans P Wattiau L Diels 
BAGECO 99 Florence (Italy) 1999 06 20 1999 06 24 
1999//M/T/M/01S2 

Resultaten bio extractie van met zware metalen 
vervuilde g r o n d / L Diels 
voorstelling eindresultaten EFRO OVAM Project 
zachte Saneringstechnieken Lommei (België) 
1999 11 23 
1999/MIT/M/0192 

Bacteriën van pest to t zegen Van Vers/n/a pest/s to t 
pseuüomonas oleovorans / l Diels 
voordracht Akademische Kring Schoten 
Schoten (België) 1999 11 04 
1999/MIT/M/0202 

Comparative study of BTEX degrading bacteria in a 
BTEX contaminated aquifer isolated under mesophilic 
psychrophilic microaerophilic and/or denitrifying 
conditions / L Bastiaens L Verbeke L Hooyberghs 
L Diels D Springaei 
3rd Symposium Microbial Identification an integrative 
approach Leuven (Belgium) 1999 12 17 
•/999//W/7/M/0207 

Comparative study of protocols for isolation of PAH 
degrading bacteria using PAHs provided in various 
available states / D Springaei 
Symposium Belgische vereniging voor Microbiologie 
Leuven (België) 1999 12 17 
1999/MtT/M/020a 

Detection of consortia of PAH degrading bacteria In 
soil by PCR using strain and genus specific primers 
combined wi th DGEE / N Leys 
Symposium Belgische vereniging voor Microbiologie 
Leuven (Belgium) 1999 12 17 
1999/M/7//M/0209 

Environmental monitoring of bioavailability promoting 
strains in a LNAPL contaminated soil 

ing K Vanbroekhoven L Bastiaens N Leys R De Mot 
D Springaei 
Symposium Belgische vereniging voor Microbiologie 
Leuven (Belgium) 1999 12 17 
1999/MtT/M/0210 

Development of new multisensing biosensors for the 
detection of bioavailable heavy metals in solid samples 
P Corbisier 
Biosensors for environmental monitoring response to 

ing new analytical demands Saint Maurice Pans (France) 
is 1999 04 11 1999 04 14 
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B Verbraeken 105 p 
1999/M(T//?/0080 
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1999/MIT/R/0090 
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Vi to Mater ia ls ] 
Materials technology 
The centre of expertise Materials technology supports the proper implementation of Innova­
tive materials and related processing technologies In the Industry. Surface technology laser 
technology ceramic materials and povi/der metallurgy, and from the year 2000 on also non-
ferrous melt processing control are Its Key R&D fields. Excellent analysis and test facilities com­
plement these competencies to form an Integrated, powerful tool which Is able to offer ade­
quate solutions for the company of tomorrow. 

Major objectives of the research activities are the extension of component lifetimes, product 
quality Improvement, and enhancing production system efficiencies. This will contribute to 
the conservation of our material and energy resources, and hence to a sustainable develop­
ment of our Industrial world 

Strategic research focuses on the development of atmospheric plasma processes as an econom­
ic route to surface treatments, economic powder processing methods to produce ceramic com­
ponents of high quality, and laser cladding as a means to produce hard, wear resistant coatings 
on components with a complex geometry In addition, state-of-the-art tribological test facilities 
and material databases were installed to even better assist companies in providing innovative 
solutions to matenal friction and wear cases 
The R&D efforts are strengthened by embedding them in a number of national and internation­
al (European) projects and networks In 1999 Vito hosted the COST 516 Tnbology Symposium, 
which was attended by over 60 participants from 21 countries 
Short-term research contracts have been concluded with over 80 companies, of which over 25 % 
were SME companies Moreover 19 SME companies in the Turnhout region collaborate with Vito 
in a ERDF funded project - IBEMA - which aims at strengthening the economic activity by intro­
ducing innovative material technologies 

Vito establishes a laser demonstration centre (Fig. MAT 1) 
A major issue in 1999 has been the establishment of the Vito Laser Centre, with the support of 
the European Regional Development Fund (ERDF) State-of-the-art laser facilities are being 
installed, equipped with the necessary robots and 3D machines for component manipulation By 
the end of the year 2000 a wide range of lasers will be available, with power ranging from a few 
10 W up to 20 kW This includes a novel high power diode laser with a fibre optic beam delivery 
system The specific target of this centre is the promotion and implementation of laser technol­
ogy in the Flemish industry particularly SMEs Besides welding and lasertooling, the application of 
wear and corrosion resistant layers by laser cladding is being explored In 1999 several industnal 
projects were already completed successfully 
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F/g. MAT 1: Lasers can be used to apply wear and corrosion resistant coatings on 
components with complex geometries. The picture shows a coaxial laser cladding head, 
which was specifically designed for this purpose. 

For a major Belgian space engineering company a laser welding procedure for the fabrication of 
aluminium heat exchangers used In satellites was developed. Two different welds were necessary 
to join the concentric tubes In the structure, an overlap weld between the two tubes and the 
welding of an end plug onto each tube. The welding had to be carried out without filler materi­
al to avoid loss of mechanical strength, and the specifications were very strict. In order to over­
come the high reflection of the COj laser beam by the metal, the extremities of the tubes were 
sandblasted and the laser beam was tilted A special clamping system was developed and the 
tubes were preheated to allow free shrinkage and avoid cracks in the weld. The ramping of the 
power, which Is critical to avoid the formation of pores, had to be programmed differently for 
each of the weld types. Control of the welds by X-ray analysis. He-leak tightness measurements, 
metallographic and mechanical tests showed that a success rate of 90 % was achieved Moreover, 
the mechanical properties of the laser welds were 2.5 times better than those of TIC welds, due 
to the lower heat Input during laser welding. The complete heat exchanger has now been con­
structed and will soon be installed in a satellite. 

The laser cladding technique allows components to be coated locally with a thick wear and cor­
rosion resistant layer The outer layer of the substrate is heated by a laser beam and Is simulta­
neously covered by a clad material fusing onto the substrate, forming a protective coating. These 
coatings show good adhesion, low dilution with the substrate and low porosity in comparison 
with conventional spraying techniques 
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By order of a Belgian SME manufacturer of specialty components, flange rolls for the food and 
beverage can industry were successfully treated. When these rollers are made of hardened tool 
steel, their lifetime is limited due to the high wear rate of the flange grooves Using a CO2 laser 
equipped with a special co-axial cladding head, layers containing tungsten carbide were cladded 
at this critical location. Cracking of the layers, due to thermal mismatch between substrate and 
layer, could be avoided by preheating the rollers to some hundred degrees Field testing of the 
treated rollers showed that the lifetime could be increased by almost a factor ten. 

Clow discharge at atmospheric pressure provides many 
opportunit ies (Fig. MAT 2) 
Clow discharges in gasses at atmosphenc pressure find their use in an increasing number of 
applications. Basically the plasmas are stabilised between electrodes in an inert gas but more 
importantly, the addition of a small amount of reactive gas such as oxygen or hydrocarbons 
allows the plasma to be used as a tool for the activation and cleaning of surfaces or for the dep­
osition of coatings. 

Fig. MAT 2: Atmospheric glow discharge processes can be used to activate or clean surfaces 
and to deposit coatings. The picture shows a dense polymer film, which was deposited In an 
atmospheric plasma process. 

The main advantage of the process is the absence of expensive vacuum equipment and its sim­
plicity of use. Whether this technology can be used for sophisticated processes, such as the de­
position of inorganic compounds, is still an open but very pertinent question. The driving force 
behind the development of atmospheric glow discharge processes is not only environmental but 
also economic, as it can become an adequate and elegant alternative for many present day indus­
trial techniques. Research at Vito concentrates on the development of industrial applications of 
atmosphenc plasmas. At the end of 1999, two home-built plasma ngs are in operation The first 
one is designed for a more basic analysis of plasma properties, while the second one is dedicat­
ed to the treatment in a continuous process of polymer films, fabrics, and others A third facili­
ty, tailored to the deposition of coatings, is under construction. 
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The activities in 1999 concentrated on the stabilisation of plasmas in a senes of gas mixtures 
Much effort was devoted to the analysis of the physical properties of the plasma An extensive 
study of optical emission spectra revealed that these processes can be amazingly complex In 
some mixtures a small change in the concentration of one of the gases has a tremendous effect 
In a preliminary study plasma polymerisation in atmospheric glow discharges has been investi 
gated Polymer films were deposited from methane propylene and acetylene precursors using 
helium and argon as carrier gas Infrared analysis showed that these coatings showed polymer 
like features but their physical characteristics strongly depend on the precursor mixture and the 
process conditions It could also be demonstrated that an organo metallic silicon containing 
compound polymerises in an atmospheric glow discharge This is very promising because it indi 
cates that plasma assisted metal organic chemical vapour deposition at atmospheric pressure 
could become feasible 
Activation and cleaning of matenal surfaces are applications of atmospheric glow discharge that 
are closer to industnal implementation Several projects are running or in preparation with indus 
trial partners on polymer films fabrics and metals These projects focus on the configuration and 
optimisation of process conditions 

Economic processing of ceramic materials tailored to specific 
applications fF;g MATS) 
strong reaction bonded aluminium oxide (RBAO) membrane supports were synthesised with pore 
sizes ranging from 0 2 to 5 pm The produced RBAO porous substrates are outstanding compared 
to conventional membrane supports because of their high mechanical strength and homoge 
neous pore size distribution This resulted in a transfer of the Vito patent to Cobra Technologies 
B V a Dutch company Cobra Technologies will integrate this technology in ceramic membrane 
modules for pervaporation and ultrafiltration 

Fig MAT 3 A geleast component which was machined prior to sintering Machining unsintered 
bodies IS possible because of the exceptionally high green strength of geleast bodies 
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Economicallv attractive manufacturing routes for high quality ceramic and powder-metallurgical 
components processing techniques such as gelcasting and electrophoretic deposition are fur­
ther developed 
In gelcasting, the first step is the preparation of a concentrated slurry of powders in a solution 
of organic monomers This slurry is cast in a mould and subsequently polymensed to form a 
green body of the powder held in a polymeric gel After demoulding, the gel is dried and the 
green compact is sintered to full density Research at Vito focuses on the processing of stable 
slurnes, the selection of mould materials, green machining and the optimisation of the drying 
process The mam advantages of gelcasting are 
• low equipment capital cost, 
• generic process 
• capability to produce both large thick-walled blanks and small components with fine features 
• high green strength (up to 20 MPa) allowing green machining, 
• very homogeneous material properties, 
• low binder contents resulting in easy binder removal 

In addition, Vito has started research in the area of electrophoretic deposition of materials This 
technique consists of applying an electric field to a suspension of charged powder particles In 
response to the electric field the particles move (electrophoresis) and deposit on one of the elec­
trodes Since the shape of the deposit is a replica of the shape of the electrodes vanous shapes 
can be obtained Coatings as well as free standing objects can be produced 
Like gelcasting, electrophoretic deposition can be applied to almost any material Another major 
advantage is that it allows microstructural engineering by consecutive deposition from two or 
more suspensions layered materials can be obtained The layer thickness can be vaned between 
~ 2 urn and several millimeters Moreover by adjusting the solids composition of a suspension 
dunng deposition, local composition variations and graded materials can also be fabricated 
Current work at Vito focuses on electrophoretic deposition of dielectric matenals for multi layer 
ceramic capacitors 

Progress in scratch testing to measure the adhesion of coatings 
(Fig. MAT 4) 
Coating technology is fundamentally dependent upon good adhesion between the coating and 
the substrate and in many cases adhesion is the limiting factor for the wider application of the 
technology Therefore, a reproducible and reliable test method to assess adhesion of coatings is 
essential The scratch test is routinely used in industry and research organisations because it is a 
quick and simple engineering test method It consists of drawing a diamond stylus across the sur 
face under increasing normal load, either stepwise or continuously until coating spallation failure 
events are observed in the scratch track Research has been carried out to fine-tune the scratch 
test procedure and to improve the accuracy and reproducibility of the results 
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Fig. MAT 4: Reference materials are developed for the scratch test, which Is used for qualifying 
the adhesion of coatings. In the figure the sensitivity is shown of a candidate reference 
material IDLC on hardened P/M high speed steel) to imperfect stylus properties. Specimens A, 
B and C stem from different coating batches. 

in the framework of a standardisation programme of the Belgian federal office for scientific, 
technical and cultural affairs (OSTC), different scratch test operation modes have been assessed 
to determine the adhesion of a senes of distinct coating types with intentionally varied adhesion 
properties, it was demonstrated that critical loads obtained by the conventional single pass pro­
gressive load scratch test mode (SPST) cannot be used as stand alone values. The failure mode as 
well as the magnitude of the failure event are equally Important to assess adhesion properties, in 
general, the constant load scratch test operation mode (CLST) allows the better discnmination 
between better or poorer adhesion properties than does the standard SPST method The multi­
pass scratch test operation mode (MPST) also seems to be better to rank the adhesion properties 
of coatings. With the current state-of-the-art equipment, however, the CLST and MPST modes are 
very time- and effort consuming. Currently, the extension and automation of scratch test oper­
ation modes to facilitate the use of more advanced test regimes is explored in a European fund­
ed project. The findings of the OSTC project have led to a substantial revision of the European 
pre-Standard ENV 1071-5. 

in a European project, which is co-ordinated by Vito, a certifiable reference material is developed, 
which allows to control the proper functioning of a scratch test instrument. This should allow to 
detect deviations of the shape of the stylus tip as well as errors in the load and displacement cal­
ibration or any other malfunctioning of the scratch test Instrument. The sensitivity to stylus 
imperfections of candidate reference materials, such as DLC coated hard powder metallurgical 
steels, was investigated using styli with standard and aberrant tip geometries. The reproducibili­
ty of critical load values between test specimens from different coating batches proved to be 
very good. 
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Vito Mater ia ls ^ 
Process techno logy 
The activities of the centre of expertise Process technology are focussed on the Introduction 
of Innovative technologies and the optimisation of existing technologies in the fields of mem­
brane technology and aluminium melt processes. Feasibility studies in the field of membrane 
technology were executed for several companies, representing different Industrial sectors. This 
has resulted in a wider industrial acceptance and Implementation of membrane processes for 
purification and/or recuperation of process- and/or waste streams. 
The work in the aluminium technology group was further directed towards the optimisation 
of the aluminium melt process by measuring key process parameters In a number of alumini­
um foundries. Statistical analysis of the experimental results allowed to formulate a number of 
recommendations for improving the existing melting processes. 

Euromembrane '99 
Thanks to the collaboration between Vito, the University of Leuven (KU Leuven) and the University 
of Antwerp (UIA), Belgium was selected as guest country for the Euromembrane '99 conference 
(Fig. PR01). This International meeting covers a broad range of fundamental and applied aspects 
of membrane technology The conference was held In Leuven and was a great success with more 
then 500 participants from 42 countries. 

Fig. PR01: opening session of the international conference Euromembrane '99 

Vito was responsible for the scientific as well as the practical organisation Three specialists of Vito 
were members of the Scientific Committee During the conference, different aspects of mem­
brane research at Vito were presented In three oral and five poster presentations, Including the 
keynote lecture of the session on water treatment. The high quality of the meeting certainly con­
tributed to the international fame that Vito has gained in the membrane field. 
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Organo-mineral membrane research 
Vito has a long history in the field of membrane development, mainly focusing on the combina­
tion of polymeric and inorganic components, the so-called organo-mineral membranes, espe­
cially the Zirfon®-membranes These membranes are formed by adding zirconia particles to a 
polysulfone solution The presence of zirconia in the polysulfone casting solution causes adsorp­
tion of the polymer chains on the surface of the inorganic particles This influences the mem­
brane formation and consequently the resulting membrane properties The technology for the 
synthesis of these organo-mineral type of membranes has recently been transferred to the spin 
off company Pnme membrane technologies (PMT) The evolution towards a mature technology 
IS of course accompanied by a reduction of the fundamental research in this field In 1999, the 
basic work on organo-mineral membranes was finalised by the publication of a second PhD the­
sis entitled 'Correlation between organo-mineral interactions and characteristics of composite 
membranes This publication summanses different studies on the physico-chemical properties 
of the polymer/solvent/inorganic filler suspensions and the structure and filtration properties of 
the resulting membranes 

Demo tests of membrane technology for industry 
The contract research activity on the demonstration of pressure driven membrane processes 
(micro- and ultrafiltration, nanofiltration and reverse osmosis) has been continued in 1999 For 
that purpose, the centre of expertise has invested over the past years in the construction and 
development of filtration loops on lab-scale, semi-lab-scale and pilot-scale Especially the in-
house developed software package Mefias® has shown a growing interest from the market The 
software package controls filtration parameters such as flux, transmembrane pressure, cross-
flow velocity cleaning procedure and allows on-line data registration and treatment of these 
parameters Thanks to the Mefias® software, the optimisation of filtration processes can be done 
in a fast and user-friendly way The growing interest in both the filtration loops and the software 
has been proven by the sale of a second filtration loop, type MFU-46, equipped with the Mefias® 
software, to the new Bekaert spin-off, Bekaert Advanced Filtration (BAF) 
Long term demonstration projects, such as the project supported by the Flemish centre for 
water research (SVW) (reported hereafter) clearly demonstrate the new challenges which nowa­
days can be fulfilled with membrane technology 
• in collaboration with one of the Flemish drinking water companies, PIDPA, it was demon­

strated that for three out of four test locations, dead-end ultrafiltration is able to upgrade 
backwash water from the sandfliters to drinking water quality in a reliable and economic way, 

• for a company in the food sector, it was demonstrated that a former waste stream contain­
ing an important amount of proteins, could be totally recovered after treatment with cross-
flow ultrafiltration, both the water and the concentrated proteins could be reused 

Evaluation of ultrafiltration as a pre-treatment step for dnnking water production (SVW project) 
The pilot experiments on ultrafiltration of the first research penod (mid 1997 to beginning of 
1999) were successfully completed As a result the drinking water company VMW decided to build 
a semi-industnal ultrafiltration plant, which should be operational early 2000 
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Fig PRO 2 View of the mobile filtration loop for water applications 

During the second research period the first filtration unit operated at the Crobbendonk facility 
of PIDPA directly connected to canal water (Albertkanaal) (Fig PRO 2) The other filtration unit was 
installed at the facility of VMW in Korbeek Dijle (Leuven) directly connected to river Dijle water 
Both waters are characterised by strong composition variations For example the turbidity 
changes from 15 to 85 NTU as a function of the weather conditions Extensive exploratory 
research showed that membranes of two membrane suppliers operated in a quite stable fashion 
dunng long term expenments In the case of PIDPA Crobbendonk fluxes as high as 100 1/hm^ 
combined with a water recovery of 95 % could be obtained whereas in the case of VMW Korbeek 
Dijle a flux rate of 75 l/hm^ combined with a water recovery as high as 97 % was attained 
Moreover it was found that the membranes needed to be cleaned only every two weeks with a 
combination of hypochlorite and sulfunc acid This was ascribed to the use of ferrichloride as a 
flocculation agent prior to ultrafiltration These experiments clearly show the possibility to find 
stable operational modes in order to produce water having the supenor ultrafiltration quality 

Ceramic membranes 
The ceramic membrane research was in general directed to the applicability of ceramic nanofil 
tration and pervaporation membranes The development efforts were focussed on a nanofiltra 
tion membrane with improved corrosion resistance 
The strength of ceramic nanofiltration membranes is their inherent temperature mechanical and 
solvent resistance Membranes which are chemically resistant in strong alkaline and/or acid envi 
ronments have an important additional advantage Based on last year results the development 
of nanofiltration membranes resistant to a wide range of chemical environments was continued 
Work was done on top layers of synthetic clay laponite and of titania The optimised chemically 
resistant laponite membranes showed high salt rejections in combination with high fluxes 
Correlating corrosion results with porosity measurements and structure determinations allowed 
to find a way to produce titania suitable for chemically resistant membranes The production 
route of chemically resistant titania nanofiltration membranes is now optimised on home made 
and commercial tubular supports 
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Dehydration of real solvent streams is the major research target for the application of ceramic 
pervaporation membranes Comparative studies of silica and NaA zeolite membranes from van 
ous suppliers were performed in a labscale pervaporation unit for the dehydration of iso 
propanol/water mixtures The influence of the temperature and the cross flow velocity on the 
permeate flux was evaluated as well as the time and conditions required to achieve a stable and 
optimal operation 

Electrochemical sensors 
The industnal feasibility of a sensor for monitoring the effective aluminium content in zinc has 
been successfully demonstrated dunng tests in a galvanising plant The patented technique 
enables real time continuous measurement of the effective aluminium concentration in zinc with 
a reproducibility and repeatability of a few 0 001 wt % of aluminium in the range of 0 1 wt % to 
0 3 wt % When continuously operated service life can be several weeks In Fig PRO 3 the effec 
tive aluminium content as measured by a senes of sensors is compared to chemical analyses (ICP 
and AAS) in a simulation of a galvanising process at 455 °C 
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Fig PRO 3 Determination of the effective aluminium content by electrochemical sensors 
compared to chemical analyses In a simulated galvanising process at 455 °C The melt has been 
diluted at selected time Inten/als 
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Aluminium process technology 
The work of the Aluminium process technology group is divided into two major parts in the 
COSMA project (Controlled addition of sodium modifier to aluminium silicon foundry alloys) a sys­
tem to add sodium modifier to molten aluminium-silicon foundry alloys is developed The COSMA 
project, partly sponsored by IWT as a Eureka project, is carried out in close collaboration with the 
University of Cambridge, Verhaert Design & Development and Foseco International The proto­
type system, shown in Fig PRO 4, was presented at the Cifa exhibition of 1999 in Dusseldorf 

Fig. PRO 4: COSMA prototype presented at Cifa '99 in Dusseldorf. 

The unit shown in Fig PRO 4 is a combination of the COSMA system with a rotary-degassing unit 
This combination enables an efficient distnbution of the sodium in the aluminium melt 
In the PROCIAS project (Process control in aluminium melts) the aim is to improve the current 
melting processes in four Flemish aluminium foundnes/cast houses In every company an exper­
imental design was set up, trying to determine the effect of the process parameters involved In 
this experimental design, some process parameters are vaned under well-defined conditions, 
enabling to estimate the effect of these variations on the final melt quality In order to measure 
the quality of the liquid metal, some state-of-the-art measuring tools such as LiMCA, PoDFA and 
AISCAN are used In this project the quality of the liquid aluminium depends upon the amount of 
non-metallic inclusions and the hydrogen content After finishing the first phase of this project 
several important effects could be observed An illustration of such an important effect is shown 
in Fig PRO 5 The response surface of a hydrogen measurement is shown as a function of tem­
perature and degassing It can be seen that low hydrogen values will be reached for high 
degassing values and low temperatures 
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The knowledge of the most important process parameters enables to conduct a melting process 
in such a way that it leads to an improved molten metal quality 

Fitted Surface Variable ALSCAN 
2**(5-1) design 

■ 0,177 
■ 0 194 
C3 0 211 
I I 0 228 
m i 0 245 
m i 0 262 
m 0 279 
^ 0 296 
■ I 0,313 
^ 0,33 
I B above 

Fig PRO 5 Hydrogen response surface <cc H^ /100 g AD as a function of degassing time and 
melt temperature Lower hydrogen contents are obtained at lower temperatures and for 
longer degassing times 
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membrane appl icat ions/J Luvten W Adriansens 
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AR Greenberg, WB Krantz, PA Jacobs 
ICOM '99, Toronto, Canada, 1999­12­06 ■ 1999­06­18 
1999/PRO/M/0003 

Membrane performance The key issue for 
dehydrogenation reactions in a catalytic membrane 
reactor / H Weyten 
Voordracht Bayer AG, Krefeld, Germany 1999­02 11 
1999/PRO/M/OOOS 

De voornaamste membraanmaterialen en hun 
mogelijkheden / R Leysen 
Technodag Membraantechnologie', 
Utrecht, the Netherlands 1999­03­23. 
1999/PRO/M/0013 

The vi to approach towards membrane f i ltration 
processes / Ch Dotremont, W Doyen 
WaterTarget, Antwerpen (Belgium), 1999­04­25 
1999/PRO/M/0022 

Hergebruik van terugspoelwaters d m v dead­end 
membraanfiltratie / Ch Dotremont 
studiedag ' inzet membraantechnieken', 
Heverlee (België) 1999­05­19 
1999/PRO/M/002a 

Membranen voor dnnkwaterbereiding / W Doyen 
Studiedag Inzet membraantechnieken 
Heverlee (België), 1999­05­19 
1999/PRO/M/0025 

Electrochemical production of sodium for the 
modification in aluminium in foundries / Ja Dekeyser, 
R Copcutt, D Fray 
1999 Joint International Meeting (196th Meeting of the 
Electrochemical Society), Honolulu (Hawaii), 
1999-10-17 - 1999-10-22 
1999/PRO/M/0028 

Chemical stability of ceramic nanofiltration 
membranes / T Van Gestel J Luyten, R Leysen, 
C Vandecasteele 
AlChE (1999 Annual Meeting), Dallas. USA, 
1999-10-31 -1999-11-05 
1999/PRO/M/0052 

Selective hydrogenation of vegetable oils by using a 
catalytic membrane contact reactor / H Weyten, 
L Willems J Luyten, F Servaes, R Leysen 
ECCE2 Congress. Montpellier (France), 
1999­10­05 ­1999­10­07 
1999/PRO/M/005« 

The recovery of backwash water f rom sand filters by 
ultrafiltration / Ch Dotremont 
European Conference on Desalination and the 
Environment, Las Palmas (Cran canaria), 1999­11­09 ­
1999-11-12 
1999/PRO/M/0012 

industriële toepassingen van membraantechnologie 
Ch Dotremont 
Energik­Congres 'Water in de Industrie', Zemst (Belgie) 
1999-10-08 
1999/PRO/M/00a3 

The importance of operational mode on the feasibility 
of dead­end ultrafiltration (key­note lecture) 
W Doyen 
Euromembrane'99, Leuven (Belgium), 
1999­09­20 ­ 1999­09­22 
1999/PRO/M/0047 

Corrosion aspects of AI203Ti02 mesoporous 
membranes / T van Gestel, Ch Dotremont, J Luyten, 
R Leysen J Schaep G Maes, C Vandecasteele 
Euromembrane'99 Leuven (Belgium), 
1999­09­20 ­1999­09­22 
1999/PRO/M/004S 

Simultaneous real­time measurement of compressive 
strain and permeability properties of Zirfon composite 
ultrafiltration membranes / P Aerts, R Leysen 
AR Greenberg VE Reinsch,WB Krantz, PA Jacobs 
Euromembrane'99, Leuven (Belgium), 
1999-09-20 -1999-09-22 
1999/PRO/M/00a9 

Laponite membrane for salt retention 
A Buekenhoudt, J Luyten Ch Dotremont, 
c Smolders, F Servaes G Thomas 
Euromembrane'99 Leuven (Belgium), 
1999­09­20 ­ 1999­09­22. 
1999/PRO/M/0050 
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Phase formation in Ai203-TI02 mesoporous membranes 
T. Van Cestei, K. Van Acl<er, M. H/lertens, J. Luyten. 
1st Belgian Crystallography Symposium, Brussels 
(Belgium), 1999-10-28. 
1999/PRO/M/0057 

De voornaamste membraanmateriaien en hun 
mogeliJi<heden /1 . Cennê. 
Technodag 'Industriële membraantechnoiogie voor 
proces- en productiebedrijven', Borgerhout IBelgie), 
1999-11-30. 
1999/PRO/M/00e3 

Ultrafiltratie voor drink- en proceswaterbereiding -
Ervaringen van pilootonderzoek / w. Doyen. 
Technodag 'Industriéie membraantechnologie voor 
proces- en productiebedrijven', Borgerhout (Belgie) 
1999-11-30. 
1999/PRO/M/0064 

Reports 
innoveren met Aluminium 
Ja. Dekeyser, F. De Schutter - 200 p. 
1999/PRO/R/0006 
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Vi to M a t e r i a l s ^ 
Raw materials 
The centre of expertise Raw materials investigates and develops new techniques for the sus 
tamable (re)use of raw materials for industrial as well as governmental partners Primary raw 
materials are studied in the information Centre on underground Energy Resources This cen 
tre focuses on the energetic valorisation of Flanders deep subsurface in the domain of sec­
ondary raw materials this centre performs applied research on recycling and valorisation of 
mineral residues and waste 

Energy resources in Flanders' deep subsurface 
Vito s Information centre on underground energy resources is currently involved in the energetic 
valonsation of Flanders deep subsurface Actual feasibility studies commissioned by the Flemish 
Natural Resources and Energy Department (AN RE) focus on the alternative use of energy 
resources in the deep subsurface in possible combination with a reduction of greenhouse gases 
in the atmosphere Two major topics have been dealt with dunng the past year Flanders poten 
tial of coalbed methane (CBM) recovery from deep coal seams in combination with the geologi 
cal sequestration of CO2 and an inventory of Flanders geothermal energy resources 
Enhanced coalbed methane recovery possibly represents a new future for Flanders deep coal 
reserves A detailed study has been carried out based on all available borehole information and 
existing coal analyses in the Campine Coal Basin As a result numerous maps have been produced 
allowing to estimate the overall minimum total methane gas reserve adsorbed to the coals These 
theoretical reserves up to depths of -1 500m amount to about 500 billion m^ of methane 
spread over a surface of about 1 590 km^ which gives an average gas concentration content of 
about 190 million m^ of CH4 per km^ Moreover 6 positive anomalous areas with higher values 
than the average gas in place content have been identified in the basin and shall be investigat 
ed in a forthcoming study (Fig CR0 1) An important fault zone the Donderslag fault subdivides 
the basin in two separate subbasins each with a different gas content The total gas-in-place 
reserve of the anomalies in the eastern subbasin is about twice that of the anomalies located in 
the western one Additionally the socio economic factors influencing the economic application 
of enhanced CBM extraction from coals in the Campine Basin are currently under investigation 
These factors include the presence of CO2 producers (CO2 emissions from fossil fuel combustion 
process CO2 from chemical processes) the amount of CH4 consumers the proximity of a gas dis 
tribution network etc 
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Fig CRO 1 Positive anomalous regions with high coalbed methane gas in place 
concentrations in the Campine Basin Note the marked difference between the eastern 
ad western subbasins 

The Information Centre has also made a new geological inventory of potential geothermal reser 
voirs in Flanders For each reservoir not only the known geological parameters reservoir charac 
teristics and theoretical geothermal energy potential have been described in detail but also an 
overview of different possible ways of application has been given Although Flanders is lacking 
high enthalpy geothermal energy resources it has still a very important potential of low enthalpy 
geothermal reservoirs (aquifers with water temperatures below 150 °C) The largest concentra 
tion of those reservoirs is located in the Campine Basin area indeed here we can observe differ 
ent reservoirs at a single locality but at different depths (in stratigraphic order) karstified Lower 
Carboniferous limestones Upper Carboniferous Neeroeteren sandstones Tnassic sandstone 
reservoirs of the Buntsandstein porous limestones of the Maastricht Formation (Upper 
Cretaceous) and a whole spectrum of more shallow Cenozoic sand aquifers The theoretical geo 
thermal energy potential of these deeper reservoirs amounts to about 114 10^ gigajoule accord 
ing to a recent study by Berckmans & Vandenberghe (1998) 
The total geothermal energy potential of the shallow and colder (< 20 °C) reservoirs is unclear 
because of important regional and local variations in their lithologic and hydraulic characteristics 
For years Vito has been involved in the promotion and implementation of cold and heat storage 
in these shallow aquifers as a sustainable energy technology in the Flemish region (Fig CRO 2) 
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Fig. CRO 2- Schematic illustration (not to scale) of the potential of the Flemish subsurface as 
underground energy source and as storage capacity 

The mam constraints for the development of geothermal energy in Flanders are still the relative­
ly low fossil fuel prices, the unawareness of this energy resource by potential user groups and the 
lack of information on the hydraulic behaviour of some important reservoirs Wider use of geo­
thermal energy in Flanders would require new exploration campaigns of the deep(er) reservoirs, 
additional hydraulic tests in abandoned geothermal wells and new information or scouting cam­
paigns for Identifying potential users and identifying their needs 

Recycling of gypsum from construction and demolit ion waste 
Waste gypsum from the construction matenals sector is an important part of the construction 
and demolition waste (CDW) Although pure gypsum can be recycled infinitely, impure waste gyp 
sum IS often disposed of or dispersed in the CDW stream Source separation is not performed on 
a large scale and sorting units for CDW often do not perform a gypsum selection The sulphate 
content is a major criterion in the valorisation of the CDW as a secondary aggregate for concrete 
Sulphate affects the technical quality and hardening behaviour of aggregates Therefore, the 
question arises whether the presence of residual gypsum in CDW masonry aggregates is a bur­
den for effective valorisation The gypsum sector approached Vito to solve this problem 
The actual gypsum content and sulphate leachability has been studied for a range of sorted and 
recycled aggregates This was compared to the overall environmental quality of the material A 
major difference exists between products from sorting and recycling units Recycling units 
process CDW in a primarily mechanical way They work under a strict quality policy and produce 
aggregates with certified quality Sorting units process the mixed CDW streams They perform a 
manual or partially mechanical separation The difference in acceptance policy and treatment 
methods is reflected in the aggregate quality Sulphate leaching levels are one order of magni-

96 



tude higher for the sorted aggregates Due to the solubility controlled leaching mechanism, the 
material with a gypsum content of a few percents (> 5 %) shows an identical sulphate emission 
as pure gypsum products This holds for the sand fractions of the sorting units Comparison 
according to the material type shows that sulphate leaching is always higher for the finer mate­
rial Additionally clear differences occur between the various units Plants with a wind sifter gen­
erate an aggregate with lower sulphate leaching, as compared to plants without this type of sep­
aration step Also the metal content and teachability are higher for aggregates from sorting units 
Visual analysis of the various products from sorting and recycling gave data on the gypsum con­
tent On this basis, a material flow diagram of gypsum could be set up In order to optimise gyp­
sum recycling from CDW, source selection measures need to be taken and a centralised collec­
tion and treatment system needs to be set up This may yield a gypsum recycling potential of 
10,000 ton/y on the Flemish market Gypsum recycling will reduce the sulphate content of sec­
ondary aggregates and therefore increase their valorisation potential At the sorting units, fur­
ther measures need to be taken in order to ensure compliance with environmental criteria, such 
as metal leaching 

Recycling of sewage sludge: the toluene problem 
The reuse of municipal and industrial sewage sludge as a secondary raw matenal, as a fertiliser or 
a soil improver is subject to stringent limits of the metals and organic pollutants content 
Recently, an unexpected organic pollutant (toluene) was detected in high concentrations in both, 
municipal and industrial sewage sludge, prohibiting the valorisation of sludge in agriculture 
In an attempt to detect the possible sources of this pollution, the incoming, outgoing and inter­
mediate streams of two municipal waste water treatment plants (one with and one without 
anaerobic digestion) were analysed for their toluene content Both the influent and aqueous 
effluent of the plants were free of toluene, indicating that pollution by an external source was 
unlikely The fact that only toluene - and no xylenes - were detected also excluded illegal dump­
ing of solvents as possible source of pollution Toluene was detected in minor concentrations 
(lower than the limit values) in intermediate sludge streams, but the toluene concentration in 
both the digested and undigested sludge destined for disposal or reuse always exceeded the 
limit values This sludge was stored for several weeks under anaerobic conditions and digestion 
of the sludge prior to storage had a positive effect on the toluene content of the sludge 
It was found that during the anaerobic storage of the sludge, uncontrolled methanogenic fer­
mentation reactions took place in the sludge Methanogenic fermentation is responsible for bio­
gas production in anaerobic sludge digesters, in which the reactions proceed in a controlled man­
ner Three main types of bacteriological reactions take place dunng methanogenic fermentation 
The first step consists of the breakdown of macromolecules (polysaccharides, proteins and fats) 
by fermentative bacteria to acetate, Hj and COj or to intermediate aromatic and short chain fatty 
acids In the second step, an Hj-producing acetogenic converts these intermediate aromatic and 
short chain fatty acids The Hj-consuming methanogenic bacteria then convert the acetate, H2 
and CO2, produced by both the fermentation and the acetogenic step, to CHjand CO2 The con­
sortium responsible for the methanogenic step is very sensitive to disturbances of their envi­
ronment (pH, H2 partial pressure, ) As a result of such disturbances their methanogenic activ­
ity stops and H2, produced in the acetogenic step, is disposed of by reduction of the carboxylic 
group to a methyl group In this way benzoic acid can be reduced to toluene 
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This hypothesis has been tested by following the toluene concentration in undigested sludge 
both fresh and after anaerobic storage during several weeks held under anaerobic conditions in 
a laboratory (Fig CRO 3) Results indicate very fast initiation of the toluene formation in fresh 
sludge and continued increase of the toluene concentration in sludge that had been stored 
anaerobically before the test The toluene concentrations reached up to 500 ppm dm (dry mat 
ter) concentrations that have also been detected during the campaign on the waste water treat 
ment plants 
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Fig CRO 5 Evolution of the toluene content (in ppm dry matter (dml) of anaerobically 
prestored and of fresh undigested sludge as a function of time during anaerobic storage 
The results indicate that the presence of toluene in sewage sludge is not necessarily due to an 
external pollution source but can be formed by natural bactenological processes in the sludge 
The toluene limit for use of the sludge as a secondary raw material as a fertiliser or as soil 
improver is currently set at 11 ppm dm 

From these data it is dear that the toluene contamination is not originating from an external pol 
luting source but is formed by naturally occurnng anaerobic bacteriological processes in the 
sewage sludge Possible remedies to prohibit the formation of toluene are sludge storage under 
aerobic conditions frequent aeration of the sludge or sludge liming (cessation of all bacteriolog 
ical activity) The latter remedy has as a consequence that more sludge has to be disposed off 
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Publications 
Petrography and leaching complementary tools in 
assessing the environmental risks of secondary raw 
materials / K C Vrancken R J M Dreesen 
J Dresselaers V Dutré B Laethem 
REWAS99 1999 Global Symposium of Recyling Waste 
Treatment and Clean Technology San Sebastian 
(Spain) 5 9 September 1999VOI II jaartal 1999 
p 1373 1380 
1999/CRO/P/0007 

Petrography as a tool in assessing the environmental 
risks of secondary raw materials / J Dresselaers 
K C vrancken B Laethem 
7th Euroseminar on Microscopy Applied to Building 
Materials June 29 July 2 1999 Technical University of 
Delft (the Netherlands)1999 p 531 538 
1999/CRO/P/0008 

Bioreceptivityand biodeterioration of building stones 
monitored by petrographical techniques / 0 Ouillitte 
7th Euroseminar on Microscopy Applied to Building 
Materials June 29 July 2 1999 Technical University of 
Delft (the Netherlands) 1999 p 267 276 
1999/CRO/P/0009 

combination of leaching tests and 
micromorphological tests in the evaluation of the 
leaching behaviour of Cravelite / V Dutre R Dreesen 
J Dresselaers B Laethem J Winters 
Waste Stabilization & Environment 99 
STAB&ENV99 Vol Posters 1999 p 99 101 
1999/CRO/P/0010 

Coverbranding van gedroogd rioolwaterzuiveringsslib 
in poederkoolcentrales / K Devoldere 
19de Internationaal seminarie 
Beheer van Afvalstoffen (1999) 
1999/CRO/P/0016 

Assessing valorisation options for non ferrous metals 
recycling residues / K Vrancken R Dreesen 
J Dresselaers B Laethem 
4th ASM International conference and exhibition on 
the recycling of metals The recycling of metals 
Book of proceedings Jaartal 1999 p 291 297 
1999/CRO/P/0025 

De Invloed van de bijstook van gedroogd 
zuiveringsslib op de emissies van 
poederkoolgestookte centrales 
k Devoldere H Beckers P Ockier H Tote 
Lucht vol 16 nr 3 1999 p 87 90 
1999/CRO/P/0032 

Waarheen met waterzuivenngsslib' / B Laethem 
K Devoldere 
Milieutechnologie Maandelijkse nieuwsbrief over 
milieutechnologie 6e jaargang nr 6 10 061999 
p 6/1 6/3 
1999/CRO/P/0037 

Assessing Belgium s CBM potential / M Dusar 
R Dreesen B Laenen M Mostade 
CBM review September1999 vol 5no 3 p 8 11 
1999/CRO/P/00ai 

Co Incineration of dried sew/age sludge in coal fired 
power plants a case study / D Luts K Devoldere 
B Laethem w Bartholomeeusen P Ockier 
Disposal and utilisation of sewage sludges treatment 
methods and application modalities 
October 13 15 1999 Athens(Greece) 
1999/CRO/P/0048 

Zuiveringsslib brandstof voor centrales' 
K Devoldere P Ockier H Tote 
Het ingenieursblad vol 68nr10 11 jaartaM999 
p 14 24 
1999/CRO/P/0050 

Vlarea op het Internet / K Vrancken 
Milieutechnologie Vol 6 nr 6 jaartal 1999 p 5 
1999/CRO/P/0056 

Vlarea gids voor hergebruik van afvalstoffen 
k Vrancken 
de Milieukrant vol 10 nr 19 jaartal 1999 p 2 
1999/CRO/P/0057 

Communications 
Environmental quality and management of 
construction and demolit ion waste in Flanders 
k vrancken 
R 99 Recovery recycling re integration 4th 
International congress with exhibition Geneva 
(Switzerland) 1999 02 02 1999 02 05 
199S/CRO/M/0029 

Bioreceptivity and biodeterioration of building stones 
monitored by petrographical techniques / R Dreesen 
7th Euroseminar on microscopy applied to building 
materials Delft (The Netherlands) 1999 06 29 
1999 07 02 
1998/CRO/M/0038 

Petrography as a tool in assessing the environmental 
risks of secondary raw materials / R J M Dreesen 
Global symposium on recycling waste treatment and 
clean technology REWAS 99 San Sebastian (Spam) 
1999 09 05 1999 09 09 
1998/CRO/M/0039 

combination of leaching tests and 
micromorphological tests in the evaluation of the 
leaching behaviour of Gravelite / V Dutre R Dreesen 
J Dresselaers B Laethem J Winters 
Waste Stabilization & Environment 99 Lyon 
Villeurbanne (France) 1999 04 13 1999 04 16 
1999/C/?O/M/0005 

Petrography and leaching complementary tools In 
assessing the environmental risks of secondary raw 
materials / K Vrancken 
REWAS 99 1999 Global Symposium on Recycling Waste 
Treatment and Clean Technology San Sebastian 
(Spam) 1999 09 05 1999 09 09 
1999/C)?O/M/0006 

Coverbranding van gedroogd rloolwaterzuiverlngssiib 
in poederkoolcentrales / k Devoldere 
19de Internationaal seminarie Het beheer van 
afvalstoffen Brussel (België) 1999 05 19 1999 05 20 
1999/C/?O/M/00-;5 
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Assessing valorisation options for non-ferrous metals 
recycling residues / K Vrancken 
4th ASM international conference and exhibition on 
the recycling of metals Vienna (Austria! 1999 06-17 
1999-06-19 
1999/CRO/M/0022 

Magnetostratigraphy and rock magnetism of the 
Boom clay (Rupelian) in the stratotype area Belgium 
D Lagrou 
7th Biannual meeting of the regional committees on 
Northern paleogeen and neogene stratigraphy 
Leuven (Belgium), 1999 09 20 -1999-09-23 
1999/CRO/M/0056 

Towards a global action plan for gravel substitutes in 
Flanders / B Laethem 
2nd European conference on mineral planning 
Harrogate North Yorkshire England 1999-10-04 
1999 10 07 
1999/CRO/M/0038 

Huidige knelpunten bij de afzet van zuiveringsslib als 
secundaire grondstof / K Devoldere 
Afzetkost biologisch slib beperken' Kies de juiste was 
en waterzuiveringsinstallatiei Grimbergen (Beigiel 
1999 10 07 
1999/CRO/M/0042 

Reports 
Supercritical fluids in Europe Who s who & Who does 
what / H Weyten - 82 p 
1999/CRO/R/0030 
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Glossary of acronyms and abbrev ia t ions 

AAS Atomic absorption spectroscopy 
AISCAN Aluminium scanning 
AMINAL Flemish administration for environment, nature and land use 
ANRE Flemisch administration for natural resources and energy 
APEX Airborne prism experiment (airborne hyperspectral imaging spectrometer) 
ATES Aquifer thermal energy storage system 
AURORA Air quality modelling in urban regions using an optimal resolution approach 

BAT Best available techniques 
B-CCMS Belgian crop growth monitonng system 
BICMER Biological composite membrane reactor 
BIOMET* Bio-metal sensor 
BMSR Biometal sludge reactor 
BOILSIM Boiler simulation software 
BTEX Benzine, toluene, ethylbenzene and xylene 
CADDET Centre for analysis and dissemination of demonstrated energy technologies 

CBM Coalbed methane 
CDW Construction and demolition waste 
CES Centre of Environmental Studies 
C-fix Carbon fixation - model for estimating the net amount of carbon fixed by 

vegetation 
CFU-CM Colony forming units by granulocytes and macrophages 
CHP Combined heat and power 
COD Chemical oxygen demand 
COSMA Controlled addition of sodium modifier to aluminium-silicon foundry alloys 
COST European co-operation in science and technology (EC programme) 
CPiN Cleaner production information network 
ECVAM European centre for validation of alternative methods 
EDM Eulerian dispersion model 
EEA European environment agency 
ELCADI Electronic ballast for gas discharge lamps 
EUSA Enzyme linked immunoabsorbent assay 
EMIS Energy and environment information systems 
ERDF European regional development fund 
ESA European space energy 
ESTO European science and technology observatory 
ETSAP Energy technology systems analysis programme 
EUREKA European initiative to raise the productivity and competitiveness of European 

industries 
EUROS European operational smog model 
ExternE Project CD XII Joule 'External cost of energy 
Felnet Flanders environmental library network 
FUL University of Arlon 
Cifa Ciessereifachmesse 
CLP Good laboratory practices 
COM Gewestelijke ontwikkelingsmaatschappij - Regional development corporation 
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GPP 
HDV 
IBEMA 

ICP 
IFDM 
IWT 

JOULE 
JRC 
KU Leuven 
KWO 
LCA 
LIFE 

LiMCA 
LUC 
Mefias® 
MESOCOM 
MIVB 
MTD 
NEP 
NPP 
NTU 
OPET 
OS! 
OSTC 
OVAM 
PAH 
PCB 
PIDPA 
PILBO 
PMT 
PoDFA 
PROCIAS 
PRODEM 
RBAO 
RIVM 
RSL 
RUE 
SarScape 

SAVE 
SME 
SMOGSTOP 
SOC 
SOP 

Cross primary production 
Heavy duty vehicles 

ERDF funded project to support innovation in SMEs by the introduction of new 
materials 

Inductively coupled plasma (atomic absorption instrument) 
Immission frequency distribution model 
Flemish institute for the promotion of scientific technological research 
in industry 

Joint opportunities for unconventional or long-term energy supply 
Joint research centre at Ispra 
Katholieke universiteit Leuven - Catholic university Leuven 
Koude-warmteopslag - Cold and heat storage 
Life cycle analysis 

European initiative to contnbute to the development and implementation 
of the EU environmental policy 
Liquid metal cleanliness analyser 
Umburgs universitair centrum 
Membrane fi ltration assistance software 
Mesoscale atmospheric model intercomparison 
Brussels public transport company 
Maximum tolerated dose 
Net ecosystem production 
Net primary production 
Nephelometric turbidity units 
Organisation for the promotion of energy technologies 
Ovaria somatic index 
Federal office for scientific, technical and cultural affairs 
Flemish public waste corporation 
Polycyclic aromatic hydrocarbons 
Polychlonnated biphenil (Polychlorobifenyl) 
Provinciale en intercommunale drinkwatermaatschappij der provincie Antwerpen 
Pilot plant for soil washing 
Prime membrane technologies 
Porous disc fi ltration apparate 
Process control in aluminium melts 
Promotion and demonstration of environmentally friendly technologies 
Reaction bonded aluminium oxide 
Royal institute for public health and environment (NL) 
Remote sensing laboratones, University of Zurich 
Rational use of energy 

Vito model to derive structural parameters of a landscape f rom satellite radar 
images 
Specific actions for vigorous energy efficiency 
Small and midsized enterprises 
Smogstop model of groundlevel short ozone pollution 
State of charge (battery) 
Standard operating procedure 
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SPOT 
SVW 

TEMAT 

TEGM 
THERMIE 
UASB 
UCL 
UC 
UIA 
UIg 
UNFCCC 
UTES 
VDAB 
VEGETATION 

VITOTOX® 
VLAMEK 

VLAREM 
VLIET 
VLM 
VMM 
VMW 
VOC 
VOEM 
VTC 
VUB 

Zirfon 

Satellite probatoire d'observation de la terre 
Studie- en samenwerkingsverband Vlaams water - Flemish centre for water 
research 
Toekomstige emissies onder maatregelen in de transportsector - model 
for calculating historical emissions and predicting future emissions for 
different transport sector policies 
Tapered element oscillating microbalance 
European programme on heat 
Upflow anaerobic sludge blanket reactor 
Université catholique de Louvain 
Universiteit Cent 
Universitaire instelling Antwerpen 
Université de Liége 
United nations framework convention on climate change 
Underground thermal energy storage 
Flemish employment service 
Name of the multi-spectral instrument onboard the SP0T4 satellite for the daily 
monitoring of the earth's vegetation cover (http:/www.vgt,vito.be) 
Bioluminescence test for detection of genotoxic material 
Vlaamse methodiek voor ketelevaluatie - Flemish calculation tool for evaluating 
heating installations 
Flemish regulations on the environmental permit 
Impulse programme for energy technology of the Flemish government 
Vlaamse landmaatschappij - Flemish land use agency 
Flemish environmental agency 
Vlaamse maatschappij voor watervoorziening 
Volatile organic compounds 
Vito's on-the-road emission and energy consumption measurement system 
Vlaamse thermie coördinatie - Flemish thermie co-ordination 
Vrije universiteit Brussel 
water research 
Zirconia polysulphone composite material 
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index 
j 

A 
adhesion 
adsorption 
aerosol 
air pollution 
air quality 56, 
Alcaligenes eutrophus 
AMINAL 

21, 

5, 77, 80-81 
26,86 
37,42 

26,31,44,50-51 
42,44,48-52,59,105 

amorphous carbon coatings 
ANRE 
aquifers 
ATES 
atmosphere 
Atmospheric processes 

B 
ballast 
BBT 

70 
10, 56, 102-103 

82 
18-20, 94, 102-105 

Best available techniques 
bi-fuel 
bioassays 
bioavailability 
biodegradation 
biodiesel 
biofilm 
biomass 8,12 
Biomet® 
biomonitoring 
bioremediation 
BMSR 
boilers 

C 
CADDET 
Campine coal basin 
carbon dioxide 

, 14 

10,95 
10,13,105 

25, 37-58, 94 
2, 35, 44, 48 

11 105 
29-51 

2 ,25 ,29 ,51 ,103 
19 

56-57, 59 
57, 69-73 
65, 69-72 
21,30,58 
68-69, 75 

46, 57, 62-65, 55 
56-57, 65, 72-75, 105 

catalytic membrane reactor 

58 
69,71,75 

62-65,71,103 
9, 12 

12-15, 105 
94 
16 
92 

Centre for Best available techniques 2, 25 
ceramic components 
ceramic membranes 
chemical vapour deposition 
CHP 
CO 
coalbed methane 

76,91 
5,87 

79,82 
08-11,13,30, 105 

16,18-19,57 
94-95, 105 

coating 
COD 
CO emissions 
Co-incineration 
Cold and heat storage 
Combined heat and power 
comet assay 
computer modelling 
contaminated soils 
cooling 
CPIN 

77, 80-82 
61, 66, 103 

19 
99 

95, 104 
2 , 8 - 9 , 1 1 , 105 

58-60 
44 

56, 68, 75 
10, 13, 37,65 

25, 105 
Crop growth monitoring system 46, 51,105 
Crude oil 

D 
demolition waste 
design 
diagnostics 
Diamond-like carbon 
diesel 16, 
dioxins 
dispersion modelling 
DLC 
DNA 
domestic heating 
drive tram 
driving behaviour 

E 
ecodesign 
ecosystems 
electrochemical sensors 
Electromagnetic Fields 
ELGADI 
EMIAD 

69 

5, 96, 99, 103 
10, 23, 47, 89 

2, 55-56 
82-85 

21 ,30 ,38 ,55 ,59 
4, 56, 42, 49, 53 

51 
81 

58-60 
2 ,9 58 

16 
17, 20-21 

2,23,29-51 
51-52,54 

3,88 
58 

11, 103 
51 

EMIS 2,25-26,29,51-52,105 
energy consumption 
energy efficiency 2 
energy saving 
environmental damage 
environmental monitonng 
environmental pollution 
environmental studies 
ESTO 
Eureka 

8, 18, 27, 105 
9, 12-13, 28, 104 

8-9, 28 
2,23 

69,73 
26 

2, 26-27, 56, 105 
23-24, 103 
11,89, 103 

European Environment Agency 25,105 
EUROS 44, 48, 105 
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eutrophication 
external costs of energy 
Extern E 

F 
Federal Office for Scientific 
flotation 
foundries 
foundry 
Free University of Brussels 
fuel consumption 
fuel-efficient 

C 
gaseous fuels 
gasoline 
genotoxicity 
geological sequestration 
CLOREAM 
glow discharge 
CLP 
GREEN 25,31,45, 
ground segments 
groundwater 

H 
hazards 
health effects 
heavy duty vehicles 
hybrid bus 

50 
23 

23-24,103 

81,104 
62-63, 67 
85, 89, 92 

89, 103 
102 

16, 18-21 
20 

18 
19 

56, 58-59 70 
94 

50-51 
3, 78-79 
53, 103 

55, 79-80, 82-83 
44 

26, 39-40, 62 

11 
37,58 

2, 16, 104 
18 

hydrocarbons 16,40,42,53,78.104 
hydrocycloning 

1 
1 

lEA 
IFDM 
image processing 
imagery 
immuno-haematotoxitants 
incineration 
IWT 

J 
JOULE 

L 
landfill gas 

63 

27 
49, 104 

44-47 
2, 44, 51 

53 
26 

11,89, 101, 104 

23, 103-104 

13 

Laser Centre 
laser cladding 
laser technology 
laser welding 
LCA 
leaching 
leaching behaviour 
leaching tests 
Life cycle assessment 
lighting 
liquid aluminium 

M 
manure 
MARKAL 
membrane reactors 
membranes 3,71 
membrane technology 
metal resistance genes 
micro-organisms 
mobility 
municipal waste 

N 
nanofiltration 
nanofiltration membranes 
natural gas 
network 12, 23-24, 30-31, 
103 
NCAA 
novel energy technology 
NOx 
nutnent 

0 
odour 
OPET 
organo-mineral membrane 
OSTC 
OVAM 26, 36, 39 4C 
ozone concentrations 
ozone formation 

P 
PACVD 
PAH 

76 
76-77 

76 
77 

104 
40,61-62,97,99 

99 
99 

2, 23, 29-31 
2,9,11 

89 

2, 40-41 
26 

72,91 
, 83, 86-88, 91-93 

3, 70, 85-86 
68,72 

68-69, 72 
20 

54,97 

86-87,91-92 
87,91-92 

2,18-19,21 
36, 44, 48, 52, 94, 

52 
8 

16,18-19,29,51 
40 

25, 49, 65 
12, 104 

3,86 
23,27 81,104 

), 61,63, 102, 104 
46 

48 50 

83 
64, 73, 104 

PCB 36-37, 42-43, 54, 104 
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pervaporation 
phyto-extraction 
phytostabilisation 
PILBO 
Pinch analysis 
PMT 
pollutants 24, 
polluted soils 

40. 
3 

42, 
61 

79, 87-88 
61-62, 71 

61 
3,61,63-64.104 

2. 28, 32 
86. 104 

49, 53, 56, 73, 97 
-62, 64, 68, 70-72 

soil remediation 
soot particles 
space applications 
Sphingomonas 
SPOT 
substrate 
surface waters 
sustainable development 

36, 39. 69 
38 

44,46 
72-73 

105 
77-78, 80 
40, 55, 59 
24, 48, 76 

poly-aromatic hydrocarbons 52 
polysulfone 86 
power electronics 2,11 
Prime Membrane Technologies 86,104 
PROCIAS 89,91.104 
PRODEM 3,61,65,67-68,104 

0 
quality control 
quality standards 

R 
radar 
Rational use of energy 
raw matenals 
RBAO 
reference laboratory 

37 
49, 53 

44, 47, 50, 104 
2, 8, 104 

5, 75, 94, 99 
79,91,104 

35,39 
remote sensing 2, 35, 44, 46-47, 50-52,104 
renewable energy 8,10,12 
resolution 45, 47-48,103 
reverse osmosis 86 
risk assessment 24, 42, 55, 50 

S 
sand filters 61,68-69,71-72,92 
SATURN 50-51 
Scientific and technical research centre of the 
metalworking industry 102 
scratch testing 5, 80 
secondary raw materials 94, 99 
sensors 3,47,88,91-92 
SETAC 58 
Sewage sludge 3, 97-99 
Shape memory alloys 83 
sintering 79 
sludge 3, 62-68, 70, 72, 97-99,103 105 
SME 12,24,76,78,104 
SMOCSTOP 48, 104 
soil pollution 2, 39 

Technical and cultural affairs 81,104 
Technology assessment 2, 24 
test cycle 17 
thermal energy storage 2,10-11,103,105 
Thermie 12,105 
toluene 3, 97-98,103 
traction 18 
traffic 2 ,7 ,15 ,19-21 ,38 ,49 
tnbology 76,82 

U 
ultrafiltration 79, 86-87, 92 
underground energy resources 94 
underground energy source 96 
UNFCCC 26, 105 
Union Miniere 102 
University of Antwerp 85,102 
University of Ghent 101-102 

V 
vegetation 
VCT 
Vitotox® 
VLAREM 
VLIET 
VMM 
VMW 
VOEM 
Volatile organic 
VTC 

2, 44-46, 

^ 
compounds 

50-52,103,105 

,16 

44,105 
56 

105 
16, 24, 105 
36, 44, 105 
86-87, 105 

,18-19,105 
25, 105 
12, 105 

w 
waste incinerator 26 
waste t reatment 63-64, 69, 72, 99 
waste water25-25, 28, 54, 61, 56-57, 69, 72-73, 
97-98 
waste water treatment 26, 54, 66, 97-98 
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water pinch analysis 
water quality 
water treatment 

X 
xenobiotics 

Z 
Zirfon® 

2, 28, 32 
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26, 54, 66, 85, 97-98 
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84, 86, 92, 105 
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Location of Vito 

Via E313, exit 23: 
direction Ceei via N19; 
go straight to a roundabout, there take direc­
tion Retie (NOT iVIOi); 
at the secoond iights, turn right in the direc­
tion of Retie (= N113); 
past the second iights, at the Church, turn 
ieft In the direction of Retie l= NII8); 
after the canal, take the second street to the 
right (= Kasteisedijk); 
at the T-intersectlon, go to the right 
(= Boeretangsedreef, which becomes 
Gravenstraat); 
over the canai (= Boeretang). 

Via E313, exit 25: 
direction Ham via N141; 
in Oostham, go ieft in the direction of Mol 
and Baien; 
in Baien, take direction iviol via N18; 
at the second iights, go straight in the direc­
tion of iVloi centre 1= ivioiderdijk); 
at the following iights, turn right 
(= Graaf de Broqueviliestraat); 
go straight to the railroad tracks (via Laar, 
Voogdijstraat and Rozenberg); 
past the tracks, turn left (= Leenhofstraat), 
at the T-intersection, turn right 
(= Turnhoutsebaan NI8); 
at the lights, turn left (= Achterbos); 
at the roundabout, turn right (= Boeretang). 

Via E34, exi t 25 or 26: 
direction Retie and Dessel via N13 (exit 25) or 
N113(exit26); 
in Dessei centre, at the second traffic iights 
turn right (= Hannekestraat which becomes 
Boeretangsedreef and Gravenstraat); 
over the canai (= Boeretang). 

Flemish 
Institute for 
Teclinological 
Researcti 

MOL 

Bui ld ing BIO: 
N118 Ceel - Retie, from Ceel; past the railroad 
tracks, take the seventh street to the right, 
from Retie; after the canai, take the second 
street to the ieft (see sign). 

Bui ld ing TAP: 
from iVioi on the Boeretang öefore the canai 
turn left, from Dessel on the Boeretang. 
after the canai turn right, after ± 1.2 km turn 
left (see sign). 

Boeretang 200 
B-2400 Mol 
Belgium 
Tel.-I-32 14 33 55 11 
Fax -I- 32 14 33 55 99 
vito@vito.be 
www.vito.be 
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