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Technology foresight is about thinking forward, imagining futures 10, 20 or more years ahead. It is about focusing on the expectations and visions and forgetting large parts of the binding limitations, problems and realities of today, at least for a moment. The visionary and imaginary element is central in technology foresight exercises.

However, technology foresight is more than that. It is also about assessing and prioritising between different futures and throwing light on the prerequisites, implications and desirability of different visions and expectations. And it is about finding realistic ways of coming from the present situation in direction of a desirable future. Thus, the substantiation of the visions and the connection to present days’ realities and problems are also important elements in technology foresight processes.

Isolated statements of expectation are of limited value. To make sense in technology foresight processes there must be an adequate match between the visionary and the realistic. New technologies are often complex and multifaceted. Hence, broad comprehensive assessments are necessary in strategy and policy processes dealing with new technologies. If this is not taken into consideration in technology foresight processes, the visions and expectations can appear too de-contextualised and the foresights can get a character of being unrealistic and too much ‘free-wheeling fantasy’, even for the actors involved in stating the expectations. Moreover, de-contextualised future visions are difficult to take-up and use by others.

The subject of this paper is this dichotomy between the two poles of the visions and the real. The paper discusses this in a methodological perspective and shows how a combination of traditional foresight methods with the method of life cycle assessment (LCA) in a specific case has been a way of handling the dichotomy in practice. In this, life cycle assessment is primarily representing the reality pole while foresight methods like the delphi approach primarily are representing the pole of future visions and expectations.

The paper argues that in general in technology foresight projects it is necessary systematically to include both visionary parts and ‘reality’/substantiation parts in the processes. The latter seems to be underrepresented in current technology foresight practice. The inclusion of the life cycle perspective is one suggestion of a way of creating a good balance in foresight projects that address the environmental aspects of technology and innovation. Apart from being a contribution to the discussion of foresight methods, the experiences about integration of the two methodological frameworks are also a contribution to the discussion within the community of LCA researchers and practitioners concerning LCA as a strategic decision-making tool.

The method considerations of the reported project reflect the considerable changes in the understanding of knowledge and technology processes that are currently happening. Studies within the sociologies of science, technology and innovation have documented that the complex processes of technology development involves many different kinds of actors and that interactions between actor groups are as central and constitutive for the developments as the interactions within the single groups (Bijker 1995, Etzkowitz & Leydesdorff 1997). Relations across institutional and organisational borders are of major importance for the development. Networks of actors and institutions are built up mutually the new technologies (Callon 1991). In these processes, an integration of experience and knowledge from a diversity of knowledge areas and epistemic cultures takes place (Rammert 2002, Knorr-Cetina 1999). The knowledge objects and statements reflect the partial perspectives of the contexts in which they are situated (Haraway 1991).

Science and technology development are related to creation of new uncertainties and risks e.g. of environmental character. In connection with this, there exists a widespread distrust in science and scientific knowledge. There is a need for ‘socially robust knowledge’ as it has been coined by Nowotny et.al. (2001). Knowledge that combines and embeds the perspective of many areas of practice and experience is an advantage.

Science and technology development are to an increasing degree strategic issues. Expectations, promises and visions about future technology play an important role in directing and structuring development activities (van Lente 1993, van Lente & Rip 1998, Borup 2001). They are central for coordination of actors and inscription of new resources. The present society is the most future oriented and change oriented society ever (e.g. Giddens 1998). Future expectations and discussions of the futures occupy an increasingly significant part of the present time. As Brown et.al. (2000) has pointed out, contested futures are a phenomenon of the present. There is not just one possible future. There are many. To define which future that is likely to appear is a very central part of power struggles at every level, both in the society as such and within more limited sectors and technology areas.

In this light, technology foresight is not only a question of identifying expectations within a group of more or less homogeneous actors but of juxtaposing perspectives of different areas, examining and substantiating them together. An understanding of the actor perspectives that are the background for the different visions and expectations is important. The identification and discussion of hidden uncertainties are also central elements.

The points and discussions in the paper are not essentialistic or about ideal knowledge theoretical objects. The aim is not to sort out what in essence is real and what is vision. Instead it is more pragmatic methodological considerations focusing on what in practice functions as fruitful and useful in technology foresight activities.

The paper deals primarily with the methodological aspects of a case project on wind power technology and aims at discussing the principles of technology foresight through the empirical experience of the project. The project is titled “Environmentally sound design and recycling of wind turbines”. It is funded by the Danish Energy Agency’s Energy Research Programme. The project aims at contributing to environmentally sound design of future wind turbines, primarily through a reduction of negative environmental consequences in connection with the construction and dismantling of wind turbines. The project analyses the environmental effects of wind turbines during production and after dismantling in a long-term perspective that is a time horizon of 2020-30 for the manufacturing and installation of wind turbines and 2040-50 for dismantling. The project shall set up recommendations concerning dismantling, recycling and handling of waste for existing and future wind turbines. A contribution to the development of the methodologies of LCA and technology foresight is also an objective of the project.

Life cycle assessment

Over the last 10-15 years life cycle assessment has been established as a method for analysing the environmental impacts of industrial products or systems (Weidema 1997, Frankl & Rubik 2000, Hanssen 1999). The method is typically used to compare the impacts of different products. The core of LCA is an identification and analysis of all the different processes included in the product’s entire lifecycle and a careful accounting of the materials and energy flows associated with the processes. Hence, two (interrelated) qualities are the key elements of life cycle assessment:

1. The life cycle perspective

2. The thorough and careful accounting

The life cycle of the product ‘from cradle to grave’ typically consists of a production phase, an operation and use phase, and a phase of removal and recycling/disposal of the product materials after end use. Sometimes phases of product development and of distribution and mounting are included as well.

The life cycle perspective draws attention to the fact that a product exists for a period of time and that it is part of many different processes through the different phases of its’ existence. This is in opposition to the traditional understanding in product and technology developments where the focus is more or less exclusively on the functionality of the product or technology; i.e. it is primarily the immediate role and meaning in the use processes that are considered. Other phases of the product life cycle and the product as part of larger socio-technical systems do not share the same attention. This can in many cases result in a situation where unintended or hidden consequences and effects become of a considerable amount. Environmental effects and risks are among the aspects that can be left out of consideration through the traditional approach. Life cycle assessment has shown a useful tool of giving a more comprehensive and adequate picture of the product and of bringing the environmental aspects into focus.

The other key quality of life cycle assessment, the thorough and careful accounting of the materials and energy flows, also ascribe the method primarily to the reality side of the vision-reality dichotomy. This quality is also about collecting specific and detail information on the ‘objective realities’ of the present. It underlines that the rationale and legitimation of LCA to a large extent are building on its ability to make comprehensive analyses of existing products.

All processes, resources and materials in connection to the product shall in principle be analysed in a LCA. The number of aspects taken into consideration is in practice much higher than in most other (if not all other) methods. The many details included are one of the major advantages of the LCA method but also the reason why it is usually a very large and time consuming task to carry out a LCA. The resource and material flows are in some cases traced two or more steps away from the product. This means that not only the materials and resources that are involved in, say, the painting of the product, but also the materials and resources that go into the production processes at the paint manufacturers and their sub-suppliers are included. Databases on materials and their environmental impacts and energy of production are necessarily a part of LCA. 

The LCA method is from an immediate consideration most suitable in connection with given products where most parts of the qualities, composition and processes of the product are known and well described. E.g. in situations where the different actors in the supply chain related to the product are known. The method is more obvious for assessing smaller product changes than radical new products or technologies where many of the processes in the different parts of the life cycle are uncertain and unspecified. The time perspective is usually the present or the near future. If there are too many important uncertainties, you cannot use the method.

By the above description, we do not want to say that LCA is only and exclusively a method that is used in these kinds of situations and for these purposes, without exceptions. But it is an indication of that the method has qualities and explicit and implicit connotations that orient it according to this application. These qualities and connotations can constitute larger or smaller barriers for other uses.

Of relevance in connection with wind power technology is it that systems, energy systems, and not only individual energy production machines/units, has been the object for LCA.
 In many cases these projects are about national or regional power supply systems. Concerning certainties/uncertainties and the time perspective these LCA projects are also primarily about established and well-known production systems. Similar to LCA on industrial products, the supply chains and the organisational and infrastructural aspects are known and to a high degree taken for granted in the assessments. Though e.g. different alternative power production technologies are compared, the perspective is still on the present and within the framework of the existing system.  

In our project on wind technology, the life cycle approach is employed both in its full-blown version and in more limited ways, where some, but far from all aspects are dealt with in detail. In parts of the project the life cycle perspective are maintained while leaving out detailed accounting of material and energy flows, thereby structuring the interaction processes in accordance with the different phases of the wind turbines life cycle. In other parts, the second main quality of LCA, the careful accounting, is employed while ‘forgetting’ intentionally for some time the different phases of the life cycle. The examples below describe this further. In these selective uses of the life cycle assessment method, the logic and rationale of the method are loosened and to some extent dissolved. The considerations and conclusions from these do not have the same trustworthiness and analytical power as in a full LCA. But instead, there is made room for inclusion of other perspectives e.g. foresight considerations about major changes in the technology. The complete LCA studies carried out before and during the project provide a basis for this.

This way of employing the LCA approach is parallel to recent studies in the LCA area that recognize that LCA projects usually are part of decision and priority processes and that they are carried out in order to not only document the present products and situation but to improve the products of the future. LCA can be seen as a strategy tool (Pesonen et.al. 2000, Bauman 1998, Cristiansen et.al. 2001, Kuemmel et.al 1997).

It is a general fact that there are always limitations and holes in the available data material in life cycle assessment processes. These limitations can become a devastating problem if LCA is considered narrowly a question of getting the results and figures coming out of the process. If instead the process perspective is employed LCA can be seen as a process of learning where the involved persons and organizations through the LCA project gain knowledge about the product and its environmental impacts, the limitations will often appear manageable and less severe. Thus it is the experience of LCA practitioners that LCA must be seen as an iterative process (Hassing 2002b). The holes and limitations of the first round in a LCA process indicate where to focus attention and build up more information in the next. Knowledge about the character and the seriousness of the holes and limitations is gathered through this process. Though the certainties and the well-documented are to the fore in the LCA method, we will point to the fact that identification of uncertainties and reverse salients are as well an important outcome of LCA processes.

Technology foresight

Technology foresight deals with the future. The concept covers a range of activities that systematically describe and discuss opportunities and consequences of future technologies and their possible qualities, roles and impacts on future society. The figure shows typical characteristics of the two methodological frameworks of LCA and TF.


Figure 1.
When used by governments and governmental organisations, the practical use of technology foresight is primarily affiliated with policy-making processes in long term planning and decision-making in science and technology programmes. OECD has defined this type of foresight as “systematic attempts to look into the longer-term future of science, technology, economy, and society with a view to identifying emerging generic technologies likely to yield the greatest economic and social benefit" (OECD, 1996). Furthermore, national foresight programmes and projects is said to wire-up the Triple-Helix actors (science, industry and government) in national or sectorial systems of innovation (Grupp & Linstone, 1999). Technology foresight programmes have been carried out in most OECD countries during the 1990s and around the Millennium foresight programmes have been initiated in an increasing number of developing countries and regions such as South-East Asia, Latin America and South Africa.

A similar tradition has been developed in relation to corporate strategy. Here foresight often is defined as “the ability to create and maintain a high-quality, coherent, and functional forward view and to use the insights arising in organisationally useful ways, for example, to detect adverse conditions, guide policy, and shape strategy and to explore new markets products and services” (Slaughter, 1998). 

National level technology foresight projects has been criticised for being too one-sidedly building on long-term visions and expectations about the future. This tendency is often reinforced because the visions in many cases are created by a relatively homogeneous group consisting of scientists and technicians, and this produce visions delimited narrowly to the technical functionality and capability of future technology. Though, not fair in all cases, this critique points to an actual problem: The unfruitfulness of collecting and building up visions without adequately addressing the included uncertainties, the implicit assumptions and implications, and the connection between the visions and the present-days’ situation and problems. That the subject technology foresight is dealing with basically is characterised by uncertainty is widely recognised.

The Delphi method, a structured iterative questionnaire, has been the preferred tool in national foresight exercises during the latest decade (Grupp & Linstone, 1999). In its traditional form, the Delphi method is a way of structure a group’s visions and expectations of the future (Jantsch, 1967). Other foresight methods are equally focused very much on the visionary aspects. They can be a creative input in technology foresight processes. E.g. scenario processes carried out by expert panels, brainstorming processes etc. While the Delphi approach and similar methods can be criticised for being too far in the visionary and de-contextualised end of the dichotomy there are other of the method traditions that technology foresight is building upon that have a more elaborated and reflected understanding of the integration of the visionary and the realities. 

In the broad field of scenario planning it is generally recognised that there is a difference between scenarios and simple statements of expectations and visions (Ringland 1998, Rotmans et.al. 2000, Wack 1984). Scenarios are complex and elaborated pictures or stories about different plausible futures. They are building on a multitude of systematically gathered perceptions of the future and of certainties and uncertainties that will have importance. (There are several ways of gathering this information according to the specific purpose and the target groups of the scenario process.) The scenarios should be internally consistent and have a plausible storyline and connection to present days’ realities. They shall illuminate current issues and respond to current circumstances. Scenario planning methods thus both include parts that are creative and visionary and aims at making different actors’ assumptions about the future explicit, and parts that are comparing and integrating the different views to develop consistent and substantial pictures. 

To distinguish between visionary parts and reality parts is a fundamental principle in scenario methods. In scenario workshops phases of vision creation and of realisation are two basic elements (Street 1997, EU EASW 1999. Barré (2002) has in connection with foresight suggested the terms extension phase and concentration phase). The similar foresight method of future workshops, which is also used in connection with technology development, employs as the central parts a critique/problem setting phase, an imagination phase, and a realisation phase (Jungk and Müllert 1987). Across the great variation of uses of scenarios in long-range planning a weakness of this method is the linkage to strategy or reality. As van der Heijden (1997) notes “in most cases the (scenario) analysis stops at the boundary of the organisation, and it is left to the manager to use his/her intuition to develop conclusions relating to their meaning of the organisation”. In many technology foresight projects systematic method elements like realisation phases, critique phases or problem setting phases are absent or vaguely represented.

One of the exceptions from this picture is maybe the road mapping approach, which has recently enjoyed new attention in science and technology oriented industries and research organisations (Garcia et.al. 1999, Coates, 2000, Kappel 2001, Probert et.al. 2001). It is suggested, that the next step in development of scenario methodologies is to link scenario analysis to strategy, and he suggests road mapping might become the linkage between scenario analysis and strategic action for industrial and business sectors. Road mapping has been described as: “collective identification of critical issues, needs, developments, and the laying out of what has to be done, at least at the generic level in a move at the right direction”, (Coates, 2000).  In the road mapping method different heterogeneous elements that are prerequisites for or included in the future scenarios are identified and reflected upon. The elements can e.g. be different knowledge areas, parts of industry sectors, technology elements and regulatory structures. The relations and interdependencies between the different elements are discussed. Thereby different parts of the development processes and their basis in existing circumstances are described. The mapping of the road ahead is to some extent a description of the story line of the future scenarios. 

Through this emphasis on making a comprehensive and substantiated picture of technologies, road mapping has similarities to life cycle assessment. Technology foresight does not gain its legitimacy by being detailed and giving a complete and exact picture of all the processes in relation to a technology. In this respect, it is very different from and quite the opposite of life cycle analyses.

Expectations about future technologies and visions disconnected from the actual material reality of today are more important than exact and complete details of the cradle-to-grave process of the specific future technological artefact. If one fully accepts the authority of the actual material realities and interactions, which is the logic and principle argument of life cycle assessment, and carry it through completely, the perspective of the foresight is corroded.

Though in conflict in ideal forms, it is our understanding that in practice it is fruitful to combine the two approaches and exploit some of the advantages of both. The fruitfulness is dependent on how the combination exactly is done and what the purpose is. Especially, it is essential which actors that shall use the study, and in which situations. A general and un-reflected study approach is not likely to be of any use.

Case study:

Environmentally sound design and dismantling of future wind turbines

Background

There is an increased focus on technologies' adverse effects on the environment. In many countries this has led to legislation, regulation and standardisation. A number of national and international standards and guidelines have been issued, such as the ISO 14040 on Life Cycle Assessments (LCA), an IEC guide (no. 109) on Environmental Impact Assessment (EIA) and CEN guidelines. Generally, the wind power industry welcomes this development. Wind energy is clean and safe and is recognised as one of the most environmentally sound technologies for producing electricity. Nevertheless, it is important to acknowledge that renewable energy technologies also must be subject of assessments of their environmental impact. Until recently, assessments of wind turbines’ impact on the natural environment focused on the operation phase. Noise, visual impact and effects on birds are among the aspects studied. Only limited amount of practical experience from the removal and recycling of wind turbines exists. 

The industrial development of new wind turbines is often a 4 to 5 year process from the first thoughts on a drawing board to initial manufacturing. Wind turbines are most often designed for a 20 year technical life time. Hence, design decisions taken today will affect the environmental impact of the technology when it 25 years into the future are to be dismantled and recycled. This calls for systematic analyses somehow to make a short-cut in time between the knowledge of removal phases to design phases of new wind turbines. A systematic combination of the present and the future perspective that reflects the fast development of the wind power area and the continuously changing character of the wind turbine technologies can be a way of dealing efficiently with this.

Approach 

The overall approach of the project is mostly interactive and process-oriented. That is, the project sets up a process of interaction between different actors and stakeholders. The systematic combination of LCA and technology foresight that confronts and integrates the detailed and documented ‘realities’ of the present and the near future with the long-term expectations and visions is made through a number of different types of activities and analysis processes. They mutually inform each other. Figure 2 gives an overview of the different steps in the project.
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Figure 2. Project phases of the project.

LCA at state-of-the-art wind power systems

Several projects have demonstrated that wind turbines are one of the most environmentally sound technologies for producing electricity. LCA studies have also been carried out on state-of-the-art wind farms (Hassing & Varming, 2001; Properzi, Hansen, Pedersen, Svensson, 2001). These studies conclude, that through the whole life cycle of state-of-the-art wind power technology the main adverse environmental effects are due to material utilisation and disposal from manufacturing processes and from decommissioning at the end of the lifetime of the wind turbines. During operation only negligible emissions will appear. However, through the whole life cycle of the technology there will be environmental effects due to material utilisation and disposal. The largest contributions come from three sources:

· voluminous waste from tower and foundation (e.g. from steel production) even though 85% of the steel is assumed recycled

· hazardous waste from components in nacelle (e.g. from steel alloys)

· greenhouse gas effects (e.g. from steel production and surface treatment)

These results are setting the stage for the further analyses in the project. The analyses take into account changes in materials in tower and foundations and changes of nacelle components (changes of overall concept, gearless designs, use of power electronics, etc). 

Mapping current trends of wind power technologies and concepts

Several aspects of future wind power technology are not within the category of visions and ‘freewheeling fantasy”. From current trends and time tracks a lot of technical issues can be extrapolated 5, 10 or even 20 years into the future. Naturally, primarily short-term extrapolations are reliable, but issues such as the development of sizes, use of materials (weights), and the relationship between cost and market volume can be extrapolated with some accuracy. This can be used as fixed points for the judgmental part of the foresight process.

Foresight workshop 

The third phase of the project was an expert panel brainstorm on driving factors for the development of wind turbine technologies. This was carried out as a workshop with 10 participants representing stakeholders around wind power technology: academic research, industry, power grid operators, wind farm operators, LCA consultants etc. Emphasis was on technological factors. A meeting was held with the objective to agree on the most important factors determining future wind power technology (wind turbines and farms) and their environmental effects. A total of 158 statements about technological, economic, cultural, and environmental factors influencing the future of wind power technology were first formulated by the panels members in several rounds. Emphasis (2/3 of the time) was allocated to technological factors and the rest (1/3 of the time) allocated to other factors. 

Furthermore, the participants were asked to evaluate the impact as well as the uncertainty regarding the statements on a 1-5 scale. With a total of more than 150 statements, the further interest was primarily directed to the statements, which embodied a high potential impact and at the same time exhibited a high uncertainty. Statements reflecting issues with a low potential impact on the future of wind power were of limited interest in this study. Statements reflecting trends and issues with low uncertainty were also exclued from further discussion in the panel as they where bettter analysed through trend extrapolation and similar tools.

As many factors cover similar issues (in some cases even identical issues), the factors were grouped by the participants and placed under a number of headlines. Among these groups the participants were asked to identify those groups of the highest importance for the future development of wind power technology. 

As mentioned emphasis was on technological factors. Here a total of 95 statements/factors were identified and grouped in 11 groups (in order of average impact score in each group): energy storage technologies, installation concepts, control and regulation, scientific computing, components, grid and power transmission, blade materials, other materials, new concepts and up-scaling, transport, and finally towers.

Important political and legal factors were identified as implementation of the Kyoto protocol, energy sector deregulation, internalisation of externalities, and EU’s increased dependency on imported energy. 

Important economic factors were identified as increasing energy prices, public expenditures on R&D, and the appearance of other competitive renewable energy technologies.

Important socio-cultural factors were identified as public acceptance of wind turbines in the landscape, general environmental awareness, increased energy consumption and rural electrification in developing areas.
Delphi-like survey with an environmental perspective

Next phase of process was a Delphi-like questionnaire with 24 statements building on the experiences from the expert panel meeting. The first 8 statements concerned market issues (political, economical and societal driving factors) and the remaining 18 statements were on technological issues.

The questionnaire was distributed among participants at the 2001 European Wind Energy Conference. In the questionnaire the respondents were asked for each statement to answer four questions: their level of expertise on the field of the statement; period in which the statement will have first occurred; impact on wind power's cost competitiveness; and environmental effects due to manufacturing and decommissioning. More than 200 questionnaires were handed out, and 45 were filled in and turned back. Selected results from the questionnaire are shown in Figure 3. Answers from persons claiming to have no knowledge on the statement subject were omitted.

None of the statements are by the experts from the wind energy area perceived to have particular harmful effects on the environments. Only the statements on replacing steel as tower material and on using foam to prevent buckling have an average score a little more harmful than neutral. Use of plant fibres instead of fibreglass in blades and use of new environmentally neutral surface treatment are judged environmentally beneficial. Also changes in the electrical components namely the use of high voltage frequency converters and super conducting cables for power transmission are considered of environmentally benefit by a majority of the respondents. Most of them expect these changes to occur in the period from 2006-2015. The questionnaire gave a few clear signals on the design of future wind turbines to be used in the further process. The respondents e.g. expect that steel based offshore foundations will be dominating in the future. 

Scenarios for future wind power systems

Together with the outcome of the expert panel meeting these observations can be used to construct a number of scenarios for wind power technology by 2020. These scenarios are technical scenarios: description of possible designs of wind turbines with lists of materials and their masses. Based on these scenarios an LCA scanning can reveal potential environmental advantages and adverse effects of the designs and, hopefully, give industry and public authorities advises on future developments.

Workshop on decommissioning of current and future wind turbines 

A workshop on future removal and recycling of wind turbines was held. The eleven participants in the workshop were representatives of removal/recovery companies, wind turbine manufacturer, consultants and knowledge institutions on dismantling/waste handling, and academia. In order to give also the participants coming from outside the wind power area an understanding of the wind turbines, the workshop started with a visit in a wind turbine production plant including examination of assembled wind turbines.

The workshop included discussions on the wind turbines of today and on future wind turbines (with input from the LCA and the foresight studies). A questionnaire on problems and uncertainties in handling and reuse of the different parts of the wind turbines was also included. The questionnaire built upon the life cycle assessments, the foresights, etc. carried out earlier. It was an interactive part of the workshop and incorporated additional questions and issues identified in the first half of the workshop. The method combination of the oral discussions at the workshop and the written questionnaires is a way of getting an indication of the weighting of the different subtopics treated. The written answers can catch up on some topics, which accidentally or due to strong rhetoric from one side are treated too superficially in the oral discussions.

The workshop interactions pointed out that much more and precise information about the specific materials and compositions of the different parts of the wind turbines is needed in order to carry out the dismantling and recycling. Despite the information already gathered in the life cycle assessments etc., there can be hidden environmental hazards in many of the wind turbine components. It is the experience of the recovery industry that e.g. electronics components often contain special and hazardous materials, which need to be treated specially. Also metals e.g. heavy metals or special alloys in gear, generator or other of the components can constitute a ‘hidden’ problem. This points to the importance of knowledge exchange and knowledge development in interaction between the design and mounting phases and the removal and recycling phases of the wind turbines.

The institutional and organizational structure of the dismantling and recycling especially concerning offshore wind turbines is not certain. Three models for the organisation was identified:

1. Existing removal/recovery companies do the work

2. Specialized companies

3. Strategic collaboration between wind turbine producers and removal companies

In the first model, the existing industrial set up prevails. The companies in the removal and recovery sector will take care of the dismantling and recycling of the wind turbines. It will be a ‘simple’ extension of their work area. From the point of view of the removal and recovery industry, the extension will be relatively small compared to their other fields of work. In the second model, major parts of the removal of the wind turbines will be carried out by companies (or sub division of companies) specialized exclusively in offshore wind turbines and their dismounting and recycling. The companies will built up and develop new, highly specialized knowledge particularly on this subject. The third model consists of a collaboration and strategic alliance between the wind turbine producers and actors from the removal and recovery industry. Through close and formal collaboration an extensive information exchange and construction of new knowledge and procedures will take place. This model has been suggested in light of the expected regulatory changes in general in direction of an extended product liability and responsibility of the product producer.

For the moment it is unclear which of these models will be the dominating and normal. It shall be noted that these organizational issues also include material aspects of great importance for the environmental impacts from the offshore wind turbines. For example, the organizational structure will probably concerning offshore wind turbines be directly related to special ships and machines developed for the handling at sea. The way these ships are designed, owned, and used, and the environmentally efficiency of this, will be closely connected to the organization form. Model three is the model that most directly and explicitly facilitates and supports a connection of design phases and removal/recycling phases of the lifecycles of the wind turbines.

Discussion and conclusion

In the above-described case we have utilized a combination of LCA and Foresight methodologies. In the first project phase the LCA at a state-of-the-art wind turbine provided a comprehensive mapping of the domain in quest. Often such mapping is a significant challenge in technology foresight and similar strategy projects (van Wyk 1997). In this case, the LCA provided a useful methodology for mapping a technology and focusing on the most important issues for the further foresight process. This very well supplemented the following foresight/scenario workshop and Delphi-like questionnaire including the environmental dimension involved. The focusing element also supported the selection of experts in the two workshops. In this sense the initial LCA played the same role as co-nomination often plays in foresight projects (Nedeva, et. al, 1996). The LCA elements brought “reality” elements in to the “visionary” foresight processes.

Likewise, in the case the foresight elements supported the last project phase: the LCA scanning of future wind power systems.  The expectations for future wind turbine systems that became the result of the foresight/scenario workshop and the Delphi-like questionnaire phases helped prioritising the issues and selecting the participants for the final workshop. The foresight elements brought “visionary” or forward thinking elements into the LCA process. It made the time dimension clearer.

With the focus on environmental aspects of the wind power technology the method of the project is also an example of how specific problems, goals and value-based issues can be addressed in technology foresight. This is in opposition to a naive understanding of technology foresight that describes it as neutral and value-free (apart from the obvious basic believe in technology development). The foresight process of the project brings together experience, knowledge and expectations from a number of industry areas and research areas. It also brings together the actors from the different areas and the project contributes to developments of the heterogeneous innovation networks.
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The two frameworks, typical characteristics





Lifecycle Assessment				Technology Foresight


Present					-    Future, changes


Products					-    Technology


Lifecycle perspective,			-    Functionality, the single


processes of different phases		      technical characteristics


Comprehensive				-    Partial


Environmental impacts			-    Not focus on environment





Detailed					-    Sketches, scenarios, strategies


Objectified, results			-    Interaction processes, actors


Certainties					-    Uncertainties





�
�
Your level of exper-tise on the field of the statement�
Period in which the statement will have first occurred�
Impact on wind power's cost competitiveness�
Environmental effects due to manufacturing and decommissioning of wind technology�
�
Statement No.�












Statements about future wind power technology


�
 Own field of work�
  Knowledgeable�
  No knowledge�
  Before 2005�
  2006 – 2010�
  2011 – 2015�
  2016 – 2020�
  After  2021�
  Never�
  Highly beneficial�
  Beneficial�
  Neutral�
Harmful�
  Highly harmful�
  Highly beneficial�
  Beneficial�
  Neutral�
Harmful�
  Highly harmful�
�
11�
More than 50% of all new offshore turbines are 10 MW or larger�
9�
28�
7�
1�
3�
11�
1�
9�
12�
3�
19�
8�
3�
1�
3�
15�
9�
6�
�
�
14�
More steel based than concrete based foundations for new offshore turbines�
3�
20�
21�
8�
8�
4�
1�
1�
2�
�
10�
9�
2�
�
�
8�
11�
3�
�
�
15�
Steel is replaced by other materials for towers in more than 25% of all new turbines�
7�
18�
19�
1�
3�
7�
2�
4�
8�
�
13�
6�
3�
�
2�
5�
6�
8�
1�
�
17�
Commercial use of new environmentally neutral surface treatment for major steel parts (e.g. towers)�
1�
15�
28�
3�
6�
3�
1�
4�
1�
�
5�
8�
3�
�
2�
12�
2�
�
�
�
18�
Widespread use of foam materials to prevent buckling in blades and towers�
4�
15�
26�
7�
4�
5�
�
3�
1�
2�
8�
6�
1�
�
�
4�
7�
6�
�
�
19�
Plant (or cellulose) fibres are used instead of fibreglass in blades�
2�
23�
19�
3�
4�
5�
5�
4�
5�
1�
7�
11�
3�
�
9�
12�
2�
�
�
�
22�
High voltage frequency converters in more than half of all new turbines�
2�
18�
23�
�
6�
8�
3�
2�
1�
2�
11�
2�
2�
�
�
10�
7�
1�
�
�
23�
Commercial use of super conducting cables for power transmission from wind farms�
4�
15�
25�
�
3�
7�
2�
4�
3�
1�
10�
2�
2�
�
2�
8�
5�
1�
�
�



Figure 3: Selected results from the technology foresight delphi questionnaire [Andersen et.al. 2001].








� E.g. ELFOR 2000, Vattenfall 1999 and Kuemmel et.al. 1997. Concerning LCA specifically on wind turbines, wind farms etc. see Tech-wise 2001 and 2002a (carried out in connection with our present project), Proberzi et.al. 2001, Schleisner 2000, Holttinen et.al. 1999 and Sørensen 1993.
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