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INTRODUCTION

The Regional Activity Centre for Cleaner Production (RAC/CP) of the Mediterranean Action Plan
(MAP) has carried out this study on biotechnology applications in industry in the MAP countries
in order to define the basic concepts of biotechnology, show the situation and the degree of
advancement in these techniques in different countries of the Mediterranean region, and to pre-
sent some examples of application on an industrial scale.

This study was principally based on the bibliographic research of databases obtained on the
Internet and at university libraries and information from databases obtained through European bio-
technology societies. Likewise, the experience that the work group of the Polytechnic University
of Catalonia has gained thanks to its research into cleaner production applied to industry, phar-
macology and molecular biology.

The information which is presented concerning the different countries was compiled by the team
of experts at the Polytechnic University of Catalonia, which has carried out the study and, further-
more, has been contrasted and complemented with the information provided by the respective
countries’ national focal points’.

Biotechnology is a multidisciplinary science which includes different techniques and processes,
and is today perhaps, together with information sciences, the most state-of-the-art emerging tech-
nology, and indeed the technology which promises the brightest future. Moreover, this situation has
been accelerated by the major breakthroughs experienced in the field of molecular biology in
recent years, which has opened the door to obtaining new organisms and designer proteins.

Faced with increasing pollution of the planet, biotechnology is considered as being a solution in
many fields of pollution prevention, the treatment of waste and the new technologies which
pollute less.

Regarding the contents of the study, it consists of five main chapters:

1. Chapter one presents the concept of biotechnology: its evolution and development, the main
technological areas as well as the industrial and geographical scopes of the application of these
techniques.

2. Chapter two shows some of the main applications in the industrial sector.

3. Chapter three presents different case studies, which have already been used on an industrial
scale in sectors and processes such as winemaking, wastewater treatment, the food industry, etc.

4. Chapter four describes the situation and application of biotechnology in different countries of
the Mediterranean basin, concentrating especially on the institutions that are researching into
and applying these techniques and how they are promoted.

5. Finally, chapter five deals with the trends in and possible future development of biotechnology.

' Barring information supplied on France and Greece.
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This paper was written taking two visions into account: the definition of biotechnology and its tech-

nological areas (vertical vision) and the description of the industrial sectors that already apply or

may apply one or several areas of biotechnology in the future (horizontal vision).

Economic data is presented in this document in euros. Conversion used when necessary is the fo-

0.6395 £ = 166.386 pesetas = 6.5596 French francs = 4.6056

0.9921 US$ =

llowing: 1 euro
new shekels.

Figure 1
AREAS OF INTEREST IN BIOTECHNOLOGY
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1. BIOTECHNOLOGY

In this chapter we review the concept of biotechnology and make some general considerations.

1.1. WHAT IS BIOTECHNOLOGY?

It is a difficult task to establish an unequivocal definition of biotechnology given that it encom-
passes different scientific and production activities. Moreover, biotechnology covers a broad
range of concepts, from technological to scientific. However, the lack of an agreed definition has
not halted the advance of biotechnological development.

Some definitions of biotechnology which appear in the bibliography are:

“Biotechnology is a set of powerful tools that uses live organisms (or part of these organisms) in
order to obtain or modify products, improve plant and animal species or to develop micro-
organisms for specific uses”.

“Biotechnology is the technique of manipulating life forms (organisms) in order to obtain pro-
ducts that are useful for humanity™.

“Biotechnology is the application of the principles of science and engineering to the processing
of materials by means of biological agents in order to obtain products and services™.

“Biotechnology is the integration of natural science and engineering in order to manage to apply
organisms and cells —or parts thereof— as well as molecular analogues in the production of
goods and services™.

“Biotechnology is the industrial use of live organisms or biological techniques developed in basic
research. Biotechnological products include: antibiotics, insulin, interferon, recombinant DNA and
monoclonal antibodies. Biotechnological techniques include: genetic engineering, cell cultures,
tissue cultures, bioprocesses, protein engineering, biocatalysis, biosensors and bioengineering”®.

“Biotechnology is not one sole technology, rather it groups together several techniques whose
common denominator is the manipulation of living cells and their molecules, and the practical
application of these processes to improve life™”.

2 Washington Biotechnology and Medical Technology Online (http://www.wabio.org/definition_biotech.htm).
® Web site: http://www.miracosta.cc.ca.us/mcbc/pw/b2bglossary.htm

¢ Matthew Herwig (http://www.engr.umbc.edu/~mherwi1/proj1.html).

° EFB General Assembly, 1989 (http://www.eurodoctor.it/biotech.html).

¢ The Biotech Life Sciences Dictionary (http://www.eurodoctor.it/biotech.html).

" North Carolina Biotechnology Center (http://www.ncbiotech.org/).
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“In general terms, biotechnology is the use of biological processes in order to obtain useful pro-
ducts, which include modified organisms, substances and apparatus”.

“Biotechnology is the name given to those biological processes that produce beneficial subs-
tances for agriculture, industry, medicine and the environment™.

According to the United States Government Press Office’s Office of Technology Assessment,
there are two definitions of biotechnology. One broad definition encompasses old and new bio-
technology™:

“Biotechnology refers to all techniques that use living organisms (or part thereof) in order to
create or develop micro-organisms for specific uses.”

The other, more restricted definition is specifically applied to modern biotechnology:

“Biotechnology is the industry that uses recombinant DNA, cell fusion and new bioprocess tech-
niques”.

“Biotechnology is the application of science and engineering to the direct or indirect use of
living organisms, parts of organisms or products of living organisms, in their natural or modi-
fied state”".

The OECD (Organisation for Economic Co-operation and Development) describes biotechnology as:

“The application of science and technology to both living organisms and parts thereof, products and
molecules in order to modify living or non-living matter to produce knowledge, goods and services.”

To this end, other definitions exist:

“Biotechnology simply consists of the use of micro-organisms and vegetable and animal cells
to produce materials, such as foods, medicines and chemical products which are useful to man-
kind”2,

“Biotechnology is the use of living organisms or compounds obtained from living organisms in
order to obtain products which are valuable to mankind”*.

The FAO (United Nations’ Food and Agriculture Organisation) offers two complementary definitions
of biotechnology':

8 Bioindustry Association (http://www.bioindustry.org).

® Canadian Food Inspection Agency (www.cfia-acia.agr.ca).

° Office of Technology Assessment Publications (OTA Publications). Biotechnology in Global Economy. Congress
of the United States, 1991.

" The Biotechnology Gateway. Canada Industry (http://strategis.ic.gc.ca/SSG/bo01074e.html).

2 El Centro Bioinfo (http://www.porquebiotecnologia.com.ar/doc/biotecnologia/biotec.asp).

* Infoagro (http://www.infoagro.com/semillas_viveros/semillas/biotecnologia.asp).

' The United Nations’ Food and Agriculture Organisation (FAO)
http://www.fao.org/DOCREP/003/X3910E/X3910E00.htm).
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“The use of biological processes or living organisms for the production of materials and ser-
vices for the benefit of mankind. Biotechnology includes the use of techniques that increase
the economic value of plants and animals and develop micro-organisms to act in the envi-
ronment”.

“Biotechnology implies the scientifically-based manipulation of living organisms, especially on
a genetic scale, to produce new products such as hormones, vaccines, monoclonal antibodies,

”

etc.”.

Some biotechnologists define biotechnology as being “a technology that applies the potential
of living beings and the possibility of their selective, programmed modification to obtaining pro-
ducts, goods and services”. Therefore, biotechnology encompasses the fundaments of a great
many disciplines, ranging from classical biology (taxonomy), to bioengineering, through gene-
tic engineering, microbiology, biochemistry, cellular and molecular biology, immunology, etc.
(Mufioz, 1994).

According to J. D. Bu’lock (1991), biotechnology “is the controlled, deliberate application of sim-
ple biological agents —living or dead cells, cell components— in technical operations for the
manufacture of products or to obtain services”.

Therefore, the word biotechnology is sometimes used in too restricted a way, such as genetic
manipulation and molecular biology applied to obtaining useful goods and services. And, in a
broad sense, biotechnology encompasses all operations of applied biology, from agriculture to
culinary sciences.

The distant beginnings of biotechnology are to be found in primitive societies with the making of
bread, cheese, wine, beer, etc. Beekeeping and livestock rearing may also be considered as pre-
cursors of biotechnology. However, the use of the word biotechnology in the United States —one
of the most advanced countries in this field— has come to mean a whole industrial sector de-
voted to creating, developing and marketing a range of products obtained by means of genetic
manipulation, molecular biology or through the controlled, guided application of micro-organisms
or parts thereof.

If we look at a more industrial application, we may define the fields of biotechnology in relation with
the products obtained.

¢ The production of microbial biomass for animal food.

¢ The microbial production of chemical substances, such as citric acid, glutamic acid, aminoacids,
etc.

* The enzymatic production of special chemical substances, such as certain optical isomers,
etc.

¢ The microbial or enzymatic production of antibiotics and vitamins.

¢ The large-scale production of chemical substances previously produced from crude oil, such
as ethanol, butanol, acetone, acetic acid, etc.

¢ Production, based on animal or vegetable cells or the cells of genetically modified micro-
organisms, of antigens, antibodies, therapeutic and diagnostic agents that were previously
manufactured from superior organisms.
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¢ Products for agriculture and livestock. This method means the improvement of plant and ani-
mal species through genetic engineering and is far quicker and effective than the methods
used to date (cuttings or the selection and crossing of species).

¢ Products for the food industry, for example: enzymes, food coadjuvants and, above all, greater
knowledge of the processes of fermentation which have always been used with the possibility of
better selecting the micro-organisms and even genetically improving them.

¢ Cleaner, or less pollutant technologies. The obtaining of environmentally risk-free —or minimal
risk— technology, as a result of the application of the different areas of biotechnology, may also
be considered as a product obtained from biotechnology and be applicable to different industrial
sectors.

If we look at the type of process, we obtain another distribution of the fields or areas of biotech-
nology:

¢ Recombinant DNA (genetic engineering). This technique is the basis of the processes for obtai-
ning enzymes, hormones, antibodies, vaccines, etc.

¢ The cultivation of vegetable cells and unicellular proteins. This technique is used in the produc-
tion of chemical substances such as steroids, alkaloids, unicellular proteins for the production of
biomass, etc.

¢ Industrial fermentation. This is an ancient technique, but nowadays, we are able to control it and
even steer it in the direction that most interests us. By means of fermentation we obtain foods,
antibiotics and chemical products.

¢ Biocatalysis. This technique is becoming more common and has a broad range of applications;
for example, with biocatalysts, food and chemical substances can be obtained. Biosensors
and some diagnostic equipment also use biocatalysts. Furthermore, nowadays biocatalysts are
applied in order to achieve cleaner technology in sectors such as the textiles, paper and tanning
industries, etc.

* Bioremediation. Biotechnology is increasingly applied in the treatment and reuse of waste. In
fact, it is the field that presents the broadest range of applications. Thus, biotechnological
methods are used to detoxify land polluted by herbicides, in the treatment of wastewater, in
recovering industrial waste —for example, whey from cheese-making or cellulose waste—,
etc.

® Process engineering. An industry has developed around biotechnological applications that
applies chemical engineering methods to biotechnological processes. For example, we find
process engineering in the filtering and pre-treatment of effluents, the recycling of water, the
extraction of products, the recovery of catalysts and microorganisms, etc.

In short, a practical definition of biotechnology is quite broad indeed and, moreover, changes
with time due to the rapid development of new techniques in the field and new discoveries in
molecular biology, which constantly open up new perspectives.

The applications of biotechnology are quite diverse and their advantages so obvious that in one
way or another, industries are already applying them in their production processes. Some indus-
trial sectors that have implemented biotechnological processes are listed below:

e agriculture,
e |ivestock,
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e aquiculture,

e silviculture,

e pharmacy,

e diagnostics,

¢ fine chemistry,

e forensic chemistry,
e food,

¢ soaps and detergents,
e textiles,

® paper,

¢ bioremediation.

Biotechnology has meant that these sectors can make new or better products, often saving time
and energy, in a more environmentally friendly way.

Important advances in health issues have been achieved through biotechnology —for example,
new medicines—, new methods for the large-scale production of medicines or more accurate diag-
noses for illnesses such as aids. In other areas, biotechnology concentrates on the development
of less pollutant processes, consuming less energy and the possibility of recycling natural
resources, providing a sustainable base for technological development.

From all the above definitions, it can be deduced that there are two aspects to biotechnology,
one on a molecular scale and the other more applied. Nevertheless, they are neither independent
nor juxtaposed, rather they are two consecutive, highly interrelated aspects.

It may be concluded that modern biotechnology implies, first, some scientific knowledge of mo-
lecular biology, DNA, techniques of manipulation on a molecular scale, as well as of metabolic
mechanisms and DNA replication and of the transcription of proteins. This opens up the way for
the manipulation of living organisms in order to obtain specific benefits that are applicable to pro-
duction or remediation.

On the other hand, it may also be deduced from the previous set of definitions that biotechno-
logy is a multidisciplinary field in which science and technology coexist. Among the sciences
encompassed by biotechnology we can hame biology, botany, molecular biology, genetics, im-
munology, biochemistry or enzymology. Among the technologies, genetic engineering, fermenta-
tion, biocatalysis and process engineering must be considered.

The common denominator of all these definitions of biotechnology is that the difference between
biotechnology and other technologies applied to industry is the use of living beings or parts the-
reof to obtain products that benefit mankind. Therefore, obtaining milk from cows at a livestock
farm is biotechnology. However, biotechnology is currently understood as being the application
of techniques of genetic manipulation in order to modify organisms that may be used to obtain
specific products or services. That is, the obtaining, if it may be said in this way, of a designer
organism with predetermined features.

We are now in a position to understand why biotechnology has, in recent years, undergone such
important development. Principally, this has been due to advances in molecular biology and also
to the latest discoveries concerning genetics.
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This has opened the field to multiple industrial applications that were previously unthinkable.

Biotechnological industry can be divided into two major fields: the industry that produces mani-
pulated organisms, or part thereof, and the industry that uses these organisms, or part thereof, to
obtain products or services. In this study, we concentrate on the latter, industry that applies micro-
organisms or part thereof —principally enzymes— to obtain goods and services; and within this,
in those industries that use this technology in order to improve the yield of their facilities in
order to take better advantage of energy and raw materials or to treat the waste produced more
ecologically.

1.2. BACKGROUND

The Background to biotechnology is modern biology. The latter has undergone a great advance-
ment in the techniques of the manipulation of complex organisms and has improved the know-
ledge of many traditional processes in which biological agents were used with little control or
clear purpose. Nevertheless, it cannot be said that the modern industry of fermentative biotech-
nology is an updated version of the old fermentative processes used to make cheese and wine,
and it cannot even be said that it is related to the microbiological discoveries of the XIX century.
It is rather the result of the application of microorganisms that are selected and manipulated
for specific purposes.

As an example, we shall emphasise two industrial aspects of the modern biotechnology of fer-
mentation: in the first place, obtaining biomass from activated sludge and, in the second place, the
large-scale selection and propagation of specific strains of Clostridium for the production of ace-
tone and butanol. These two processes were initiated in Manchester almost a century ago
now, and both are a paradigm of the biotechnological process in the broad sense of the word
and examples of both fields of the biotechnological industry.

1.2.1. The beginnings of biotechnology

In many ways, biotechnology is an ancient science. Thus, without knowing the principles of fer-
mentation or genetics, humanity has been implementing some biotechnological processes since
ancient times, for example in the production of cheese, bread, wine, the selective breeding of
animals and plants and so on.

As for the term biotechnology, it was coined by Karl Ereky in 1919 to describe the interaction
between biology and technology; nevertheless, biotechnology is not just biology and techno-
logy. Rather it has been a multidisciplinary effort by mankind for over 5,000 years. When man
began to grow plants or rear animals, make beer or wine or produce cheese, he was applying
the principles of biotechnology in the broad sense of the word. That is to say, the first phase of
biotechnological development is the use of fermentation techniques. It was not until later, in
the seventies, that it began to be applied to the spectacular results of the emerging techniques
of molecular biology. Finally, in more recent times, this term has been introduced into common
language.
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Below is a list of the most relevant milestones in ancient biotechnological processes:

e alcoholic beverages (prehistoric times),

e the making of beer (3000 BC),

e the making of bread (3000 BC),

¢ the making of vinegar (14™ century),

¢ | eeuwenhoek’s description of yeast cells (1689),

¢ The discovery of the fermentation properties of yeast by Erxleben (1818).

There are numerous traditional applications of biotechnology. A simple example is compost, which
increases the fertility of the soil allowing the earth’s microorganisms to break down organic matter.
Other frequent applications are the production and use of vaccines. There are also a multitude of
examples of biotechnological processes in the food industry: the making of wine, beer, cheese,
yoghurt, bread, etc.

1.2.2. Modern biotechnology

Today’s current interest in biotechnology lies in the potential of the union of biological processes
and methods —ancient and new— with the techniques of chemical engineering and electronics.
Modern biotechnology could be graphically represented as a tree whose roots are the biological
sciences (microbiology, genetics, molecular biology, biochemistry) and whose branches are the
chemical engineering of processes in their broadest sense.

The birth of modern biotechnology is associated with the development, on an industrial scale, of
the processes of making penicillin. During the Second World War, antibiotics were in great demand
and this led to the collective effort by chemical engineers and microbiologists to obtain large-
scale production of penicillin by fermentative methods.

Later, the modern biotechnological industry proposed the use of enzymes as an objective.
Enzymes are the active ingredients of microorganisms and are, in reality, responsible for bioreac-
tions. Unlike microorganisms, enzymes have the advantage of being manipulable almost like a
chemical molecule, they have fewer secondary reactions and they do not multiply, and thus,
problems of biomass do not arise. However, this last point, may be a disadvantage, since
enzymes often need coenzymes or mediators in order to act and, once deactivated, become
useless for bioreactions.

The first applications of enzymes in the biotechnology industry were the manufacture of sweete-
ners (for example, obtaining fructose syrup from wheat) and the example of lipases and proteases
in detergents to remove difficult stains from fabrics.

With the use of specific enzymes, many obtained from genetically manipulated microorganisms,

the second generation of industrial biotechnology (or modern biotechnology) began, which now
clearly integrates microbiology, biochemistry and process engineering.
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1.2.3. The latest generation of biotechnology

Biotechnology started to be considered as being a modern science in the seventies due to the
advances in molecular and genetic biology. These advances gave rise to the techniques of cloning
and recombinant DNA that provided scientists with greater knowledge of the workings of cells and
their components in living beings and made it possible to develop new methods to isolate stem
cells and genes of living organisms to produce products of their metabolism in vitro which had pre-
viously only been obtainable from the living organism.

Modern biotechnology has not shunned its past, on the contrary, it has integrated it into the
new methods and techniques. Thus, modern biotechnology covers a broad spectrum of pro-
ducts and services supported by the current spectacular advances in the techniques of genetic
engineering.

The ability to manipulate genetic information at its most basic level, DNA, has caused an expo-
nential increase in the number of biotechnological companies devoted to the techniques of
recombinant DNA. Many pharmaceutical products are already obtained with designer enzymes and
microorganisms, specifically products that include substances such as insulin, interferon or acti-
vator plasmids, which were previously either highly complicated or expensive to manufacture.

However, an erroneous conception, as it is too restricted, is the one that circumscribes biotech-
nology only to recombinant DNA techniques. Let us recall once again that modern biotechnology
is far more than just this; it is the application, in a multitude of fields, of manipulated or selected
organisms with these techniques to obtain products with added value.

Therefore, the types of technology that may be included in the modern concept of biotechnology
are:

e recombinant DNA (genetic engineering),

¢ vegetable tissue cultures,

* mammal cell cultures,

¢ biocatalysts,

¢ the treatment and reuse of waste products by biotechnological methods (bioremediation),
e fermentation,

¢ the biotechnological obtaining of fuels and organic raw materials as an alternative to oil,

¢ biotechnological process engineering.

In addition to the field of health, we feel it is also important to stress other current applications of
biotechnology including the use of genetic engineering: bioremediation and cleaner techno-
logies.

Traditionally, the methods for the treatment of toxic and organic waste have often been expensi-
ve and may create new environmental difficulties. Genetic manipulation has allowed us to obtain
low-danger microorganisms and specific enzymes to degrade and metabolise toxic waste pro-
ducts. This use of manipulated or selected microorganisms, or of the enzymes they produce
for the field of waste treatment is called bioremediation. Examples of bioremediation techniques
are the obtaining of methane and gases from urban solid waste (USW), the digestion of vegetable
waste by bacteria, biopurifiers, the obtaining of biomass from organic by-products, the breaking
down of ail slicks by micro-organisms, etc.
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On the other hand, in different industrial sectors, biotechnological techniques are currently being
applied to substitute environmentally hazardous or pollutant industrial technologies. These new
techniques use microorganisms or enzymes to achieve a cleaner, less polluting technique and
waste that is more easily biodegradable. In this way, not only are the harmful effects of waste
and even the amount of such waste reduced in situ, but also water and energy expenses.

1.3. MAIN BIOTECHNOLOGICAL AREAS

Biotechnology can be classified in two ways, one horizontal which distinguishes between the
techniques used (areas of biotechnology) and the other vertical, concentrating on the sectors
of industrial application.

The previously cited areas of biotechnology, which we shall now discuss in greater detail are:

e recombinant DNA (genetic engineering),

¢ vegetable tissue culture,

e mammal cell culture,

e biocatalysts,

¢ the treatment and reuse of waste products by biotechnological methods (bioremediation),
e fermentation,

¢ the biotechnological obtaining of fuels and organic raw materials as an alternative to oil,

¢ biotechnological process engineering.

1.3.1. Recombinant DNA and genetic engineering

Molecular biology has made the most important finding in biotechnology possible: today we can
separate the gene which is responsible for codifying the production of certain substances and
transfer it to another host organism thus achieving the more effective production of certain useful
proteins. Thanks to this breakthrough, hormones, vaccines, blood coagulation factors and enzymes
are biotechnologically produced today on a large scale. On the other hand, with the biotechnolo-
gical production of proteins, the difficulties involved in obtaining them from superior organisms is
thus avoided:

e |t is not practical to cultivate cells of superior organisms on a large scale because they grow
slowly and are easily contaminated. It is more practical to cultivate microorganisms.

® The cost of a cell culture is higher than that of microbial cultures.

* The source of cells of superior organisms is far more limited than the source of unicellular orga-
nisms, which, moreover, reproduce easily and quickly.

This area of biotechnology also offers the possibility of obtaining new proteins. For example, the
production of enzymes as biocatalysts. In the case of biocatalysts, their specific capacity is
governed by molecular structure and by means of the recombinant DNA technique, the genes that
codify the cellular synthesis of enzymes may be selectively modified. Then, when transferring
the new DNA to a host microorganism, a new productive strain of the desired enzyme may be
obtained.
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1.3.2. Plants and vegetable tissue culture

Apart from their key role in the production of food, plants are an important source of raw ma-
terials and medicines. To this end, it should be remembered that 25% of drugs today are of
vegetable origin.

On the other hand, the culture of unicellular vegetable organisms to produce biomass or to extract
products of high added value is a practice that is intensifying from day to day, as molecular bio-
logy prospers.

Finally, experiments have already been successfully performed on the reproduction of modified
plants by means of replication techniques. At present this technology has allowed us to remedy
shortcomings, improve species and increase resistance to pests and diseases in a great deal of
vegetable species.

1.3.3. Mammal cell culture

The first study on the spontaneous fusion of two different somatic cells to form a heterokaryon
—two or more nuclei in just one cytoplasm— was published in 1960 by Barsky and his collabora-
tors in France. However, previously the appearance of polynuclear cells had been observed in
tissue cultures of mammals infected with certain inactivated viruses (Bull [et al.], 1984).

Thanks to the heterokaryons it is possible to obtain the expression of the genes of both parental
cells. In 1975, Kohler and Milstein applied this property in their famous synthesis of monoclonal
antibodies, obtained by the fusion of lymphocytes producing antibodies with malignant myeloma
cells, which can reproduce very quickly. These hybrid myeloma cells conserve the property of
reproducing quickly and, at the same time express specific antibodies.

Given that some proteins are only produced from mammal cell cultures, large-scale cell culture is
one of the aims of molecular biologists. Monoclonal antibodies and interferon are two examples of
this type of protein, which are highly important for the preparation of therapeutic products and pro-
ducts of analytical application.

1.3.4. Biocatalysts

Enzymes are nature’s catalysts and they show, as with all natural processes, great specificity and
thermodynamic efficiency. They have been used for centuries, in particular for the production of
food, and they represent one of the most ancient forms of biotechnology.

The use of enzymes —isolated or in dead or dying cells— is of great importance not just in the
food industry, but also in the production of chemical substances, in systems of analysis and
diagnosis, in the treatment of ilinesses and, lastly, in the emerging industry of cleaner tech-
nologies.

The use of enzymes in all of these fields has been possible thanks to the greater knowledge of
the way enzymes work in the metabolic systems of living beings, as well as greater knowledge
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of their structure and, above all, the possibility of obtaining designer enzymes by genetically
manipulating micro-organisms. This has meant that many companies are devoted to the produc-
tion of enzymes, of microbial origin, on a large scale.

1.3.5. Bioremediation

Let us recall that bioremediation is the application of biotechnology in the treatment and reuse of
waste products. Let us see some applications in this field.

Biological treatment plants constitute a good example of simple applied biotechnology. In this
case, it is a fixed bed of microorganisms that degrades organic waste products to acceptable
levels in water that is to end up in a river or stream. The sludge from these treatment works is used
as biomass for animal food. There also exist biotechnological processes to treat urban solid waste
(USW) with aerobic or anaerobic fermentation to obtain biogas.

Another example of this technique are the assays for the treatment of specific problems using bio-
technology, for example, digestion, with micro-organisms, of oil slicks at sea, following an accident
in which oil is spilled.

Also in this field, studies are made on the microbial degradation of cellulose waste to ob-
tain biomass (unicellular proteins). It has been estimated that the amount of proteins that
could be obtained in this way, from agricultural waste, may be enough to feed the world
population.

Lastly, other studies are currently underway: the application of biotechnology for the detoxification
of polluted soil. This technique uses cultures of superior plants, which act as heavy metal fixers
and eliminate organic pollutants.

1.3.6. Fermentation

Fermentative processes together with biocatalysis share being the most ancient forms of biotech-
nology. Fermentation is the application of the microbial metabolism in order to transform a
material into products of added value. This process can produce an incredible variety of useful
substances, for example: citric acid, antibiotics, biopolymers, unicellular proteins, etc. The po-
tential is immense and highly varied. We only need to know the appropriate microorganism,
control its metabolism and growth and be able to use it on a large scale.

1.3.7. Fuels and organic products as an alternative to oil

Oil is a non-renewable raw material, which means that its uncontrolled or growing use is limited.
On the other hand, biotechnology uses renewable materials, which is the reason why its controlled
use could be infinite. Therefore, faced with the possibility of running out of oil, biotechnology can
contribute two solutions: on the one hand, new fuels and, on the other, an alternative source of
organic products. For example, one process, which is economical in terms of energy, is the use
of the waste products from the manufacture of sugar cane to obtain alcohol.
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Another potential fuel obtained biotechnologically is methane, which comes from the fermentation
of agricultural waste (biogas). This biotechnology is easily adaptable to agricultural societies with
limited resources.

The most sophisticated biotechnological fuel, and perhaps the most desirable is hydrogen derived
from the biophotolysis of water. This technology is based on combining the photosynthetic capa-
city of chlorophyll from vegetable cells and the hydrogenase activity of an enzyme of bacterial
origin. The great advantage of this fuel derived from water is that it does not produce pollution when
burnt and its original reactive can regenerate. Unfortunately, this technique is still only at the study
stage.

1.3.8. Biotechnological process engineering

From the application of chemical engineering techniques to the biotechnological processes has
arisen the science of bioreactors, a technical area that is as much linked to chemical engineering
as to biology, microbiology and biochemistry which covers the study and design of fixed bed
reactors, pH control and temperature probes, dosage pumps for reactives and aeration; the
design of agitators; the study of the different methods for the immobilisation of enzymes and
micro-organisms, and the design of different filters. All of these techniques together have come
to be known as process engineering. All of this biotechnological knowledge needs to be transfe-
rred to a production scale to make it profitable, and often, this transfer requires scaling processes
and technology from the field of engineering, which must be adapted to the specific properties of
the living organisms with which biotechnology works. Some examples of these processes are: the
collection, pre-treatment and filtering of raw materials; the design of the reactor; the recovery and
reuse of biocatalysts; the extraction and analysis of products; the treatment of effluents, and the
recycling of water.

1.4. INDUSTRIAL AND GEOGRAPHICAL SCOPE OF THE STUDY

Modern biotechnology is well introduced in industrial sectors, such as the pharmaceuticals
industry, fine chemistry and the food sector, in developed countries of the western world, principally
in the United States and Japan. In these countries, the aforementioned sectors can support the
high cost involved, until today, in the research into biotechnology. This cost is due, in the case of
the pharmaceuticals and fine chemistry sectors, to the high added value; and, in the agricultural
and foods sector, to the large volume of products manufactured.

Currently, the large-scale production of designer enzymes, which has been made easier by the new
technologies of genetic engineering, and the fact that the proliferation of companies producing
microbial enzymes has made them easier to acquire has brought down the costs of applied bio-
technology, and especially biocatalysis. And, together with this, the use of selected and tested
microorganisms in industries devoted to fermentation has also been facilitated. In this way, the field
of the bioremediation industry has opened up and it has been possible to apply biotechnological
techniques to industrial sectors where it was previously unthinkable due to the low volume of their
products or their low cost. In addition, growing environmental awareness and legislation, which is
more and more restrictive, applied to this field in Europe and the First World have stimulated some
sectors —such as textiles, the paper industry, tanning, etc.— to apply biotechnology in some of
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their processes in order to improve yield and move towards cleaner, environmentally more sus-
tainable technology.

The Mediterranean area, especially in the South, has a large number of small businesses in the
food, textile and tanning sectors. These sectors, together with the issues of managing Urban Solid
Waste (USW), offer a vast field of opportunities for biotechnology. In the most developed countries
of the Mediterranean, biotechnology is already applied in such sectors as food, pharmaceuticals,
fine chemistry, textiles and paper and also in bioremediation and waste treatment. However, in
countries of the Southern and Eastern Mediterranean, with the exception of Israel, this technology
is less widespread but is beginning to be introduced, especially in the fields of bioremediation and
waste treatment.
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Companies use industrial biotechnology to:

¢ reduce costs,

® increase earnings,

¢ raise the quality of their products,

e optimise the process and its follow-up,

¢ improve the safety and hygiene of technology,
e comply with environmental legislation.

On the other hand, the adoption of strategies to prevent pollution at source allows these aims to
be achieved. That is to say, by implementing other alternatives for the minimisation of pollution,
among other benefits there will be a reduction in costs —both associated with the management of
resources and the management of waste flows, an increase in the quality of the products, a
decrease in non-compliant products and the optimisation of the consumption of resources —by
means of the revision of the control parameters of industrial processes. And, of course, this will
lead to an improvement in the conditions of safety and hygiene and in compliance with environ-
mental legislation.

Thus, biotechnology is considered one of the options that may be included either as an alter-
native to the implementation of new technologies and as a substitute for potentially polluting
raw materials or in the application of good housekeeping practices, integrated within product
redesign, favouring the reduction at source of waste flows associated with the production pro-
cess.

The laws and regulations in the modern United States continuously impose controls on the in-
dustrial use of chemical products. Industry, is showing a growing interest in the direction of sus-
tainable development, which is positive. Our future economic health depends on the reduction of
industrial pollution and saving natural resources, which is the reason why both public and private
bodies are promoting the tendency towards green alternatives in the industry of products and
services.

In order to achieve cleaner production and a reduction in waste, we must take two key factors
into account, both in industry and in society: clear, realistic legislation which defines the maximum
permissible levels of pollutants, as well as a clear policy of aid for industry and research centres to
apply and develop projects in the field of the environment.

Next, we shall proceed to study in greater depth some applications of the biotechnological areas
which are most applied in bioremediation and the cleanest technologies: enzymatic biocatalysis
and microbial fermentation.
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2.1. BIOCATALYSIS: THE APPLICATION OF ENZYMES IN THE INDUSTRIAL
SECTOR

Enzymes are increasingly important in sustainable industrial growth. Enzymes have already been
used in the development of industrial processes to obtain waste-free products or products that
have a minimum of biodegradable waste. Given that in the not-too-distant future manufacturing
companies will have to pay great attention to make all waste compatible and also in the recycling of
used water, enzymes may solve many of these problems. In fact, in some processes, enzymes can
substitute toxic or corrosive chemical products. Moreover, they have the advantage of being used,
deactivated and then they decompose in simpler totally biodegradable products.

Many industrial processes operate at high temperature or pressure, or in highly acid or base con-
ditions. Enzymes can avoid such extreme conditions and corrosive reactives. Enzymes work at
moderate temperatures, at atmospheric pressure and in solutions which are close to neutral pH.
They are highly specific catalysts which yield purer products with fewer secondary reactions.
Therefore, all processes that substitute chemical substances with enzymes will pollute less, will
respect the environment more and will be cheaper.

Below we offer an overview of the enzymatic processes that are already currently used in many
sectors to reduce the chemical load eliminating, from industrial production, aggressive and toxic
substances or simply pollutants (Sayler, 1997).

¢ Detergent industry:
- enzymatic degradation of proteins, starch and fat stains for the washing of clothes;
- the use of lipolytic enzymes in dishwasher substances;
- the use of enzymes as surfactants.

¢ Textiles industry:
- stone washing for denim fabrics,
- enzymatic desizing of flat-woven cotton fabric,
- ecological bleaching,
- enzymatic scouring of cotton fabrics,
- enzymatic desizing of silk.

e Starch industry: the enzymatic production of dextrose, fructose and special syrups for pastry,
preserves and the soft drinks industry.

¢ Brewing industry: the enzymatic degradation of starch, proteins and glucans which come from
mixing cereals used in making beer.

¢ Pastry and baking products industry: the enzymatic modification of carbohydrates and pro-
teins in cereals to improve the properties of bread.

¢ Wine and juice industries: the enzymatic degradation of fruit pectin, in the making of juices and
wine.

¢ Alcohol industry: the degradation of the starch in sugars for their later subjection to fermentation
thus obtaining alcohol.

¢ Food and additives industry:
- improvement to the nutritional and functional properties of animal and vegetable proteins,
- conversion of the lactose in milk and the whey into sweeter, more easily digestible sugars,
- production of cheese aromas.

¢ Animal feed industry: the enzymatic hydrolysis of proteic matter coming from slaughterhouses
to obtain flour with high nutritional value for animal feed.
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e Cosmetics industry: biotechnological production of collagen and other products for their appli-
cation in beauty creams.
¢ Paper industry:
- the enzymatic dissolution of pitches,
- the ecological bleaching of paper pulp,
- the enzymatic control of the viscosity of starch stucco.
¢ Tanning industry: the preparation of hide and the elimination of hair and fat.
¢ Oil and grease industries: the enzymatic hydrolysis of fats and lecithin and the synthesis of esters.
¢ Fine chemistry industry: the synthesis of organic substances.

2.2. THE MARKET FOR ENZYMES

Today it is estimated that the world market for enzymes is worth approximately 1,108 million euros.
The market is divided, according to the industrial application industrial of enzymes, as follows:

Detergents 45%
Textiles 14%
Starches 13%
Pastry, wines and juices, alcohol and food 18%
Animal feed, paper, leather, fine chemistry and fats and oils 10%

The most frequently used enzymes are proteases, amylases and cellulases. Despite the enzymes
being broadly used in industry, they only represent a small amount of the total market of chemical
products. This is due to the following reasons:

¢ The lack of sufficient enzymological knowledge in many industrial sectors.

¢ The resistance to incorporate enzymes into old manufacturing processes due to the investment
required in new equipment and materials.

¢ The hurdle represented by the change of attitudes in some sectors.

e Given that finding the right enzymes for each process is of great importance, prior enzymatic
screening is required.

2.3. ENZYMES FOR SUSTAINABLE DEVELOPMENT

Now we shall comment on some enzymatic processes that are used in industry to provide more
environmentally friendly technical solutions.

2.3.1. Starch processes

In regard to starch-related processes, amylases have been used for the last 50 years to substitute
the acids in the hydrolysis of starch to obtain its liquefaction. In the seventies, alkalis were replaced
by isomerases, in obtaining fructose from glucose.
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Traditionally, the process for obtaining dextrose from starch was carried out in an acid medium
(PH=2) and at 140 °C. Obtaining thermostable bacterial alpha-amylases meant that dextrose could
be obtained without acid hydrolysis and at a lower temperature.

Today, a variety of enzymes are used to obtain several products from starch: bacterial and fungal
amyloglucosidase, debranching enzymes such as pullulanase, etc. The end result of this process
is more efficient, consuming less energy and producing less toxic waste.

2.3.2. Detergents

The detergents industry, as we have seen previously, is the industry that uses the most enzymes,
45% of the market total. The enzymes used in this sector are protease, bacterial and fungal,
amylases, cellulases and lipases.

The most common on the market are the bacterial proteases, a great variety of which exist today.
They have growing cleaning properties and a great stability to oxidants.

Alpha-amylases are highly efficient for the degradation of starch chains and that is why they
improve the elimination of dust and soil particles that become trapped in the fabric in the weft of
starch polymers.

By using proteases and amylases together, better fabric washing is achieved, the chemical pro-
duct load in the detergent is decreased and the wash temperature can be reduced.

As for the cellulases, they are used in place of ionic surfactants in order to improve the softness of
cotton fabric. Furthermore, they are also active in eliminating the dust and soil particles since
they eliminate the microfibres from the cotton fibres, which additionally produces a brightening
effect on the colours.

Lipases, on the other hand, catalyse the hydrolysis of the triglycerides present in fat stains, making
them hydrophilic and easily eliminated during washing.

Finally, we must point out that the enzymes used in detergents have a positive impact on the
environment. Indeed, they imply an energy saving due to the reduction of wash temperatures, they
enable the chemical content of detergents to be reduced, they are biodegradable, they have no
negative impact on water purification processes and they do not present a risk for aquatic flora and
fauna.

2.3.3. Dishwasher detergents

Traditionally, dishwasher detergents have contained high concentrations of phosphates and sili-
cates, giving the water high alkalinity. Moreover, chlorate derivatives coming from bleach are found
in their composition.

Concern for the environment has led the manufacturers of these products to use enzymes in dish-
washer detergents. In this way, the use of proteases, lipases and amylases has meant a decrease
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in the consumption of chemical products, at the same time as more efficient, safer detergents
have been obtained.

2.3.4. Surfactants

Surfactants are substances whose molecular structure contains hydrophilic groups and hydro-
phobic groups. They manage to achieve stable emulsions, which are used, for example, in pow-
dered detergents, shampoos and cosmetic creams. In food, these substances are used as
emulsifiers.

The structure of surfactants means that they can adhere to the two surfaces in the interface and,
in this way, can reduce the surface tension by producing stable microemulsions. This process
allows solid products to become soluble and disperse rapidly. Surfactants also alter the foaming
properties of heterogeneous solutions, producing stable foams, and, therefore, they are used in the
food industry, for example in the case of creams.

Until recently, all surfactants were synthetic, deriving from oil and required reactive agents such as
pyridine, dimethyl sulfoxide, etc. Current enzymology has made it possible to create another type
of natural surfactant, such as the glycolipids, using commercial lipases to obtain them. Specifically,
glycolipids are fatty acid esters and they behave better than synthetic surfactants, as emulsifiers
of fats and oils. Moreover, they degrade forming natural sugar molecules and non-toxic fatty acids.
It has been proved that their use is totally environmentally friendly, since the process does not
include the use of organic solvents or chemical substances for synthesis.

2.3.5. Textiles desizing

Starch is the natural substance which is used to cover cotton yarn prior to weaving in order to
increase its resistance. This starch must be eliminated before proceeding with the final fabric
treatments: bleaching, dyeing, special treatments, etc. Traditionally, this elimination was done in
acid medium. Now, amylases are used in the enzymatic desizing, eliminating the acid from the pro-
cess. The textiles industry has used this biotechnological process since the beginning of the 20™
century. The amylases work most efficiently in the process of desizing, without the problem of
environmentally hazardous waste such as mineral acids, bases or oxidising agents.

2.3.6. Leather

The tanning of leather is one of the oldest industrial processes to use enzymes. The stages of the
traditional process are: curing, soaking, hair and wool removal, reduction and tanning.

The process uses numerous chemical products for the elimination of the undesired hair, fat and pro-
teins (elastin, keratin, albumin and globulin), leaving the collagen intact at the stage prior to tanning.
The chemical products used at these stages seriously harm the environment. This is why, today,
in the process of tanning, proteases such as trypsin and lipases are used as they reduce the use
of sulphites, organic solvents and synthetic surfactants, achieving a product with enhanced end
properties.
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2.3.7. Paper industry
In the case of the paper industry we concentrate on two processes: bleaching and dye removal.

Bleaching is the elimination of lignin from chemical paper pulps. This stage in the manufacture of
paper is required for two aesthetic reasons and to improve the qualities of the end product. The
bleaching process includes different stages and varies according to the type of substances used.

In the bleaching of Kraft pulp, chlorate compounds have traditionally been used. This method
produces toxic —mutagenic, carcinogenic, bioaccumulable— waste, which cause numerous
alterations to biological systems. This is why the use of these bleaching agents is starting to
be forbidden in different developed States.

An alternative to chlorinated bleaching agents is the use of enzymes. Thus, the use of xylanases
in the process of bleaching Kraft pulp eliminates the use of chlorine and reduces toxic waste.
Furthermore, it removes the bottleneck from the process (due to the limited capacity of the chlo-
rine dioxide tanks); it increases the degree of whiteness of the pulp and reduces the process costs,
principally at factories that use large amounts of chlorine dioxide. Lastly, pre-treatment using
enzymes also increases the degree of final whiteness of the pulp and reduces the chemical agents
used in the bleaching stage.

A process of deinking is required if recovered fibres are to be used as a raw material in the manu-
facture of paper and cardboard, since for their later use, dye and other pollutants pertaining to this
raw material must be removed. However, deinking presents setbacks when using recycled paper
and, furthermore, it produces new solid and liquid waste.

In the deinking processes, the following enzymes are used: lipases, esterases, pectinases, hemi-
cellulases, cellulases and ligninic enzymes. The first two, lipases and esterases, degrade the
dyes which are based on vegetable oils. The remainder —pectinases, hemicellulases, cellulases
and ligninic enzymes— modify the surface of the cellulose fibre or the unions close to the dye
particles, in such a way that the dye is freed from the fibre and can be separated from it through
flotation or washing.

2.3.8. Baked Products

Research into the reasons why bread goes stale or hardens has a long history and no answers.
Many bakers use chemical emulsifiers, such as monoglycerides, to postpone the hardening of the
bread. Nevertheless, since some years ago, enzymes, which are more natural substances, have
been used to retard the hardening process in bread. Specifically, amylase increases the sensa-
tion of the freshness of bread compared with chemical agents.

2.3.9. Biocatalysis

The importance of enzymes in the synthesis of chemical products is becoming more and more
recognised. Some examples, which are now current, of products obtained by means of enzymatic
catalysis are aminoacids, pure quiral molecules and antibiotics such as penicillin and ampicillin.
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The synthesis of products with biocatalysts generally involves low consumption of chemical
products, the reduction of non-biodegradable waste products, the specificity of the reaction, a
reduction in the amount of by-products and a reduction in energy consumption. Likewise,
biocatalysis offers significant advantages compared to conventional chemical processes: it means
that moderate pH, temperatures and pressure can be used and, furthermore, the by-products are
reduced (Sayler, 1997).

2.4. BIOREMEDIATION

Bioremediation may be used by any company, and is normally used to transform waste and
purify water or the soil. This process mainly uses microorganisms. Let us see how these microor-
ganisms act in some of the most commonly implemented bioremediation today:

¢ Biological treatment plants: a colony of microorganisms decomposes the organic matter in the
wastewater.

¢ Bioremediation of polluted soil: the colony of microorganisms is sown on a plot of land with
specific pollution and the colony of microorganisms metabolises the pollutants.

¢ The digestion of oil slicks: the microorganisms metabolise the carbohydrates spilled from the oil.

2.5. THE PRODUCTION OF BIOGAS AND ALCOHOL

The production of biogas and alcohol may be used to reduce or transform waste which is rich in
organic matter. Much waste may be useful: the sludge from biological water treatment plants is a
good substrate for obtaining methane by anaerobic fermentation; the waste generated by sugar
plants, rich in carbohydrates, is used as substrate for fermentation to obtain biogas (anaerobic fer-
mentation) or to obtain alcohol (aerobic fermentation), and urban solid waste is used as a substrate
for anaerobic fermentation to obtain biogas.

31 of 132
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Of the case studies described in this chapter, the first six have not been taken from the Medite-
rranean area; however, some of the techniques used have also been implemented in the European
countries of the Mediterranean.

3.1. CASE STUDY 1: BIOREMEDIATION
Lattice Property (Basingstoke, United Kingdom)

Bioremediation offers a cheaper option for the decontamination of soils and, in the long term, a
more sustainable option, since it uses the natural ability of microorganisms to metabolise a broad
spectrum of organic pollutants, from oil hydrocarbons to PCB-type polychloride pesticides, and
heavy metals such as lead.

The case shown here is that of Lattice Property, a company that has several gas production cen-
tres, in some of which the soil was polluted. It has currently completed up to 150 research and
remediation projects of all those which have been started.

The project described here was applied at an abandoned gas production centre in Sheffield. Having
carried out digging, four tanks were found containing tar and polluted water. This material could
have been destroyed or sent to special landfills, at a cost of 63 to 94 euros/m?®. However, the com-
pany decided to sow the polluted land in order to speed up the microbial decomposition of the tar.
This option only requires the addition of water and nutrients to the tar, with no further organic
additives, and is controlled thanks to a cycle of covered, monitored cultures. The chosen process
has a low cost, but is a long one. Nevertheless, given that the company was not in a hurry, this
process was considered suitable.

Benefits Setbacks

¢ A saving of almost 47 euros/m® compared to the cost ¢ A long process.
of landfill handling charges.

¢ Adaptable to any size of polluted soil.
¢ | ow investment in infrastructures.

e Effective environmental management to improve
sustainability.

* Not necessary to transport the polluted soil.
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3.2. CASE STUDY 2: CLEANING
Expert Heat Treatments (Stillington, United Kingdom)

Expert Heat Treatments (EHT) is a company located in Stillington, which treats surfaces. In 1999
it had to review its pre-treatment line because the parts to be treated (car valves) were covered with
a fine layer of oil that had to be removed before the thermal pre-treatment for it to be effective.

Traditionally, EHT used an organic solvent in a steam degreasing tank for this cleaning process.
However, for several reasons (the increased cost of the solvent, more restrictive legislation con-
cerning the use of organic solvents, greater environmental awareness, etc.), the company
considered alternative cleaning methods. Tests were made using a cleaning enzyme formulated
to degrade mineral oils and grease. Since these tests performed in the laboratory, prior to the ther-
mal process, gave good results, the process was scaled up in order to ascertain its effectiveness
on an industrial scale, and it was concluded that the degreasing effectiveness was comparable
to that of the system implementing the solvent. Finally, it was decided to incorporate this method
of degreasing on the new line of pre-treatment in January 2000.

Benefits Setbacks

e The company has saved 10,163 euros. ¢ (None)
¢ The functioning cost of the new line is 74% cheaper.

e The enzyme is biodegradable and can be safely poured into
the drainage system.

* There are no toxic emissions into the air and the whole
process is safer, since no product is a pollutant.
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3.3. CASE STUDY 3: VOC REDUCTION
BIP (Warley, United Kingdom)

BIP Ltd. manufactures a wide range of products for the textiles and paper industries. The company,
faced with increasing pressure concerning the regulations for the reduction of VOC emissions
(volatile organic compounds), decided to work towards the reduction of volatile matter.

Indeed, the production of powdered melamine gives off a large quantity of VOCs, which contain
formaldehyde and methanol. When studying the process, it was concluded that the stage pro-
ducing the highest emissions was the melamine drying process. The target was to reduce VOC
emissions from 200 mg/m? of air to 5 mg/m?® for formaldehyde and to 80 mg/m? of air for methanol. The
biotechnological solution was chosen because it was cheaper than other conventional solutions
(scrubber, incinerator).

In this case, the biotechnological solution consists of the installation of a bioreactor in which a
colony of microorganisms degrades the formaldehyde and the methanol down to carbon dioxide
and water. The air, loaded with the pollutant VOCs, passes through a humidifier and a particle
filter. Then, it enters the bioreactor containing the microorganisms. This bioreactor produces a small
amount of water, which goes to the treatment plant, although it could also be channelled into the
sewerage system.

This system, which was set up in 1997, uses specifically selected natural microorganisms for the
metabolism of methanol and formaldehyde and incorporates an automatic system for the regula-
tion of the temperature, pH and the biomass level. As far as its installation is concerned, given that
it is relatively small, it can be installed on the roof of the process plant.

Benefits Setbacks

¢ A saving of 156,349 euros per year, comparing this * The small investment in the bioreactor.
technology with incineration.

e Safe process in compliance with legislation on VOC
emissions.

e Minimal maintenance.
e Environmentally friendly.
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3.4. CASE STUDY 4: CLEANING
Dundee Electroplating (Dundee, United Kingdom)

Dundee Electroplating Ltd. deals with zinc galvanising. To begin galvanising, there must be neither
grease nor dirt on the metal parts. Traditionally, the parts were submerged in a highly alkaline
cleaning product and the particles were eliminated electrolytically. After 12 weeks, the cleaning
solution was saturated and had to be changed. To do so, the water was discharged into the
sewage system having been neutralised and the zinc precipitated in the galvanisation fluid.

In 1999, a suggestion was made to use a biotechnological cleaning system in place of the alkaline
solution. This system contained a surfactant to emulsify the grease and dirt and some microorga-
nisms to metabolise the oils into carbon dioxide and water. Some changes were made in the wash
tank: the temperature was reduced from 70 °C to 45 °C (optimal temperature for the micro-orga-
nisms), an aeration system was installed to supply oxygen to the micro-organisms and to obtain
the agitation of the submerged parts and two biological cleaning tanks were installed that are
continuously operative, with no need to change the solution every two weeks. After a few days,
equal or greater cleaning efficacy to the previous system had been achieved in a similar length
of time. However, this new system needed more monitoring and maintenance than the previous
system.

Benefits Setbacks
e Saving in the cost of purchasing chemical products. ¢ Requires more monitoring of tanks.
® Saving time and work changing the cleaning solutions. ¢ Equipment maintenance.

e Compact equipment.
® | ow environmental risk, smell-free system.

* Reduction in the consumption of energy in the electrocleaning
tank and conservation of the efficacy of the electrode.
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3.5. CASE STUDY 5: WASTEWATER
British Sugar (Peterborough, United Kingdom)

British Sugar Plc. has seven plants in the United Kingdom and produces 1.3 million tonnes of white
sugar per year using beet as its raw material.

The manufacturing process begins with the transport of the beet to the plant, where it is washed
and separated from the earth, stones and grass. The water flows towards a clarifier and the sludge
remains at the bottom. This sludge ends up in the sedimentation tank. The clarified water returns
to the circuit to be reused. This water and sludge must be treated before being discharged in
order to reduce the COD.

The traditional treatment of wastewater consisted of an aeration system and discharge into the
sewage network, but this system had insufficient capacity to treat all of the water. An alternative
biological system was studied for the treatment of all waste products so as to be able to directly
discharge into the river, but there were also problems of the smell and acidity of the sludge. So, it
was decided to set up an anaerobic digester. The system consists of passing the wastewater over
a bed of biomass granules. A three-phase separator in the upper part of the digester separates the
biomass from the gas and the treated water. The biogas can be used as a fuel, the biomass returns
to the digester and part of the treated water re-circulates in the digester to maintain a constant
flow of treatment water. This digester came into operation at the end of 1996 and eliminates 12
tonnes of COD per day at 80% efficiency.

Benefits Setbacks

¢ The effluents can be directly discharged into the river. ¢ (None)
e A saving of 1,250,840 euros/year in the treatment of effluents.

¢ A saving of 114,143 euros/year in fuel (as the biogas is
harnessed).

¢ Low maintenance and compact equipment.

¢ Odourless system.
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3.6. CASE STUDY 6: BIOPULPING

In the paper industry, pulping operations are divided into two kinds: mechanical processes and
chemical processes, which lead to the fibre acquiring different characteristics. Very often, however,
a combination of the two processes is implemented in order to obtain a paper with specific cha-
racteristics.

The mechanical pulping of wood represents 25% of the pulping process worldwide, but this figure
is expected to increase in the future. Nevertheless, this system uses a great deal of electrical
energy, and this limits the use of mechanical pulping in many types of paper. Biopulping is a
technology that reduces the costs of electrical energy and the environmental impact of the pulping
process, thus increasing the system’s economic competitiveness.

Biopulping is a process that saves energy and improves the resistance of the paper. Nonetheless,
difficulties exist in the scaling of the process. For twelve years, in the United States, a consortium
made up of the USDA, the Forest Service, the Madison Forest Products Laboratory and Wisconsin
and Minnesota Universities have made a special effort to research this field. The project was spon-
sored by 23 companies related to the paper industry, the Energy Center of Wisconsin and New York
State University. The project got underway in April 1987.

Biopulping consists of using fungi that degrade lignin. A great many biological variables have
been optimised such as the species of fungi, the form of the inoculum, the size of the inoculum,
the type of wood, the pre-treatment of the chips, the incubation period, aeration, the nutrients, etc.
Each variable was examined independently, and following the collection of data, it could be esta-
blished that there were three primordial variables:

* The suitable selection of the strain of fungi: the fungus Ceriporiopsis subvermispora was chosen,
which degrades lignin, both for leafy trees and conifers.

¢ The decontamination of the chips with preheated steam.

¢ The quantity of inoculum: this was reduced from 3 kg/t of wood to 5 g/t of wood adding a source
of nutrients to the inoculum suspension, which provides the starting point for the growth of the
fungus and reduces the amount of inoculum necessary.

Benefits Setbacks

* Biomechanical pulp brings down electrical energy costs ® The preparation of the inoculum.
by 30%.

e The improvement of some of the paper’s resistance
properties.

¢ A reduction in environmental impact.
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3.7. CASE STUDY 7: TRANSGENIC VEGETABLES
EGYPT
The Process

In 1992, a cooperative research agreement was reached between AGERI (Agricultural Genetic
Engineering Research Institute in Egypt) and the MSU (Michigan State University) to carry out the
ABSP (Agricultural Biotechnology for Sustainability Productivity project). Its ultimate goal was
the production of a variety of elite Egyptian crops-namely potatoes, maize, cucurbits, and tomatoes
resistant to major pests to render Egypt’s agrosystem more economically successful as well as
environmentally safe.

At an inaugural implementation workshop held in Cairo, the partners developed work plans to
focus tasks for the first year of collaboration. Teams of scientists from both Egypt and the United
States were established to address specific commodity constraints and, even more importantly,
the policy to be followed in the control of product biosafety and intellectual property rights and the
management of networks within the project.

The potato team comprised scientists from both groups. It should be mentioned that Michigan
State has an established potato breeding and genetics program with a great deal of experience
in field testing transgenic potatoes.

The team concentrated on specific goals: to use transgenic potato plants expressing toxin
genes from Bacillus thuringiensis —(known as Bt)— as parental material in a breeding pro-
gram to develop improved populations of potatoes resistant to the moth. The populations
would subsequently be used to select other lines of research. Additionally, important Egyptian
potato cultivars would be improved and laboratory, greenhouse, and field tests of these transgenic
plants would be conducted to determine their resistance to the moth and other lepidopeteran
insects.

The team identified a gene owned by Garst Seed Company (formerly IClI Seeds) —a codon-
modified CryV-Bt gene— as one suitable for use in transformation. A material transfer agreement
was signed with Garst allowing MSU to use the gene for research purposes within the ABSP
project and to share it with collaborators in Egypt and Indonesia.

The result

In 1996, the team began to obtain results from vector construct manipulation and, as the gene was
working well, began transformation of the Egyptian potato variety Spunta. By 1997, the MSU lab
was able to send its first- and second-generation material to Egypt for a small field test. Now that
the results of this small test have proven it successful, additional materials have been shipped to
Egypt for expanded field trails at AGERI and Centro Internacional de la Patata, or CIP — the inter-
national potato centre regional office in Egypt.

Egyptian scientists were working on genetic transformations using their own Bt gene at the same
time research was proceeding at MSU. AGERI’s research projects have now reached the stage of
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evaluating genetically modified organisms and approval has been received from the Egyptian
National Biosafety Committee (NBC) for various small-scale field trials, including trials of transgenic

potatoes transformed with CrylA© and CryV var. Kurstaki delta-endotoxin genes to confer resis-
tance to the potato tuber moth.
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3.8. CASE STUDY 8: TISSUE CULTURE FOR PRODUCTION OF SECONDARY
METABOLITES

SLOVENIA
Problem

Plants synthesise a lot of natural substances known as secondary metabolites. Many of these
are used in pharmacy, agronomy, food industry and cosmetics. Plant growth is dependent on the
climate, the economy and even the political stability of the producing countries.

Possible solution (final product, process or service)

Growing plants in vitro under controlled conditions, without pesticides and any impact on the
environment and biodiversity, is the alternative way of producing economically important
secondary substances. We propose to investigate the possibility of in vitro production of two
pharmaceutically important substances, taxol and saponins, and of natural insecticides the
pyrethrins.

Taxol

Taxol (paclitaxel), a complex diterpene amide originally isolated from the bark of the Pacific Yew
tree (Taxus brevifolia), is an inhibitor of cell division. Clinical experiments have shown its effective
activity against progressive ovarian cancer and metastatic breast cancer. It has been found to
exhibit antitumour activity in patients with pulmonary, head, neck and myelogenous leukemia.
Approval for clinical use of taxol was granted by the U.S. Food and Drug Administration, in 1992
for treatment of advanced ovarian and advanced breast cancers.

Before 1994 the only permitted source of taxol was the bark of Taxus brevifolia, which has
become scarce due to its very slow growth only in rare locations in Northern America. 5,000 to
6,000 kg of bark is needed to produce 1 kg of taxol. Taxol was chemically synthesised 1994,
but at least 28 chemical steps are needed, so it is not expected that commercial synthesis
will be viable. More promising ways of production are to use cell culture or semisynthesis
from precursors.

Saponins
The roots of Primula veris contain triterpenoid saponins which represent 5-10% dry weight of a
mixture of saponins. The main saponin is Primula acid A, also known as Primula acid | or primula

saponin 1. Saponins are efficient substances against bronchitis and chronic cough.

The plants must be two years old before the roots can be collected, so the tissue culture would be
a good alternative for the p