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1. Introduction
Biotechnology involves the use biological organisms, systems and processes to facilitate industrial, pharmaceutical, and agricultural processes. Biotechnological processes offer a range of environmental benefits, through both end-of-pipe applications to clean polluted soil, water or air and in clean production technologies. An example of the latter is the use of enzymes in industrial and food processing. Environmental benefits can occur through the use of less environmentally harmful feedstocks, lower temperature operations which can save energy, and through improved recycling. 

It is important to have a good definition for ‘biotechnology’. Sharp (1991) discusses three different ‘biotechnologies’. In industrial applications, the first generation consists of simple processes that have been in use for several millennia to make beer and cheese, while second generation biotechnologies include more complex systems based on products produced by micro-organisms, such as the use of enzymes in manufacturing. The third generation is generally assumed to be based on genetic engineering, although other technologies such as peptide synthesis are usually included.  Often, first, second and third generation biotechnologies can be used to achieve the same result, creating alternative technological choices. 

The use of biotechnology in health applications has attracted the lion’s share of biotechnology investment in Europe and North America (Muller et al, 1997; Morrison and Giovanetti, 1998). Yet the future environmental and employment impacts of advanced biotechnology is probably greatest in several resource-based sectors, which include both extraction industries such as mining and forestry and resource-based manufacturing sectors such as petroleum refining and pulp and paper (Arundel and Rose, 1998; Autio et al, 1997; CBS Taskforce, 1997; Tils and Sorup, 1997), and in the agro-food sector (Burke and Thomas, 1997). The potential environmental benefits for industry are due to better end-of-pipe and clean production technologies. In the agro-food sectors, the environmental benefits can occur both in agriculture and in food processing. 

Biotechnological innovation essentially replaces a chemical, mechanical, or agricultural process with a different type of process. This means that most biotechnological innovations are unlikely to be adopted unless they can offer superior quality or cost-savings in comparison with existing processes. The result is that biotechnological innovation is largely labour-saving at some point in the value-added chain. The exception is the use of biotechnology in health applications, where genetic engineering can create completely new drugs.

The original goal of the case study on biotechnology was to focus on one type of biotechnology that is used in clean industrial production. Two biotechnological applications were considered: bio-bleaching in the pulp and paper sector and the use of improved plant crop varieties in the starch industry. Unfortunately, it was not possible to meet this goal for two reasons. First, although clean industrial process biotechnology has received extensive publicity
, the reality is that many of these clean technologies are in the pilot phase and have not yet been applied on a wide scale. Second, several firms involved in the development of genetically-modified crops refused interviews because they did not wish to attract attention, given the current controversy in Europe over agro-biotechnology. For both reasons, we decided not to conduct an in-depth case-study of one clean production biotechnology that would carefully follow employment effects through-out the value-added chain. As an alternative, we decided to look at a more limited range of direct and indirect employment effects for four biotechnologies with environmental benefits. These four case studies include pulp and paper, industrial starches, fine chemicals and agro-biotechnology. 

The last case, agro-biotechnology, has direct employment effects in the seed sector. The indirect effects will occur in the agricultural sector and among agricultural suppliers, such as plant protection product (PPP) firms. The major biotechnological innovation is the use of genetic engineering and associated techniques to develop new crop varieties that either could not be developed using conventional breeding or which would take several years longer. 

The other three cases all involve the use of enzymes which can be produced by ‘wild’ strains of bacteria or by genetically-engineered bacteria. A short explanation of enzyme technology is provided below before proceeding to the case studies. 

1.1 Biotechnology of Enzymes

Enzymes are proteins that consist of long chains of amino acids held together by peptide bonds. They are present in all living cells, where they control the metabolic processes whereby nutrients are converted into energy and new materials. Furthermore, enzymes take part in the breakdown of food materials into simpler compounds. Some of the best­known enzymes are those found in the digestive tract where pepsin, trypsin and peptidases break down proteins into amino acids, lipases split fats into glycerol and fatty acids, and amylases break down starch into simple sugars.

Enzymes are capable of performing these tasks because, unlike food proteins such as casein, egg albumin, gelatine or soya protein, they are catalysts. This means that by their mere presence, and without being consumed in the process, enzymes can speed up chemical processes that would otherwise run very slowly, if at all. After the reaction is complete, the enzyme is released again, ready to start another reaction. In principle, this could go on forever, but in practice most catalysts have a limited lifetime. Sooner or later their activity becomes so low that it is no longer practical to use them. This is particularly true for industrial enzymes. Most are therefore used only once and discarded after they have done their job.

Contrary to inorganic catalysts such as acids, bases, metals and metal oxides, enzymes are very specific. In other words, each enzyme can break down or synthesize one particular compound. In some cases, their action is limited to a specific chemical bond. Most proteases, for instance, can break down several types of protein, but in each protein molecule only certain bonds will be cleaved depending on which enzyme is used. In industrial processes, the specific action of enzymes allows high yields to be obtained with a minimum of unwanted by­products.

Enzymes are part of a sustainable environment, as they come from natural systems, and when they are degraded the amino acids of which they are made can be readily absorbed back into nature. Fruit, cereals, milk, fats, meat, cotton, leather and wood are some typical candidates for enzymatic conversion in industry. Both the usable products and the waste of most enzymatic reactions are non­toxic and readily broken down. Finally, industrial enzymes can be produced in an ecologically sound way where the waste sludge is recycled as fertilizer.

A major environmental advantage of enzymes is that their catalytic properties occur at comparatively low temperatures, between 30-70°C, and at pH values that are near the neutral point (pH 7). For certain technical applications, special enzymes have been developed that work at higher temperatures, although no enzyme can withstand temperatures above 100°C for long. These characerteristics mean that processes based on enzymes can result in energy savings and lower capital equipment costs, since reactors do not need to be resistant to heat, pressure or corrosion.

One disadvantage of enzymes for environmental applications is that they do not work well under cool conditions. This limits their use in cold climates such as in northern Europe for resource extraction such as mining.

1.1.1 Research and Development

New techniques such as genetic engineering and the related discipline of protein engineering are speeding up the product development cycle for new enzymes. Enzyme research specializes both in new techniques of molecular biology as well as the classical ones such as the screening of microorganisms. 

When a new enzyme or enzyme application has been discovered, it has to be evaluated under practical conditions. Upscaling from small batch conditions to large scale use is therefore a vital developmental step. Industrial processes may need to be optimized for the use of enzymes. The selection of the right enzyme and the establishment of optimum process conditions are of great importance. 

Another area of importance is the formulation and granulation of enzyme products. Enzymes have to be stabilized so that the finished product can be shipped and stored without loss of enzymatic activity.

1.1.2 Enzyme production

The starting point for production is a vial of a selected strain of microscopic organisms. They will be nurtured and fed until they multiply many thousand times. After fermentation the enzyme is separated from the production strain, purified and mixed with inert diluents for stabilisation. Then the desired end-product is recovered from the fermentation broth and sold as a standardized product.

Many types of enzymes are produced by genetically modified microorganisms (GMOs). These enzymes are produced under well-controlled conditions in closed fermentation tanks. Due to the efficient purification process in which the enzyme is separated from the production strain, the final product does not contain any GMOs.

It is in R&D and the production enzymes that we should expect the most significant employment effects.

1.1.3 Environmental benefits of enzymes

Enzymes offer four potential environmental benefits:

· Enzymes work best at mild temperatures and under mild conditions. They can be used to 

· replace high temperature conditions and toxic chemicals, thus saving energy and preventing pollution.

· Enzymes are highly specific, which means fewer unwanted side­effects and by­products in the production process.

· Enzymes can be used to treat waste consisting of biological material.

· Enzymes themselves are biodegradable, so they are readily absorbed back into nature.

1.1.4 Industrial applications of enzymes

Enzymes have a wide range of industrial applications in detergents, textiles, starches and sugar, food and feed, pulp and paper, leather, health care products, and fine chemicals. The next three sections provide case studies of the employment effects of enzymes used in pulp and paper, starches, and fine chemicals.

2. Pulp and Paper

2.1. Introduction

Before explaining how enzymes could benefit the manufacture of pulp and paper, here is first a short description of the production process.

The raw material to produce pulp is wood, which mainly consists of cellulose, hemicellulose and lignin. Wood fibres contain cellulose and hemicellulose. Lignin can be thought of as the glue holding the wood fibres together. Another component is pitch, which acts as a tree's defence mechanism against microbial attack.

In the pulping process the wood fibres are brought into suspension - the pulp.                 There are two different types of pulping processes that can be used. First there is mechanical pulping which separates the fibres mechanically with the input of large amounts of energy. Mechanical pulps are often called high­yield pulps since all the wood components are conserved in the pulp, including the lignin. They are less expensive to produce than chemical pulps, but they have the disadvantage that they become darker when exposed to sunlight. They are used mainly in the manufacture of newsprint and magazine paper. Second there is chemical pulping in which wood chips are cooked in chemicals until the lignin dissolves, releasing the wood fibres. The dominant chemical pulping process is the kraft process, which gives a dark brown pulp due to the residual lignin. This residual lignin must undergo some type of bleaching process to yield a bright, white wood pulp before it can be used for paper manufacture. In one end-use, it will be converted into fine paper grades [Sappi, personal communication; Novo Nordisk].

Until recently, the use of enzymes in the pulp and paper industry was not considered technically or financially viable. Except for the limited use of enzymes to modify starch for paper coatings, suitable enzymes were not readily available. However, driven by market demand and environmental standards, new enzymes could offer significant benefits for the industry. Possible applications involving enzymes are biopulping, enzymatic pitch control, enzymatic deinking of waste paper, bleach boosting, and improving paper strength and drainage rates.

2.2. Biopulping

As mentioned a variety of processes is being used to separate the cellulosic fibres from the lignin in wood to form a slurry that is further processed into paper. The existing chemical processes are particularly polluting. In biopulping lignocellulosic materials are being treated with lignin-degrading fungi to manufacture the pulp. This fungal treatment could result in energy savings and improved paper strength and is clearly a cleaner process as it saves on chemicals.

The economic feasibility of biopulping has been demonstrated at pilot scale; the process increases the mill throughput by 30% or reduces the electrical energy requirement by at least 30% at unchanged output [OECD, 1998].

The use of biopulping potentially could lead to some reduction in employment upstream in the production of chemicals, which then would be compensated for in the development of enzymes. Also the increase in energy efficiency might lead to a lower demand for energy lowering employment in the upstream energy sector. However, the increased energy efficiency in pulping could also be used to increase output. In this case the effect on employment in the energy sector would be neutral. 

However, the driver to switch to biopulping will clearly not be its possible effect on employment or its positive effect on product quality. Instead it might be driven by stricter environmental legislation with regard to the use of chemicals and an increasing pressure to save on energy reducing CO2 emissions and bringing down production costs. Employment effects within the industry itself are expected to be absent.

2.3. Enzymatic pitch control

Pitch is a mixture of hydrophobic resinous materials found in many wood species, which cause a number of problems in pulp and paper manufacture. Pitch agglomerates form on the processing equipment such as the chests, felts and rollers. These agglomerates can cause holes in the paper so it has to be recycled or downgraded in quality. In the worst cases, the paper web can break, causing costly paper machine downtime.

Traditional methods of controlling pitch problems include natural seasoning of wood before pulping and/or adsorption and dispersion of the pitch particles with chemicals in the pulping and paper making processes, accompanied by adding fine talc, dispersants and other kinds of chemicals [RPE, personal communication;OECD,1998]. During the past ten years or so, biotechnological methods have been developed and are now being used industrially. A commercial lipase has been developed for use in mill operations. This enzyme has proved its ability to reduce pitch deposits significantly on rollers and other equipment. It breaks down triglycerides in the wood resin in the pulp in much the same way as fungal and bacterial growth reduces the pitch content of the wood during conventional seasoning. However, unlike seasoning, where the wood is stored for a long time, the enzyme acts immediately and does not reduce brightness or yield. In the early 1990s, Sandoz introduced a new product which metabolises pitch quite effectively by lignin-degrading fungi in biopulping, thus offering an additional benefit [Novo Nordisk; OECD,1998].

Enzymatic pitch control replaces the use of chemicals by enzymes to reduce wood pitch. As such there might be a substitution of labour from chemical production toward enzyme production. As enzymatic pitch control would make the seasoning of wood superfluous, the process of storing wood to reduce pitch becomes redundant which might lead to reductions in employment in that area. However, the industry will not switch to enzymatic pitch control due to its effects on labour. Reduction in operational problems and possible restrictions on the use of chemicals will be stronger motivations to start using enzymes.

2.4. Enzymatic deinking

Deinking of waste paper is an area with large potential for enzymes. Traditional deinking uses caustic soda, silicates and peroxide for oil-based printing materials such as newspapers and magazines. With the growing use of coating and new types of inks containing synthetic polymers conventional deinking is inadequate for producing high-quality pulps. Moving to a enzymatic deinking which can employ neutral/alkaline enzyme classes requires some change in the chemistry of the system, but can result in improvements in both the process and the final product. This can include improved pulp cleanliness, improved operation of the grey-water loops, less deposit potential and a brighter final pulp [Novo Nordisk; OECD, 1998].

Again a possible employment effect could be a substitution of labour from chemical production to enzyme production. The employment effect within the industry will be absent even though it involves an extra process step. This is most likely due to the high degree of automation and computerisation within the industry. Stricter regulation on the use of chemicals and eventual limits to traditional technologies could drive firms toward applying enzymatic deinking.

In fact the need to deink can in many cases be avoided. Paper manufacturers producing high-quality paper will use virgin fibres, while those using recycled material aim for different markets, like packaging which do not require the same product standards as for example graphical paper.

2.5. Bleach boosting of kraft pulps

Kraft pulps account for most of the world's pulp production. They however have a characteristic brown colour, which must be removed by bleaching before the manufacture of paper due to appearance. Chlorine and derivatives of chlorine have been the cheapest and most versatile bleaching agents available for the bleaching of chemical pulps. This class of compounds has the disadvantage of forming chlorinated organic substances (some of which are toxic) during bleaching. Due to consumer resistance and environmental regulation on chlorine bleaching pulpmakers are turning to other bleaching processes, like elemental chlorine free or totally chlorine free bleaching, to extended pulping times and to other process modifications. Disadvantages associated with some of these methods are higher costs and/or greater loss of pulp yield and strength as compared with chlorination. [OECD,1998; TNO, personal communication].

By treating the kraft pulp enzymatically (mainly xylanases) prior to bleaching, it is possible to obtain a very selective partial hydrolysis of the hemicellulose, which has precipitated onto the fibres during the kraft cooking process. The enzyme has two indirect effects - firstly, it is possible to wash out more lignin from the pulp, and, secondly, the pulp becomes more susceptible to the bleaching chemicals. The technique is called 'bleach boosting' and gives a significant reduction in the need for chemicals in the subsequent bleaching stage, with almost no loss in pulp yield or quality. The costs of this process are the same as the conventional chlorine-intensive methods [Novo Nordisk; OECD,1998].

Bleach boosting is a clear case in which restrictions on the use of chemicals traditionally used like chlorine have led pulp and paper manufacturers to look for alternative processes. Still as in many cases one will first consider chemical alternatives like elemental chlorine free or totally chlorine free processes. It will eventually depend on the costs and performance of enzymes whether they will drive out chemicals as a working technology. Tougher legislation might instrumental in giving enzymes this edge over chemical processes.

Again the employment effects consist of upstream effects. As chemicals might be replaced by the use of enzymes, there may be a substitution of labour from chemical toward enzyme production. Within the industry there will probably be no perceptible effect at all.

2.6. Improving paper strength and drainage rates

The structure and chemical composition of pulp fibres are very important for paper strength and other properties. Enzymes can be used to improve physical properties of fibres and might have a commercial role in the future. For example, cellulases and xylanase can enhance pulp fibrillation and thereby improve paper strength. They can reduce fibre coarseness and increase paper density and smoothness. Starch-modifying enzymes are sometimes also used to improve paper quality. These applications could lead to increased employment in the upstream enzyme producing industries.

The speed of paper machine operation depends in part on the drainage of water out of the pulp mat. Treating cellulose fibres with cellulases and hemicellulases allows water to drain more quickly from the wet pulp, thereby reducing processing time and energy used for drying [OECD,1998].

As for biopulping, improving drainage rates could lead to reduced employment in the upstream energy sector. There will probably be no effect on employment for the paper and pulp industry itself.

2.7. Starch modification for paper coating applications

In the manufacture of coated papers, a starch-based coating formulation is used to coat the surface of the paper. The coating provides improved gloss, smoothness and printing properties compared to the uncoated product. Raw starch is unsuitable for this application, since the flow properties would be unsuitable. In one case, chemically modified starch with a much lower solution viscosity is used. As an economical alternative to modifying the starch with aggressive oxidizing agents, the starch can be treated with enzymes (alpha-amylases) to obtain the same viscosity reduction [Novo Nordisk].

Chemical modification of starch can either happen at the starch producers or at the paper mill using a batch or continuous process. For starch to react with enzymes it has to be cooked first. The cooking of starch is an integral part in the paper-making process, whereas for starch producers it is quite inconvenient as it would involve a couple of extra process steps. Therefore enzymatic modification normally would have to take place at the paper mill [Cargill and Cerestar, personal communication].

Whereas chemical modification is more harmful to the environment as it uses chemicals that have to be washed out of the effluent in a later stage, enzymatic modification needs an extra process step to stop the process as enzymes are self-propagating [RPE, personal communication].

Both types of modification reduce the BOD of the effluent as they improve the attachment of starches to the wood fibres.

The employment effect is limited to some upstream substitution of labour between chemical production and enzyme production.

2.8. Other applications

There are interesting possibilities for future applications of enzymes in the pulp and paper industry. One possibility is the selective action of an endo-cellulase, which can improve individual fibre characteristics, for example, in producing a softer tissue product. Furthermore, other types of carbohydrate are reported to reduce the amount of energy required for pulp refining, or in reducing contrary components like vessel segments, which can cause printing problems with the final paper.

Further improvements are expected in bleach boosting enzymes, which today are capable only of replacing part of the bleaching agents currently used for chemical pulps with either oxygen or hydrogen peroxide. Researchers around the world are looking for more efficient enzyme systems [Novo Nordisk].

2.9. The impact of enzymatic processes in the pulp and paper industry

According to the literature the application of enzymes in the paper and pulp industry could lead to a broad range of benefits. The introduction of biopulping, bleach boosting and enzymatic deinking could significantly reduce the need for chemicals. Biopulping and enzymes to reduce drainage rates could lead to quite substantial energy savings. Other potential benefits of using enzymes mainly involve improving paper quality. The employment effects of these applications within the industry are expected be insignificant if present at all. There might be some employment effects upstream. These involve negative employment effects in the energy sector due to the energy saving potential of some enzyme applications. Others concern substitution effects between enzyme and chemical production due to the potential of some enzyme applications to save on chemical use. All these applications, however, are still in an experimental stage of development. The firms interviewed did not use them at this moment, although they were seriously considering some of them. Therefore the effects on costs, employment and environment we mentioned previously in this section are mainly speculative.

Employment effects will probably be concentrated primarily in the R&D stage of enzymes, which takes place at biotechnology firms upstream and not within the industries themselves. Due to the high degree of automation and computerisation in the pulp and paper industry, switching from chemical to enzymatic processes will not have any significant impact on employment. Despite the fact that biotechnology involves quite advanced technologies it also has no perceptible effect on the skill level of the labour force. All this may change when biotechnology will achieve a higher grade of penetration and gain in importance in the pulp and paper industry. Only then the industry may have to internalise R&D and the expertise with regard to biotechnology, leading to increased employment. As for now user industries can simply buy the processes they need from biotechnology firms, like Genencor, Gist Brocades and Novo Nordisk.

The success of enzyme applications will ultimately depend on their costs compared to their traditional chemical alternatives. Only enzymes that are produced on a large scale can in fact effectively compete with chemical alternatives. Unfortunately they are relatively few in the pulp and paper industry. Consequently, the industry will in most cases prefer chemicals over enzymes, unless there are severe environmental restrictions on the use of these chemicals increasing the costs of their application. 

Furthermore, in the Netherlands the potential of the application of enzymes is limited to those that involve the paper making process, because the pulp to produce different kinds of paper and board is imported from elsewhere. The only process in the Netherlands in which enzymes are currently considered is in the modification of starches to improve its capability to bind wood fibres. 

3. Industrial Starches

3.1. Introduction

The raw materials for the extraction of starch are corn and wheat, but it is also possible to use potatoes. Corn is the ideal raw material for starch extraction and is used in the US. In Europe we have a different climate more hospitable to wheat. Furthermore wheat is heavily subsidized within the EU. Whereas starch can be extracted from corn mechanically, it is necessary to use enzymes to achieve the same yield in extracting starch from wheat. Cellulases are used to improve the yield of starch extraction from wheat. Without the possibility of using enzymes, the extraction of starch from wheat would not have been interesting [Cargill, personal communication].

Next to corn and wheat, potatoes also can be used for starch extraction. This route has been pioneered by AVEBE, a Dutch company, probably due to the availability of potatoes in the Netherlands. Although it is more expensive to use potato starch, it has quite favourable characteristics. As such potato starch seems to be more amenable to enzymatic modification. Furthermore AVEBE has bred a new kind of potato for its purposes in the starch industry through genetic engineering. Unfortunately, the commercialisation of this potato has been delayed as a result of the current discussion on GMOs.

The extracted starch is either converted into different kinds of syrup or it is modified or simply sold in its native form for use in the pulp and paper industry and the food industry. Whereas the modification of starches for the pulp and paper and the food industry currently is primarily chemical, starch conversion to produce syrups is nowadays mainly enzymatic.

3.2. The History of Starch Conversion

As early as the beginning of the 19th century, it was discovered that by boiling starch with acid it could be converted into a sweet­tasting substance, which consisted mainly of glucose. This product, however, did not provide a complete substitution for sugar, partly because glucose is only about two­thirds as sweet as cane or beet sugar and partly because the yield using his technique was not very high.

Nevertheless, since then acids have been used widely for breaking down starch into glucose. This technique does, however, have a number of drawbacks:

· the formation of undesirable by­products

· poor flexibility (the end­product can be changed only by changing the degree of hydrolysis)

· the necessity of equipment capable of withstanding the acid used at temperatures of 140-150°C

In all these respects, enzymes are superior to acids.

The DE (dextrose equivalent) value is used as an indication of the degree of hydrolysis of the syrup. The DE value of starch is zero and that of dextrose is 100. Syrups with DE values of 35-43 are still widely produced by acid hydrolysis despite the drawbacks mentioned above. However, due to the formation of by­products, it is difficult to produce low­ and high­DE syrups of a high quality.

In the last 30 years, as new enzymes have become available, starch hydrolysis technology has been transformed. There has been a big move away from acids and today virtually all starch hydrolysis is performed using enzymes. Furthermore, in the 1970s an enzyme technique made it possible to produce a syrup as sweet as sucrose - high-fructose corn syrup. The production of this syrup has significantly boosted the growth of the starch industry in many countries, although probably more in the US than in Europe.

3.3. Enzymatic Starch Conversion

Depending on the enzymes used, syrups with different compositions and physical properties can be obtained from starch. The syrups are used in a wide variety of foodstuffs: soft drinks, confectionery, meats, baked products, ice cream, sauces, baby food, canned fruit, preserves, etc.

There are three basic steps in enzymatic starch conversion - liquefaction, saccharification and isomerization. In simple terms, the further a starch processor proceeds, the sweeter the syrup that can be obtained.

Firstly, there is a liquefaction process. By using bacterial alpha­amylase on its own, a 'maltodextrin' is obtained which contains mainly different oligosaccharides and dextrins. Maltodextrins are only slightly sweet and they usually undergo further conversion.

This happens during the process called saccharification. The starch already treated with bacterial alpha­amylases is made sweeter using an amyloglucosidase, otherwise known as a glucoamylase. The amyloglucosidase can theoretically hydrolyse starch completely to glucose. In practice, a little maltose and isomaltose are produced too. A pullulanase is a debranching enzyme that can also be used to aid saccharification. Fungal alpha­amylases can also be added in order to produce syrups with a higher maltose content, which means high fermentability and a relatively high degree of sweetness.

Going one step further, a proportion of the glucose can be isomerized into fructose, which is about twice as sweet as glucose. An immobilized glucose isomerase is used; without this enzyme it would not be possible to convert glucose into fructose with high yields and few by­products. In the 1970s, Novo developed the first immobilized enzyme to be produced on an industrial scale. Immobilizing the isomerase makes it possible to use it continuously for several months.

Products of isomerization that have so far assumed the greatest importance contain approximately 42% fructose/54% glucose or 55% fructose/41% glucose. These are known as 'high-fructose corn syrup', 'isosyrup', 'isoglucose' or 'starch sugar' depending on the end­use. They are as sweet as ordinary cane or beet sugar and have the same energy content. In many cases, total replacement of sugar is possible without any noticeable change in the character of the product. In the USA, for example, high-fructose corn syrup has more or less replaced the sugar previously used in the manufacture of beverages, dairy products, baked products and canned foods.

Syrups with a higher fructose content than 42% are obtained by non­enzymatic treatment of the high-fructose corn syrup. Pure fructose is about 40% sweeter than sugar [Novo Nordisk].

The discovery of enzymes to convert starch into glucose has almost completely replaced chemical conversion. This most likely has led to some upstream reduction in employment in the chemical sector in favour of increased employment in the enzyme producing industry. Furthermore the discovery of enzymatic starch conversion has accelerated the replacement of sugar cane and sugar beet. Especially the discovery of an enzyme technique to produce a syrup as sweet as sucrose - high-fructose corn syrup – provided a considerable for the starch industry. Especially in the US it diffused rapidly into the food and drinks industry. In the EU, however, the beet growing and processing lobby was able to use EU agricultural policy to prevent high-fructose corn syrup from becoming the success it is in the US [Green and Yoxen in Smith,1993]. As such a loss in employment in the EU agricultural sector, sugar beet production in particular, at the expense of corn imports was prevented. In the US the success of high-fructose corn syrup drove out sugar cane imports from different developing countries, leading to a loss of employment in the agricultural sector in these countries.

In the starch industry itself the replacement of chemicals by enzymes to convert starch into syrups had no perceptible effect on employment due to the same argument as in the pulp and paper industry, namely the high degree of automation and computerisation of the production process.

3.4. Modified Starches

Starch can either be sold to the food and pulp and paper industry in its native form or it can be slightly modified. Through modification it is intended to improve the properties of starch as a binder either in the food or the pulp and paper industry. In the food industry starch is used to bind among others soups and sauces. In the pulp and paper industry starch is either used in the wet process to "glue" the wood fibres together or in coating where it provides improved gloss, smoothness and printing properties.

Raw starch is unsuitable for this application, since the flow properties would be unsuitable. In one case, chemically modified starch with a much lower solution viscosity is used. As an economical alternative to modifying the starch with aggressive oxidizing agents, the starch can be treated with enzymes (alpha-amylases) to obtain the same viscosity reduction.

Enzymatic modification of starches is a cleaner process than chemical (oxidative) modification, as less energy is used and less waste is produced. The amount of starch ending up in wastewater will be less for both types of modification as either chemically or enzymatically modified starches will attach better to the wood fibres.

The fact that enzymatic starch modification saves on energy and chemicals could possibly lead to some negative upstream employment effects in the industry producing chemicals for starch conversion and the energy sector. For the starch industry itself the switch from chemicals to enzymes is neutral in terms of employment as it only involves “a change in recipe” for the production process [Cargill and Cerestar, personal communication].

3.5. The impact of biological processes in industrial starch manufacturing

In the case of starch conversion into sweeteners like glucose and high-fructose corn syrup the use of enzymes is clearly superior to the use of chemicals. Using enzymes instead of acids enables you to manufacture products that are much more specific; it allows for a more detailed definition of your product. The use of enzymes allows for the production of a whole range of different types of glucose. Furthermore the use of enzymes makes it possible to achieve equivalent efficiencies in the starch conversion process starting from wheat instead of corn. This is particularly important because in Europe contrary to the US glucose production is based on wheat instead of corn, because for climatological reasons wheat is more widely available in Europe.

In the paper and pulp industry it is still common practice to use chemicals to modify down starches. Although enzymatic modification is cheaper it can lead to operational problems in the production process. Potato starch is more amenable to enzymatic modification. The choice to use either enzymes or acids to breakdown starch is therefore dependent on the sensitivity of the production process and the kind of starch that is being used. At the moment however, EU policy is strongly subsidizing wheat to promote its industrial use.

The previously mentioned employment effects with regard to modified starches are therefore most likely not going to materialize as the dominant technique is still based on chemicals. The employment effects we discussed regarding enzymatic conversion of starch into syrups are much more important, especially in the US. With regard to Europe much depends on the penetration of high-fructose corn. It is important not to underestimate the role of EU agricultural policy in this context.

4. Fine Chemicals

4.1. Introduction

Chemicals include the manufacture of commodity chemicals, pharmaceuticals, enzymes, refined petroleum and coal products, specialty and fine chemicals, and plastics. The manufacturing of chemicals is a major generator of materials, a major consumer of energy and non-renewable sources, and a major contributor to solid, liquid and gaseous wastes.

Biotechnology offers new ways of making chemicals, which may be cleaner than current methods. Whereas bulk production of basic chemicals currently uses non-biological technologies that are so efficient that it is highly unlikely that biotechnologies could ever replace them, biotechnology is prominent in the production of fine chemicals.

4.2. Fine chemicals

Fine chemicals is one of the industrial segments where the impact of biotechnology is felt most strongly, owing to number of achievements made possible by advances in biotechnology.

First and most important, enzymes have considerable potential as biological catalysts in processes, although they are restricted to low-temperature fermentation processes. Whereas reactions using acids need very high temperatures, biocatalytic reactions usually take place at temperatures between 20( to 50( Celsius. As a result, however, biocatalytic processes are potentially energy-saving.  Biocatalysts are also more specific and selective than their non-biological counterparts. As such they are capable of making fewer by-products (specificity) and can start with less purified feedstocks (selectivity). Furthermore biocatalysts are self-propagating.

Another important feature of biotechnology in fine chemicals is its ability to produce chiral chemicals. Chirality is a property of some molecules that causes for both left- and right-handed configurations of these molecules to exist. Chemical processes usually produce these molecules in racemic mixtures. Biocatalysis in contrast can produce enantiomerically pure chemicals, or can resolve racemic mixtures, so that complicated separation processes are avoided. The preparation of enantiomerically pure chemicals is particularly crucial for the development of new drugs and pesticides, for example, where the inactive form of the chemical may be hazardous in addition to being wasteful of raw materials.

Also reactions using enzymes can often take place in water, whereas chemical reactions need harsher reaction media. This will eventually lead to much less emissions of volatile organic compounds and other harmful substances to the atmosphere. The use of enzymes also leads to a different waste stream that can be broken down more easily. As it will in some cases make chemical incineration redundant it will reduce CO2 emissions and a whole range of other substances. 

Sometimes it is also possible to replace a number of chemical process steps by one single enzymatic step. A good example of this we can find in the manufacture of pharmaceuticals. Many of these pharmaceuticals are semi-synthetic molecules in that part of their structure is synthesised by a living organism and that the natural product is then modified by chemical processing. This latter part can in some cases be replaced by an all-enzymatic process, solving problems like the colouring of the product, the formation of by-products, and low energy efficiency.

Finally, in contrast to other industries which have traditionally relied on physical and chemical technology, biotechnology is more accepted in chemical manufacture.

Owing to biocatalysis environmental efficiency of the chemicals industry has improved substantially. Biocatalysis represents 60% of cleaner production in this sector, while reuse and reduction of solvents used and the (biological) treatment of wastewater has also contributed to more environmentally friendly production processes. In the 1980s, biocatalysis was introduced into the production of fine chemicals and has resulted in a large reduction in waste production. Despite a four-fold increase in production volume, the production of waste was reduced by 20% through the use of biocatalysis [OECD,1998].

Whereas penetration of biotechnology in other user industries is quite low at this time, biotechnology has become quite important in fine chemicals. Consequently, this sector has also moved on to internalise part of the R&D. This means that contrary to the other user industries of biotechnology fine chemicals is most likely to experience positive employment effects within the industry itself instead of somewhere upstream. Probably it will involve some substitution between people previously working on chemical process development that and people that are now working on biochemical processes. In the production process itself, however, there will be no significant employment effects. Similar to the other user industries the high degree of automation and computerisation made the production process already very capital-intensive.

The main findings for the three sectors studied are presented in Annex 1.

Finally, the discussion that is now going on regarding GMOs has a very large influence on the adoption of biotechnology and its future potential. Accordingly, there seem to be quite large regional differences in adoption of industrial biotechnology between Europe and the US due to public acceptance. Eventually this could lead to a competitive advantage for the US in those products in which the use biotechnology has major benefits (fine chemicals especially pharmaceuticals). In general, however, people seem to be less inquisitive about the background of a product if it is life-saving also because they are administered on medication or under supervision of a physician. Public attention seems to be focused much more on those applications where adoption of biotechnology is motivated by cost considerations of the industry instead of consumer demand [DSM]. Particularly in the food (ingredients) industry we therefore see a strong aversion against the use of biotechnology. The whole discussion about the use of genetically modified soya in the food industry is a good example. Looking at our industry it is particularly the starch industry that is under scrutiny.
5. Agricultural Biotechnology
5.1 Introduction

The environmental benefits of biotechnology in agriculture are due to improved crop seed varieties. These improved varieties can be produced using three different biotechnologies. The first is the use of classical breeding methods to develop new plant varieties while the most advanced type is the use of genetic engineering to achieve similar aims. In between these two methods lies assisted conventional breeding. This method combines classical breeding with several advanced technologies developed for genetic engineering, such as gene sequencing and DNA markers. Assisted conventional breeding reduces the time required to develop new varieties from approximately ten to seven years.

This case study of the environmental and employment effects of agricultural biotechnology uses two main data sources. The first is a recent MERIT survey of European agro-seed and plant protection product firms
. The second data source is the European Joint Research Council database for field releases of genetically-engineered plant varieties. In addition, a recent study by the Environmental Research Service of the U.S. Department of Agriculture provides relevant data on the environmental benefits of genetically engineered crops.

5.1.2  Environmental and Employment Benefits of Agricultural Biotechnology

There are three main routes through which agricultural biotechnology can lead to environmental benefits. New seed varieties can incorporate agronomic traits that reduce the amount of inputs, such of pesticides, water, and fertilisers, required per unit of output, or which improve tolerance to drought, cold, and salinity. Another area is quality improvements, so that the crop contains higher amounts of a desirable substance. An example is high fructose corn that improves the efficiency of food processing. Another example is low phytase feed corn that reduces phosphate pollution from animal manure. The third area is the development of crops that can be used as industrial feedstocks. This can result in environmental benefits if the life cycle of crop feedstocks is less environmentally damaging than that of chemical or petrochemical feedstocks. 

The environmental benefits of agricultural biotechnology are considerably more controversial than the use of environmental biotechnology in industrial applications. The debate focuses on the impacts of genetically engineered crop varieties, but some of the issues apply to all crop development programmes. This is because many of the traits, such as herbicide tolerance, that have been developed via genetic engineering can also be developed through classical or assisted conventional breeding
. There are a few exceptions in which the environmental effects are limited to GMOs. These concern trans-gene GMOs where the genetic material crosses the species barrier, such as in the case of Bt-corn. Two environmental concerns are that the Bt toxin could kill non-target insect species or that constant exposure to Bt toxin could result in insect pests that are resistant to Bt
. 

We do not wish to enter into this debate, except to identify several general issues on how to assess the effects of GMOs on both employment and the environment. Farmers are unlikely to adopt new crop varieties unless the extra cost is offset by an increase in the output per unit of input costs or by higher prices per unit of output. The former can occur if yields increase or if inputs decline
. An increase in yields will eventually translate into lower prices, leading to a possible fall in farm employment in the absence of income subsidies. A decline in inputs could maintain crop prices, but result in indirect employment declines in sectors that produce agricultural inputs such as pesticides and fertilizers. 

The environmental benefits of GMO crops within a specific growing region depend on input use, for instance the amount of pesticides that are used per hectare. However, environmental benefits from a national or even a global perspective depend on inputs per unit of output. An increase in a specific input such as herbicides on a local scale could be balanced by substantially larger outputs per unit of inputs. 

These different outcomes from the use of genetically-engineered crop varieties are visible in Table 1, which provides an overview of several analyses by the Economic Research Service (ERS) of the U.S. Department of Agriculture of genetically-engineered crops grown in the US in 1997. 

For several genetically-engineered crops, the advantages to the farmer in terms of increased yields are small and in a few cases do not cover the higher cost for genetically-engineered seeds. In terms of pesticide use, there was no difference in two comparisons. However, the results indicate that there was a decrease in pesticide use per unit of output in all but one analysis. These results show that the environmental benefit in terms of pesticide use per unit of output is positive
, although the advantages to the farmer are less consistent. Since yields have either not increased, or by only a small amount, the impact on farm prices, and hence emplyment over the long-term, should be small. Most of the projected employment effects should occur among pesticide manufacturers and suppliers.

Table 1.    Results of ERS comparisons between genetically-engineered (GE) and non-GE cotton, soybean and corn crops in the US in 1997

Crop variety
Yield
Pesticide Use
Pesticide use per unit yield

Results of econometric analyses1

Herbicide tolerant cotton
Increase
No difference
Decrease

Herbicide tolerant soybeans
Very small increase
Decrease
Decrease

Bt Cotton
Increase
Decrease
Decrease

Comparison of means2 




Herbicide tolerant cotton
No difference
Decrease
Decrease

Herbicide tolerant soybeans
No difference
Decrease
Decrease

Herbicide tolerant corn
No difference
No difference
No difference

Bt Cotton
Increase
Decrease
Decrease

Bt Corn
Small increase
Decrease
Decrease

1: Regression includes controls for pest infestation levels, other pest management practices, crop rotation, tillage, geographic location, differences in characteristics of adopter and non-adopter farmers.

2: Comparison between mean yields and pesticide use within specific growing regions.

5.2 Is Agro-biotechnology shifting towards more environmental benefits?

The environmental and economic benefits of herbicide tolerance and pest resistance are slight, compared to the potential promise of genetic engineering. As an example, the ability to introduce nitrogen fixation genes into non-legume crops would have enormous agricultural and environmental benefits. The employment effects of quality and industrial feedstock traits could also be more substantial than that of herbicide tolerance.

There are two basic questions here that are of interest to employment effects. The first is when these employment effects might begin to be felt, assuming that GMO crops could be planted in Europe. The second question is how large are these employment effects likely to be? 

The first question can be explored by using field test data collected by the Joint Research Council of the European Commission. This dataset includes information on all field trials of genetically-modified organisms (GMOs) in the 15 EU member states since 1990, under part B of Directive 90/220/EEC. The data is publicly available on-line as the Summary Notification Information Format (SNIF).
 

The SNIF data contains four variables: the common name of the plant, such as ‘cauliflower’ or ‘maize’, the genetically-modified trait applied to the plant, such as ‘glufosinate tolerance’, the name of the company running the field trial, and the notification number, which includes information on the country where the field trial is to take place and the date of application.

For this study, 1,476 field test records were abstracted from all SNIF applications between 1990 and July 9, 1999. The database contains 84 different host species used in one or more field trials and 176 specific traits that were tested in one or more plant species. To simplify the analyses, the traits were aggregated into five major classes with agricultural applications: herbicide tolerance, male sterility, resistance to non-weed pests
, industrial characteristics, and quality & output traits. Industrial applications include the production of biochemicals. Quality and output traits increase crop yields or crop value by improving stress resistance or increasing desirable properties such as high lysine content in soybeans. Two independent specialists checked the classification of uncommon traits to ensure that they were assigned correctly.

The 1,419 field trials included in the database test a total of 1,905 individual traits, since some of the field trials are of “stacked” traits in which two or more traits are included in the same plant host. The results given here are for the 1,905 trial-trait combinations.

Our major interest here is in shifts over time in the focus of investment in genetic engineering, which can be tracked using the percentage of all trial-trait combinations within each specific trait class. Currently, it takes between seven and ten years for firms to develop new plant varieties. Field trials begin two to three years into the project and can run almost until the variety is ready for commercialisation. This means that there is up to a seven year lag between the first field trials and when the variety is ready to be marketed, although recently the maximum lag should be closer to five years for most crops
. This lag period means that the distribution of field tests in 1999 indicates the types of GMO crops that are likely to be ready for commercialisation over the next five years. The analyses also indicate if investment in agricultural genetic engineering is shifting towards traits that could have more apparent environmental benefits than herbicide tolerance.

To overcome differences in the number of trials in each year, a two year moving average of the percentage of all trials due to each of the five major trait classes is calculated. Figure 1 gives the percentage of all trial-trait combinations in each of the five trait classes. Over 40% of all field trials after 1991 (which is based on very few trials) are for herbicide tolerance, followed by pesticide resistance, which hovers at just above 20% of all trials in each year. Both trends are essentially flat, showing little difference over time in the percentage of trial-trait combinations that are due to tests of herbicide tolerance and pesticide resistance. Similarly, there has been very little increase in the percentage due to quality and output indicators after 1993, both of which could have environmental benefits from increasing agro-industrial efficiency. In contrast, there is a slight increase in the percentage of trials of industrial traits, although industrial traits always account for less than 10% of all trials.

These results show that there has been no notable shift in genetic engineering research  towards environmentally beneficial traits, with the possible exception of the increase in traits with industrial uses. Overall, genetic engineering programmes are still dominated by herbicide tolerance. 

Are conditions any different in the United States, where over 5000 field trials have been conducted over the same time period? A recent study by Ditner and Lemarie (1999) analysed the American field trial data from APHIS. A higher percentage of US field trials concern pest resistance than in Europe (38.3% versus 22.4%) while a lower percentage in the US concern herbicide tolerance (29.1% versus 42.4%). This difference is largely due to the types of plants that are under development. These are rapeseed and beet in Europe and soybean and corn in the US. Ditner and Lemarie do not provide data on the types of traits that have been field tested over time, but they do report that the proportion of different traits is stable, with no evidence for an increase in investment in quality traits. This suggests that American research in agricultural genetic engineering, as in Europe, is not shifting towards traits with greater environmental benefits.

The field test data suggests that the indirect employment effects of agro-biotechnology in Europe is likely to be minor over the short-term of two to five years. Most of the research so far in Europe focuses on developing herbicide and pesticide tolerant varieties of major crops such as sugar beet and maize. This could slightly decrease employment among supplier firms in the plant protection products (PPP) sector, due to declines in demand for insecticides and herbicides. The effect on farm level employment is likely to be minimal, particularly as long as CAP subsidies continue to distort markets for agricultural products. We now turn to estimates of the direct employment effects on seed and PPP firms.

5.3 Employment in the agro-seeds and PPP sectors

A study by MERIT between May and June of 1999 surveyed seed and PPP firms in six EU countries: Spain, Germany, the Netherlands, France, the UK, and Denmark. Valid responses were received from 99 firms active in developing new seed varieties and from 56 firms active in developing new plant protection products. For both surveys, the response rate was 72%. In total, these firms have 13,750 employees in seeds related activities and 13,869 in PPP activities. The number of employees per firm in both surveys ranged from less than five to several thousand. Both surveys asked similar questions on the types of technology used to develop new seed varieties or pesticides, the number of development employees, the expected change in development employees in three years, and sales and exports to non-EU countries. 

Table 2 provides the expected change in the number of development employees between 1999 and 2002 by the type of technology used to develop new seeds or pesticides. The three technical options for seed firms, in order of technical complexity, are conventional plant breeding, conventional assisted with advanced techniques such as gene markers or DNA sequencing, and genetic engineering. Seed firms are classified by the most technically advanced technology in use to develop new seed varieties. For example, a firm that uses both assisted conventional technology and genetic engineering is classified in the latter technology. PPP firms are classified by the type of pesticides that they develop, with three options: chemical pesticides, bio-pesticides, and chemical-crop combinations, such as herbicide tolerant maize.

The results given in Table 2 are weighted by the total number of employees in the firm, so that a firm with 1000 employees contributes ten times more to the weighted employment estimates than a firm with 100 employees. Overall, the number of developmental employees in seed firms is expected to increase by 7.4% over three years, which is over double the expected increase in PPP firms of 3.3%. The differences by type of technology in use among seed firms are not statistically significant. For PPP firms, expected employment growth for firms that only develop chemical pesticides is minimal, at 0.7%, and highest among bio-pesticide firms, at 26.6%.

Table 2.   Predicted change in development employees among seed and PPP firms in six EU countries

Development technology in use1
1999 total employees
1999 total development employees2
Estimated extra development employees in 2002
% increase in development employees

Seed firms





Genetic engineering
9,405
2,308
174
7.5%

Assisted Conventional 
2,488
961
54
5.6%

Unassisted conventional  
1,853
404
43
10.6%



Seeds survey total
13,746
3,673
271
7.4%

Entire population Est.3
19,161
5,120
378


PPP firms





Only chemicals
6,566
1,699
12
0.7%

Bio-pesticides
1,299
184
49
26.6%

Chemical + chem/crop combinations
5,108
1,004
52
5.2%

All three types
896
288
-8
-2.7%

PPP survey total
13,869
3,175
105
3.3%

Entire population Est.3
19,318
4,442
146


1: Based on the most advanced developmental technology in use for seed firms. For PPP firms, based on the types of pesticides that are under development.

2: For seed firms, includes employees active in the development or field testing of agricultural seed or plant varieties, including relevant employment in research, field testing, regulatory compliance, and management. For PPP firms, includes employees active in research, trials, and related management.

3: Crude extrapolation to the entire population of seed or PPP firms, based on the assumption that the distribution of employees is identical among 39 non-respondent seed and 22 PPP firms.

It is unlikely that the estimated changes in number of development employees accurately predicts future employment levels. This is because the minor employment changes shown in Table 4 are likely to be completely dominated by other events, such as mergers or possible changes to agricultural subsidies. Nevertheless, the estimates can be used to predict future employment flows based on the relative change in seeds versus PPP employment. The number of development employees is growing twice as fast among seed than among PPP firms. In the PPP sector, employment is shifting out of chemical pesticides towards bio-pesticides (albeit from a small initial employment level) and towards chemical-crop combinations. 

The low expected growth rates for development employees in the pesticides sector needs to viewed in terms of the long-term decline in total employment in industrial chemicals in Europe, which includes pesticide firms. Slightly positive growth rates for development employees, against a decline in overall employment, suggests a gradual shift in employment in this sector towards research positions. 

An important element of direct employment effects is the export rate. Exports can have several positive employment effects, due to import substitution or increased foreign sales. Table 3 gives the percentage of total sales due to exports outside of the EU for seed and pesticide firms by technology type. Export rates are almost twice as high among PPP firms than among seed firms. Part of the explanation for this is that seeds are often produced by local subsidiaries in the country of sale because of the need to test new varieties under local conditions. The result is that the impact of exports on direct employment effects in the seed sector will be limited to development employees. In contrast, exports in the PPP sector will have positive impacts on both developmental and other employees.

Table 3   Sales-weighted non-EU export rates in 1999 for seed and PPP firms in six EU countries by technology type (Limited to firms with current sales and which reported export rates)

Seed firms

PPP firms

Most advanced       technology in use
% Sales from exports

Type of    technology
% Sales from exports

Genetic engineering
20.2

Only chemicals
52.8

Assisted conventional 
37.1

Bio-pesticides
52.3

Unassisted conventional  
11.3

Chemical + chem/crop combinations
59.0




All three types
40.0

Average for all  firms
24.6


55.3
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Annex 1: Biochemical versus Chemical Processes according to Industrial Sector








Process
Product
Employment
Environment







Industries











Pulp and Paper





- biopulping
- energy savings
- improved paper strength
- substitution employment  chemical production by enzyme production

- reduction employment energy production
- less chemicals

- less CO2 emissions from energy production

- enzymatic pitch control
- less operational problems due to pitch agglomerates

- no storage of wood needed to reduce pitch
- improved paper quality 
- substitution employment  chemical production by enzyme production

- less employment in storage of wood
- less chemicals

- enzymatic deinking
- improved deinking performance
- improved pulp cleanliness

- brighter pulp
- substitution employment  chemical production by enzyme production
- less chemicals

- bleach boosting
- pulp more susceptible to bleaching chemicals

- possible to wash out more lignin from the pulp


- almost no loss in pulp yield and quality
- substitution employment  chemical production by enzyme production 
- significantly less chemicals (chlorine)

- other enzymatic applications
- improvement drainage rates

- reduction processing time

- reduction energy use
- enhancing pulp fibrillation

- improving paper strength and quality
- increase in employment enzyme production sometimes combined with decrease employment chemical production
- less CO2 emissions from energy production

- lower BOD because of less starches in wastewater due to improved attachment to fibres







Starch





- starch conversion
- higher specificity/ less by-products

- lower temperatures/less energy use
- larger product range
- substitution employment  chemical production by enzyme production

- crop substitution in agricultural sector 
- less by-products

- less CO2 emissions from energy production

- starch modification
- cheaper process due to lower costs enzymes compared to chemicals
- less homogenous product (causing problems in downstream industry)
- substitution employment  chemical production by enzyme production 
- less chemicals









Fine Chemicals





- biocatalysis
- fermentation at low temperatures

- higher specificity and selectivity/ less need for pure feedstock

- self-propagating

- ability to produce enantiomerically pure chemicals (pharma)

- water as reaction medium

- less process steps possible

- increased employment within sector in R&D or substitution employment chemical process development by biochemical process development
- less CO2 emissions from energy production

- fewer by-products

- less emissions of VOC

- less harmful waste
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� See, for example, the discussion of several biotechnology applications to clean production in the OECD report Biotechnology for Clean Industrial Products and Processes (OECD, 1998).


� The survey was funded by the TSER project PITA on sustainable agriculture.


� For example, Monsanto used genetic engineering to develop herbicide resistant corn and soybean varieties, while DuPont developed herbicide resistant varieties without using genetic engineering. 


� Both are reasonable concerns. Recent studies have shown that Bt toxin from GMO crops remain in the soil for up to 200 days, which could pose a hazard to many non-target insect species. The rapid  development of insect pest resistance to chemical insecticides also strongly suggests that the efficacy of pest-resistant GMOs will be short lived. This would simply replace the chemical model of a continual search for new insecticides with a biotechnology model in which there is a continual search for new genes.


� So far, most of the benefits of GMOs appear to be due to a decline in inputs, with possible yield lags (a decline in the output per hectare) for genetically-engineered crops such as herbicide tolerant corn (Carpenter and Gianessi, 1999) and canola (Fulton and Keyowski, 1999).


� Although the evidence given in Table 1 indicates that herbicide tolerant varieties reduces total herbicide use, this intrepretation depends on the comparison group, which largely consist of farmers that use conventional crop growing methods that are heavily dependent on pesticide use. The results could be rather different if the comparison group consisted of farmers that used integrated pest management techniques. This raises one of the main environmental objections against the use of GMO crops with pesticide or herbicide resistance. A shift by farmers from non genetically-engineered crops to genetically-engineered crops could lock agriculture into another “one crop one pesticide model”, since new genes for pest resistance will need to be continually sought to overcome pest resistance. A dependency on ‘genes’ would simply replace a dependency on the continual discovery of new pesticides. This could prevent  greater environmental gains from other farming techniques such as integrated pest management. 





� http://biotech.jrc.it/gmo.htm. Date last accessed 09.06.99. Analyses of the SNIF data were funded under the IMPRESS project.


� Includes insect, viral and fungal resistance.


� Field trial permits are not required for greenhouse crops. This means that the field test may not occur until the last year or two before market commercialisation. However, greenhouse crops account for less than 20% of all SNIF trial-trait combinations.
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				% change of annual field trails by trait ( pest resistance = Insect+Virus+Fungal), Category other is excluded

						Herbicide tolerance		Male sterility		Pest resistance		Industrial use		Quality & Output

				1990		0		50		0		0		0

				1991		50.0		5.6		33.4		5.6		5.6

				1992		43.1		22.4		15.5		2.6		12.9

				1993		41.4		9.0		25.2		3.6		17.1

				1994		39.7		12.4		22.7		5.6		13.7

				1995		45.9		11.0		20.9		3.8		13.7

				1996		41.6		5.1		22.2		6.0		20.1

				1997		46.6		6.2		18.0		7.7		15.6

				1998		39.6		3.2		28.4		10.8		15.6

				1999		53.4		2.6		19.2		4.1		15.5






