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1. Introduction

Use of biotechnology in agricultural and food production has become one the most controversial issue in the last decade. Recent research has focused on various aspects of the biotechnology including consumers’ acceptance of GM food (see the survey by Lusk et al. 2005), regulatory issues (e.g. Evanson and Santaniello, 2004), adoption of biotechnology (Krishna and Qaim 2007, Buccola and Xia 2004, Barham et al. 2004), welfare impacts (Johnson et al. 2005, Sobolevsky et al. 2005), and trade policy (Anderson and Jackson 2005). Food safety is one of the major concerns relating to the impacts of biotechnology. Food safety is a crucial aspect of human life and therefore it is an issue of prime importance to the EU. Food safety has to be guaranteed through regulations with regard to inputs, production processes, outputs, transportation, storage, labelling, documentation of origin, traceability and the like, and by creating an adequate infrastructure for food markets and their smooth development. While the related literature is focussing almost exclusively on developed and developing countries, research on transition countries is practically non existent.
The paper contributes to this literature in three ways. First, we investigate the likely future impacts of biotechnology on food safety. Second we employ foresight methodology widely applied for industrial technology in recent years, but so far unexplored for the analysis of agricultural and food technology, except Lafourcade and Chapuy (2000), and Direction Gènèrale des Enterprises (2006). Third, contrary to common practice followed in most foresight projects, we apply cross-country comparison instead focusing on just one country. 

The rest of the paper is organized as follows. Section 2 describes the survey design and the variables. The results are presented in section 3. The last section summarizes the outcomes of our analysis and offers some conclusions on the implications of biotechnologies for food safety in Central and Eastern European (CEE) countries.
2. Survey design

Our survey covers 6 CEE countries: Croatia, the Czech Republic, Hungary, Romania, Slovakia, and Slovenia. We have selected a Key Technology Survey (KTS) to analyse the possible future technologies that might have a strong impact upon food quality and health. In each country, a panel of experts has been selected, with R&D, governmental, and industrial background, respectively. Around 900 experts have been requested to fill the on-line KTS, and 434 of them have replied. The online questionnaire has been organised as follows: after a brief introductory section focusing on the characteristics of the respondents, the experts have been requested to select those groups of technologies they are familiar with. We have defined 6 large groups of technologies: test and measurement, food packaging, biotechnology, nanotechnology, ICT and functional food. Within these groups a total of 28 individual potential key technologies have been included. Questions focused on the global development of the technology, the level of development and practical applications in their own country, and potential impacts on employment, economic growth, food safety and quality, as well as health. In this paper we focus exclusively on 5 individual biotechnologies and their impacts on food safety.
3. Results 
General findings

First we present the general findings. Given the space limits, we have pooled the expert assessments on individual biotechnologies into one group by simple averaging over various technologies. 

Figure 1: Current level of development of ‘biotechnology’ by countries and region 
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The most striking result is a high variation among the experts by countries to assess the global level development of biotechnology (Figure 1). In the region only 20 per cent of all respondents find that biotechnology is already widely used globally. Croatia, Czech Republic and Slovakia are below the regional average, whilst the other three countries are above. Interestingly, combining the share of widely used and first industrial application is less than 50 per cent for all countries, including the region as a whole. 

Figure 2 reveals that CEE countries are lagging behind in the development of biotechnology: just a small minority of experts find that their country’s position is excellent. The share of fair or weak position together is predominant in all countries, ranging between 70 and 95 percent. Hungary, Romania and Slovakia are below the regional mean.

Figure 2: Current position in the development of ‘biotechnology’ by countries and region
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The situation of application of biotechnology is somewhat better compared to development but it is still far from current level of global development of biotechnology. The share of widely used and applied by leading actors is above 30 per cent, except Romania. Contrary to previous cases, countries are closer to the regional average; we cannot observe huge differences among them.
Figure 3: Current position in the application of ‘biotechnologies’ by countries and region
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Potential impacts
Next we have asked the experts to evaluate the potential impacts of the biotechnology on food safety by 2020 in their country. Following the literature on food safety, we divide theses issues into three main categories: biological hazard, chemical hazard and physical hazard (Valeeva et al. 2004). 
Figure 4: Potential impact of biotechnology on biological hazard
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Figure 5: Potential impact of biotechnology on chemical hazards
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Experts find that biotechnology has significant positive effects on biological hazards (Figure 4). However, the share of weak positive impacts exceeds the fraction of significant positive effects for all countries, except Croatia. Interestingly, respondents do no find that biotechnology has significant negative impacts on biological hazard. The share of weak negative effects is below 15 percent. The opinions on the chemical hazards show a fairly similar pattern. Respondents evaluate that biotechnology has positive weak and significant impacts on chemical hazards for all countries. The share of these two categories is 60 percent in the region as a whole, Croatia, Romania, Slovakia exceeds the mean level.) Similarly to biological hazards experts do no find negative and significant effect at all. (Figure 5.

The potential impacts of biotechnology on the physical hazards are evaluated differently in the region. In general, expert find that it has mainly positive effects on the physical hazards, but its extent vary considerably. Slovakian experts think that biotechnology has no significant effects, whilst about 30 per cent of Croatian and Hungarian respondents identify this kind of impact. Similarly to the other two types of hazards, the level of negative impacts is low. 

Figure 6: Potential impact of biotechnology on physical hazards
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Key technologies selection

To identify those technologies that are considered to be critical for the future development of the sector in terms of food safety, the following “three – input” graphs should be built: 
· Current level of technological development vs. Position of your country in the development of the technology, taking into account the overall positive impact for each technology.

· Current level of technological development vs. Position of your country in the application of the technology, taking into account the overall positive impact for each technology.

We applied the two selection criteria to identify the common key technologies within biotechnology, i.e. those technologies were selected as common key technologies for the region. First, technologies with higher than 5 overall positive impact were selected. Second, these technologies should be relevant key technologies for minimum three participating countries. In order to determine the importance of the technologies and their future prospects, i.e. if they are strategic or consolidated technologies, 3 input ziffer graphs were used. For each key technology selected, we present the position of all participating countries and the region in the development and application of the technology. According to these criteria we selected one key technology from 5 biotechnologies, namely KTQ11: biochemical modification of food ingredients, based on removing molecules causing health problems (i.e. gluten, allergens) or food modification for better consumer utilization (i.e. hydrolysed fat component). This technology was selected as key technology in Bulgaria, Croatia, the Czech Republic, and Romania. 
In principle, we can identify two main groups of technology. Consolidated technologies, refering to those technologies at an advanced stage of development and a good position of the country in the development and/or application of the technology. Strategic technologies, refering to those technologies in which the country seems to have a good/excellent position in the development of the technology which is at an early stage of development. 
Figure 7: Current level of KTQ11 development versus current position of the region in the application of the KTQ11
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Figure 8: Current level of KTQ 11 development versus current position of the region in the development of the KTQ 11

[image: image8.emf]

Position in developing the technology

Current level of development of 

the technology



Bulgaria

Croatia

Romania

Czech

Hungary

Slovakia

Sound R&D 

Emerging

Weak Fair Good Excellent

Widely used

1st industrial 

application

Working 

prototype


Figures 7 and 8 indicate that we could not identify KTQ11 as strategic technologies for any of the six countries considered. This may be explained by the size of the country in the region, lack of financial resources for R&D, and the way the agri-food sector is organised. However, w may define this technology as consolidated technology in Hungary and Slovakia. 
Conclusions

The paper has investigated the likely future impacts of biotechnology on food safety in six Central and Eastern European countries using a key technology survey. Results suggest that CEE countries are laggards in the development and application of biotechnology. We find that experts evaluate rather positively the effects of biotechnology on various types of hazards. Apparently, large differences can be observed among country experts to assess these impacts. We could not identify any biotechnology as strategic technology for all six countries but one of them can be identified as a consolidated technology in Hungary and Slovakia.
It is crucial to prove the relevance of foresight for decision-making: its timing and relevance to major issues faced by societies, as well as the quality of its ‘products’ – reports and policy recommendations – are critical. Only substantive, yet carefully formulated proposals can grab the attention of opinion leaders and decision-makers, and then, in turn, the results are likely to be implemented. Otherwise all the time and efforts of participants put into a programme would be wasted, together with the public money spent to cover organisational and publication costs. The so-called process results – e.g. intensified networking, communication and co-operation among the participants – still might be significant even in this sad case, but they are less visible, and much more difficult to measure. Thus, the chances of a repeated programme – when it would be due again given the changes in the circumstances – are becoming really thin.
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KT

		KT if OI>5

				Employment		Economic growth		Food safety, by biological hazards		Food safety, by chemical hazards		Food safety, by physical hazards		Health		Food quality		Overall impact for Food safety and food quality

		2		1.9		5.0		6.3		5.0		5.0		4.4		5.6		5.3

		6		1.4		4.3		7.9		4.3		2.9		3.6		7.9		5.3

		8		1.7		4.2		6.7		4.2		2.5		5.0		7.5		5.2

		17		1.0		2.0		7.0		6.0		1.0		6.0		7.5		5.5

		18		3.0		5.0		6.0		4.0		3.0		5.0		7.5		5.1

		23		1.7		3.3		8.3		8.3		1.7		6.7		5.0		6.0

		11

				Employment		Economic growth		Food safety, by biological hazards		Food safety, by chemical hazards		Food safety, by physical hazards		Health		Food quality		Overall impact for Food safety and food quality

		Bulgaria		4.8		5.9		4.7		4.0		3.2		8.2		8.1

		Czech		4.1		4.1		5.0		4.4		2.2		7.5		6.3

		Croatia		2.9		4.1		5.2		6.8		5.7		8.8		8.2

		Hungary		3.6		5.7		2.9		3.6		0.7		5.0		6.4

		Romania		5.6		5.0		5.0		5.0		4.4		5.6		7.2

		Slovakia		1.7		3.3		5.0		4.2		1.7		8.3		5.0
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biohazard

				Impact of biotechnology on biohazard

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		Significant -		1		0		0		0		0		0		1

		Weak -		36		3		1		3		1		0		44

		Neutral		64		51		29		7		9		5		165

		Weak +		78		43		25		11		18		18		193

		Significant +		82		64		18		2		6		3		175
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chemical

				Impact of biotechnology on chemical hazard

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Region

		Significant -		1		0		0		0		0		0		1

		Weak -		32		4		4		0		0		0		40

		Neutral		81		43		31		13		8		1		188

		Weak +		91		47		23		9		20		22		203

		Significant +		54		66		15		1		6		3		143
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physical hazard

				Impact of biotechnology on chemical hazard

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		Significant -		0		0		0		1		0		0		0

		Weak -		23		3		1		1		2		0		31

		Neutral		111		52		45		3		9		13		248

		Weak +		80		53		21		11		17		13		187

		Significant +		45		52		6		7		6		0		109
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test

		

				Food packaging

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		weak		151		55		28		24		21		22		301

		fair		102		96		38		10		19		9		274

		good		37		56		23		5		2		3		126

		excellent		1		2		2		1		0		1		7
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food packaging

		

				Food packaging

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		weak		104		60		6		16		17		23		226

		fair		122		112		37		10		10		20		311

		good		57		51		23		8		3		6		148

		excellent		0		5		0		0		0		1		6
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				Biotechnology

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Region

		weak		106		64		24		14		26		20		254

		fair		82		56		34		8		9		5		194

		good		78		42		17		1		1		2		141

		excellent		5		1		3		1		0		0		10





biotech
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ICT

		

				ICT

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		weak		119		136		28		13		15		26		337

		fair		39		29		22		6		3		1		100

		good		9		6		18		3		1		0		37

		excellent		0		0		1		0		0		0		1
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				Nanotechnology

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		weak		115		90		27		11		13		19		275

		fair		65		21		12		4		2		0		104

		good		6		2		1		2		1		0		12

		excellent		0		0		0		0		0		0		0
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				Functional foods

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		weak		74		81		26		11		13		23		228

		fair		75		38		13		10		8		6		150

		good		38		17		10		8		0		0		73

		excellent		0		0		2		2		0		0		4





func food
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Munka3

		

				Test, measurement

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		54		30		17		17		11		8		137

		sound R&D results		59		30		29		9		26		9		162

		working prototype		50		37		23		1		3		3		117

		first industrial application		83		75		10		7		0		10		185

		widely used		45		28		13		6		4		7		103
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test

		

				Food packaging

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		not yet applied		118		54		25		14		10		10		231

		experimental use		121		50		43		13		19		13		259

		applied by leading actors		44		101		15		12		9		4		185

		widely used		8		4		8		2		6		7		35
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food packaging

		

				Food packaging

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		not yet applied		98		50		4		8		4		15		179

		experimental use		85		78		30		4		17		14		228

		applied by leading actors		95		85		22		13		6		15		236

		widely used		3		10		10		9		2		5		39





food packaging

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



not yet applied

experimental use

applied by leading actors

widely used



biotech

		

				Biotechnology

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Region

		not yet applied		103		74		21		3		18		14		233

		experimental use		76		32		36		13		12		5		174

		applied by leading actors		83		50		16		4		6		5		164

		widely used		7		6		5		4		0		3		25
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ICT

		

				ICT

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		not yet applied		106		138		24		9		9		25		311

		experimental use		48		26		22		6		9		2		113

		applied by leading actors		11		7		20		7		1		0		46

		widely used		1		0		3		0		0		0		4
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nanotech

		

				Nanotechnology

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		not yet applied		118		92		28		9		9		17		273

		experimental use		40		15		10		7		5		1		78

		applied by leading actors		28		6		1		0		0		1		36

		widely used		0		0		1		1		0		0		2
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func food

		

				Functional foods

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		not yet applied		70		85		20		6		8		15		204

		experimental use		80		31		17		18		11		9		166

		applied by leading actors		33		17		9		4		2		3		68

		widely used		3		3		5		3		0		3		17





func food
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Munka3

		

				Test, measurement

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		54		30		17		17		11		8		137

		sound R&D results		59		30		29		9		26		9		162

		working prototype		50		37		23		1		3		3		117

		first industrial application		83		75		10		7		0		10		185

		widely used		45		28		13		6		4		7		103
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test

		

				Food packaging

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		54		30		17		17		11		8		137

		sound R&D results		59		30		29		9		26		9		162

		working prototype		50		37		23		1		3		3		117

		first industrial application		83		75		10		7		0		10		185

		widely used		45		28		13		6		4		7		103
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food packaging

		

				Food packaging

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		31		26		5		5		4		4		75

		sound R&D results		35		25		9		2		6		12		89

		working prototype		43		38		12		3		4		3		103

		first industrial application		72		94		31		14		7		11		229

		widely used		102		38		9		10		9		20		188
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				Biotechnology

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Region

		emerging		48		40		15		2		10		6		121

		sound R&D results		61		33		23		5		20		6		148

		working prototype		39		25		17		6		4		2		93

		first industrial application		45		42		14		5		0		6		112

		widely used		76		19		7		6		4		7		119
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ICT

		

				ICT

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		52		83		21		4		5		7		172

		sound R&D results		30		26		15		2		14		11		98

		working prototype		43		18		9		2		0		4		76

		first industrial application		38		29		19		9		3		4		102

		widely used		4		1		5		5		0		0		15
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nanotech

		

				Nanotechnology

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		57		53		21		5		3		7		146

		sound R&D results		60		17		13		4		8		8		110

		working prototype		18		12		1		1		2		3		37

		first industrial application		24		16		4		5		2		0		51

		widely used		27		7		1		2		1		0		38





nanotech
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func food

		

				Functional foods

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		27		61		19		4		4		2		117

		sound R&D results		44		18		6		10		9		13		100

		working prototype		26		15		9		5		4		2		61

		first industrial application		54		29		12		4		2		8		109

		widely used		35		11		5		8		2		5		66
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Munka3

		

				Test, measurement

				Bulgaria		Croatia		Czech Republic		Hungary		Romania		Slovakia		Regio

		emerging		54		30		17		17		11		8		137

		sound R&D results		59		30		29		9		26		9		162

		working prototype		50		37		23		1		3		3		117

		first industrial application		83		75		10		7		0		10		185

		widely used		45		28		13		6		4		7		103






