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Le BIAC a le plaisir de présenter ce document sur l’innovation et l’environnement à la
réunion ministérielle du Comité de la politique de l’environnement de l’OCDE. Les différents
points soulevés dans la Stratégie de l’Environnement ont fait l’objet de commentaires déjà
soumis à l’OCDE. Nous avons choisi d’axer cette note de discussion sur un thème
particulier, pour lequel les milieux d’affaires apportent une contribution essentielle à la
pérennité de la croissance via une gestion environnementale efficace. Ce document fait
également partie de la note de discussion du BIAC intitulée « Innovation et croissance
mondiale durable », soumise au Conseil ministériel de l’OCDE.

Réunion du
Comité de la Politique de l’Environnement de l’OCDE

au Niveau Ministériel
Paris, 16 mai 2001

Innovation et Environnement :
Tirer les Enseignements de nos Réussites

Parvenir à une croissance durable constitue l’un des grands défis de ce nouveau siècle.  Les
milieux d’affaires et l’industrie s’attachent à faire avancer les thèmes complémentaires que
sont la croissance économique, la salubrité de l’environnement et le développement social,
qui profitent à tous les secteurs de la société, c’est-à-dire, d’une manière générale, à nos
marchés.  La participation à la réalisation de ces objectifs doit être considérée en termes
d’opportunités commerciales, ce qui nécessite des recherches et la mise à profit des
innovations dans l’élaboration et la fabrication des produits, les systèmes de gestion et leurs
interactions avec l’action publique. Face à des enjeux environnementaux de plus en plus
complexes, il faudra innover sans cesse dans la science, la technologie et les systèmes de
gestion, afin  de trouver des solutions compatibles avec l’environnement, qui favorisent la
croissance économique au lieu d’y faire obstacle.

•  Accroître en permanence les performances environnementales grâce à
l’innovation

 L’expérience montre que l’innovation peut contribuer à rompre les liens entre croissance
économique et dégradation de l’environnement. Le progrès technique constitue un
préalable à une utilisation plus efficace des ressources et, partant, à l’amélioration des
performances environnementales. Cet aspect gagne en importance avec
l’accroissement rapide de la population mondiale. Le plus souvent, les techniques et les
processus nouveaux sont à la fois plus économes et moins polluants que ceux qu’ils
remplacent, ce qui permet de produire davantage avec moins de matières et moins de
nuisances. Parallèlement, la protection de l’environnement offre souvent des
opportunités commerciales qui accroissent l’efficience des entreprises.
 
 L’évolution de la technologie dépend de l’efficacité des activités de R&D, tant dans le
secteur public que dans le secteur privé. Bien que les efforts du premier soient
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essentiels, la plupart des projets de R&D (hors défense) sont le fait du second. De
substantiels programmes permanents de recherche de l’industrie, centrés sur l’utilisation
efficiente et économe des intrants et des ressources naturelles, portent notamment sur
les matières, leur gestion et le génie des procédés. Les politiques publiques doivent tenir
compte du potentiel et de la complexité de ces innovations au service de
l’environnement, ainsi que de la flexibilité et de la structure des aides et des incitations
destinées à encourager les entreprises à faire preuve de créativité et à diffuser les
nouvelles technologies. En tout état de cause, il faut garder à l’esprit que la création de
valeur est à la base du succès commercial.
 
 

•  Améliorer les performances environnementales en ouvrant des perspectives aux
entreprises
 
 Les entreprises qui donnent la priorité à la productivité des ressources, à l’évolution des
procédés et à l’innovation dans les produits sont à même d’obtenir des gains de
performances significatifs, pour un coût moindre. Toute entreprise compétitive doit
disposer d’un programme de réduction de ses coûts aussi solide que son plan de
conquête de parts de marché. En outre, les stratégies d’amélioration des performances
minimisent souvent les incidences négatives sur l’environnement. La première étape
consiste à explorer les moyens de limiter la consommation d’intrants (matières et
ressources naturelles) et d’énergie. La baisse des coûts, sous l’impulsion de la
concurrence, entraîne celle des prix et peut, dans de nombreux cas, renforcer les
résultats en matière d’environnement. Des modes de production et des produits plus
efficients grâce à l’innovation et à une utilisation plus réfléchie des ressources, d’une
part, et l’atténuation de la pollution, d’autre part, peuvent constituer des objectifs qui se
renforcent mutuellement.
 

 
•  Instaurer un cadre réglementaire propice à l’innovation

 Le marché a besoin d’un cadre de politique publique stable et favorable. Une
réglementation prévisible et cohérente, qui ne soit pas pour autant trop prescriptive, est
profitable aux entreprises. Il est indispensable que ce cadre encourage l’innovation et les
avancées techniques. Etant donné l’importance de l’innovation pour l’économie,
l’environnement et la société, la réglementation doit prendre pleinement en compte ses
propres répercussions sur l’élaboration de nouvelles technologies. Il peut donc être
nécessaire de repenser certaines dispositions ou un mécanisme particulier, ou bien
d’améliorer les principes de gestion des réformes. La réforme de la réglementation visant
à accroître la concurrence et encourager de nouveaux arrivants sur le marché est
essentielle à l’innovation. Les mesures adoptées doivent être souples, reposer sur des
incitations et aptes à dynamiser l’efficience. De plus, il faut que les politiques soutenant
l’innovation s’orientent vers des solutions inédites pour intensifier la coopération entre les
secteurs, depuis la recherche et le développement jusqu’à la commercialisation, ainsi
que les partenariats public-privé visant à relever des défis spécifiques dans le domaine
de la recherche.
 

•  Recourir à des incitations fondées sur le jeu du marché pour mieux protéger
l’environnement

 
 Une réglementation tirant parti du jeu du marché permet d’améliorer spectaculairement
l’état de l’environnement, avec des coûts de transaction et une réglementation moindres
par rapport aux approches traditionnelles. Ces instruments – qui reposent sur des
incitations commerciales plutôt que sur des mesures directes contraignantes – doivent
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être appliqués à un éventail plus large de programmes de prévention et de lutte contre la
pollution. C’est avec une réglementation s’appuyant sur la capacité avérée des
entreprises à satisfaire aux exigences, via des investissements faisant avancer la
science, la technologie et les procédés, que l’innovation dans la conception des
produits, dans la prévention de la pollution et dans la gestion des ressources
fonctionnera de manière optimale. La fiscalité doit par ailleurs fournir des incitations, par
exemple sous forme d’obligations légales moins strictes ou de crédits d’impôt sur les
activités de R&D, afin que les entreprises investissent et innovent pour améliorer leur
comportement du point de vue de l’environnement.

 

•  Elaborer des politiques et des stratégies axées sur les performances
 

 En s’inspirant de nombreuses innovations récentes, publiques ou privées, en faveur
d’une bonne gestion de l’environnement, les politiques publiques doivent privilégier une
culture de gestion fondée sur les résultats. Une telle culture s’attacherait à définir,
mesurer et récompenser les performances environnementales, ainsi qu’à recentrer les
fonctions de réglementation clés, de façon à ce qu’elles soient tirées par des objectifs
énoncés en termes de résultats. Il faut fixer des objectifs clairs et transparents, qui
définissent les résultats souhaités et confèrent aux entreprises une plus grande
souplesse dans la détermination des moyens à mettre en œuvre pour y parvenir. Il
convient également d’encourager la révision de la réglementation et de cibler les
performances secteur par secteur, afin de suivre les progrès réalisés et d’en rendre
compte efficacement.

 
 
•  Encourager les actions volontaires
 

L’industrie mise sur l’innovation pour améliorer l’efficience de sa production et atténuer
les impacts sur l’environnement. Les actions engagées sur une base volontaire
constituent une approche prometteuse de nombreux problèmes environnementaux.
Elles reposent sur une large prise en compte des évolutions techniques et d’autres
aspects liés à la gestion, et donne à ceux qui connaissent le mieux leur propre activité la
possibilité de proposer et de mettre en œuvre des mesures offrant un bon rapport coût-
avantages. Comparées à d’autres instruments plus prescriptifs, notamment, elles créent
un cadre flexible pour l’innovation et la créativité, qui permet de nouvelles approches,
une amélioration de la compétitivité en matière d’environnement et des changements
plus rapides qu’avec des programmes à caractère obligatoire. De surcroît, elles
favorisent la prise de conscience des pratiques de management existantes ou nouvelles,
ainsi que la diffusion et l’utilisation de technologies efficaces. L’amélioration concrète
des performances viendra plus facilement des initiatives et de l’inventivité du secteur
privé que des règles imposées par les pouvoirs publics, qui n’offrent pas la souplesse
nécessaire pour des progrès en continu. Il faut encourager les milieux d’affaires à
participer à ce processus.

 
 
•  Promouvoir l’innovation environnementale à l’échelle mondiale

Les avancées de la démocratisation, de l’état de droit, de la libéralisation des marchés
et de la communication internationale intensifient les liens entre environnement, société
et économie. Ces évolutions créent des avantages substantiels pour la société, via
l’augmentation de la richesse, de la liberté et de la mobilité, l’élargissement des
opportunités et l’amélioration de l’accès aux produits et aux services. La croissance
économique permet de renforcer les normes environnementales et de relever le niveau
de vie sur l’ensemble du globe. La diffusion mondiale de l’économie de marché donne
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naissance à un algorithme de la valeur qui engendre d’importants efforts pour lutter
contre la corruption au niveau national et faire appliquer la réglementation existante. Il
en résulte des bienfaits significatifs pour l’environnement et la société dans son
ensemble. A mesure que le cadre de réglementation national évolue, il convient de
concevoir des politiques stimulant l’innovation et l’assimilation de la technologie, de
manière à consolider encore les performances environnementales.

•  Encourager le transfert de technologies respectueuses de l’environnement

L’élaboration et le déploiement de technologies et d’un savoir-faire écologiques
contribuent déjà nettement à limiter l’incidence des activités économiques sur
l’environnement. Il sera indispensable de faire profiter les pays non-membres de l’OCDE
d’approches innovantes, afin d’améliorer l’état de l’environnement. En participant au jour
le jour au développement technologique, à l’investissement direct étranger ainsi qu’à la
vente et à la diffusion de techniques, le secteur privé est, et restera, le principal vecteur
de cette forme de coopération entre pays industrialisés et en développement. L’impact de
l’investissement direct étranger sur le développement ne se cantonne pas aux flux
financiers : il a des répercussions positives sur le transfert de technologies et d’un savoir-
faire respectueux de l’environnement, ainsi que sur la généralisation de pratiques de
gestion efficientes. Ces répercussions tiennent aux liens qui existent, au niveau du
management, entre les sociétés mères et leurs filiales, de même qu’aux avantages
découlant de l’emploi de méthodes environnementales dans toutes les activités d’une
multinationale donnée. L’ouverture des échanges et de l’investissement est donc
essentielle pour accélérer le transfert et la diffusion de procédés propres. Enfin, l’Etat doit
mettre en place un cadre juridique, fiscal, économique et social propice à l’investissement
privé et à la coopération technologique.

•  Imaginer de nouvelles formes de dialogue et de partenariat

Il sera de plus en plus nécessaire d’engager un dialogue rationnel avec toutes les parties
prenantes. Les efforts doivent tendre vers des partenariats public/privé pour relever des
défis scientifiques particulièrement difficiles et stimuler l’investissement dans des
technologies environnementales. Cela passe notamment par une coopération entre les
entreprises et l’Etat et par l’aide aux activités de R&D menées par le secteur privé sur les
dispositifs antipollution. Le dialogue qui s’instaure sur l’ensemble du cycle de vie des
produits, du producteur au consommateur, peut permettre de mieux saisir l’étendue des
possibilités et des conséquences. Le dialogue et les partenariats peuvent également
contribuer à améliorer la compréhension de sujets complexes par le grand public, tels que
les évolutions techniques, ainsi que la prise de conscience de la nécessité d’agir
ensemble pour que toutes les composantes de la société puissent œuvrer au
développement durable.
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ANNEX

Business Practises Contributing to Success

Companies have begun to take a pro-active stance towards the environment, recognising the
value proposition that this implies and the potential economic reward in efficiency. The following
examples illustrate the contribution that specific sectors and companies have made, for
example, in the area of greenhouse gas emission reduction and the reduction of resources
used per output unit. All of these industries rely on innovation to improve production efficiency
while at the same time reducing environmental impact.

Voluntary reduction of Perfluorocarbon by-products from the Aluminium sector (IAI)
 
 The Aluminium industry plays its part in responding to the challenge of climate change by reducing its own
energy consumption and emissions through more efficient production and recycling.  It also contributes to
energy saving and emission reduction in key sectors of the global economy such as transport, packaging
and construction.  It has been one of the first industrial sectors to reduce voluntarily significant amounts of
greenhouse gas emissions from its internal operations.  PFCs are one of the few greenhouse gases
which are actually in decline.  A recent IAI Survey of PFC emissions covering over 60% of the world's
primary aluminium production, excluding Russia and China, showed that in the seven years between
1990 and 1997, there was an overall reduction of 47% in the specific emission rate of CF4 (kg per tonne
of aluminium production).

Reduced mass weight of vehicles by material substitution (IAI)
 

 The Aluminium sector assists its customers in the transportation sector to achieve their goals of
producing vehicles that will emit lower greenhouse gas emissions.  Aluminium’s contribution to
reducing vehicle weight and therefore fuel consumption means that every tonne of aluminium, which
replaces 2 tonnes of conventional heavier materials used in automobiles saves the equivalent of 20
tonnes of CO2 emissions over the lifetime of the average automobile.  Other applications such as
trucks, buses, railroad cars, aircrafts and ships contribute even larger GHG savings.  The global use of
aluminium in transport has increased from 2.5 million tonnes in 1991 to nearly 4.5 million tonnes in 1999.
This use of aluminium for 1999 would have  the potential over the lifetime of the vehicles to reduce GHG
emissions by 90 million tonnes per year assuming that all this aluminium was used to replace denser
materials.

GHG  emissions reduction and energy saving through the  recycling of materials (IAI)

At the end of their useful life, aluminium products can be recycled again and again to produce new
products without any loss of  value. The increasing use of recycled metal saves on energy and the mineral
resources needed for primary production.  It can therefore over time make a major contribution towards
the goal of sustainable development through the reduction in the use of energy and raw materials and by
cutting down on greenhouse gas emissions.  Recycled aluminium saves up to 95% of the energy required
to produce primary aluminium.  Greenhouse gas emissions from secondary production are only 5% of
those from primary production.  Just over 7 million tonnes were recycled in 1998 worldwide, which fulfilled
20-30% of the global demand.  The aluminium industry is working with the automobile manufacturers to
enable easier dismantling of aluminium components from cars to improve still further the sorting and
recovery of aluminium.

Shell's greenhouse gas emission reduction

Shell’s greenhouse gas emission strategy is best understood in the context of fundamental changes in the
company’s approach to its world-wide operations, which took place in the mid 1990's. Two main changes
include:
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•  the view that sustainable development encompasses all of financial, social and environmental
aspects, and is an integral part of all business decisions

•  a revision in business principles towards openness and transparency. This included a decision in
1997 to monitor and report 24 key health, safety and environment parameters, and to have 12 of
these verified by an independent agency

For GHG emissions we have set ourselves an absolute emission reduction target of 10% over 1990
emission levels by 2002. We have also developed an internal emissions trading system, the Shell
Tradeable Emission Permit System (STEPS) and have developed a CDM demonstration programme.  In
2000, Shell’s GHG emissions increased slightly, mainly as a result of higher production. GHG emissions
are now 11% below 1990 levels in line with the reduction target. Shell is achieving its emission reductions
primarily through the reduction of venting and flaring of natural gas associated with oil production, and
energy efficiency in refineries and chemical plants. Continuous venting will be phased out by 2003, while
continuous flaring will cease by 2008.

EnviroEngine technology makes seafaring environmentally friendly (Wärtsilä)

The Finnish company Wärtsilä has developed a totally smoke-free EnviroEngine marine power plant
based on its 9L46D engine. The technology employed in the engine makes it smoke-free even at low
revolutions or when used in port for lighting, air conditioning or other crew quarters systems. EnviroEngine
diesel engines go well beyond international emissions standards.

Wärtsilä will deliver the first engine for the Carnival Spirit cruise liner about to be completed in the spring
of 2001 at the Kvaerner Masa-Yards Helsinki shipyard. Engine orders have also come in from Portugal
and Italy. Wärtsilä developed the engine in cooperation with the U.S.-based Carnival Corporation.
Wärtsilä is the world’s leading maker of ship propulsion systems and a significant provider of power plants
for dispersed energy production and of maintenance and operating services. The consolidated group also
includes a Nordic specialty steel producer. Wärtsilä employs 10,500 persons, 3,500 of whom work in
Finland. Consolidated net sales totalled EUR 2.7 billion last year.

From Vision to Reality: The “Three-Litre Car”  (Volkswagen)

The vision of sustainable development and sustainable mobility has increasingly developed into an
important global challenge for international auto-manufacturers. As a global player, the Volkswagen
Group accepts its responsibility in achieving this vision.  The VW Lupo 3 L TDI, the world´s first serial
production made cars capable of consuming only three litres of fuel per hundred kilometres, stands for the
Volkswagen Group’s determination to make a direct contribution towards sustainable mobility. The launch
of the “three-litre car”1 in summer 1999 has been a major step in fulfilling Volkswagen´s voluntary
commitment to reducing the volume of CO2 emissions. It also contributes to the German automobile
industry’s joint voluntary undertaking to reduce the average fuel consumption of new cars by 25 percent
between1990 and 2005. The “three-litre” Lupo is the first passenger car that easily outperforms the target
of 90 grams per kilometre for carbon dioxide emissions.

Volkswagen has developed the “three-litre” Lupo with the aim of creating a passenger car that uses as
little fuel as possible but still has a full equipment specification and also complies with the company's own
high standards of safety. Numerous innovations have been introduced in the Lupo’s engine, transmission,
running-gear, body and aerodynamics areas. Features include systematic weight-saving design and
construction, an optimised aerodynamic drag coefficient of only CD =0.29, tyres with reduced rolling
resistance and an extremely economical power train. When the engine was developed, the main objective
was to create not only an exceptionally economical unit but also one with adequate power for this class of
vehicle, and in this way to ensure that fuel consumption in the MVEG cycle did not exceed 2.99 litres per
100 kilometres. The “three-litre” Lupo is powered by a three-cylinder turbocharged diesel engine with
charge-air intercooler, using the pump/ injector mixture formation principle.

                                                          
1 This figure does not of course refer to its engine size but to the amount of fuel the car needs to cover 100
kilometres, according to the European method of measuring fuel consumption.
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The engine has a start-stop circuit, meaning that it shuts down automatically after the car has come to
a halt, and restarts when the accelerator pedal is pressed. It enables the engine to run for longer
periods in the most favourable fuel consumption and emission speed ranges. The 5-speed direct-shift
gearbox is one of the principal components used in the “three-litre” Lupo. Its simplicity compared with
a conventional automatic transmission, the measures taken to reduce weight and the improved
efficiency obtained with freely selectable shift points all lead to a definite reduction in fuel
consumption.  The market as well as press and environmental organisations have paid significant
attention to the Lupo: The German Association for Transport and the Environment (VCD), an
environmentally committed NGO, evaluated the performance of the Lupo 3L TDI. This organisation
compares the environmental performance of all production models available on the German market every
year, awarding points for the environmental and health impact of vehicle emissions. The Lupo 3L TDI is
top of the current 2000 “Cars and the Environment” table, as it was in 1999.

Diesel Technology Innovations: The Diesel High Direct Injection (Hdi) (PSA)

The Hdi is a high pressure direct injection engine combining common rail technology with state-of-the art
engine architecture and electronics . It is one of the “cleanest” engines on the market today.  The
combustion system of the Hdi engine is one of its strong points. It comprises two key components :
- The high pressure injection system, comprising the high pressure pump, the common feed rail and
an electronic control unit. Electronic management of the injectors makes it possible to inject fuel at
very high pressure.
- The combustion chamber, designed specifically to optimise the air-fuel mixture. This system ensures
extremely fine atomisation of the fuel in the cylinder for clean, complete combustion.

The common rail technology, combined with completely new engine architecture, reduces
consumption by around 20 % compared with a standard indirect injection diesel engine with pre-
combustion chamber and by 40 % compared with a petrol engine.  Exhaust emissions are also
substantially reduced, since high-pressure injection ensures more “complete” combustion whatever
the engine speed. In comparison with a conventional diesel engine with a pre-combustion chamber,
The Hdi engine offers a reduction of :
- 40 % of carbon monoxide emissions,
- 40 % of unburned hydrocarbons emissions,
- 60 % of particulate emissions.
The high-performance Hdi engine also enhances driving pleasure, with more torque at low engine
speed, less noise and less vibration.

Diesel Technology Innovations: The Particulate Filter (PSA)

Designed for use with the Hdi engine, the particulate filter works with the electronic system managing
the engine’s fuel supply. A major technological breakthrough, the filter sweeps away any hesitations
concerning the use of diesel engines by reducing particulate emissions to the detection threshold. The
filtering process is simple. It relies on a porous silicon substrate comprising a number of channels to
force exhaust gases through the walls. The most significant technical obstacle to be overcome during
the development  phase was the problem of filter regeneration, since particles must be burned at a
temperature of roughly 550°C. A cerine-based product was added to lower the combustion
temperature to 450 °C, but even this is not sufficient, particularly in city driving, as the temperature of
diesel exhaust gases is around 150 to 200 °C.
This is where the Hdi engine comes into play : the electronic management system injects fuel during
the expansion phase. The resulting post-combustion boosts the exhaust gas temperature to about 450
°C, thereby allowing the filter to be regenerated. This post-injection also produces additional unburned
hydrocarbons, which are treated by the oxidizing catalyst located upstream of the particulate filter.
The particulate emissions of a 607 with a particulate filter are around the measurable limit : 0.004 g/km
(the particulate emission limit in the European legislation is at the moment  : 0.05 g/km). Several
independent European laboratories verified this performance.
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Eco-Design Contributes to Sustainable Development (ATOFINA)

The inherent properties of Orgalloy® (polyamide-polyolefin alloy) make it suitable for the manufacture of
lubricating oil and air supply lines. In the latter case, Orgalloy® is processed by sequenced extrusion
blow-moulding into a single component combining flexible and rigid parts. Air lines for turbo-diesel
engines have traditionally consisted of some 20 different parts made from metal, rubber or plastic and
joined together by mounting rings and clamping screws. They are now being replaced by a single
component made of just 3 parts produced from two Orgalloy® grades. As a result, the weight of the pipe
has fallen from 2.5 kg to 1 kg, which compounds the weight reduction afforded by the use of plastics in
many automative components, and therefore further contributes to fuel savings throughout the car’s life.

Electro technologies (EDF)

The utilization of electro-technologies is a means of reducing energy consumption, pollutant emissions
and wastes. Therefore, it greatly contributes to sustainable development. As an example, in the cast
iron industry, two processes are in competition: the cupola furnace uses 150 kg of coke per ton of
scrap and therefore emits 520 kg of CO2/t. The induction furnace needs no coke but 600 kWh of
electricity per ton of scrap. The corresponding CO2 emission would be  264  kg/t if an average
European kWh were used and is only 60 kg/t in the French case (because of the very low CO2
content of electricity). In France, the CO2 savings due to the 40% market share of induction furnace
are currently about 350 000 tons of CO2 per year. If a market share of  75% is reached, the additional
savings of CO2 emissions will be 300 000 tons per year. EDF has made a large R&D effort in this field
with vendors and has participated in several pilot projects.

Designing an environmentally sensible chlorine alternative to imitate naturally occurring
antimicrobials

STABREX™ Microorganism Control Chemical2 is the first biomimetic industrial biocide, having been
designed to imitate the stabilized bromine antimicrobials produced in mammalian immune systems.
STABREX is original and unique: It is the first biomimetic industrial biocide and it is the first stabilized
liquid bromine product ever developed. Scientific validity and commercial significance have been
recognized by industry observers and featured in the press. Competitive imitations of the product in
development further confirm the importance of the innovation.

Far more chlorine is used to control microbial fouling in industrial water compared to any other chemical.
An environmentally sensible chlorine alternative is needed because handling the gas is hazardous, the
liquid is not stable, combined residuals are not effective, free residuals do not control biofilms, and
disinfection by-products are toxic. STABREX is an order of magnitude that is less toxic, less volatile,
easier to handle, more compatible with other water treatment chemicals, more effective against biofilms,
and generates less than half the disinfection by-products compared to chlorine or other alternatives.
Replacing seventy million pounds of chlorine from use in the field with STABREX since commercial
introduction in 1997 has reduced environmental and human health risks. Four hundred billion gallons of
industrial water have been successfully treated worldwide.

New-generation fluorine-containing compounds with low environmental burden

Nippon Zeon Co., Ltd. and National Institute of Materials and Chemical Research (NIMC) have
recently developed jointly ozone non-depleting fluorine-containing compounds, i.e.,
heptafluorocyclopentane useful for cleaning solvents and octafluorocyclopentene for dry etching gas in
semiconductor manufacturing. Both compounds show zero ozone depletion coeff., and Nippon
Zeon/NIMC were awarded with the Stratospheric Ozone Protection Award from the US EPA in 1998
for the development of the former material.

                                                          
2 STABREXTM is a trademark of Nalco Chemical Co., Naperville, IL
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Re-use of recycled PET for raw materials of alkyd resin coatings

Kansai Paint Co., Ltd. has recently developed the technology to manufacture alkyd resin coating
materials from recycled PET resin. Kansai is operating the plant since October 2000, with the capacity
to process 100 ton/month of recycled PET resin, expecting 500 ton/month soon.

Thermal decomposition of nitrous oxide gas

Asahi Kasei Corp. implemented the new technology in 1999 to thermally decompose nitrous oxide
gas, which is produced in the process of manufacturing adipic acid from cyclohexanol by using nitric
acid. Nitrous oxide has 310-folds of greenhouse effects vs. carbon dioxide and is produced 0.25 ton
per 1 ton of adipic acid production. The technology contributes to 1/20 of the national  target of
greenhouse gases reduction which was set by the Kyoto Protocol.

Bio-based materials for industrial processes

DuPont is working to meet the needs of more people with fewer materials and less energy, and has set an
important goal of gaining 10 percent of energy needs and 25 percent of its revenues from renewable
resources by 2010. Biotechnology has allowed the development of polymers from corn starch. DuPont is
now looking for a number of industrial applications to use specialty corn starch developed through this
new process.  DuPont Sorona(tm), a bio-based polymer used to create fully recyclable fibers from
renewable resources, will be available by 2003. A pilot plant test to produce the key raw material from
corn starch is now underway in Decatur, Illinois.  Other bio-based materials for industrial applications are
down the road : Bio-based clothes and plastics : New processes that make fully recyclable fibers, clothes,
and plastics from renewable resources such as corn. New consumer-friendly products : New building
blocks for polymers from fermentation processes, thereby creating materials with enhanced performance
(lighter weight, stronger).

Réduction des émissions de SO2 (Lafarge)

La cimenterie de Retznei est située dans le sud de la Styrie. Les matières premières qui l’alimentent
proviennent des carrières voisines de Rosenberg et de Haupstock. En raison de la forte teneur en sulfure
de fer de ces matières premières, la cimenterie de Retznei présentait un niveau de SO2 relativement
élevé. En 1997, celles-ci dépassaient 400 mg/Nm3. Elles pouvaient donc, dans cette région touristique,
avoir des effets néfastes sur les forêts et les vignobles environnants.

Après avoir étudié plusieurs solutions possibles, Lafarge Perlmooser a opté pour le traitement des fumées
du four au moyen d’un laveur humide. Ce procédé, en utilisant les poussières du four comme réactif pour
capter les vapeurs soufrées, représente une innovation. De plus, il génère comme sous-produit de la
désulfuration des fumées du gypse qui est intégralement valorisé dans le procédé comme ajout lors du
broyage du ciment. La mise au point de cette technologie a bénéficié des compétences et de l’expertise
du Centre Technique pour l’Europe Centrale (CTEC) du Groupe, basé à Vienne.  Depuis la mise en
service du nouveau filtre en mars 1998, le taux d’émission a été réduit de moitié. Avec moins de 200
mg/Nm3, les émissions sont d’ores et déjà très inférieures à la future norme autrichienne. Cette
performance traduit la volonté de Lafarge Perlmooser de jouer un rôle moteur au sein de la profession en
terme de protection de l’environnement en Autriche.

Application of cogeneration in the milk produce transformation industry
(example provided by Gaz de France)

Description: Cogeneration enables heat and mechanical energy to be produced simultaneously from a
single fuel. The mechanical energy generated by a gas engine or a gas turbine is used in the majority
of cases to drive alternators generating electricity. Thermal energy is recovered by captation of a large
part of the heat release which is normally lost when producing mechanical energy, and which
produces process steam into recovery boilers. Heat and mechanical energy are  provided by
cogeneration  at an overall efficiency distinctly higher than that achieved through two separate
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production streams. The main environmental advantages of cogeneration are fewer releases of
greenhouse gases (CO2) due to, both, lower emission factor of natural gas and improved efficiency
compared to traditional generating facilities and in situ generation of electricity avoiding need for
power transmission lines impairing landscape and generating problems in the event of severe
tempests .

The milk transformation plant whose cogeneration system is described here processes 800,000 litres
of milk per day, to produce fresh cheeses, yoghurts, etc. using specific processes such as
pasteurisation, fasts skimming, homogenisation, maturing, additives, all requiring electric and/or
thermal energy. As their former oil-fired boiler system had become obsolete, the plant managers
decided to replace it with a cogeneration facility comprising two 1.1 Mwe unit gas turbines and one 6
t/h steam recovery boiler for the November- March period, and with a steam generation plant
comprising two high efficiency, low Nox emission 5 t/h steam gas-fired boilers for the April-October
period .

Characteristics and Results: Installation efficiency: overall 67 %
Cogeneration part: 72 % (of which electricity: 40%, steam 32%)
Mean gas consumption of turbines: 265,000 kWh/day
Gas consumption during summer season (excluding cogeneration ):about 32 GWh
Lower CO2 emissions
Improved energy efficiency, easier control of the boiler installation, less maintenance and
disappearance of dust and other sources of pollution
Low cost electricity production during the winter: source of savings

Improvement of thermal efficiency of thermal power generation

TEPCO has introduced an advanced combined cycle power generation system to improve the thermal
efficiency of thermal power stations in pursuit of economic efficiency, a reduction of CO2 emissions and
effective use of resources.

The combined cycle power generation system that makes use of the merits of both gas and steam
turbines is the mainstay of the operation at LNG-fired thermal power stations. Since 1996 they have
operated the advanced combined cycle technology that allows the combustion temperature in a gas
turbine to be raised from 1,100C to 1,300C, and its thermal efficiency has reached a world record of some
54% on Low Heat Value basis (LHV). Moreover, they are planning to introduce the more advanced
combined cycle (MACC) technology in their thermal power stations that envisages a further improvement
in the thermal efficiency to 58% (LHV).

Compared with the case whereby the thermal efficiency in fiscal year 1999 remained unchanged from
fiscal 1970, a rise in the efficiency from nearly 42% to 44% (LHV) has resulted in CO2 emissions
reduction by 3.1 million t CO2 (equivalent to a reduction of 1.1 million kl of oil).

CO2 Underground Storage – The Sleipner Case

Storage of CO2 in underground geological formations has the potential of avoiding emission of huge
quantities of CO2 from fossil fuels to the atmosphere, and thus possibly reducing adverse climatic effects.
Beginning in 1996, l million tons of CO2 per year has been stored at the Statoil operated Sleipner field in
the North Sea.  The capacity to store CO2 underground within Europe is probably more than 800 billion
tones of CO2, particularly under the North Sea. This is the first case of industrial scale CO2 storage in the
world.   It is being injected into the “Utsira” formation – a thick saltwater-bearing sandstone at a depth of
approximately 1000 meters under the seabed.  Being the first case, the behaviour of the CO2 injected has
been carefully monitored by an international R&D project “SACS – Saline Aquifer CO2 Storage”.

INNOVATION - In addition to demonstrating the long-term feasibility of storage of CO2 in the Steipner
field case, it is a particular aim also to provide solid scientific documentation of underground CO2 storage
as a method.  It may be applied in other geographical areas and by other industries such as power
generation.
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INTERNATIONAL CO-OPERATION - Statoil, BP, ExxonMobil, Norsk Hydro, BGS, BRGM, GEUS, IFP,
NITG-TNO, SINTEF, NERSC, GECO and IEA GHG and ministries/research councils in NO, DK, NL, UK
and FR.  Inter-continental co-operation with similar projects in Canada, USA and Australia is under
development, co-ordinated through the IEA Greenhouse Gas R&D Programme.

EXPECTED RESULTS - The project will generate a working methodology for evaluation of subsurface
CO2 storage from a technical and an environmental point of view, in order to satisfy authorities and the
general public as to the feasibility, safety and reliability of the saline aquifer CO2 storage process.

REFERENCE - Statoil – Den Norske Stats Oljeselskap AS, www.jeagreen.org.uk and look for
“Practical Research”

Increasing efficiency in fertilizer production through technical innovation (IFA)

As regards the production of fertilizers, there has been considerable environmental progress during the
past thirty years.  One expert calculated that energy consumption using best available production
techniques was about half in 1998 what it was in 1968 (2743 Gigajoules (GJ) versus 5040 GJ for 134
million tonnes total nutrients).  This improvement can be directly attributed to improved production
technology.

A reduction in energy consumption in the fertilizer industry is accompanied by an even greater reduction
in greenhouse gases.  Because of increasing energy efficiency, some estimate that the fertilizer industry’s
carbon dioxide emissions will remain near 1990 levels in absolute terms.  In 1995, the European Fertilizer
Manufacturers Association (EFMA), published a series of booklets on best available techniques (BAT) for
the production of fertilizers.  According to these, achievable emissions levels for plants built after 1990 are
often 25-30% of those for older, less innovative facilities.  EFMA carries out a benchmarking exercise to
help member companies see how their performances compare with these goals; benchmarking against
BATs is currently being put in place at the global level. Improved technology, proper operation,
maintenance and housekeeping are all important in reducing emissions to a minimum.  Further significant
limitations of emissions will largely depend on the continuing replacement of old, inefficient factories by
new ones.

Coal – providing solutions through the deployment of technology and innovation
(contribution provided by the World Coal Institute)

Coal is getting cleaner – clean coal technologies increase energy efficiency and reduce coal-related
greenhouse gas (GHG) emissions. The deployment of higher efficiency technology in new and
replacement combustion facilities and the introduction of efficiency management programmes
improves the performance of coal. All stages of the coal cycle should be recognised as potential
contributors to improved efficiency and emission reductions via innovation and technical
enhancement.  Improved coal technology and efficiency can provide significant benefits, in both
developed and developing countries. It is not the use of coal, but rather how coal is used that must be
the focus for action.  The following examples demonstrate some of these opportunities.

•  Belle Vue Coal and Bagasse Dual-Fired Power Plant in Mauritius

Dual fuel bagasse-coal electric power plants, such as Belle Vue in Mauritius, create significant
opportunities to optimise use of locally available renewable bagasse resources. The bagasse
partnership with coal at Belle Vue reduces the amount of coal (or other fossil fuel) inputs to supply the
community’s electricity demand by over one-third and saves foreign exchange exposure for Mauritius
by reducing fuel import requirements. The new Belle Vue facility, a 70 MWe power plant, comprising
two 35 MW units, is projected to burn around 280,000 tonnes of bagasse per year and 130,000 tonnes
of coal.  The bagasse component is equivalent to around 100,000 tonnes of coal. Over the six months
from July to December the Belle Vue plant will mainly burn bagasse.  During this period, coal is
available (and used) as the standby fuel to cover any disruption in the delivery of the bagasse to the
boilers to ensure the integrity of the operation. The Belle Vue plant is the fourth one of its type to be
built in the world, with two similar plants (Bois Rouge and Le Gol) on the nearby island of Réunion and
a plant (Le Moule) recently commissioned in Guadeloupe.  Harnessing the full value of the available
bagasse into the production of energy for both the supply of process steam and the generation of

http://www.jeagreen.org.uk/
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electricity brings major fuel savings – and creates the opportunity for win-win solutions for efficiency
and reduced GHG emissions per unit of energy produced.

•  Schwarze Pumpe Power Station – New Generation of Advanced Lignite-Fired Electricity
Generating Plants

One of a new generation of lignite-fired power plants, Schwarze Pumpe in Germany has two 800 MW
generating units achieving 41% overall operating efficiency.  The new facility replaces an old power
station, which had an operating efficiency of 32%.  The efficiency level at the new plant is further
enhanced to 55% fuel utilisation through the cogeneration of heat and steam.  Compared with the results
from the old power station previously operated at the site, the new Schwarze Pumpe plant has reduced
SO2 emissions by 91%, NOx emissions by 61% and dust/particulate emissions by over 98%.  CO2
emissions have fallen by 31% per unit of energy produced over the previous plant levels.  This modern
plant requires around one third less lignite to generate the same amount of electricity –not only reducing
emission levels, but also conserving valuable natural resources.  Equipped with the latest in power
generation technology, Schwarze Pumpe has achieved improvements in performance, efficiency,
availability and reliability.

•  Methane Recovery and Utilisation at Moura Coal Mine

Located in Australia’s Bowen Basin coalfields, Moura is a typically gassy mine with major methane
gas (CH4) deposits co-located with the coal resource.  Traditional mining practices involved the
release of this CH4 to the atmosphere as a safety measure.  However, in more recent times, concern
over the loss of this potential energy source – together with the effect that CH4, as a GHG, may have
on the global climate has initiated the collection of this gas for commercial use. The drainage and
capture of gas from the Moura Mine coal seams has a two-fold benefit: reduced CH4 emissions to
atmosphere from the mine contributes towards Australia’s GHG reduction programme; drainage of the
CH4 from coal seams over several years in advance of mining reduces the cost of gas drainage
compared to the current ‘just in time’ gas drainage employed at many coal mines.
At design capacity the CH4 drainage will represent a significant reduction in on-site GHG emissions.
Based on an expected production of 18,000 GJ/day and an assumed energy content of Queensland
gas of 37.3 MJ/m3, density of 0.68 kg/m3 and CH4 content of 98.5%, this represents an annual
utilisation of 119,000 t CH4.  GHG emissions associated with this level of CH4 were it to be vented or
otherwise released into the atmosphere are more than 2.5 Mtpa CO2 equivalent, based on a GWP for
CH4 of 21. The Moura Mine Seamgas Operation is a positive outcome for coal, coal safety and for the
environment via the significant GHG emission reductions achievable.

•  Mlada Boleslav’s New Coal-Fired Cogeneration Plant in the Czech Republic

Following a major upgrade, Volkswagen’s Mladá Boleslav Power Plant in the Czech Republic is now one
of the most advanced coal-fired cogeneration district heating plants providing 70 MW of electricity to the
Skoda automobilova sa car factory as well as 140 MW of district heat for Skoda and around 10,000
households in the town of Mladá Boleslav. Fuel conversion and use of state-of-the-art energy-efficient
technology during modernisation of the plant has led to significant energy savings and emissions
reductions. The old Mladá Boleslav plant based in North Bohemia was built over 40 years ago and until
1998 was primarily fired on local high-sulphur lignite.  The new Mladá Boleslav coal-fired cogeneration
plant utilises local hard coal to fuel two base load circulating fluidised bed boilers. The new plant has an
electrical output of 70 MW and an overall thermal capacity of 300 MWt.  As a result of cogeneration
overall fuel utilisation efficiency is approaching 80%, which means the energy content of the fuel is being
utilised to a far greater extent than in normal condensing power plants. Mladá Boleslav Plant is now
operating well within Czech Republic emission levels for SO2, NOx, CO and dust and is also complying
with the more stringent German standards. Through increased fuel and plant efficiency, CO2 emissions
have been significantly reduced by over 60% compared with the old plant.  The whole modernisation of
the CHP plant is estimated to have reduced GHG emissions by some 280,000 t CO2 per annum.
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German Cement Industry*

Specific fuel consumption has fallen consistently since 1987. In 1998 it was 2,905 kJ per kilogram of
cement, which was 70 kJ down on the foregoing year. Taking the average of all cement plants in
Germany, this level of consumption represents an efficiency of approx. 77.5% (2,250 kJ per kilogram
of cement). According to the cement industry, this is above all a result of the following actions:

-Utilisation of the hot waste air from the clinker cooler to generate electricity in the Organic Rankine
Cycle process - a new ORC power plant was commissioned at Lengfurt cement plant. The ORC
process involves a conventional steam turbine configuration with an added expansion turbine that
utilises industrial waste heat. Developed specially to exploit low temperature media for power
generation, this innovative concept is being used for the first time in a cement plant. The new power
plant has a net capacity of 1.13 MW which is used entirely in cement production and covers 12% of
the cement plant’s total power demand. The remaining process stages account for approx. 16% of the
electricity consumption.
- Installation of the expert system “LINKman” to harmonise kiln operation in two units at Göllheim
cement plant.
- Substitution of kiln flue gas for natural gas in the clay dryers at Karsdorf cement plant. A new kind of
dryer which went into service there in 1998 employs a granulation process for chemical dehydration.
Under exactly defined conditions the clay is mixed with an additive which absorbs part of the water
contained in it.  The result is dried in a stream of hot flue gas that was previously released unused.
This measure has enabled the cement industry to save 2 million m³ of natural gas by exploiting waste
heat and the new drying process also reduces the CO2 emissions of the cement plant by 3,550 tonnes
a year.
- Better thermal energy recovery through improvements to pre-heater cyclones and clinker coolers.
- Substitution of granulated blast furnace slag cement for conventional Portland cement (Amoeneburg
cement plant).

German Iron and Steel Industry*

The iron and steel industry implemented numerous technical innovations affecting energy
consumption. Efforts to increase the efficiency of energy use were directed at nearly all stages of the
production process. The investment and modernisation programme was particularly aimed at coking
plants, sintering plants, blast furnaces, combined energy cycles, oxygen refining and electric furnace
processes. In 1998 CO2 reductions due to modernisation and new construction measures amounted to
at least 315,000 tonnes. Reductions achieved by the steel industry are especially attributable to the
concentration of pig iron production facilities. For example, at the Dillingen steelplant Blast Furnace 3
(design capacity 660,000 tonnes p.a.) was shut down and pig iron production concentrated in Blast
Furnaces 4 and 5 dating from 1974 and 1985. A prerequisite for this measure was the relining of Blast
Furnace 4 which appreciably boosted its productivity. The relining operation, which required capital
expenditure of DM 150 million, principally involved enlargement of the frame to increase useful
volume, modernisation of the technology to state-of-the-art and reinforcement to prolong service life.
Increasing the efficiency of the wind heaters by 5% was in itself sufficient to achieve an annual
reduction in CO2 emissions of 69,100 tonnes.

Trials were carried out on a new kind of heating system for use in arc furnaces. This innovative system
works on the rotary generator principle, transferring heat from a waste gas stream to the surface of a
rotor which subsequently pre-heats a stream of primary furnace air to temperatures in excess of
1,000°C. By comparison with conventional systems this means fuel savings of up to 50%. The trials
performed at a steelplant demonstrated that using the rotary generator burner system (DREBS) would
reduce natural gas consumption by 460,000 m³ or 38% under identical load conditions. The resultant
reduction of CO2 emissions amounted to 846 tonnes p.a. Specific reducing agent and energy
consumption fell by 12.8% in the period 1990–1997 and by another 1% in 1998. Accordingly, the
production of one tonne of rolled steel in Germany requires around 21.2 GJ of electrical and thermal
energy. This corresponds to a drop in specific CO2 emissions from 2,089 kg to 1,794 kg per tonne of
rolled steel.
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German Chemicals Industry*

Sizeable savings were achieved in Ludwigshafen, a major location of the chemicals industry, as a
result of the commissioning of a natural gas fuelled combined cycle power plant. The plant is fitted
with waste heat boilers utilising the exhaust from the gas turbine (500°C) in an optimised double pass
system. The high-pressure steam generated in the boilers is expanded in a tapping turbine and fed
into the plant’s service circuit at 6 bar. In the year it was commissioned this combined cycle power
plant generated 4 million tonnes of steam and 2,800 GWh of electricity. By comparison with the coal
fired cogeneration plant at BASF, which was 70% decommissioned in 1998, the new plant results in a
reduction of CO2 emissions in the order of 1.2 million tonnes. As the coal fired cogeneration plant was
taken out of service entirely in 1999, the contribution of the combined cycle plant to the reduction of
CO2 emissions has gone up to 2 million tonnes.
According to the information provided by the chemicals industry the greatest reductions resulting from
process oriented measures in 1998 were attributable to the deployment of more efficient chlorine
production techniques. Conversion of conventional electrolysis plants with an annual capacity of
500,000 tonnes to the energy saving membrane process resulted in a reduction of the chemicals
industry’s electricity consumption in the order of 110 GWh, which is reported to represent a reduction
of CO2 emissions of at least 60,000 tonnes.

German Glass Industry*

The replacement of old plants and equipment with new furnaces burning an oxygen / gas mixture
instead of an air / gas mixture, the ongoing improvement of energy use whenever regular repairs and
overhauls take place and the increased use of waste glass as a secondary raw material have all
resulted in appreciable energy savings. Up to 98% of production waste is recycled, as a result of
highly efficient sorting procedures. Despite the level of glass recycling being already very high, the
glass industry was able to improve the recycling quota still further in the period 1995 to 1998 (to
80.7%): Of the annual 3.4 million tonnes of container glass sold in Germany the glass industry
recycles 2.8 million tonnes in its production processes. Increasing the broken waste glass content in
the melt by 10% results in energy savings of up to 5%.

*Third Monitoring Report: CO2 -Emissions in German Industry 1997–1998; By Hans Georg
Buttermann and Bernhard Hillebrand; RWI-Papiere, Nr. 70 - Available as pdf-download at www.rwi-
essen.de, publications
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