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1 Introduction
1.1 The objective of this case study report

The aim of this report is to present recommendations for policy instruments to encourage
innovation in the field of industrial or white biotechnology , as well as the background for
these recommendations. This background covers the current state of play in the sector — what
precisely defines the term white biotechnology and what technologies are covered by that
definition, what the scale of the market is, what policy goals there are, and what the current
barriers and drivers are in the market. As regards recommendations, these take on board
policy makers and industry stakeholders’ views for future policy design and explore critical
opportunities and constraints on policy design.

The final recommendations need to be constructive and robust and hence will be explored in
an expert discussion (WP4) and the international workshop (WP5). This report therefore will
be a draft report for the sector workshop, and fine-tuned in light of discussions at that
workshop.

1.2 The basis of this report

This report has been drafted by the Joint Research Centre - Institute for Prospective
Technological Studies (IPTS), in the context of the DG Research co funded policy orientated
research project - Policy pathways to promote the development and adoption of cleaner
technologies (acronym of POPA-CTDA) (see Box 1) (contract number 502487). This report
builds on:

e Aliterature search on white biotechnology, policy instruments and innovation
< Interviews with experts in white biotechnology and policy makers (WP2).
e Additional literature search was undertaken within WP3.

It also forms one basis for discussions in the sector workshop in WP4 and will be updated in
light of those discussions.

Overview of the POPA-CTDA project

The project Policy pathways to promote the development and adoption of cleaner
technologies (acronym of POPA-CTDA) is a two year project (January 2004 to December
2005) led by TNO in the Netherlands, with IPTS as a core team Member. Partners come from
eight Member States. This project is the key DG Research project to help support the
implementation of the Environmental Technology Action Plan (ETAP). It is a policy oriented
research project.

The overall aim of this project is to contribute to the design of comprehensive and integrated
environmental and technology policies to promote pro-environment innovative behaviours in
firms across EU Member States. Although the identification of drivers and barriers is of
primary importance to the project, once they are soundly identified, strong emphasis will be
on policy design (this report).



Project main goals

To identify and define the barriers to the development, diffusion and use of cleaner integrated
technologies by households and businesses in the transport, energy, industrial and agricultural
sectors.

To identify the policies and mechanisms to be used to encourage and facilitate more efficient
development, adoption and use of cleaner technologies; to ensure “win-win” opportunities are
grasped; and to help green general technology.

The steps of the project

Work Package 1: Background studies on clean technologies in the energy, industry, transport
and agricultural sectors — defining the state of play of clean technologies, barriers, drivers and
policy instruments. This will help define which technologies or technology clusters the
analysis would look at.

Work Package 2: Case studies. Eight case studies of clean technologies (two per sector) will
be explored in depth through a questionnaire and interviews — linked to a model of innovation
behaviour.

Work Package 3: Policy Instruments. This element will develop policy instrument
recommendations to address the barriers and enhance the drivers.

Work Package 4: Stakeholder/expert seminars. The aim of this package is to disseminate
insights on the barriers and drivers for clean technologies and explore which policy
instrument recommendations are most likely to be effective and practical.

Work Package 5: A report on the findings and recommendations for policy instruments
(revising WP3 report).

Work Package 6: An international workshop to disseminate the results to key stakeholders.

The eight case studies being undertaken in Work Package 2 are:
Agriculture: Biofuels (IEEP) and Biorefineries (ITA).
Transport: Clean Vehicle Technologies and Urban Chain Mobility (TNO)

Energy: End use of Energy in Buildings and Renewable Energy Technologies (UGOT)
Industrial: Industrial Fuel Cells (Fraunhofer institute) and White Biotechnology (IPTS)

1.3 The reason for focusing on White Biotechnology

In the work package 1 of this study, a range of technologies in the industry sector were looked
at to ascertain which were the most interesting to explore - from a wide range of reasons.

White biotechnology is by nature a horizontal enabling technology, finding its application in
different industrial sectors as well as at different levels of the value chain, from primary
production to intermediate or almost final production processes and products. This versatility
has been recognised by the European Commission, which made it one of the priority issues of
the European Environmental Technology Action Plan ETAPL. The potential contribution of
white biotechnology to different policy objectives of the European Union covers climate
change policies, as the replacement of petrol based raw materials through biomass feedstock
reduces CO2 emissions substantially. At the same time, the substitution of traditional
chemical processes through biotechnology will impact on the chemical sector as a whole as
well as the affected downstream users, helping them in complying with European and national
legislation. Finally, the emerging use of biopolymers for packaging and other plastics
products as well as the well proven end-of-pipe applications of biotechnologies have already
today a positive effect on the treatment of waste and contaminated environmental media,
contributing by that to different European environmental objectives.

1com(2004)38 final, p. 10.
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These environmental benefits are often combined with increased economic efficiency, leading
to cost savings in the production process while the production output and quality remains
equal or increases?.

At the same time, the different (modern) biotechnologies subsumed under white
biotechnology, such as genetic engineering, metabolic engineering, represent the cutting edge
of technological progress. As a new generation of specialised SMEs is emerging, white
biotechnology has the potential to play a role in job creation, and the international comparison
shows that Europe could gain world market leadership in that area.

Finally, the selection of white biotechnology as a case study in POPA also includes a
geographical aspect: the substitution of petrol-based raw material for the production of fuel or
bio-based material is linked to the question of land use and the food and non-food uses of
agricultural products. This has been seen mainly as a bottleneck for the large scale production
of bio-based raw material in EU15; it has to be assessed if the entry of 10 countries with large
agricultural sectors changes this point of view.

However, past analyses show that the dissemination of white biotechnology into industry does
not occur at the pace one might expect. This makes the case particularly interesting for
analysis in the frame of this project, as reasons for the hesitating uptake of white
biotechnology are not obvious and industry as well as public authorities show interest to
overcome barriers through appropriate policy measures.

1.4 Structure of this report

Chapter 2 of this report presents an overview of the different technologies and application
areas subsumed under the headline white biotechnology. Chapter 3 explores the costs and
benefits of white biotechnology to the extent it has been investigated so far. Chapter 4
presents a discussion on the current state of policies, policy instrument use and policy
processes. Chapter 5 summarises the insights gained on barriers and drivers as identified from
literature as well as in the expert interviews led in the context of WP2. On the basis of the
barriers and drivers and knowledge of existing instruments and the market, Chapter 6 explores
the range of policy instrument options available to promote white biotechnology where
suitable. Chapter 7 then presents a shortlist of recommended policy measures to address the
barriers and drivers identified in chapter 5 in greater detail. Chapter 8 presents the summary
conclusions and recommendations. As noted above, this report will be an input into the WP4
expert discussion and a revised version will be an input into the WP5 international
conference.

2 The application of biotechnology to industrial sustainability, OECD, Paris, 2001.

-6-



2 White Biotechnology: Technologies and main applications

2.1 Background

Modern biotechnology® has developed its potential in the last decades mainly in the field of
health care/pharmaceuticals and agriculture. However, since more than 20 years a different set
of application areas has emerged which focuses both on reduced negative environmental
impacts and improved efficiency of industrial processes. These applications, although very
heterogeneous, are subsumed under the label “industrial” or “white” biotechnology.

First developments in this are have been end-of-pipe technologies, in which biotechnology is
used to clean up contaminated environmental media. These bioremediation technologies were
first used for wastewater treatment, followed by air and off-gas cleaning with biofilters.
Today bioremediation technologies are also used for the treatment of soil (on site and off site)
and solid waste.

In parallel to the development of environmental technologies in general, the focus of
environmental biotechnology shifted then from bioremediation to a more preventive
perspective, i.e. to the use of biotechnology for the reduction of pollution already at the source
in industrial production processes. Manifold industrial applications of biotechnology have
developed in this area over time, which in most of the cases complemented or even
substituted traditional chemical processes. One of the most common applications of these
process integrated environmental biotechnologies is the replacement of chemical catalysts
through enzymes, increasing the process efficiency by several orders of magnitude while at
the same time being far less energy intensive.

During the last years the substitution of petrol based raw material through biological
feedstock has been discussed as integral part of white biotechnology, which on the one hand
promises to reduce dependency on scarce resources, leading to increased stability on raw
material markets, and on the other hand to reduced GHG emissions, as products from
biological feedstock are CO2 neutral.

2.2 Definition of White Biotechnology

White biotechnology is not a clearly defined technology, but consists of different
technologies, which are applied in different industrial sectors.

A good definition of industrial or white biotechnology is given in the document developed by
EuropaBio (the European Association for Bioindustries) and ESAB (the EFB section on
Applied Biocatalysis): Industrial Biotechnology is the application of biotechnology for the
processing and production of chemicals, materials and energy. It uses enzymes and micro-
organisms to make products in sectors such as chemistry, food and feed, paper and pulp,
textiles and energy?.

According to United States Biotechnology Association US BIO, white biotechnology, or in
B10O terminology industrial biotechnology, is defined as follows:

3 nits simplest sense, modern biotechnology can be defined as the use of cellular, molecular and genetic processes in the
production of goods and services and its beginning dates back to the early 1970s when recombinant DNA technology was first
developed. Unlike traditional biotechnology modern biotechnology is associated with a set of different technologies including the
industrial use of recombinant DNA, cell fusion, tissue engineering and others.

4 www.europabio.org/TPWhite/IB_vision.pdf
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1) Industrial Biotechnology helps to improve industrial sustainability. Industrial
sustainability is the continuous innovation, improvement and use of clean technology
to reduce pollution levels and consumption of resources.

2) Industrial Biotechnology helps to increase the share of renewable energy in the

energy supply.

The definition of the OECD emphasizes less the aspect of sustainability, but stresses the
substitution potential of biotechnological processes:

1) Industrial biotechnology is the replacement of fossil fuel raw materials by renewable
raw materials, as well as

2) the replacement of a conventional non-biological process by one based on biological
systems, such as whole cells or enzymes, used as reagents or catalysts

In the context of POPA, White Biotechnology is understood as a bundle of heterogeneous
technologies, which can be categorised in the three major groups a) production of biological

feedstock as a renewable resource, b) industrial processes using biological systems, and c)
biological remediation systems (see figure 1).

Recycling

/ — \
i | s Industrial
Raw material v production
Chemical
intermediate

— Products —*> Waste

products
Biological Industrial processes Biological
feedstock as using biological systems remediation
renewable (e.g. use of enzymes technologies
resource as catalysts)
White Biotechnology

Figure 1: Definition of White Biotechnology

Examples for the use of biological feedstock as renewable raw material have been
collected by the US department of energy:

Biomass resource Uses

Corn Solvents, pharmaceuticals, adhesives, starch,
resins, binders, polymers, cleaners, ethanol

Vegetable Oils Surfactants in soaps and detergents,

pharmaceuticals (inactive ingredients), inks,
paints, resins, cosmetics, fatty acids,
lubricants, biodiesel

Wood Paper, building materials, cellulose for fibres
and polymers, resins, binders, adhesives,
coatings, paints, inks, fatty acids, road and
roofing pitch

Table 1: Common products from biomass®

5 Industrial Bioproducts: Today and Tomorrow, US DoE, July 2003, p.1.
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Some illustrative examples for industrial processes using biological systems have been
collected by the US biotechnology industry association BIO:

Enzymes Application

Carbohydradte Active Enzymes Laundry detergents, dishwashing
detergents, industrial pipe/tank cleaners,
textiles, pulp and paper, fermentation
ethanol

Proteases Brewing, baking goods, protein
processing, distilled spirits, laundry
detergents, dishwashing detergents, lens
cleaners, leather and fur, chemicals

Lipases and Esterases Cleaners, leather and fur, dairy, chemicals
Oxireductases Chemicals, detergent bleaches, pulp
bleaching

Table 2: Common applications for selected enzymes®

The examples for already established biotechnology processes as an end-of-pipe technology
are abundant. Application areas include the treatment of contaminated water, soil, air and
solid waste. The area has been thoroughly looked at by the OECD, which collected a number
of examples’: For air and off-gases, peat and compost beds are ale to break down odours and
simple volatile organic compounds, and are at the same time often simpler and cheaper than
the chemical alternative process. Contaminated soils can be treated “in situ” through injection
of nutrient solutions, and a technique called bioventing, where air is supplied for micro-
organisms. Another biological soil remediation method is “ex situ”, which ranges from simple
composting to soil flushing techniques. The treatment of solid waste is similar to soil clean-up
techniques. Composting and landfills are used as aerobic processes, but also anaerobic
digestion, which converts the contained organic matter into usable methane. Waste water
treatment has the longest record in applying micro-organisms for clean-up purposes. The two
main technologies in use are the activated sludge processing and the biofilm technology
(trickling filters, biological contactors and biofilm reactors)g.

As the main question of POPA CTDA is the diffusion of clean production technologies into
industry, the area of bioremediation technologies will not be analysed in the analysis of
barriers, drivers and policy measures to overcome those. The same applies to the area of
biofuels and biorefineries, as these are covered by parallel case studies in the context of
POPA CTDA.

2.3 The range of technologies subsumed under white biotechnology?®

Conventional biotechnologies such as fermentation have a very long tradition in production
processes, in particular in the production of food products. But also in the chemical industry
biotechnology has always been in use — until the 1930s, the chemical industry was almost
entirely bio-based, which later was changed by the abundant availability of petrol as cheap
raw material for the chemical industry0. While the finiteness of petrol becomes evident at the

6 New Biotech Tools for a Cleaner Environment, US BIO, Washington, p.68,
http://www.bio.org/ind/pubs/cleaner2004/CleanerReport.pdf

7 Biotechnology for a clean environment, OECD, Paris 1994.
8 Umweltbiotechnologie in Osterreich, Gaugitsch, H., Wien 1997

9 A more detailed overview of technologies used in white biotechnology can be found in the working paper of EuropaBio/ESAB:
Industrial or white biotechnology — Input to the SusChem Strategic Research Agenda.

10 Biotechnology — a sustainable alternative for chemical industry, Gravilescu/Chisti, Biotechnology Advances 23 (2005), p.491.
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beginning of the 21% century, the development of modern biotechnology since the 1970s
allows adapting and fine-tuning biotechnological processes to an extent that a variety of
chemical production processes can be modified or even substituted by biotechnological ones.
Practically the entire range of modern biotechnology is used in the different applications
within white biotechnology. Some of them are described in the following in a non-exhaustive
list:

A) Supporting technologies for processing biological feedstock as renewable resource

Fermentation and hydrolysis

A pre-stage of fermentation is hydrolysis, where bio-molecules are split through enzymes into
monomers, which then are accessible for fermentative processes. Although fermentation is the
leading exponent for traditional biotechnology, is plays an essential role in the production of
bio-based raw material, which feeds into a range of sophisticated new products such as
biofuel, bio-based polymers or high-value chemical intermediates.

B) Supporting technologies for industrial processes using biological systems

Biocatalysis

Biocatalysis entails the substitution of chemical catalysts in production processes through
biological systems achieving the same effect, i.e. biocatalysts. These are in some applications
entire organisms, which are referred to as whole cell conversions. In most cases enzymes are
used as catalysts. The advantages as compared to chemical catalysts are the increased
efficiency, improving often up to several orders of magnitude, and the reduced energy
consumption, as enzymes work at room temperature. Enzymes are derived from bacteria, in
some cases from extremophiles; organisms which are living under extreme conditions. These
enzymes can also be applied under high pressure and temperature conditions. The main
sectors applying biotechnology in industrial processes are textiles (textile finishing), leather
treatment, pharmaceutical production, pulp and paper, but applications are also known for
metal surface treatment, the production of chemical intermediates and others.

Important tools and techniques for the improvement of biocatalysts are:

Genetic engineering

This technique allows the transfer of a gene coding a useful activity into an organism well
adopted for industrial use (the host). Furthermore the catalytic behaviour or other properties
of enzymes can be changed and even new catalytic features created.

Protein engineering

Understanding of the protein function-structure relationship is based on the understanding of
catalytic mechanisms and on the exact three-dimensional knowledge of protein structure.
Thus a theoretical route exists from a given enzyme with known catalytic properties to an
altered enzyme, the properties of which are changed to give improved characteristics in a
given process. With genetic engineering specific alterations of gene structures and
consequently in the amino acid sequences of proteins can be made. With knowledge of the
chemical interactions in the protein and using advanced computational methods one may, in
some cases, put forth accurate predictions of the change in the protein structure.

-10 -



Microbial genomics and bio-informatics!

Recent advances in molecular biology and the equipment available for research in this field
have allowed the increasingly rapid sequencing of large portions of the genomes of several
species. This deluge of information has necessitated the careful storage, organisation and
indexing of sequence information. Information science has been combined with biology to
produce the field called bioinformatics. Given that the storage and organisation of information
on millions of nucleotides is itself far from trivial, designing a database and developing an
interface whereby researchers can both access existing information and submit new entries is
only in its infancy.

Microbial genome sequencing programmes have identified huge numbers of genes, including
many of unknown function and many others encoding potentially useful proteins for industrial
biotechnology. Genome sequencing activities are continuing at an ever-faster pace. A
similarly rapid accumulation of large datasets is taking place for other genomic-scale
activities, such as micro-array transcriptome expression analysis, proteome analysis, protein
interactome analysis, etc. These genomic methods are very powerful and have been
exceptionally useful in providing huge numbers of candidate genes for further experimental
analysis. However, this analysis is proceeding much more slowly and there is an ever-
widening gap between the accumulation of genomic information and its experimental
evaluation and practical exploitation. There is still an acute shortage of methods able to
identify potentially useful genes and relevant information in the wealth of genomic
information available today.

Metabolic pathway engineering

Objective of this technology is to modify the metabolic pathway of micro-organisms in a
targeted way. The organisms should be enabled to produce useful metabolites in such quality
and quantity that a commercial application becomes feasible. Main application areas for that
are food additives, fine chemicals and biofuels and —materials. Example: The company
DuPont developed in co-operation with Genencor a process which assembled pathways from
three different micro-organisms in one microbe. The raw material for the process is glucose
syrup from maize starch, and is converted by the micro-organism to 1.3-propandiol, which is
used to manufacture polyesteri2,

Nucleic acid and protein-based technologies for enzyme development

One of the most important areas of white biotechnology, the application of enzymes as
catalysts in production processes, requires the application of a number of different nuclide
acid and protein based technologies. High throughput screening is used to analyse in little
time large quantities of enzymes for desired properties. Rational protein design is used to
generate enzymes with specific characteristics, if the needed protein structure is known.
Similar to that, directed evolution using PCR mutagenesis serves to modify a certain molecule
(first at the DNA level, and as a consequence at the protein level) to create a new molecule,
e.g. an enzyme, with desired activities. Typically this process is more random (hence the use
of PCR mutagenesis) although again previous work must be done to understand protein
structure

Gene shuffling

This technique helps to increase genetic diversity in order to select subsequently genes with
the desired functionality. With regards to industrial biotechnology this technology is applied
to use different parts of enzymes in new combinations, in order to create new enzymes with
very targeted functionality.

1 EuropaBio/ESB: Industrial or white biotechnology — Input to the SusChem Strategic Research Agenda, p.25.

12 Actually the polyester is a co-polymer, made of 1.3 propandiol and terephtalate, the latter is made from oil.
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Biochemical engineering

Usually a set of subsequent unit operations are used, such as filtration, centrifugation,
ultrafiltration, precipitation, or chromatography. Fermentation techniques optimise the
production of biocatalyst by an organism and separation techniques (down-stream processing)
to isolate and, when necessary, to purify the product from the fermentation broth. The price
effect of a biocatalyst in a potential application is often prohibitively high. Knowledge on
advanced biochemical engineering in addition to molecular biology is the keys to improved
economy of biotechnical processes. It is clearly desirable to maximise the content of the
appropriate enzymes in the biomass that produces it. Genetic modifications are important to
achieve high product yields or contents of biological catalysts.

C) Supporting technologies for biological remediation?3

The treatment of contaminated water, air, soil and waste has the longest record in industrial
biotechnology. Basically it is carried out by applying micro-organisms with specific
degrading capability to pollutants. Often these micro organisms are found in the environment
of these pollutants, the challenge is to cultivate and produce them economically at a large
scale.

Recombination of DNA for improved degrading capabilities

In a large number of cases micro organisms, or microbial consortia, have developed the
desired degrading capabilities naturally over time through adaptation to contaminants in their
environment. The clean up of fuel based hydrocarbons is a good example for bioremediation
without recombinant organisms. The case is different in particular for xenobiotics, which are
not naturally occurring compounds, where the recombination of DNA in organisms leads to
the desired degradation process, like for example in the treatment of chlorinated
hydrocarbons.

Bioprocessing technology

As micro-organisms with degrading characteristics can often be found close to the
contaminant in question, the challenge is on the one hand to identify the contaminant specific
organisms or microbial consortia, to understand their interaction and metabolism and to
produce them economically in sufficient quantities. In order to enable the large-scale
application of micro-organisms with the necessary degrading characteristics, advantageous
living conditions for their cultivation have to be developed.

Biosensors

Biosensors are used to detect and monitor pollutants in environmental media. They comprise
a biological recognition element, usually an enzyme, antibody or cell that will react when in
contact with a specific pollutant. The output signal can be electrical or even optical. Aquatic
bacteria, which are sensitive to changes in water quality, have been modified with the lux
gene from naturally luminescent marine bacteria. Increased toxic pollutants inhibit the
metabolism of the bacteria and reduce their light output.

13 see also: Biotechnolgoy for a clean environment, OECD Paris 1994
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2.4 Main application areas and products

1) Processing of biomass to biological feedstock as a renewable resource

Usually based on fermentation processes, with or without using GMOSs, biomass is used as the
starting point for the production of a number of bio-based raw materials that feed into the
production of biofuels, biopolymers or high-value chemical intermediates. An example is the
use of starch crops for the production of bioethanol or of lactic acid to be further used for
polymer production.

Fermentation is the typical exponent of traditional biotechnology. However, as it is applied in
a new context, namely the production of biofuels, bio-based polymers and raw material for
the chemical industry, those processes and applications should be taken into account. The
criterion for a “new use” should be the substitution of petrol based raw material by biological

feedstock.{ - {Comment: Sufficient?

Biofuel production

The production of biofuels refers to biodiesel and bioethanol. Biodiesel is produced through
(trans)esterifictaion of vegetable oils, whereas bioethanol is made through fermentation of
sugar. Modern biotechnology is applied in several ways to increase the competitiveness of
bioethanol. Enzymes are developed to make it possible to break down lignocelluloses and by
that to enlarge the biomass basis for the production of fuels substantially. At the same time,
the already established enzymatic treatment of agricultural crops such as wheat, barley and
rye, which is expensive, is still optimized in order to lower overall production cost.

Bio-based polymers

A number of different technologies for the production of bio-based polymers are already
established. Most prominent amongst those is the starch based polymer Polylactic Acid PLA,
which is produced at large scale. The PLA production consists of several conversion steps,
including mechanical, thermal and biotechnological processes. Initially starch is extracted
from biomass and afterwards through an enzymatic treatment converted to sugar. This sugar
is fermented to lactic acid, which can be processed to different chemical (intermediate)
products. Through polymerisation it is converted into PLA, which has good technical
substitution characteristics as compared to petrol based polymers and is already used in a
broad range of commercial applications (textiles, packaging, etc.).

Apart from polylactic acid (PLA) which is well advanced in terms of reaching large-scale
production, a number of other polyesters have the potential to be produced from a bio-based
feedstock (see table 3). For the production of these polymers different technologies are
applied. Starch polymers, produced from native starch, are biodegradable and relatively
cheap, which makes them an attractive alternative to petrol-based polymers. Through
blending of starch with other co-polymers, the characteristics of the resulting material can
change from flexible to rigid.

These are polyesters which are already marketed. In all cases, the polymer is produced from a
diol and one or more dicarboboxylic acids (diacid). The diol in this table is bio-based
(propanediol or butanediol), while the diacid is either bio-based (succinic or adipic acid) or
petrochemical-based (purified terephtalic acid PTA or dimethyl terephtalate DMT).

Bio-based raw material for chemicals production

Organic chemicals (organic acids, solvents, alcohols, lubricants, greases etc.) consist to a
large extent of the same components as biomass — carbon and hydrogen. Carbohydrate in
biomass can through enzymatic processes be re-arranged to make these building blocks
accessible for chemicals production, substituting by that the hydrocarbons from petrol
currently used.

-13 -



Polymer Monomer Monomer
Chemical Name Trade Name(s) | Potentially bio-based petrochemical
Poly(trimethylene  terephthalate) | Sorona™ propanediol PTA/DMT
PTT Corterra®
Poly(butylene terephthalate) PBT | various butanediol PTA/DMT
Poly(butylene succinate) PBS Bionolle butanediol succinic

1000® acid
Poly(butylene succinate adipate) | Bionolle Butanediol succinic | adipic
PBSA 3000® acid acid
Poly(butylenesuccinate Biomax® Butanediol succinic PTA/DMT
terephthalate) PBST Eastar Bio® acid
Poly(butyleneadipate Ecoflex® butanediol adipic | PTA/DMT
terephthalate) PBAT acid

Table 3: Polyesters from a (potentially) bio-based monomer™*

2) Industrial processes using biological systems

With the aim to increase efficiency of production processes and to reduce energy
consumption, biocatalysts (enzymes or cells (whole cell conversion)) are used to substitute
chemical catalysts in production processes. Enzymes are derived from micro-organisms,
including extremophiles (organisms which are living under extreme conditions). Enzymes can
usually be applied under high pressure and temperature conditions, furthermore they are not
destroyed in the process which allows cost saving re-use. Enzymes are characterized by high
speficity, meaning that one enzyme usually catalyses only one reaction. By that undesired by
products are avoided.

The main sectors applying biotechnology in industrial processes are food production, textile
finishing, leather treatment, pharmaceutical production, pulp and paper, but applications are
also known for metal surface treatment, the production of chemical intermediates and others.
The identification, modification and optimisation and production of enzymes requires the
entire range of modern biotechnology including genetic engineering, protein engineering,
gene shuffling, metabolic pathway engineering, nucleic acid and protein-based technologies
for enzyme development and more.

Amongst the main groups of industrial applied enzymes are proteases, lipases, carbohydrases,
cellulases, which have slightly different functionality and are therefore applied in different
production processes. However, a lot of them are so versatile that they can be used in different
industrial sectors. The following non-exhaustive table gives an indication of the diverse uses
of different enzymes:

14 Techno-economic feasibility of large-scale production of bio-based Polymers in Europe, EC-JRC-IPTS, Sevilla, to be
published.
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Reaction catalysed by the
Type of enzyme Substrate enzyme Industry
Industrial enzymes
Proteases Proteins are broken into shorter Detergents, food,
(proteolytic Proteins fragments, peptides and pharmaceuticals, chemical
enzymes) eventually into amino acids synthesis
Carbohydrases Carbohydrates HydronS|_s of carbohydrates Food, fe_ed, pulp and
into sugar paper, textiles, detergents
Li Fats Hydrolysis of fats into fatty acid Food, effluent treatment,
ipases . .
(triglycerides) and glycerol molecules detergents
Pectinases Pectins Clarification of fruit juices Food, beverage
Cellulases Cellulose Hydrolysis of cellulose Pulp, textile, feed,
detergents
Polv- Hydrolysis of starch into smaller
Amylases v carbohydrate molecules such Food
saccharides
as glucose and maltose

Table 4: Different groups of enzymes and reactions™

Biocatalysts in the food productioné

The food industry is the main user of enzymes for al different purposes. One important
application is - similar to the case of biofuel and bio-based polymer production — the
enzymatic treatment of starch for the production of different products. Alpha-amylase is used
for the liquefaction of starch, preparing it for the subsequent saccharification (where
glucoamylase and pullulanase are used) and isomerisation (with glucose isomerase).

Different enzymes are applied in baking processes. Glucose oxidase, lipase and lipoxygenase,
xylanase and protease is used to improve dough properties, whereas amylase optimises the
fermentation process and maltogenic amylase prolongs the shelf life of the end product.
Brewing, distilling and juice production require a range of different enzymes. This comprises
again the liquefaction of starch, but also enzymatic malt treatment, fermentation optimisation,
and the clarification of fruit juices.

Apart from the above described functions, enzymes are used in the food industry for
emulsification, hydration, improved viscosity, gelation, foaming, cohesion binding and more.

Biocatalysts in the production of detergents

One of the largest application areas for enzymes are detergents. The reason for that is that dirt
often comes in the form of proteins, starches and lipids, which can be easily degraded by
enzymes. The advantage against chemical detergents is again the high efficiency at lower
washing temperatures, saving by that energy and leading to less pollutants in the wastewater.
Enzymes in detergents are contained in consumer end-products, in concentration of less than
1%. Enzymes used are proteases (Alcalase, Esperase, Savinase, Maxatase).

Biocatalysts in the paper production?”

Over the last decade, the pulp and paper industry has established successfully a number of
enzymatic processes. Target processes are the re-use of waste water in production, bleaching
of paper, improvement of fibre properties, and over the entire production process a reduction
of energy use through enzymatic substitution processes to conventional chemical production.
Applied enzymes are amongst others pectinases (raw material pre-treatment), cellulases and

15 Technological opportunities in biotechnology, Jorma Lievonen, VTT, 1999, p.24.

16 Enzymes at work, Novozymes, Denmark2004.

17 The assessment of future environmental and economic impacts of process-integrated biocatalysts, European Commission
JRC-IPTS, Sevilla 2002.
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lipases (pulp pre-treatment and refining), hemicellulases ans laccases (bleaching) and again
cellulases and hemicellulases (drainage, de-inking).

Biocatalysts in textile processing

Similar to the pulp and paper processing, enzymes are used in the textile production t improve
fibre properties, for bleaching, waste water treatment and energy saving. Enzymes used are
proteases (silk treatment), amylases (desizing), laccase and catalase (bleaching and post-
bleaching), cellulases (biostoning and biopolishing)?8.

Biocatalysts in other application areas

Besides the main application area for enzymes, a number of processes have been developed in
the past for highly specific applications in other non-food sectors. One example is the mining
industry, in which enzymes are used for the extraction of metals from their ores, a process
called bioleaching. Initially developed for the extraction of metals from mining process
residues and waste, the technology has been upgraded to a stage that it can be applied in
mining itself.

3) Biological remediation systems

The treatment of contaminated water, air, soil and waste has the longest record in industrial
biotechnology. Basically it is carried out by applying micro-organisms with specific
degrading capability to pollutants. Often these micro organisms are found in the environment,
in direct vicinity of these pollutants, the challenge is to cultivate and produce them
economically at a large scale. The examples for already established biotechnology processes
as an end-of-pipe technology are abundant, ranging from in-situ soil remediation using
biostimulation or bioaugmentation techniques to biofilm technology in waste water
treatment19'20,

Another biotechnology application in the context of the environment are biosensors.
Biosensors can be used to detect and monitor pollutants in environmental media or to monitor
bioremediation processes. They comprise a biological recognition element, usually an
enzyme, antibody or cell that will react when in contact with a specific pollutant. The output
signal can be electrical or even optical. For example, aquatic bacteria, which are sensitive to
changes in water quality, have been modified with the lux gene from naturally luminescent
marine bacteria. Increased toxic pollutants inhibit the metabolism of the bacteria and reduce
their light output.

Biosensors can again be used in different industrial sectors, for example to measure the
nutritional value, freshness and safety of food, to measure quickly and reliable vital blood
components, to identify and measure environmental pollutants.

18 Ibid.
19 Biotechnology for a clean environment, OECD, Paris 1994.
20 Umweltbiotechnologie in Osterreich, Gaugitsch, H., Wien 1997
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3 Costs and benefit of white biotechnology: a summary2:

The estimation of costs and benefits of white biotechnology is for a number of reasons a
rather difficult undertaking. Firstly, white biotechnology is a very heterogeneous bundle of
technologies which are applied in different sectors. For that reason it can be characterized as
horizontal technology, and that makes it difficult to define and describe quantitatively a
comprehensive picture of cost and benefits of white biotechnology. Secondly, the individual
technologies and their respective applications are not covered in any industrial activity
classification system such as NACE or ISIC. As a consequence, data sources are scattered,
diffused and not harmonised, which makes a uniform presentation of information difficult.
Thirdly, apart from not being systematically collected, available data is scarce and
incomplete.

For all of these reasons, a complete analysis of costs and benefits of white biotechnology is
not available yet. However, several studies have investigated individual processes and sectors
and calculated costs and benefits in a limited frame.

3.1 Costs and benefits — individual processes and applications

3.1.1 Biocatalysts cost

Different aspects of economic or financial considerations are among the most dominant topics
related to assessing the feasibility of process-substitution towards enzymes. These range from
strict cost-effectiveness considerations, via issues related to the risk involved in trial
processes, problems with estimating future benefits, the need for investment in new
production equipment, and to international market concerns. These issues are dealt with
separately below.

Production Cost

The first and most important factor is the production cost. Clean technologies can be cost
saving due to the reduced consumption of resources, reduced costs for safety, cleaning and
remediation, etc. These are all factors that have a direct impact on the bottom line of a
company. But if the enzymes themselves are significantly more expensive than the traditional
chemical alternative, the indirect savings rarely equal the added expense.

The European Commission, DG JRC IPTS, has analysed a number of cases in order to assess
the economic feasibility of biocatalyst application in industrial processes?2. The results were
surprisingly ambivalent: In three of the analysed cases the production costs are lower for the
enzyme-aided process, than for the traditional chemical technique, and in one case the price of
the enzyme equals the savings on chemicals. However, in four of the archetypical processes
assessed in this study, a change from a chemical to an enzymatic production process does not
make economic sense, from the point of view of private companies. This is not surprising as
such, but the actual quantification of the magnitude of the price discrepancy is new. An
example from the leather industry is the result that the enzyme alternative - proteases -, is 25
per cent more expensive than the traditionally used liming chemicals.

21 Cost and benefits for biofuels and biorefinieries are being discussed in parallel cases studies being carried out in the context of
POPA CTDA and are not further dealt with here.
22 The assessment of future environmental and economic impacts of process-integrated biocatalysts, JRC-IPTS, Sevilla 2002.
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It has to be seen that the simple comparison of input factors (price of chemicals vs. price of
enzyme per production unit) gives a distorted picture. As can be seen in tables 5 and 6,
substituting or complementing chemicals with enzymes in textile scouring resp. bleach clean
up leads directly to reduced process cost.

Caustic/Tensides Enzyme
Peroxide
Input/t raw 125kg 2009
material (+86kg
chemicals)
Price/kg 0.68 Euro 27 Euro
Price/t material ~ [85.00 Euro 63.88 Euro
treatment

Table 5: Textile Scouring - Comparison chemicals/enzymes input for the treatment of 1 ton material

Sulphite Enzyme
Input/t raw 10kg 2kg
material
Price/kg 0.68 Euro 0.68 Euro
Price/t material  [6.80 Euro 1.36 Euro
treatment

Table 6: Textile Bleach clean up - Comparison chemicals/enzymes input for the treatment of 1 ton
material

The case is different for textile desizing (table 7), where the direct cost of enzymes
substituting chemicals is four times higher. However, as this enzymatic process is rather well
established in industry, it becomes clear that the main cost saving potential of enzymatic
processes are the indirect costs: Less energy, less waste water, higher efficiency.

Caustic/Tensides Enzyme
Input/t raw 15kg 20kg
material
Price/kg 0.67 Euro 2.025 Euro
Price/t material  ]10.50 Euro 40.50 Euro
treatment

Table 7: Textile Desizing - Comparison chemicals/enzymes input for the treatment of 1 ton material

Although particular savings naturally differ between specific applications, emissions to water
and air could in some cases be reduced up to 90%. Cost savings resulting from the use of
biocatalysts can be as much as 65% for water use, 40% for energy use and 50% for raw
material use?3. These figure show the superiority of biocatalysts as compared to chemicals in
reducing process costs, which is often accompanied by an improved product quality.

23 Biocatalysis: Overview, Centre for sustainable engineering,
http://www.cseng.org.uk/pdf/Biocatalysis%20-%200verview%20PDF.prn.pdf
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Sunk Cost

In many cases, the identification of an appropriate enzymatic solution requires considerable
effort from a firm, and there might also be sizeable costs related to converting to a new
production technology. Several studies have shown that there is a range of enzymes which
can simply be added to the existing vessels and vats in the production lines in exchange of
chemicals, and in these cases no investment in new capital stock is required, leading to a
moderate amount of sunk costs i.e. to a rapid return of investment. There are however in all
cases expenses related to training of staff, reduced efficiency in a transition period, etc.

3.1.2 Biocatalysts benefits

As mentioned above, the general overview of the application of biocatalysts different
industrial sectors shows that biocatalysts have a number of important benefits: cost efficiency
- (bulk) enzymes are cheaper then chemicals -, saving of energy and water, production of less
waste, shorter processing, ripening and storage time, higher efficiency, more specific
processing. Table 8 lists the main non-financial savings of the major classes of enzymes for
cleaner production.

Product Application Saving

Proteases Washing detergents Energy, chemicals
Lipases

Amylases

Xylanases Bleaching of paper Chlorine
Proteases Leather industry Sulphides, COD
Catalases Textile industry Energy, water,
Cellulases acids, alkalis
Amylases

Amylases Starch industry Energy, acids

Table 8: Enzymes produced by Novozymes saving energy, chemicals or raw material®

The improvements in the environmental efficiency of the fine chemicals industry is due to the
application of biocatalysis, recycling of solvents and (biological) wastewater treatment. The
application of biocatalysis has made the largest contribution in cleaner production, i.e. about
60%. The introduction of biocatalysis in the 1980's in the production of fine chemicals was
highly appropriate and timely through which a large reduction in the production of waste
could be achieved. Despite a fourfold increase in production volume in the fine chemicals
sector, the production of waste was reduced with 20% due to the use of biocatalysis2>.

Though biocatalysis has contributed for 60% to cleaner production in the fine chemicals
sector, also reuse or reduction of solvent demand has contributed to more environment
friendly production processes. As the fine chemicals sector is a small scale industry, the
absolute reduction for each individual production process is small. Nevertheless, due to its
high specifity, biocatalysis has led to a reduction in waste generation from 10 to 2 tonnes per
ton of product, and the further annual reduction in waste generation would be considerable if
the application of biocatalysis would be further taken up by the fine chemicals industry..

24 Marshall and Woodley, 1996
25 Biocatalysis — State of the art in Europe, EC JRC IPTS, Sevilla 1998.
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In the pharmaceutical sector a number of biotechnological products, like antibodies, can
only be produced using biotechnology, and by definition cannot be classified as clean(er) as
they neither have zero-discharge nor do they replace or improve existing technology.
However, the volume of these products is usually very low.

Modern advances in biotechnology contribute to cleaner production of semi-synthetic
antibiotics by biocatalysis, optimised fermentation and replacement of organic solvents by
water. For instance, by replacing a chemical reaction in methylene chloride by an enzymatic
step in water, the use of methylene chloride was reduced about 25 ktonnes on a global scale.

The traditional character of the food industry is one in which innovations only take place
step by step. The most influencing factor in this innovation process is the consumer. This has
consequences for the introduction of new technologies, including biocatalysis. One important
precondition for application of biocatalysts in the food and drinks industries is that they are
not allowed to have any effect on the food: the quality and safety of the food may not be
influenced. This together with the poor understanding, on molecular level, of sophisticated
biological conversions at hand in the older food production processes (i.e. wine, beer, cheese,
bread) results in minor changes of the production process. Therefore environmental savings
related to process changes can hardly be found in the food industry. Environmental savings
which are to be established are related to minor process changes, and consequently are small
in effect. It has also to be seen that the food industry from its origin and nature, has never
used severe process conditions using chemical compounds as compared with, e.g. textile or
chemical industries. This means that in the food industry there is less need for essential
environmental gains to be obtained by means of biocatalysts. Cleaner in this case refers to
using less energy and less water. The use of immobilised yeast’s in brewing is one of the few
examples of the application of enzymes in the food sector with explicit environmental impact.
Others are enzymes used in olive oil processing leading to water savings and replacement of
traditional technology using hexane, and less water to be transported in concentrated fruit
juices by using enzymes.

In contrast, in the animal feed industry, things are different. Enzymes were explicitly
developed and used for environmental reasons; the addition of microbial phytase in animal
feed decreases the amount of phosphorus in manure disposal. The use of enzymes in the feed
industry still has growth potential and so are the possibilities for environmental savings.

As mentioned above, the use of enzymes in textile processing and after-care is one of the
best established examples on the application of biocatalysts to obtain environmental and
technical benefits in process industries. These methods explicitly aim at minimising the
environmental effects as well as improving product quality (reducing the damage caused to
the fibres during processing). The application of biotechnology to textile processes is
facilitated by the use of water solutions and relatively mild process conditions. Actually
biotechnical processing was introduced to textile industry already in the beginning of 1900.
Enzymatic treatment replaced the cooking i.e. use of strong chemicals like acids, alkalis or
oxidising agents, previously used in desizing. This sector is likely to continue to provide some
of the most immediate illustrations of its potential also in the near term future. There has been
a dramatic increase in the use of proteases, cellulases and lipases in after-care detergents since
their introduction in the 1960s. The most important applications are summarized in Table 9.
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Processing stage

Benefits

Pre-treatment: Desizing, scouring and bleaching

Reduced water, energy and
consumption

auxiliary

Finishing : Biopolishing
Finishing : Denim treatment

Improved product quality
Less damage to machinery

Higher machine capacity
Decreased waste formation
Improved product quality

Improved control and reproducibility
Energy savings

Reduced use of sodium perborate
Improved product quality

After-care and detergents

Table 9: Benefits of using enzymes in textile processing®

The use of biocatalysts in the pulp and paper industry aims at improving process efficiency, to
decrease environmental impacts, to save energy or to improve product quality. Especially
interesting today are biotechnical methods supporting efforts to close the water systems of the
mills, leading to minimal waste release. The most clearly well-established biotechnical
process step is the waste water purification, however, as end-of-pipe technology not being
within the scope of this study. The functions and potential advantages of biocatalysts at
different process stages are summarized in Table 10.

Process stage

Biocatalysts

Benefits

Raw material treatment:
Debarking
Wood preservation

Pectinases
Micro-organisms (fungi)

Energy and raw material savings
Environmentally benign methods

Mechanical pulping:
Pre-treatment
Refining

Micro-organisms (fungi)
Cellulases

Pitch removal, energy savings
Energy savings, improved product quality

Chemical pulping:
Pre-treatment

Micro-organisms (fungi)
Various enzymes

Savings in chemicals

Bleaching:

Hemicellulases,

Chemical savings, increased capacity,

Laccases reduced AOX-formation
Paper manufacture: Cellulases Increased productivity
Drainage Cellulases, Chemical savings, improved product quality
Deinking hemicellulases Improved products

Chemistry of the wet end Various enzymes Improved runnability

Table 10: Benefits of using enzymes in pulp and paper processing?’

3.1.3 Cost and benefits conclusion

It can be concluded that the use of biocatalysts is based on their superiority in carrying out the
desired reactions, due to their specificity, economical advantages or improved environmental
impacts. Depending on the field of application, these reasons may vary. Thus, in the field of
food processing, biocatalysts have a history, thousands of years old, based on first hand
empirical findings. In the pharmaceutical industries, the target reactions (such as many
synthetic reactions) can often be carried out more easily by biocatalysts. Targeted medicines
are often based on knowledge about enzymatic reactions. However, in both these industries,
the minimisation of environmental impacts is not the primary target, and plays usually no
role.

The most important driving force are economic benefits, in some cases in a win-win situation
with environmental savings. However, environmental benefits from the perspective of
companies are, almost by definition, an outcome and not an input.

From several market studies it appears that the major impact in terms of sales value to these
sectors and the resulting sales value of biotechnology in (clean) production can be found in

26 Source: Hamlyn, 1959 and Godfrey and West, 1996
27 Jeffries and Viikari, 1996
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the food and drinks and fine chemicals/pharmaceuticals sectors. In the process industries,
such as textile or pulp and paper, the use of biocatalysts aims at specific processes with
savings of energy or raw material, simpler processes with lower investment costs or improved
products. These economic driven applications show the important environmental impact of
biotechnology. However the sales to these sectors is still relatively small.

Often, in the public and political debate, the major advantage of biotechnology is considered
to be its positive environmental impact. The simple rational is that since the process is
biological - and biological is ‘green’ - all side events should also be environmentally
compatible. This is clearly an oversimplification. The simple substitution of a chemical
reaction by a biotransformation will not necessarily alone lead to improved environmental
impact. The environmental impact and economics of a process must be considered as a whole,
including energy requirements, process parameters, product and waste streams and
recyclability. The scientific, technological, economic and ecological considerations relevant
to a specific process will determine the best available technology in competition. In practice
modern technologies do not compete but complement each other. The green image of
biotechnology can only be ‘proven’ by decent life cycle analysis of competing processes.
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4 The current state of policy instrument use and policy processes

4.1 Introduction

Policy plays an important role in the development of many new technologies and policy
measures are seen as a way innovation can be driven in a direction on benefit to society as a
whole in terms of maximising social, environmental and economic benefits. However, past
experience shows that the design of policies promoting specific technologies is a difficult
task.

This is in particular true for the area of white biotechnology because of its horizontal and
multidimensional character. As discussed in chapter 3 and 4, the term white biotechnology
comprises a series of different technologies, which are applied all along the production chain
in different industrial sectors. This makes it rather difficult to design targeted measures
aiming at specific support for biotechnological processes in industry.

A look at existing policy measures shows that perceived impact often differs from the initial
intention (e.g. the existing gap in intended and existing uptake of biofuels in the European
market).

White biotechnology
supporting policies

R&D infrastructure Technoloy Diffusion and Consumption
and capabilities Application in industry patterns

Figure 2: Target areas for technology supporting policies

This deviation of policy impacts from their intended effects grows along the value chain
shown in figure 2:
1. Policies supporting R&D activities and capabilities can be focused more or less
precisely through research funding programmes.

2. The regulatory support of the diffusion of white biotechnology into different
industrial sectors is a more difficult undertaking. Usually industry has to deal with a
legal framework consisting of obligatory technical standards, emission thresholds or a
set of taxes or subsidies. As for the standards and thresholds, industry is free to chose
the most appropriate technology for compliance, and this does not necessarily have to
be biotechnology. In case of positive or negative incentive setting through taxes and
subsidies, it remains a question of costs and benefits if a biotechnological process
with the involved initial investment is economically sustainable, given the fact that at
least subsidies usually are only granted for a limited period of time.

3. The impact of policy measures on consumer behaviour seems to be the most difficult
task. In the case of white biotechnology this is understandable, as end-product
consumers usually have no preference with regards to the underlying production
technology.

Altogether it seems that the design of homogeneous policies for the general support of white
biotechnology is difficult. However, a growing number of policies and supporting measures is
being established, focusing on specific areas of white biotechnology. In the following, a
selection of these measures are described.
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4.2 Existing Policy Measures —a European Perspective

4.2.1 The Life Sciences and Biotechnology Action Plan

At the end of the 90ies, the European Commission decided to contribute to the development
of biotechnology in Europe in order to structure and harmonise European wide efforts to
exploit the potential of Life Sciences for agriculture, health, food production and
environmental protection. As a result, in 2002 the Action Plan “Life Sciences and
biotechnology — A Strategy for Europe” was published?8. The Action Plan recognizes that
technology policy is to a large extent a responsibility of the Member States and therefore
leaves limited possibilities for the Commission to shape technology development in a specific
way. However, it was deemed necessary and appropriate to establish a supporting framework
addressing three key challenges:

1. Biotechnology has a long and successful tradition in Europe. In order to maintain and
extend this competitive advantage, ways have to be found to further attract capital and
expertise in Europe, providing by that the basis for a strong R&D infrastructure.

2. The example of genetically modified food showed the sensitivity of specific issues
related to biotechnology and subsequently the need to move ahead biotechnological
research and application on the basis of a broad societal consensus. The European
Commission is amongst the appropriate organisations to initiate and moderate a
societal dialogue in that area.

3. The rapid development of biotechnological research is a global phenomenon. A
European wide way has to react to the resulting opportunities and challenges properly
and with the right regulatory measures has to be developed.

Structured along these 3 key areas, the action plan contains 30 actions, which are to be
implemented in shared responsibility by the European Commission and Member States. The
implementation is monitored and reported in a yearly progress report. The actions 1-12
include proposals for the generation and exploitation of biotechnology knowledge, providing
the necessary capital basis (with the help of the European Investment Bank EIB and the
European Investment Fund EIF), and linking individual Member State efforts to European
research networks. Actions 13-23 are dedicated to the issues of societal dialogue,
transparency in the policy making process, and safeguarding the design of regulations in
accordance with societal goals and ethical values. Amongst these, actions 19-23 are explicitly
dedicated to genetically modified organisms, in particular to provide a solid regulatory basis
for research, application and release into the environment. Action 24-28 address the need to
embed European biotechnology activities and regulations in an international context,
mentioning amongst others the responsibility towards developing countries and the protection
of the global genetic resources. The last two actions are of administrative character,
emphasizing the need to implement and monitor coherent and efficient policies across
different sectors and societal groups.

In summary, the Action Plan provides a general set of actions meant to maintain and improve
the conditions for further research and industrial application of biotechnology. The plan does
not target specific areas of biotechnology such as white biotechnology, and therefore the
assessment of impacts is difficult. The three progress reports published up to now recognize
that the implementation of the individual actions is delayed, and that subsequently the
supporting framework for biotechnology is not materializing at the pace which was initially
intended. One particular element emphasized is the still lacking implementation of the
European directive on biotechnological intellectual property right, which leads to a serious
disincentive for new investments in this area.

28 | jfe Sciences and Biotechnology — A Strategy for Europe. Communication from the Commission to the European Parliament,
the Council, the Economic and Social Committee and the Committee of the Regions COM(2002) 27
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4.2.2 The Environmental Technologies Action Plan ETAP29

In the context of supporting policy measures for white biotechnology the Environmental
Technologies Action plan represents an important step forward. Whereas the action plan
promotes a number of general objectives, such as the removal of obstacles to the diffusion of
clean technologies or the need for Europe to take a leading role in this area, it also focuses on
a number of selected specific technologies. These are described throughout the action plan in
separate paragraphs and include:

The role of ICT as a clean technology
Photovoltaics

White biotechnology

On-site soil remediation

Membrane bio-reactors for waste water treatment
Clean technologies in the construction sector
Wind energy

NoohkwppE

Interestingly, white biotechnology as such is presented prominently, but also two technologies
in the area of bioremediation (soil and water treatment) are mentioned. Although the
examples in the Action Plan have only illustrative character, the accumulation of cases related
to white biotechnology indicates the degree of awareness which has been raised in this field in
the recent years.

With regards to the policy objectives and appropriate measures to meet them, the ETAP
proposes 28 actions, which are grouped along a few main categories:

The need to strengthen the link from research to markets

The establishment of a verification system for environmental technologies
The development of performance targets for key products/processes/services
The facilitation of access to financing

The development and implementation of market based instruments
Procurement of environmental technologies

Activities to raise awareness

Taking into account the global dimension

NN E

Amongst these main categories, 8 action are directly dedicated to the issue of facilitating the
access to financing, 7 actions address the need to create markets. Only 2 actions support the
further development of technologies through improved R&D efforts. This indicates that
environmental technologies are regarded as a rather mature area with a broad range of
developed technologies at hand, which now needs to be supported in becoming competitive.

Research supporting measures

One of the actions supporting further technology development promotes the establishment of
technology platforms, which are discussed in chapter 5.2.3. Amongst these technology
platforms, one is specifically dedicated to biotechnology (Plant Genomics and
Biotechnology). However, the most relevant technology platform for white biotechnology is
called “Sustainable Chemistry”, where white biotechnology forms one of three sub-areas. A
second action of the ETAP proposes to bundle and focus funding like the Commission
Research Framework Programme, and to create spill over effects through better international
and interregional co-ordination.

Verification of environmental technologies

The verification-related actions of ETAP aim at raising the awareness of potential users of
environmental technologies. This should be achieved through establishing a system to verify
the efficiency of environmental technologies in reaching their process targets, and to make

29 Stimulating Technologies for Sustainable Development: An Environmental Technologies Action Plan for the European
Union, COM(2004) 38 final.
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that information accessible and transparent to the potential users. A number of activities in
this area have been launched by the European Comission recently.

Performance Targets

Related to the former issue, one ETAP action proposes to develop in co-operation with
industry a set of performance targets, combining ambitious environmental objectives with a
fix timeframe to meet them. These performance targets should be voluntary.

Access to financing

The largest part of the ETAP actions deals with measures to facilitate access to financing
through companies developing or using environmental technologies. This is particularly
important in the case of white biotechnology, where process implementation in the past turned
out to be rather cost intensive at the beginning of the uptake phase.

4.2.3 European Technology Platforms

Apart from the general concept of the above mentioned action plans a number of more
specific technology supporting measures exist. Most prominent amongst them is the concept
of European Technology Platforms, which have been created in the recent years. The main
aim of European Technology Platforms is to define R&D priorities, timeframes and action
plans for addressing major technological challenges in specific areas in co-operation with
industry, the research community and the financial sector. A mid term objective of European
Technology Platforms is to transform into Joint Technology Initiatives, providing long-term
public-private partnerships based on legal structures, and being covered at least partly by FP7.
Currently around 30 European Technology Platforms are under development, some of them
being particularly relevant for white biotechnology.

. Sustainable Chemistry Technology Platform SCTP

This is the Technology Platform with the strongest focus on white biotechnology. The
objective of the SCTP is to boost chemistry and chemical engineering research, development
and innovation in Europe. It is intended to meet this objective in three ways: 1) through a
strategic research agenda, identifying the most promising research areas for potential funding,
2) developing a strategy to remove technological, economic, regulatory and societal barriers,
and 3) establishing a constructive stakeholder dialogue.

The SCTP comprises three sub-platforms: Industrial Biotechnology, Materials Technology
and Reaction & Process Design. For the sub-platform of industrial biotechnology, three focal
points have been identified: the replacement of fossil fuel by bio-based renewable resources,
the replacement of conventional chemical processes with biological ones, and the
development of new bio-products (e.g. antibiotics).

The measures to reach the overall objectives of the SCTP consist of three consecutive steps:

1. The perspectives of all involved stakeholders are collected in a structured discussion
process,

2. The results of this process are transformed into a research and innovation strategy for
each individual sub-platform

3. An Action Plan is designed with the aim to implement the strategy, trying to mobilize
resources for the necessary infrastructure for further R&D and to create European
networks which support further innovation.

In the context of the SCTP, a vision paper has been generated up to now as well as a strategic
research agenda (SRA) for industrial biotechnology. This SRA identifies a number of
important technology areas to be supported, as well as proposals for policy measures. The
technology areas are the following:
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« Novel enzymes and micro-organisms

e Microbial genomics and bio-informatics

e Metabolic engineering and modelling

e Biocatalyst function and optimization

e Biocatalytic process design

< Innovative fermentation science and engineering
e Innovative down-stream processing

A number of policy measures are deemed adequate to support further development of these
technology areas. A number of demonstration and flagship projects is proposed, which should
demonstrate the technical and economic feasibility of specific white biotechnologies. These
projects however have a “macro character”, comprising different elements of industrial
biotechnology. Consequently bio-based materials are mentioned as well as the biorefinery
concept and bulk chemical production.

Apart from these demonstration projects a number of additional actions is proposed. These
actions are rather similar to the ones proposed in the “European Action Plan: Life sciences
and biotechnology — A strategy for Europe”. They include

< along term strategy to guarantee access to funding,

e a better co-ordination of European policies in that area

e the creation of centres of excellence through bundling individual Member State
efforts

- amore efficient technology transfer and

« the identification of research bottlenecks and specific efforts to overcome those.

The SCTP is supported by a number of Technology Platforms on Member State level or
equivalent organisations:

Member States support:

UK BioWise, Pro-Bio Faraday, CoEBio3

DE Sustainable Bioproduction

CH WP 1B

AT KPlus

BE BIPIB Belgium Industry Platform for Industrial Biotechnology
Baltic Region Institute for Sustainable Industry

Fl IB Forum

SE IB Forum

ES IB Technology Platform

The European Commission itself contributed to the SCTP through organizing the conference
“New perspectives on the knowledge based bio-economy in 2005. The conference brought
together more than 400 stakeholders and experts from public authorities, industry and
research, which expressed their points of view how to integrate supporting strategies for white
biotechnology into FP7. It was also emphasized that these supporting measures should be in
line with the renewed Lisbon agenda.

e Biofuels Technology Platform BTP

Another Technology Platform with strong relevance for white biotechnology is the Biofuels
Biotechnology Platform BTP. The objective of the BTP is similar to the SCTP described
above, focusing on the production of biofuels, which are targeted at transport purposes and
are compatible with the today available infrastructure.

The individual steps to be taken are the collection of perspectives and opinions from relevant
stakeholders in a joint vision document, the transformation of this document into a strategic
research agenda SRA, and the implementation of the SRA in FP7.
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In case of the BTP, neither a vision document nor a SRA are already available, as the
Technology Platform still is in the constitution phase and will become fully operational
during 2006.

4.2.4 European Biomass Action Plan (+ Impact Assessment)

On 7 December 2005 the European Commission published the Biomass Action Plan BAP
together with an Impact Assessment of this Action Plan30, The objective of the BAP is to set
out measures to increase the development of biomass energy from wood, wastes and
agricultural crops by creating market-based incentives to its use and removing barriers to the
development of the market.

The plan announces more than 20 actions; most of them will be implemented from 2006
onwards. For transport biofuels, they include promotion of “biofuels obligations”, through
which suppliers include a minimum proportion of biofuels in the conventional fuel they place
on the market. In 2006, the Commission will bring forward a report in view of a possible
revision of the biofuels Directive. This report will examine the implementation of the
Directive in Member States. The EU market share is currently 0.8% which leaves little chance
to achieve by 2010 the target of 5.75% that was set in 2003 for the EU as a whole.

The plan includes reviews of how fuel standards could be improved to encourage the use of
biomass for transport, heating and electricity generation; investment in research, in particular
in making liquid fuels out of wood and waste materials; and a campaign to inform farmers
and forest owners about energy crops. The Commission will also work on future EU
legislation to encourage the use of renewable energy in heating.

The Commission estimates that the measures in the plan will increase the use of biomass to
about 150 Mtoe by 2010 (compared with 69 Mtoe in 2003) without increasing the intensity of
agriculture or significantly affecting domestic food production. It forecasts that this will
reduce greenhouse gas emissions by 209 million tons CO2—equivalent per year; provide direct
employment for 250-300 000 people; and reduce reliance on imported energy from 48% to
42%.

Actions proposed in the BAP comprise a variety of different measures, which are structured
along four main issues:

1) Biomass for electricity and heating,
2) Biomass for transport fuels,

3) Cross cutting issues and

4) Research.

Individual actions aim at implementing the issue of biomass use into the ongoing policy
making process at European and national level. This means for example in the case of
“biomass for electricity and heating” that legislation dealing with energy efficiency of
buildings might be amended, Member States should be encouraged to apply reduced VAT
rates as incentive for the uptake of electricity and heating from biomass. In the case of
“Biomass for transport fuels”, a revision of the biofuels directive is envisaged, but also trade
negotiations with ethanol producing countries is proposed. The actions proposed in the “Cross
cutting issues” basically propose a re-examination of all non-electricity and non-fuel
legislation and regulation which might be of relevance for the future uptake of biomass.
Actions in the “ Research” area propose the establishment of a Biofuel Technology Platform
(which is currently happening) and further support for research in the area of the biorefinery
concept.

30 Biomass Action Plan, COM(2005) 628 final and Biomass Action Plan Impact Assessment, SEC(2005) 1573, Brussels 7
December 2005.

-28 -



4.2.5 The biofuels directive3!

With the substitution of fossil fuel with biomass being one of the core elements of the white
biotechnology concept, the directive 2003/30/EC on biofuels plays a key role in the relevant
legal framework, as it is one of the few examples where a particular technology — and in this
case an end product based on white biotechnology — is supported through specific
consumption values.

The objective of this Directive aims at promoting the use of biofuels or other renewable fuels
to replace diesel or petrol for transport purposes in each Member State, with a view to
contributing to objectives such as meeting climate change commitments, environmentally
friendly security of supply and promoting renewable energy sources. The target of the
directive is to achieve a 5.75% share of liquid biofuels for transport in 2010. This target is
formulated as a reference value, which should give guidance to Member States when setting
national indicative targets.

Initially the targets were meant to be indicative, i.e. not mandatory. Accordingly no
instruments were foreseen to enforce implementation at Member State level. In the meantime,
the monitoring and reporting mechanism established in the directive, show good and not so
good practice. As a consequence, a revision of the directive is under discussion which might
transform the indicative targets into mandatory thresholds. In a press release the Commission
announced to come up with a report in 2006 with proposals for a revision of the biofuel
directive towards mandatory targets. Actions with this character have already been promoted
in the Biomass Action Plan. This in turn would need to be backed up by a set of specific

policy measures leading to efficient implementation of the directive.

Fixed Tax breaks/ Tax Grants Support to | Non-financial | Public pro-
substitution exemption for | breaks for research support curement
require-ments | biofuel manu- | for pilot | Biofuel (Awareness
facturing plants pro- raising
duction campaign etc.)
Austria X X
Cyprus X X
Czech Rep. X X X X
Estonia X X
Denmark X
Finland X X X
France X X X
Germany X X X X
Greece
Hungary X X X
Ireland X X X
Latvia X X
Lithuania X X
Malta
Portugal X X X X
Slovakia X
Spain X X
Sweden X X X X
Netherlands X X
UK X X X X X X

Table 11: EU Member States policy measure to implement directive 2003/30/EC*

31 Directive 2003/30/EC of the European Parliament and the Council on the promotion of the use of biofuels or other renewable
fuels for transport, Article 1.
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A look at policy measures at Member State level shows how implementation measures could
look like. Measures adopted by Member States to meet the indicative targets proposed by the
EU Biofuels Directive mainly refer to fiscal policy, that is tax breaks for biofuels as compared
to conventional fuels. Other instruments in use are support to research and grants for biofuel
production. Public procurement plays — amongst other instruments — only a minor role.

The broad application of tax breaks or tax exemptions show that most Member States deem
these to be the most efficient instrument to comply with directive 2003/30/EC. This has
probably to do with the expected short-term incentive connected to this measure, leading
quickly to tangible results. However, the strong preference of a large number of Member
States for financial support for research in that area indicates a long-term strategy, which most
probably aims at making biofuel production cost effective and competitive with fossil fuels in
order to be prepared for the moment when tax reductions will be taken back and the tax
regime for different fuels is harmonised.

32 Biofuels and other renewable fuels for transport, PriceWaterhaouseCoopers, final report for DG ENV, Brussels 2005, and
discussion paper for IPTS workshop “Cost-effective uptake of biofuels in the transport sector, Sevilla 2005.
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5 Existing barriers and drivers

5.1 Introduction

The diffusion of new technologies into industrial application occurs at different pace and
depends strongly on the kind of technology and the receptiveness of the sector it meets. In the
case of environmental technologies, for example in the case of end-of-pipe technologies, the
diffusion rate has been very slow, as long as no legal incentive pushed the uptake in
companies. The case is different when a new environmental friendly production technology
combines economic efficiency with reduced emissions. These are very often energy and/or
raw material input reducing technologies, which find their way into industrial application
without additional regulatory efforts.

From this perspective, the case of white biotechnology presents itself to a certain extent as a
paradox. In a number of case studies, the economic and environmental superiority of
biotechnological processes has been demonstrated, nevertheless the uptake in industrial
processes occurs at a very low rate. Therefore the case of barriers and drivers for the diffusion
of white biotechnology is particularly interesting, a number of factors seem to play a role
which are not obvious at first glance. Consequently, a number of studies has been carried out
in the past focussing on this particular issue.

In this chapter, firstly the main results of these studies will be roughly outlined, and secondly
the opinion on barriers and drivers expressed by a number of experts in interviews carried out
under POPA-CTDA will be benchmarked against those results. As a conclusion, the main
barriers and drivers will be highlighted.

5.2 Barriers and drivers for white biotechnology — Literature overview

In recent years, several studies dealt with the question what are the main factors responsible
for either an accelerated or a slow uptake of biocatalysts in industrial production processes33.
The methodology applied were a number of case studies, including the case of successful
implementation, but also the rejection of the new technology.

Not surprisingly, the case studies show that environmental benefits as key characteristic of a
new technology do not represent any incentive in itself for companies to take it up.
Companies referred to environmental benefits inherent to the new technology as “added
value”, which has to be accompanied by economic efficiency. And even a given efficiency in
operating process cost has to be seen in the light of potentially large R&D costs and capital
stock investments which in particular in the case of white biotechnology can be substantial.

Apart from these barriers, which basically apply for all new technologies, a range of factors
has been identified from desk research, which can act as a barrier or a driver at the same,
time, depending on the status in each individual company. These factors can be categorised
along three different lines.

A rather relaxed economic situation of a company is for example a rather strong driver to
integrate an entirely new technology into existing production structures, given that the
cost/benefit ratio is perceived (subjectively) as positive. If the same factors look different, the
final investment decision will most probably change: a company under financial stress will
probably refrain from the venture to embark on a completely new technology, even more if
the perception of cost and benefits are rather uncertain or even negative.

33 For example: The introduction of process-integrated biocatalysts in companies, EC IPTS, Sevilla 2000.
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| 1. Awareness / Lack of awareness

Process integrated environmental protection known/unknown
Unfamiliar/familiar with biotechnology

Staff qualification, time, information

Need for action to comply with environmental standards
Data on environmental performance of own company

| 2. Perception of cost/benefit ratio as negative/positive

Low/high innovativeness, low/high R&D intensity

Economic situation difficult/comfortable

Lack/availability of skills and expertise

Lack/availability of qualified/motivated staff

Alteration of existing structure, equipment, facilities

Benefits difficult/easy to assess, uncertain, long pay-off period
Prefer established/innovative solutions

3. Ability to cope with emerging problems

Emerging scientific-technical problems

Lack/availability of expertise to overcome technical difficulties
Lack/availability of money, time, skills

Lack/availability of external support

These general barriers and drivers also apply in the case of white biotechnology. The most
relevant factors are marked in yellow. The lack of awareness turns out to be a specific
problem for white biotechnology diffusion. As one of the main application areas is the use of
enzymes as catalysts to substitute chemical processes, the target group of companies for this
are naturally chemical enterprises. The fact, that staff in chemical process development
usually has a background as chemical engineer leads to a rather strong bias. The case studies
showed that the openness to other technologies, or biotechnology in particular, is rather
limited. This leads to the fact that a routine screening for technologies in order to keep
company expertise up to date often does not include biotechnologies, and even in the case that
a new technological solution is required (e.g. in order to comply with a new regulation), the
biotechnological option, if available, is often not taken into account. As the discussion on
white biotechnology is intensifying in the recent years, a paradigm change takes place at least
in large chemical companies, which now also employ a number of biotechnology process
engineers.

The lack respectively availability of skilled staff, which plays an important role for the
awareness of a company for white biotechnology, is also crucial when it comes to assessing
the cost/benefit ratio of a biotechnological process, once it has been identified. The case
studies show that uncertainty concerning the cost benefit ratio often lead to the rejection of a
biotechnological production process. The degree of uncertainty with regards to the c/b ratio
decreases with more skilled employees. On top of that, basic characteristics of the company
play also an important role when assessing the profitability of new processes. This is mainly
the culture of innovation and therefore the ability to integrate new solutions into the existing
structure, but also the general economic situation of the company.

If a biotechnological solution finally has been selected as being optimal and is being
implemented, the ability to cope with emerging problems is the most important factor to
ensure a smooth integration of the new technology. The uptake of a completely new
technology usually leads to unforeseen difficulties, being often of technical/scientific nature.
Again, the availability of skilled staff is essential to overcome these difficulties.

In summary it can be said that a skilled workforce at all levels is amongst the key factors for a
successful diffusion of white biotechnology into industrial application. The nature of this
technology area is highly interdisciplinary and includes, amongst others, knowledge in
biotechnology, chemistry, process engineering, financial issues.
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In addition to these “soft” factors limiting the diffusion of white biotechnology into industry,
a recent European Commission report adds a number of additional factors which are crucial
for the uptake of biotechnological processes34. Most prominent amongst them is the lack of
access to finance which prevents in particular SMEs from embarking on large R&D
exercises. The fact that biotechnology is very research intensive and often has to be
outsourced intensifies this problem in comparison to other clean technologies.

Similarly important is a proper IPR system for biotechnological inventions. As the
development of a new biotechnological process or product is time and cost intensive, it is
essential that the result is adequately protected and can be exploited by the developing
company. The EU directive on the patentability of biotechnology inventions has been agreed
in1998, but has not yet been implemented by a large number of Member States. This has led
to the fact that a lot of companies do not make their development public, which in turn makes
it more difficult to get an overview of white biotechnology adoption in the European industry.

A study published by the OECD, which looked at 21 case studies, came to similar
conclusions3®, Evidence showed that, against the initial assumption, biotechnological
processes are not taken up after a careful LCA-like assessment of costs and benefits, but on
the basis of bits and pieces of information. Very often the innovation process was driven by
individuals. Additionally, the OECD concluded that usually no systematic procedure exists in
companies leading to identification of efficient biotechnological processes. Often decision
makers became aware of white biotechnology through external advice. These results indicate
once more the lack of relevant knowledge in companies as one of the key barriers to
introducing white biotechnology in industry.

5.3 Barriers and drivers for white biotechnology — Expert opinions

The findings of studies which have been carried out in the recent years have been largely
confirmed by experts, which have been interviewed in the frame of this study. Amongst these
were seven experts from industry, one venture capitalist, five public authorities staff, and one
from academia. Experts came from Europe (incl. Switzerland), Canada and the US.

With regards to benefits/drivers associated with white biotechnology, the experts emphasized
its potential to improve the environmental and economic potential at the same time.
Furthermore they pointed to that fact that the innovative capacity of the company is enlarged
and new knowledge is accumulated, which might be used later in other situations. Another
driver mentioned by the experts is the potential of white biotechnology to develop new high
quality products, which meet an existing market demand. Finally there was consensus that
the application of white biotechnology would entail social benefits in terms of job creation
and increase the competitiveness of the company.

As to disadvantages/barriers, the experts stressed the cost related to the uptake of a
biotechnological application in a chemical production process. By that they referred to the
issue of sunk cost, i.e. the loss of still usable production infrastructure. They also mentioned
the rather cost intensive and long lasting R&D necessary to generate viable solutions. Finally
they emphasized the necessary high initial investment, if a completely new large scale
production process has to be established. In addition to the cost related challenges, the experts
pointed at the issue of technological risk, which emerges with the uptake of a completely
new technology. According to the experts the lack of a skilled workforce with
interdisciplinary background makes it more difficult for companies to respond to
technological problems. Finally it was mentioned that the public acceptance of white
biotechnology can not be clearly considered at this moment in time. It might well be possible
that this issue turns out to be a barrier in the future.

34 Promoting environmental technologies: Sectoral analyses, barriers and measures, European Commission IPTS, Sevilla 2004.
35 The application of biotechnology to industrial sustainability, OECD, Paris 2001.
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In addition to these advantages and disadvantages, the experts referred to two factors which
they consider crucial, but which can not be categorized as barrier or driver: This is a) the
strong dependency on the oil price development, which in particular plays a role for the
broad scale use of biomass as a renewable resource, and b) the need to demonstrate
transparently the safety of biotechnological applications which involve the use of GMO.
This might be the production of enzymes with modified micro-organisms, which is done in a
contained environment, and where the resulting proteins do — by nature — not contain traces of
GMOs.

Asked for the expected effects on the environment, the experts mentioned savings in energy,
water and raw material input as well as to the reduced production of waste and the reduced
pollution of environmental media. The CO2 neutral character of biomass as a resource was
also referred to. However, the positive effects on the environment were only seen as a driver
when accompanied by an improved economic performance.

In terms of other supporting factors, the experts underlined the importance of the legal
framework, both at national and European level, followed by the active role of private
associations, both industry and consumer NGOs, in shaping the relevant legislation. In
particular mentioned in this respect are the Technology Platforms, which bring together
industry associations and public authorities at European level. Apart from that, a functioning
and supportive market is seen as essential. This includes both a continuous technology push,
leading to a permanent development and improvement of biotechnological applications, and a
market pull, demanding white biotechnology solutions as the most competitive and efficient
ones.

Interestingly, the experts had difficulties in identifying other impeding factors. It was
mentioned that no objections against the further diffusion of white biotechnology has been
voiced yet publicly. However, this fact was judged with some prudence in the sense that white
biotechnology still is in its infancy and outside specific expert groups not yet widely known.
It might well be that with first large scale applications of white biotechnology public opinion
takes shape, but it is not yet clear if that will be positive or negative.

The picture changes if food and agriculture processing is subsumed and discussed under the
headline white biotechnology. In the experts point of view that will decrease public
acceptance and therefore turn into a difficult to remove barrier against the further diffusion of
white biotechnology.

With regards to supporting policy measures, the experts stressed the importance of targeted
research funding, both at national level and at European level. The Commission research
framework programme was mentioned explicitly. Public-private partnerships are seen as
another way to encourage the uptake of white biotechnology. The exceptional character of the
biofuels directive is mentioned, which prescribes a target level for the introduction of ethanol
from biomass. The need to set up demonstration projects is underlined, as this might be a
way to prove the viability of white biotechnology applications. Tax incentives are also
mentioned as a potential supporting measure. Interestingly some experts reject the concept of
supporting policies in general and expresses the opinion that white biotechnology should
prove efficiency and competitiveness through quality und superiority as compared to other
technologies.

Concerning the skills needed in a company to guarantee a smooth integration of white
biotechnology applications, the experts mainly underline the need for an interdisciplinary
background, which comprises up to date expertise in biotechnology, chemistry and
engineering. Furthermore, a feeling for the economic feasibility of new technical processes
and good knowledge of the relevant markets. Interdisciplinarity is seen as the missing link,
which did not yet develop as the area of industrial applied biotechnology still is rather new.
Apart from these skills, the experts underline that a company needs close links to basic
research organisations, entering in networks with other specialised organisations and

-34 -



companies, and easy access to relevant information, and sufficient resources in terms of
time and money. Furthermore a positive societal environment — i.e. broad public
acceptance of white biotechnology — is deemed necessary.

5.4  Barriers and drivers — which are the important ones to address?

On the basis of studies carried out up to now, and the expert interviews carried out in the
frame of this study, a clear picture emerges of what the specific barriers and drivers for the
diffusion of white biotechnology into industry are. The experts interviews show a strong
degree of correspondence with the results of studies carried out on that subject. The main
barriers and drivers can be summarized as follows:

5.4.1 Barriers

Lack of information

The main bottleneck for the diffusion of white biotechnology into industry can be subsumed
under the headline “Lack of information” in several dimensions. Firstly, here is a lack of
awareness amongst those industrial stakeholders who might benefit from white
biotechnology. This has a number of reasons, most prominent amongst them is the lack of
functioning technology transfer systems. The information flow between research and
industrial application does not work efficient enough. Secondly, the current education systems
do not generate interdisciplinary expertise which comprises elements from biotechnology,
chemistry and process engineering. As a result, the workforce in particular in chemical
companies, but also in the relevant downstream sectors, is not prepared to recognize the
economic and environmental potential of white biotechnology. Consequently, there is some
uncertainty in assessing the cost/benefit ratio of biotechnological processes. Once a process is
implemented, which often is the result of one individuals’ driving force instead of LCA based
decision making, there is often insufficient expertise to deal with emerging technical
problems.

The reason for this lack of information is twofold — on the one hand the area of white
biotechnology is very heterogeneous, touching upon different scientific disciplines, and being
applicable in a variety of industrial sectors. On the other hand, white biotechnology as
separate application are in Life Sciences is rather young, and the concept is still not widely
known.

Financial bottlenecks

Finance-related matters form the second major barrier against the diffusion of white
biotechnology into industry. These are mainly the costs related to the implementation of
biotechnological applications in non-biotechnological industries. Different kinds of
investments are needed, such as extensive R&D, building up the necessary capital stock in
terms of infrastructure and equipment, and acquire skilled staff able to deal with the
implementation of the technology. On top of that usually come the These costs present in
particular a challenge for SMEs, and consequently it is not surprising that it is first in large
companies that the conditions for the implementation seem to emerge.

This situation is accompanied by the fact that access to capital still is difficult for companies
wanting to implement white biotechnology processes. In particular the availability of venture
capital has decreased over the past years, limiting the leeway for companies when thinking of
innovative investments. This barrier is hard to overcome, especially by SMEs.
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Intellectual property right

One impediment affecting the entire area of biotechnology, and by that also white
biotechnology applications, is the lack of a European-wide harmonized IPR system. In 2005
the third progress report on the EU Life Sciences and biotechnology action plan stated that
“the lack of progress on implementation of Directive 98/44/EC on the protection of
biotechnological inventions erects a further barrier to effective innovation.”38 It is clear that
companies refrain from the costly development of new biotechnological products and
processes, if the exclusive use of the result can not be ensured.

Technology development

Although not explicitely mentioned by the experts, one of the most important barriers to the
further diffusion of white biotechnology into industry still is the immaturity of the white
biotechnology. The reason for that is on the one hand the fast progressing life sciences area,
opening continuously new opportunities for industrial application, and on the other hand the
fact that white biotechnology is rather young of age. In combination this reults in the fact that
research and development is carried out at various technology frontiers at te same time,
dispersing available personnel and financial resources.

5.4.2 Drivers

Economic benefits

The clearly most important driver to introduce white biotechnology applications are their cost
effectiveness. In the narrow sense, that means that operating cost need to be lower than for
alternative process technologies, given a similar or better product characteristic and quality. In
the mid term perspective, the return on high initial investments has to be advantageous as
compared to alternative technologies. This basic criterion has very different implications for
the different areas of white biotechnology. The economic viability of biofuels and other
products derived from biomass instead of petrol strongly depends not only on the oil price,
but also on the political framework. That means that external factors are more dominant in
determining the future diffusion of white biotechnology in that area. However, the recent oil
price development and ongoing efforts to make lignocellulosis available through cost efficient
enzymatic processes makes bio-based feedstock appear as a ever m ore viable alternative.
When it comes to biocatalysts in the chemical industry and other downstream sectors, the
technological effectiveness and the cost efficiency become predominant. The same is true for
biotechnological end-of-pipe applications. These have to compete with a broad variety of
alternative clean up techniques, and the criterion for uptake in industry is almost exclusively
the ability to comply with environmental standards in the cheapest way.

Regulation — supportive legal framework

The role of a supportive legal framework is seen less as a driver. Apart from the biofuels
directive, there are hardly examples which show a direct promotion of white biotechnology.
The picture changed in the recent years with the above mentioned Action plans on
Environmental Technologies and on biomass, the technology platforms and the emerging
communication on a biofuels strategy, but the impact on the diffusion of white biotechnology
into industry can not yet been assessed. Obviously, this bundle of (emerging) supporting
regulatory measures focuses on the upstream part of white biotechnology, i.e. the substitution
of petrol based resources with renewable biomass. For the industrial application, which
mainly consists of the use of biocatalysts, and the end-of-pipe area of white biotechnology,
such targeted policy measures do not exist. The main problem here is that usually
environmental legislation is more focused on defining standards and thresholds, and less on
specific technologies. From that perspective, biotechnological applications have to compete
with alternative technologies in the given legal framework on the factors of cost efficiency
and technical effectiveness.

36 Life Sciences and Biotechnology — A Strategy for Europe. Third progress report and future orientations, COM(2005)286
final.
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Environmental benefits

The environmental superiority of white biotechnology applications in industry plays no
decisive role when decision for future technology investments are made. However, the
environmental sustainability can not be separated clearly from the economic benefits, as very
often the reduction of energy and raw material inputs as well as reduced emission levels go
hand in hand with cost reductions. In total, improved environmental performance of new
production processes is seen as an added value, and can actually tip the scales when several
comparable technologies are available.

Public acceptance

In general the concept of substituting fossil fuel with biological raw material, lowering by that
global CO2 emissions, is publicly welcomed, as can be seen in the discussion on biofuels and
bio-based materials. The same is true for the introduction of biocatalysts n industry, leading to
significant reductions of energy and emissions, and for biological end-of-pipe applications.
The case becomes more complex when the use of GMO in these processes is introduced. The
public debate on GMO in agricultural products and processes, which emerged end of the
90ies, had significant impact on European and Member State regulation and, subsequently, on
the diffusion of GMO-related products and processes in Europe. The area of health related
biotechnology, where GMOs are used in production even longer (for example in the mass-
production of insulin), has surprisingly not been affected at all by this debate.

White biotechnology has neither been in the centre of the discussion on the use of GMOs until
today, but it is uncertain whether the reason for that is a broad public acceptance of this area,
or if it is the fact that the concept of white biotechnology is not yet known widely. The fact
that environmental NGOs have not yet shaped a point of view towards white biotechnology
seems to indicate the second option. However, there is a consensus amongst the experts
interviewed in the frame of this study that public acceptance is crucial for the further
distribution of white biotechnology.
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6 Options for policies and instruments

Four different levels of measures for promoting environmental technologies can be
distinguished37: Horizontal measures to promote research and innovation across the board
(i.e. without specific focus on any environmental dimension). Examples of such horizontal
(“level 1) measures are contained in two recent Commission Communications: the March
2003 Communication on Innovation Policy (COM (2003) 112 final) and the April 2003
Action Plan on Research (COM (2003) 226 final). Such “level 1” measures include:

e Better linking national (and the EU) innovation and research systems (e.g.
through open co-ordination, technology platforms)

- Strengthen the interaction with other policy areas (e.g. regional policy; taxation
policy; state aid policy)

e Improve public support to private research and innovation (improved human
resource policy; strengthen links between public and industrial research; improve
the mix of public financing instruments and their effectiveness)

« Redirect public spending towards research and innovation (e.g. examine state aid
rules; public procurement)

= Improve framework conditions for private investment in research (e.g. in relation
to IPR; regulation of products and standardisation; fiscal measures)

“Level 17 measures can, however, be given a specific environmental focus, i.e. they can be
translated into “level 2" measures:

Horizontal measures with a specific focus on environmental (and economic) innovation.
Whilst the primary aim of such measures is to promote the development and wider uptake of
environmental technologies, they do not target any specific categories or sectors. In other
words, they are technology-neutral. Such “level 2” measures can, however, be tailored to
specific technologies (both cross-sector and sector-specific), i.e. they can be translated into
“level 3” and “level 4” measures.

Technology-specific measures targeted at cross-sector environmental technologies (e.g.
renewable energy, biotechnology, eco-design, ICT), capable of delivering environmental and
economic innovation, can be referred to as “level 3” measures.

Technology-specific measures targeted at sector-specific environmental technologies (e.g.
construction, pulp and paper, plastics, steel, non-ferrous metals), capable of delivering
environmental and economic innovation, can be referred to as “level 4” measures.

The inter-locking character of these different layers of possible measures can be illustrated
with the following figure:

Level Il
Measures

= _—
- <=
Level llI Level IV
Measures Measures

Figure 3: Different layers of policy measures

37 Adapted from “Promoting Environmental Technologies, EC JRC IPTS, Sevilla 2004.
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When discussing the range of policy measures with relevance for white biotechnology,
obviously all levels play a role. Chapter 5 of this report laid out that also generic policies like
the European Action Plan for Life Sciences and Biotechnology are of relevance for the
diffusion of white biotechnology as clean technology. However, in order to keep the line of
argumentation concise, the focus will in the following be put on policy measures according to
“level 27, “level 3” and “level 4”. In the discussion of “level 3” and “level 4” measures, which
clearly have a technology — push character, it has to be taken into account that there exists a
considerable risk of supporting second best solutions, as the future of technological
development is hardly predictable. In other words, whilst public authorities should be
concerned mainly with putting into place favourable (horizontal) framework conditions,
taking initiatives to promote specific technologies should to a large extent be left to private
actors including industry.

6.1 Non-specific policy measures promoting environmental technologies (Level
2)

Potential “level 2” policy measures are categorized under the following ten headings, which
are expanded below:

e Overall approach to policy making

= Supporting voluntary initiatives by the private sector
e Using market levers

e Legislation

« Research and Development

« Demonstration

- Diffusion

« Non European markets for environmental technology
e Supporting the supply-side

- Awareness-raising, education and training

Overall approach to policy-making

Many possible issues and measures can be considered under this heading. They relate in
particular to the importance of establishing long-term visions, objectives, targets and
commitments (e.g. following the example of the targets set in the Kyoto Protocol for
greenhouse gas emissions reductions38 or the commitment at EU level to double the use of
renewable energy sources by 201039). Closely related is the need for outcome-oriented rather
than technology-specific environmental legislation. Other issues considered concern the
increased reliance on market-based and voluntary instruments in environmental policy (e.g.
emission trading schemes, taxes and charges or environmental agreements at EU level); a
more generalised used of so-called “new approach” legislation4®; and better co-ordination
between EU and Member State policies to promote environmental technologies.

38 The Kyoto protocol requires the EU to cut its greenhouse gas emissions to 8 per cent below 1990 levels by 2008-2012.

39 The European Commission's 1997 White Paper sets out a Community strategy to double the share of renewable energies in
gross domestic energy consumption in the European Union by 2010 (from the present 6 per cent to 12 per cent) including a
timetable of actions to achieve this objective in the form of an Action Plan. See for further information:
http://europa.eu.int/comm/energy/res/legislation/index_en.htm

40 see the May 2003 Commission Communication entitled “Enhancing the New Approach Directives” (COM (2003) 240 final):
http://europa.eu.int/comm/enterprise/newapproach/index.htm

-39 -




Supporting voluntary initiatives by the private sector

Voluntary initiatives by the private sector clearly have a key role to play in relation to
environment technologies. Over the past decade, the interest of the business sector in
sustainable development issues has increased rapidly and many industry sectors have
developed wide-ranging sector-specific sustainability initiatives. Examples include voluntary
“sustainable development/sustainable production” initiatives by the International Aluminium
Institute (IAl) and the European Aluminium Association (EAA), the International Council of
Chemical Associations (ICCA) and the European Chemical Industry Council (CEFIC), the
International Council on Mining and Metals, and the Confederation of European Paper
Industries (CEPI). The World Business Council on Sustainable Development (WBCSD) also
plays an important role in stimulating such initiatives. Such initiatives can be used as a
framework to give increased consideration to the development and uptake of environmental
technologies, for instance by stepping up private research efforts, exchanging best practices
within (and between) sectors and targeted activities within the supply chain (e.g. mentoring
relationships between large companies and SMESs). Specific tools to support efforts by the
private sector to green its operations and help identify the scope for the increased used of
environmental technologies include environmental management systems, environmental
management accounting, relevant standards, environmental product declarations (EPDs), eco-
labels and environmental reporting.

Obviously, an important question is what public authorities including the Commission can do
to encourage and support environment-related voluntary initiatives by the private sector. This
issue will be further explored and a number of concrete proposals will be made in a
Commission Communication on Sustainable Production planned for 2004. Other relevant
ongoing Commission activities relate inter alia to Corporate Social Responsibility4!,
Integrated Product Policy42, environmental management systems in SMEs (where Member
States are expected to follow-up on the recommendations made in the context of a DG
Enterprise “Best” Procedure project43) and standardisation44.

Using market levers

Different types of measures examined by the SPC Issue Group can be grouped under this
heading. These range from using market-based instruments to “get prices right” and reducing
environmentally-harmful subsidies. The latter is one of the measures announced in the EU’s
sixth Environment Action Programme (see Article 3.4 of Decision No 1600/2002/EC of the
European Parliament and the Council of 22 July 2002). The 6™ EAP encourages the reform of
subsidies that have considerable negative effects on the environment and are incompatible
with sustainable development. To this end, it announces the establishment, by the
Programme’s mid-term review, of a list of criteria allowing such environmentally negative
subsidies to be recorded, with a view to gradually eliminating them. Other market levers
include providing more risk capital for environmental technologies, e.g. through a dedicated
“Environmental Technology Fund” to be managed by the European Investment Fund, and
using (national) tax allowances to support technologies in their early phases of development.
The EIF previously managed the € 20 million “Growth and Environment Scheme”,
specifically targeted at supporting relevant investments by SMEs. The funds available under

41 A Commission Communication of July 2002 forms the basis for the European Strategy on CSR. It announces the
establishment of a European Multistakeholder Forum on CSR, to be used as a platform to promote transparency and convergence
of CSR practices and instruments. The Forum, launched on 16 October 2002, ran until mid-2004, when a report was presented to
the Commission, containing results and recommendations for further action.:
http://europa.eu.int/comm/enterprise/csr/documents/29062004/EMSF _final_report.pdf

See for further information the June 2003 Commission Communication on IPP:
http://europa.eu.int/comm/environment/ipp/home.htm.

43 This Best project examines different categories and good practice examples of initiatives taken by public authorities (both at
national and regional/local level) to promote the uptake of (both formal and less formal) environmental management systems in
SMEs. For further information on the project see:
http://europa.eu.int/comm/enterprise/enterprise_policy/best/best_projects_2002/environment_mngt_syst.htm

44 A Commission Communication on environmental aspects of standardisation has been published in 2004:
http://europa.eu.int/eur-lex/en/com/cnc/2004/com2004_0130en01.pdf
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the scheme, which was rather successful, have now been used up. Other measures include
greening public procurement4> (e.g. by demanding best practice based on whole life-cycle
costs in technical specifications), reviewing state aid rules (e.g. by examining claims that
current rules pose a barrier to financing demonstration projects), reinforcing the role that the
EU cohesion and structural funds can play in co-financing clean technologies, as well as a
more wide-spread use of life-cycle-costing. Finally, setting up one overall inventory for
relevant business support programmes and introducing clean technology awards are potential
measures in this category. At EU level such a prize exists in the form of the “European Award
for the Environment”.

Legislation

Legislation can be an important driver for the development and uptake of cleaner technologies
- provided that it is applied and enforced correctly. This does not only apply to laws on
environmental matters, but also to legislation on other issues such as, for instance, the
protection of intellectual property, as discussed in chapter 6 of this report with the focus on
Directive 98/44/EC on the protection of biotechnological inventions, which still has to be
implemented by a number of Member States. However, even if relevant legislation is in place,
small innovative eco-industries often do not have the (financial and human) resource to patent
their products (technologies), as companies may be worried about their inventions being
“stolen”. This may hamper their wider diffusion. Another important issue in this context is the
ownership, licensing and exploitation of IPR in public research institutions and public-private
partnerships.

Legislation can also act as a barrier. For example, existing EU waste definitions (notably the
distinction made between “waste” and “secondary raw materials”) are often perceived as an
obstacle to more sustainable waste management.46 Another example concerns environmental
permits, in relation to which industry has sometimes expressed worries about the fact that
liabilities associated with non-performance - however minimal - inhibit the testing and use of
new environmental technologies.4”

Research and development

The central question to be examined in this category is how the most optimal use can be made
of the opportunities, in terms of defined priority areas as well as available funds and
instruments, provided by EU and national research programmes and how to increase
synergies between them. At Community level, the 2002-2006 6th EU Framework Programme
for Research and Technological Development FP6 - like its predecessors - offers numerous
possibilities to co-finance R&D projects related to environmental technologies. With a budget
of € 17.5 billion for the years 2002 — 2006, FP6 represents about 5 per cent of the overall
expenditure on RTD in EU Member States. The Program’s main objective is to contribute to
the creation of the European Research Area (ERA) by improving integration and co-
ordination of research in Europe, which is so far largely fragmented. At the same time,
research is targeted at strengthening the competitiveness of the European economy, solving
major societal questions and supporting the formulation and implementation of other EU
policies. The Program covers 7 priority areas, all of which offer scope for providing support
to environment-related projects. The EU Action Plan “Investing in Research - Towards 3 %
of GDP” launched in 2003 (see COM (2003) 226 final), is expected to play an important role
in stimulating additional private investment in environmental technologies. Previous
European Research Programmes such as “Brite Euram” (FP4) and FP5 (Growth) were already
tackling, through a problem solving approach, issues of sustainable industrial production.
They covered the following specific areas:

45 For further information on Commission initiatives to promote environmentally-friendly public procurement see:
WWW.europa.eu.int/comm/environment/gpp/index.htm

46 This issue has been addressed in more detail in the context of the EU Thematic Strategy on Waste Prevention and Recycling:
http://europa.eu.int/eur-lex/lex/LexUriServ/site/en/com/2005/com2005_0666en01.pdf

47 see, for instance: US Department of Commerce (1998), The U.S. Environmental Industry, page 31. In the context of EU
legislation such concerns could be addressed inter alia through the IPPC Directive.
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e “Minimising natural resources and energy consumption”
e “Towards zero waste production”
e “Changing production and consumption patterns”.

One example for environmental research support in FP6 is the “Nanotechnology, Materials
and Production” (NMP) priority, which focuses on medium- and long-term research activities
in order to modernise industry and prepare the ground for a transition towards a knowledge-
based society and sustainable development. It covers issues that are very relevant to the
research needs in the domain of sustainable production and consumption. Projects co-
financed under FP6 can take different forms and use different instruments (e.g. “Integrated
Projects”, “Networks of Excellence”, “Co-ordination Actions”, “Specific Support Actions”)
and are triggered through periodic calls for proposals. White biotechnology as a separate area
is not well represented in FP6, but rather fragmented in different areas. Through the
Technology Platform for Sustainable Chemistry (Chapter 5.2.3) a more focused R&D support
for white biotechnology in FP7 shall be achieved.

At European level, various possible measures could be initiated to further support clean
technologies. These include reinforcing or refocusing relevant priorities on an annual basis,
paying more attention to fundamental research, further encouraging “Technology Platforms”
and other (thematic) networks to stimulate multi-stakeholder co-operation around specific
technologies, or stepping up R&D co-operation between Member States. An important tool to
improve co-ordination between national research programmes (including R&D on
environmental technologies) is the EU “ERANET” scheme set up in 2003. One of the specific
initiatives financed under ERANET since 2004 is the “SUSPRISE” project, aiming at less
fragmentation of national R&D programmes in the field of “sustainable enterprises”.

Other R&D related measures are to improve access to funding for SMEs, strengthening the
demonstration and diffusion component of “Integrated Projects”, launching “joint” calls for
proposals (under more than one of the FP6’s different priority areas and/or in conjunction
with other international programmes) and attracting ETAP-relevant researchers from third
countries, for instance by using FP6 “Marie Curie” Fellowships and “Networks of
Excellence” for exchanging personnel.

Demonstration

It is widely recognized that demonstration activities (including feasibility studies, validation
and “scale-up” projects) provide a crucial bridge between lab scale experiments and the
commercial application of innovative technologies, for instance in manufacturing industry. In
the case of environmental technologies this step, which can be decisive for the validity and
“competitiveness” of one technology vis-a-vis another, is often costly and lengthy, and
demonstration is too often based on “trial and error”. Optimising operational conditions (e.g.
energy consumption, raw material transformation, processing conditions and overall process
safety) requires specific skills and know-how. The dialogue between researchers and
engineers is also an essential condition for success. However, in particular in the case of white
biotechnology applications, demonstration projects play an essential role, as the technological
viability as well as the cost/benefit ratio is difficult to access for non-biotechnologists.

In this context, it might be worth to explore ways and means to generate more public-private
funding for (large-scale) demonstration projects of near commercial environmental
technologies, for instance by reinforcing the demonstration component of the “Integrated
Projects” under FP6 and FP7. Also, better co-ordination of different national demonstration
activities and the cross-border dissemination of their results can help avoid duplication of
efforts.
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Diffusion

The diffusion of promising environmental technologies between and within Member States
and across businesses also plays a key role for the diffusion of white biotechnology
applications. For instance, the role should be examined which the Innovation Relay Centres,
the European Information Centres as well as Technology Platforms (see under heading 5.2.3
above) can play in this respect (e.g. in disseminating technologies developed and
demonstrated through FP6 and LIFE-Environment). It is also important to look at the role of
regulators and industry in disseminating good practice and other experiences learned (e.g. in
the context of the IPPC Directive) and in flagging up possible barriers (e.g. requirements to
use national rather than foreign technologies). The possibility to develop EU-wide technology
verification programmes (including standardised performance assessment and testing
methods) can be a way forward, several activities have been launched in this respect in 2005.
Furthermore, the access to and linkages between databases, that give an overview of
environmental technologies, their suppliers and potential users, should be improved.

Non European markets for environmental technology

Possible measures in connection to exporting environmental technologies can be taken in
many different areas of EU (and national) policy such as environment, research, trade,
enlargement as well as development co-operation. In relation to environmental policy, the
Commission and the Member States could for instance develop a pro-active policy to
encourage industry to use the so-called flexible mechanisms (“Clean Development” and
“Joint Implementation”) introduced by the Kyoto Protocol.#8 With respect to research policy,
consideration could, among other things, be given to further promoting bilateral and
multilateral science and technology agreements. In the area of trade policy, the Commission
will continue to push for the further liberalisation of trade in environmental goods and
services in the context of the Doha agenda. There may also be scope for both the Commission
and Member States for stepping up their efforts to develop and implement a pro-active export
strategy in relation to environmental technologies, where needed targeted at specific
countries. Obviously, such export promotion activities should also involve the private sector,
for instance Member States’ Chambers of Commerce in third countries. Finally, EU and
national development policy can also play a role, e.g. by financing relevant technical
assistance and capacity building projects.

Supporting the supply side

The supply-side, i.e. the producers of environmental technologies and services, sometimes
referred to as “eco-industries”, might deserve specific attention. For instance, the Commission
could play a role in improving the sector’s visibility by updating and extending the
Commission database on relevant companies and markets. Also, ways could be explored to
better support small producers of clean technologies, for example by examining possible
improvements in relation to access to investment financing or by helping increase the skills
needed to successfully market new products. The possible role of the European Business and
Innovation Centres (BICs) in incubating and accompanying “green” start-ups was also
examined.49

48 on 23 July 2003, the Commission adopted a proposal for a Directive that would allow the use of such flexible mechanims in
the context of the Emissions Trading Directive. See for further information:
http://europa.eu.int/eur-lex/en/com/pdf/2003/com2003_0403en01.pdf

49 BiCs are (public or private) support organisations for innovative small and medium-sized businesses (SMEs) and
entrepreneurs. The roughly 160 BICs in Europe are grouped together within EBN, the association representing the European BIC
Network (see: http://www.ebn.be/ for further information).
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Awareness-raising, education and training

Awareness-raising activities are essential for the promotion of environmental technologies, in
particular in cases where these technologies are still in their infancy. Lack of awareness has
been identified as one of the key barrier against the further diffusion of white biotechnology.
Such activities should be targeted at all relevant actors such as producers and consumers,
workers and final users, public authorities, teachers, researchers etc. More concrete initiatives
would include the incorporation of “environmental awareness” into educational curricula
from primary school to university level and the stimulation of continuous training on
environmental technologies for engineers and workers (e.g. through the kind of voluntary
initiatives as discussed above). It is also important to analyse employment opportunities
linked to clean technologies and to examine the feasibility of including an “environmental
technology” dimension in the European Employment Guidelines and corresponding National
Action Plans.

6.2 Technology-Specific Measures

Whereas the previous chapter discussed policy measures which are not targeted at any
specific technology, in the following the possibilities for directly supporting white
biotechnology will be explored.

6.2.1 Biological feedstock as renewable resource™

The biofuel directive 2003/30/EC has been discussed in chapter 5.2.5 and represents with its
focus on one technology a unique supportive policy measure. The directive has recently been
complemented with the biomass action plan (chapter 5.2.1) and will be revised in the near
future, with a certain probability that the threshold of 5.75% biofuel share in the European
market will be made mandatory. Through that the technology push through legislation would
in that specific case be reinforced.

It is now interesting to look at non-energy uses of biomass, for example for the production of
bio-based polymers (which can be seen as representative for other bio-based intermediates for
the chemical industry). It could be thought of adopting similar approaches as those
implemented for green electricity (feed-in tariffs or tradable certificates). If the idea is
followed that the degree of reduction of environmental impacts should determine the level of
the financial support (as is the case for feed-in tariffs or tradable certificates), then this could
require quite an ambitious monitoring and verification system. In view of the complexity of
chemical processes and products and the restrictions to the information flow for reasons of
confidentiality, this may lead to a considerable administrative burden (for both the company
and the government) and hence to rather high transaction cost. On the other hand, the limited
number of actors and facilities now and also in the medium-term future helps to limit the
transaction cost and makes this area in principle amenable to well-targeted policies . While it
is difficult to make a tradeoff, it seems safe to say that the transaction cost will be higher for
bio-based polymers than for green electricity. The high administrative effort could possibly
even make implementation of such a model rather unattractive for some companies of the bio-
based polymer industry.

The latter disadvantages are not present in other forms of financial support, such as a
reduction of VAT rates, with the disadvantage of lower specificity (no distinction between
differences in energy savings across the different types of bio-based polymers). A thorough
discussion about reduction of VAT rates would actually require a comprehensive overview of
all existing fiscal measures and subsidies that may ultimately influence the final prices of both
bio-based polymers and petrochemical polymers in a decisive way and hence also clearly
influence the relative competitiveness.

50 part of this chapter is adapted from the report “Techno-economic feasibility of large-scale production of bio-based polymers
in Europe”, JRC IPTS, Seville, 2005,
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In addition to the above discussed funding and VAT reduction policy measures, there are
other possibilities to promote bio-based polymers that differ in cost and with regard to their
objectives. These options are shown in the following table and discussed afterwards issue by

issue.
Suggested policies and measures Obijective
1. | Medium and longer term RD&D | Improve scope of application as well as technical
(research, development and | and economic performance by basic and applied
demonstration) RD&D. Provide a range of (bio-degradable
among others) additives for bio-based polymer
processors

2. | Standardisation Harmonised standards (e.g. on composting)

3. | Public procurement Facilitating commercialisation, creating
economies of scale and contributing to higher
awareness

4. | Limited fiscal and monetary support (e.g. | Facilitating commercialisation, creating

reduced VAT rate) economies of scale

5. | Inclusion in the CAP (Common | Secure, sufficient and stable supply of biomass

Agricultural Policy) feedstocks
6. | Inclusion of bio-based polymers in | CO, credits for manufacturers/users of bio-based
climate and product policy polymers, e.g. represented by tradable Green
Certificates
7. | Adaptation of waste legislation and waste | Improve infrastructure for separate collection and
management treatment of biodegradable materials (especially
polymers and financial incentives for the
consumer, lower waste costs for consumers)
8. | Awareness raising among consumers, | e Create a wide public understanding about the

processors and producers (top possibilities and the environmental benefits of

management) of bio-based polymers bio-based polymers (conferences, workshops,
information campaigns, courses, seminars and
giving companies the opportunity to learn
from positive examples)

< Provide for coherent approach and political
attention for the short, medium and long term,
possibly by means of a European Commission
inter-service task force

Table 12: Suggested general policies and measures to promote wider use of bio-based polymers **

In the following the policies and measures proposed in Table x will be briefly discussed.
Recommendations will be given for bio-based materials, thereby linking up with relevant
activities in the EU and in non-EU countries.

1.

Medium and longer term RD&D (research, development and demonstration)
Further RD&D into bio-based polymers, including critical technologies such as
biotechnology and nanotechnology, is crucial. The European Commission is
continuing its RD&D funding in these areas under the 6™ Framework Programme. It
will have to be critically assessed whether the change in the funding strategy when
shifting from the 5" to the 6™ Framework Programme was justified and which
conclusions can be drawn. In this context, the experience in other countries, especially
in the U.S., should be taken into account, where sizable awards have recently been
granted to consortia of large scale bio-based polymer producers, universities, research
organisations and SMEs.

51 Table modified from ECCP 2001 report:
http://europa.eu.int/comm/environment/climat/pdf/eccp_longreport_0106.pdf
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Standardisation

By defining and enforcing minimum quality levels for products and processes,
standardisation is a necessary condition for the creation of a large common market that
is an important requirement to realize economies of scale. For example, in the past
years much effort has been put into the standardisation of compostability. While
standardisation is undoubtedly important, it requires little to no direct input by policy
makers.

Public procurement

Public procurement has been successfully applied to environmentally benign products.
Within Europe, ample experience seems to be available especially in Switzerland
where a contact point has been set up for environmental public procurement at the
federal level and where several initiatives exist at the municipal level. In the U.S, the
EPA Environmentally Preferable Purchasing Program has been set up. Under
sponsorship of the EPA Purchasing Program, the U.S. Department of Agriculture, and
the National Institute of Standards and Technology (NIST), a calculation tool called
BEES (Building for Environmental and Economic Sustainability) has been developed
that follows the principles of environmental life cycle assessment and is meant to help
in making federal purchase decisions. In BEES, special attention is being paid to bio-
based products.

Limited fiscal and monetary support (e.g. reduced VAT rate)

As discussed above, a fiscal or monetary support of bio-based polymers equivalent to
the widely accepted public spending on green electricity could be thought of. It would
help to improve the competitiveness of bio-based polymers. In this context, also tax
exemptions for the feedstock use of fossil fuels should be studied with regard to their
effects on the relative competitiveness of bio-based versus petrochemical polymers.

Inclusion in the CAP (Common Agricultural Policy)

Pursuing the objective of a secure, sufficient and stable supply of biomass feedstocks.
The inclusion of bio-based polymers in the CAP can be expected to become
particularly important when bio-based polymers start to be produced in very large
volumes, e.g. beyond 1 million tonnes. In the meantime the policy pursued for set-
aside land, i.e. to reserve it for bioenergy, may have to be rethought. The reason is that
recent analysis has shown bio-based materials to be more attractive in terms of
efficient land use than bioenergy52. It is recommended to policy makers that they
consider this insight in their deliberations.

Another, largely independent, recommendation is to make use of the experience gained
by the U.S. Department of Enery and the U.S. Department of Agriculture (USDA)
since the start of their U.S. 2020 Vision of Plant/Crop-Based Renewable Resources.

Inclusion of bio-based polymers in climate and product policy

Tradable Green Certificates could be a suitable instrument to incorporate bio-based
polymers into climate policy. As a precondition, a trading scheme with Green
Certificates would first have to be established. It seems recommendable to investigate
this further and to make also comparisons with other instruments (e.g. reduction of
VAT etc.).

Compared to the inclusion in the Green Certificate Scheme, integration of bio-based
polymers in the EU Emission Trading Scheme (EU ETS) is expected to be relatively
unattractive for the bio-based industry, due to the comparatively low value of the so-
called emission allowances.

52 Dornburg, V., Lewandowski, I. and M. Patel. 2004: Land requirements, energy savings and greenhouse gas emissions
reduction of bio-based polymers compared to bioenergy - An analysis and system extension of LCA studies. Journal of
Industrial Ecology 7(3-4), 109-132
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7. Adaptation of waste legislation and waste management

Adaptation of legislation in the waste sector as put forward under the ECCP>3 mainly
concerns the permission to compost biodegradable polymers. There is serious
controversy between stakeholders about the advantages and disadvantages of
composting and digestion on the one hand and incineration on the other. Apart from
GHG emissions and energy use, other parameters such as nutrient recycle and natural
carbon cycling and the quality and fertility of soil play a role. Especially in the latter
areas there are serious knowlegdge gaps; it is recommended to close these before
drawing policy conclusions.

8. Awareness-raising among consumers, processors and producers for bio-based
polymers
A European Commission inter-service task force could act as contact for key players
and similar establishments in other countries/regions, such as the BT Strategy and
Biomass Nippon in Japan and the U.S. 2020 Vision of Plant/Crop-Based Renewable
Resources. It should be checked whether the networks of government, industry and
academia that have been established in Japan and the U.S. can serve as a model also
for the EU.

6.2.2 Industrial processes using biological systems

In the previous paragraphs, the possibilities to directly support the use of biomass for the
production of polymers was discussed. Building on the experience gained with supporting
policy measures for bio-energy, a number of recommendations could be derived. In the case
of industrial processes using biological systems, e.g. the application of enzymes as catalysts,
the issue becomes more difficult, because direct support for certain industrial technologies is
not the rule, and therefore similar experience is difficult to find.

1. Taxes and subsidies

The most important factor in when deciding on the uptake of a biotechnological process is
the production cost. Clean technologies can be cost saving due to the reduced
consumption of resources, reduced costs for safety, cleaning and remediation, etc. These
are all factors that have a direct impact on the bottom line of a company. In the cases
where the biotechnological application turns out to be the optimal choice from the
perspective of production costs, it should be a matter of rational decision making to
implement the new production process. In case the biotechnological process is not cost
efficient from the companies point of view, focus can be switched to the environmental
costs, and how to internalise these into the private costs.

Taxes and subsidies internalise the environmental costs and bring the costs into the
calculation of the overall productions costs and is therefore the right tool when dealing
with this sort of divergence between private and social costs. However, implementation of
a tax does have a multitude of consequences, which must be assessed on beforehand.
These effects range from deadweight loss, to shutting down or relocating polluting
industry and thereby perhaps generate unintended distributional effects such as
unemployment.

The environmental effect of taxes is the pressure on companies to either invest in
abatement technology or convert to a less emission creating production process. This can
be achieved in several different ways: closing material flows inside and outside of the
company, better logistics, improved energy efficiency, redesigning production processes
and products, better process control, use of fewer toxic chemicals and substituting raw

53 ECCP 2001 report: http://europa.eu.int/comm/environment/climat/pdf/eccp_longreport_0106.pdf
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materials and replacing old by new production processes. This has again lead many
companies to develop tools such as indicators that help them to link design changes,
environmental impact and cost. Although these initiatives have only been started recently,
they contribute to include environmental factors to a set of other business factors. Once
companies have a clear assessment of the environmental performance of their production
processes, they are able to identify important cost factors, e.g. water, energy and raw
material input, and screen for alternative production technologies. Many biotechnological
processes have the capability of reducing the use of especially water and energy, as well as
the use of raw material. A price increase of these input factors through e.g. taxes would
make the biotechnological process significantly more attractive. Bearing in mind that some
of the potential reduction of these two factors were as high 50 per cent, even a small price
increase would have an effect.

Transformation grants

In many cases, the identification of an appropriate enzymatic solution requires a
considerable effort from a firm and there might also be sizeable costs related to
converting to a new production technology. As the study have shown, there is a range of
enzymes which can simply be added to the existing vessels and vats in the production
lines in exchange of chemicals, and in these cases the sunk costs does not include new
machinery. There are however in all cases expenses related to training of staff, reduced
efficiency in a transition period, etc.

Policy tools to overcome this barrier can be some sort of transformation grants, aimed at
industries with high potential, but low market penetration due to lack of resources to be
spend on sunk cost. An example from this study is the textile mills that are under
considerable pressure on the international market and therefore have narrow profit margins
and limited free assets, but need to install new machinery to in order to convert production.

Public funding of demonstration projects and pilot plants

The introduction of biotechnological production processes often includes a risk related to
estimating future marketing possibilities and the situation on the competitive market as
such. Improved quality and added functionality are major advantages of enzymatic
production, but this is of little benefit to the manufactures if the demand side will not pay
for this added value to the product.

The fact that full-scale trials of biotechnological processes are needed for them to be
accepted widely, conflict with the risk involved for the firms. Especially the sectors
dominated by SMEs feel this effect. In a situation of increasing competitive pressure, a
firm with free resources can gain from exploring and testing new production technologies
such as white biotechnology, which give them a competitive advantage with respect to
better quality or functionality of the end product. A lack of free resources or knowledge
often stands in the way of starting the move towards the “production tools of tomorrow”.

A policy programme of public funding of demonstration projects and pilot plants could
therefore strongly support the further diffusion of industrial biotechnology processes. It
should be aimed at the industries dominated by SMEs, since larger companies are less
averse to bearing risks. This will at the same time address the problem of lack of
knowledge of enzymatic possibilities and conservatism in some industries.
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4. Pollution thresholds and (tradable) pollution permits
Apart from introducing taxes and subsisdies to internalise social cost, there are two main
policy options to discuss in relation to the environmental factors: pollution thresholds and
(tradable) polution permits, the latter being already implemented with in the pulp and
paper industry. They both work towards the same aim, namely making the companies
internalise the external costs, which otherwise are born by society as a whole.

The effect of tradeable permits is in a way similar to the taxation of emissions — a price
increase should work as an incentive for companies to invest in cleaner production
technologies. A strict threshold (or environmental standard) is the less flexible option — it
does not allow companies to buy enough permits in order to continue with the exisiting
technology. However, permits and thresholds are with regards to white biotechnology
rather indirect instruments, as the company in the end still has the choice of the optimal
production process leading to compliance with legislation.

5. Awareness raising campaigns, management networks

The implementation of biocatalytic processes as ,.cleaner technology* may require
rearrangement of strategies inside and outside a company. Despite the fact that the
changes are not necessarily complex, especially SMEs face difficulties in realizing
biocatalyst technology concepts. While many large companies are systematically
integrating their processes, SMEs lag behind in this development in part due to ill-
informed management. This sort of conservatism in the sectors can be counteracted
through information campaigns, practical demonstrations, conferences, workshop etc. to
generate awareness and motivation of high-level staff.

In an area like biotechnology, there is a tendency to secrecy and exclusive patent rights to
stand in the way of knowledge sharing between companies in the same sector. A
recommendable policy option to overcome this problem is management networks or R&D
network between similar size (smaller) companies in different sectors. The same
biotechnological process might not be relevant for the other members of the group, but
experience and lessons learnt can be shared for mutual benefit. These experiences will
include very important factors like training of staff, management of risk, implementation
of green accounting etc.

6. Environmental management schemes
In a more nuanced look at the “lack-of-demand” problem, one must include the aspect of
transparency, - or in this case; lack thereof. It is this problem that makes the question of
demand for bio-produced goods an institutional one. It is a fact that demand for similar
products like organic food is seriously weakened, if the buyers are not certain that the
labelling “green” is trustworthy. There has simply been to many cases of plagiarised free-
riding on the wave of political consumerism.

The debate surrounding GM foods and the effect this has had on the demand for food
produces with the use of enzymes, should also be brought up. Enzymes produced by
genetically engineered organisms give some consumers cause for concern, even though
there is sharp differentiation between close circuit process integrated use of GM enzymes
and actual use of GM enzymes as additive to food or animal feed. This crucial difference
should be highlighted for consumers.

A way to bring transparency into the market are environmental management schemes.
These exist in different variants, such as environmental accounting standards or other
forms of environmental performance indicators, as a possible policy tools to overcome the
lack of transparency of environmental effects in production. Good examples in this area
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are also the successful ‘ISO 14.001’ and ‘EMAS 2’ environmental management schemes.
It could even be thought of a mandatory environmental certification of companies, which
would make it possible for the buyers to favour companies using biotechnology, as they
would have a more attractive environmental profile.

Public R&D funding

At the bottom of every biocatalytical process is complex physical and chemical activity
playing out on tiny scales, often at arresting speeds and under surveillance-unfriendly
conditions common in industrial processes. It is these factors that traditionally have made
scientific study and design of catalysis technologies extremely challenging, costly, or
technically impossible. Yet it is precisely this sort of knowledge and investigation that
harbours the greatest potential payoffs. Those who know more about catalysis and harness
that knowledge into new and better catalysis technology will be best prepared in
tomorrow‘s commercial and environmental context.

A very small percentage of industry‘s research goes into the high-risk catalysis work. The
bulk of industrial catalysis research aims at incremental improvements in existing catalysis
technologies. There is a need to improve the balance between high- and low-risk research.
The goal is a generic strategy for more cost-effective and efficient R&D for arriving at
good catalysis solutions to any particular industrial problem.

This is also where the significance of EU Research Funding comes into play: A EU
biocatalysis programme, for exa,ple embeddedin FP7, could accelerate and leverage
industry's investment in higher risk research that harbours greater payoffs in the form of
sustained competitiveness than the shorter term research that now predominates.
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7 Summary and recommendation of policy instruments

White biotechnology is a heterogeneous technology area. It comprises the replacement of
fossil fuel resources with biomass for the production of energy and materials, the application
of biological systems in industrial production and the clean-up of containated environmental
media with micro-organisms. These areas of white biotechnology had a different development
over time. Biomass as feedstock for the production of chemicals and energy bases to a large
extent on classical fermentation technology and has been in use since more than 100 years,
although it has been marginalised since the 30ies of last century through the abundant
availability of cheap oil. The clean up of contaminated water (and to a certain extent soil) is
state-of the art technology since decades. The application of biotechnology in industry,
mainly in the form of enzymes as biocatalysts, is a rather new area which requires profound
knowledge of modern biotechnologies.

Not surprisingly, these three areas of white biotechnology are embedded in different market
environments, face a different set of barriers and drivers and require a rather heterogeneous
set of policy measures in order to support their further diffusion into industry.

7.1.1 Barriers and drivers®

In the case of applying biological systems in industrial production, a number of essential
influencing factors can be identified.

The most important bottleneck for the uptake of biotechnological processes in industry is the
lack of appropriate information. This lacking awareness, which is a particular problem for
SMEs, leads to an almost systematic disregard of biotechnology as a potential alternative
production technology. In case the responsible management regards a biotechnological
solution as a realistic production alternative, the second important barrier comes into play.
This is a lack of financial resources, and again this barrier is more difficult to overcome for
SMEs than for large enterprises. The still not harmonised legal framework for
biotechnological patents finally might deter even companies with sufficient financial
background to take up innovative biotechnologial processes.

The most important driver for the uptake of biotechnological production processes are clearly
economic benefits. Accompanying environmental benefits are seen as added value, but are
usually not decisive. However, in a large number of cases, environmental and economic
improvements of production processes go hand in hand, as processes with worse
environmental performance are hardly approved by industry. The regulatory framework is
seen less as a driver. However, as discussed above, if the compliance with environmental
regulation can be achieved with a more cost efficient production process, companies are more
willing to take up innovative concepts. However, as biotechnology has turned out to meet
public opposition in the area of food production, public acceptance of white biotechnology is
a basic requirement for a large scale use of biotechnology in industry. The recent oppostion of
NGOs against the increased uptake of biofuels is an example for the importance of this
issuess.

54 Barriers and drivers for biofuels and biorefinieries are being discussed in parallel cases studies being carried out in the context
of POPA CTDA and are not further dealt with here.

55 http://www.panda.org/about_wwf/where_we_work/europe/what_we_do/epo/index.cfm?uNewsID=58620 and
http://www.eeb.org/press/pr_biofuels_no_panacea_080206.htm
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7.1.2  Policy measures conclusion®

Policy measures are being developed and implemented at the European level as well as in
different Member States. This indicates that public authorities throughout Europe have
recognized the potential of white biotechnology to contribute to different societal objectives at
the same time.

However, the heterogeneous nature of white biotechnology makes it difficult to design
targeted policy instruments. While it seems relatively easy to support specific R&D activities,
it is more difficult to influence the uptake of white biotechnology as clean technology in
industry or to shift consumer preference towards bio-based products.

At the European level, it is not surprising that emphasis is put on research policies, and that
this materialises in focussing funding in FP7 on white biotechnology research.

» Lack of awareness

When it comes to specific measures to address the above identified barriers and drivers, the
foremost objective is to increase public awareness on white biotechnology. This can be
achieved through different ways. One is the organisation of information campaigns. These
are, depending on their design, unspecific and might need a certain effort to reach the target
group of SME management. At the same time information campaigns might also be used to
increase the knowledge of the general public, a pre-requisite for a public debate on
advantages and disadvantages of white biotechnology. Also aiming at increasing the
knowledge o nwhite biotechnology are measures to adapt the educational system towards
increased interdisciplinarity.

More targeted awareness raising and providing the appropriate level of expertise are
networks of collaborations, preferable between SMEs, but also including research
institutions. These might be of less use with regards to exchanging process-specific
information, but to share experience on embarking on an entirely new teechnology.

A direct measure for European policy is the assessment of biotechnological processes as BAT
in the frame of the IPPC directive, which helps informing sectors about efficient emission
abatement means.

« Financial bottlenecks

One of the most common barrier in particular for SMEs is the lack of access to finance, which
in particular in the cost intensive start phase of implementing biotechnological processes and
know how from scratch is crucial. Therefore the obvious measure to overcome this obstacle is
financial support, which can be given in different ways.

A different set of support measures is needed to help companies to actually implement
biotechnological processes into their production system. These can be technology related
subsidies, or very similarly, tax credits/exemptions for specific processes. However, in the
case of process integrated biotechnology the application of these supporting schemes is
diffcult due to the heterogeneity of sectors and applications.

Another measure is to increase SMEs access to risk and seed capital. However, here the
leeway for policy makers is limited to European funds (e.g. through the European investment
bank). More important would be to set incentives for private risk/seed capital providers to
establish specific white biotechnology funds. This could again be done through awareness
raising campaigns addressing particularly private investors.

e Technological development
For further support of white biotechnology R&D research funding is the appropriate
measure, which at European policy level increasingly happens through the framework
programmes (currently FP7).

56 Policy measures for biofuels and biorefinieries are being discussed in parallel cases studies being carried out in the context of
POPA CTDA and are not further dealt with here.
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e |PR harmonisation

One highly specific barrier in the area of white biotechnology is the harmonisation of
European patenting. The directive 98/44/EC on the patenting of biotechnological inventions
is still not implemented in a number of Member States. The quick transposition of the
directive in all EU25 would boost new R&D in the entire area of biotechnology and life
sciences, and by that also have a positive impact on further developments in industrial applied
biotechnology.

e Economic benefits

The most important driver for the implementation of industrial biotechnology (as for any new
technology) is the expectation of economic benefits. In the case of process integrated
biotechnology that means that here one more production ytechnology is available which has
to compete with other (established) ones. Two factors are important when discussing this
issue from the policy makers perspective — the cost-benefit ratio is often not properly
assessed, and if so, it is often unknown to relevant staff in companies. This leads to three
starting points for supporting policies. Firstly, the funding of large scale demonstration
projects, in connection with LCA analysis is needed to show the reliability of
biotechnological processes and to further explore cost implications of these processes.
Secondly, the cost-benefit ration itself is also subject to policy makers intervention through
e.g. tax credits. Thirdly, information on economic benefits of biotechnological processes (if
hey exist) can be brought to decision makers in companies through information campaigns.

e Legal framework

In contrast to the situation for biofuels, industrial applied biotechnology is less receptive for
direct policy interventions in the sense of a “command and control” approach. Main reason
for that is the heterogeneity of processes and sectors, which makes it difficult to address
specific biotechnological solutions with standards or emission thresholds. One way ahead in
this direction might be through regulatory reform, i.e. the amendment of existing
environmental legislation in order to implement “biotechnology-friendly” elements. This
could be for example the preferential treatment of end products produced through a biological
route. However, also in this case it remains difficult to clearly separate the share of biological
production, which would have to be defined in each individual case.

e Environmental benefits

Environmental benefits do not play a dominant role in companies decisions on the uptake of
biotechnological production processes. However, when different comparable technologies are
at hand, the environmental performance can act as “second best criterion”. For that to happen,
reliable data on the environmental performance of biotechnological processes is needed,
which requires to carry out EIAs. These are usually not applied in particular by SMEs, which
might be an incentive for policy makers to dedicate research funding for this area.

e Public acceptance

Public acceptance, although not directly impacting on biotechnological processes through
financial or technical obstacles, can turn into the overall decisive barrier or driver, depending
on the direction it takes through public debate. The lesson from the discussion on GMO in
food shows that this debate has to be led transparent and open, discussing the potential
environmental benefits and the way modern biotechnology is applied in production processes.
Once more, information campaigns are needed to distribute information and moderate the
opinion shaping process. At the same time, a mandatory labelling and a certification system
for processes and end products can help to increase general knowledge on biotechnological
processes and products and leave the final decision on the further diffusion of white
biotechnology into industry to the consumer.
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Barriers

Lack of awareness

Information campaigns
Education

Networks of collaborations
IPPC directive

Financial bottlenecks

Subsidies
Tax credits
Targeted funding via seed/risk capital

IPR harmonisation

Regulatory reform

Technological development

Research funding

Drivers

Economic benefits

Demonstration projects
Tax credits

LCAs

Information campaigns

Legal framework

Regulatory reforms

Environmental benefits

ElAs

Public acceptance

Labelling, Certificates
Information campaigns

Table 13: Summary of barriers, drivers and policy measures

-54 -




8 Annex 1: Expert feedback on the case study report white
biotechnology

Process:

The experts were addressed by e-mail and in some cases by telephone. A physical meeting of
them turned out to be impossible to be organised, on the other hand their input was deemed to
be essential. Comments by experts differed in detail, however, they showed large similarities
which make it possible to derive common points of view.

Important remark: Above listed experts replied to IPTS request on the basis of their
personal expertise. They did not necessarily speak on behalf of their respective institution.

Discussion:

General

The report was unanimously welcomed as complete and reflecting the state of the art in white
biotechnology related questions of barriers, drivers and policy measures. Several experts
mentioned that the report does not reveal new facts, but that this should not be expected from
a stock taking paper. It was recognized that the emphasis of policy measures tailored for
addressing issues specific to white biotechnology is different from other documents.

Scope

A number of comments were made with regards to the scope of the study and in particular on
the case study title “white biotechnology”. Both types of comments reflect truly the
conflicting and unresolved discussion in the expert community what exactly comprises the
area of white biotechnology and which concepts are discussed under different names.

The main question with regard to the scope is the inclusion of biological remediation or end-
of-pipe technologies. Actually the parenthesis for the inclusion of this branch with biobased
feedstock and industrial biotechnology is on the one hand the use of biological processes, on
the other hand the integration of wastewater treatment and off gas cleaning in industrial
processes. However, traditionally experts and companies in that area do not see themselves
under the umbrella of white biotechnology, and even label themselves occasionally as grey
biotechnology.

In the context of this report it was decided to mention the area of biological remediation
technologies as white biotechnology, as it represents one end of the industrial production
cycle. However, it was not analysed with regards to policy measures which might support
further uptake of biotechnologies in end-of-pipe applications.

With regard to the naming of the report, the area of biotechnology applications in renewable
resource provision, industrial application and remediation is referred to as “industrial
biotechnology” or “white biotechnology”, not taking into account a number of minor
discussed labels. The concept is in the respective cases the same, and as a decision had to be
taken, the term white biotechnology was chosen.

Barriers, drivers and policy instruments

When discussing the core elements of WP3, a large degree of consensus prevailed that the
main points were captured. This is particularly true for the area of barriers and drivers,
although not surprising, as some research has alredy been carried out in the past. However,
one of the most important barriers for further diffusion into industrial application, the lacking
technological feasibility of processes, is not mentioned explicitely in the report. This has been
the case as the characterisation of white biotechnology as being in a very early stage of
development already describes the still steep learning curve of technology development. For
the sake of clarity it was decided to address this issue in a separate paragraph.
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Accordingly, it was discussed that the need fr further basic and strategic research is not
represented sufficiently in the proposed list of policy instruments. As the great importance of
this issue is broadly acknowledged, a separate policy measure on basic and strategic research
has been included in the final report.

Low cost feedstock has been identified as another driver worth mentioning. This indicates that
from the perspective of the current oil price development, the competitiveness of bio-based
feedstock as substituting raw material is increasing.

It was mentioned several times that fermentation was largely excluded from the study and that
the main focus was put on industrial applications of biotechnology. However, the fact that
fermentation is dealt with in detail in two other case studies in the context of POPA CTDA,
namely biofuels and biorefineries, and will be reflected in the consolidated final report of the
project, compensates its absence in this report.

One comment pointed at the fact that improvd environmental performance usually can hardly
be separated from economic savings, in particular in a policy context with a rather strict
policy regime. Therefore it has been recommended that as a general rule, technology
measures leading to environmental benefits will result in increased competitiveness of the
companies, which makes them a driver also from the economic perspective.

The importance of improved information dissemination measures was confirmed with the
recommendation to further emphasize this point. It should be considered to adapt the
educational concept down to university and high school in order to foster interdisciplinarity
and better understanding of biotechnology.

In line with the ongoing discussion on promoting biofuels it has been underlined that

additional grants and loan guarantees are needed to accelerate the development of cllulosic
biorefineries, as these mark the expected breakthrough in broadening the raw material basis
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