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1.
Project execution

1.1 Summary description of project objectives

The overall objective of this SSA project NAPOLY is to investigate and identify the possibilities that advancements in nanoscience and nanotechnology can give for the development of new biopolymers and new biopolymer-based products.  These new biopolymers can then be used to high value eco-friendly industrial applications to ensure sustainable development.  Although biopolymers from renewable resources like polysaccharides, polyesters and many others are attracting much attention, some properties of these materials are not yet suitable for several end-use applications.  However, the assessment of the importance of nanotechnology in improving the performance of new biopolymers as well as that of the potentials of new biopolymers in nanotechnology applications are to be supported by appropriate research that nowadays is only just at the outset.  In this project the aim is to identify the potential research strategies for future Integrated Project(s) that would focus on trying to change industrial oil-based materials resources to sustainable alternatives or to knowledge-based multifunctional biopolymers from renewable resources.  

The use of biopolymers in a large variety of applications is being made possible with the advancements in nanotechnology.  At the same time there is a need to strive towards sustainable development and to change the industrial basis towards sustainability taking the environmental aspects more into account than what is currently done.  Especially the chemical industry in Europe is on the verge of change.  The progress in the field of biopolymers imposes major potential to industrial and societal development in real sustainable way.  The advancements in nanotechnology make this progress possible in a totally new way. 

The SSA project NAPOLY is divided to several work packages but in principle to three major parts.  These major parts are WP1 Nanostructured biopolymer raw materials and processing development based on nanotechnology, WP3 Biopolymers developed with use of nanotechnology in biomedical applications and WP4 Biopolymers developed with use of nanotechnology in packaging and paper industry applications.  WP2, Simulation, characterisation  and testing needs and requirements for new nanotechnology based applications, and standardisation needs, as well as WP5 Socio-economic aspects when developing biopolymers based on nanotechnology are important supportive Work Packages what will enable the research and development strategies for future IP(s) to be drawn properly and taking into account reliable engineering support needed for development and standardisation and testing needs as well as societal and commercial viability aspects.  Also WP6, Information dissemination, is giving support by interacting with the society and industry and thus giving feedback to contribute in future research strategies.  The main purpose of WP7, Consortium management, is to manage the SSA consortium and project properly and thus contribute to its success.

Workpackage wise the objectives of the project NAPOLY were the following.  The objective of WP1 was to find out suitable renewable raw materials for future use in medical and paper/packaging applications, further more to the goal was to see what are the processing and industrial needs for bio based nanostructured materials.  The main objectives of WP2 were to recognize and classify characterization and testing needs as well as requirements for new nanotechnology based biopolymer materials and applications. Also possibilities for reducing experimental needs using simulation methods had to be explored in order to verify the suitability of such methods. A third area to be taken into account was the identification of testing and standardization needs for new nanotechnology based natural polymers.  The general objectives of WP3 are to investigate the possibilities that nanotechnology opens for biopolymers to be used in biomedical applications. The main objective of this Work Package is to provide a realistic survey of expected basic and industrial developments in the field of health and medical systems, based on the use of nanosciences and nanotechnologies.  The developments in the biomedical field are also placed within the broad international context to identify points of strengths and weaknesses in Europe.  The main objective of WP4 was to evaluate the possibilities of new type of nanostructured biopolymers to be used in paper and board applications instead of traditional additives and chemicals or pigments and fillers of mineral origin. For paper and board industry there is a need to strive towards sustainable development and to change the industrial basis towards sustainability taking the environmental aspects more into account than what is currently done. The progress in the field of biopolymers imposes major potential to industrial and societal development in real sustainable way.  The advancements in nanotechnology make this progress possible in a totally new way. The possibility of developing environmentally friendly polymeric materials based on renewable sources, especially for short-term paper, board and packaging applications, is currently needing big research effort to overcome the problems related to the new polymers from renewable sources when compared to “traditional” materials currently used. One aim of the work was to identify common interests and connection points of new biobased nanomaterial development for two totally different industrial segments, paper and board products and biomedical applications.  In WP5 the aim is to identify the potential research areas and strategies of ecological, and socio-economic sustainability for the use of natural polymers or biopolymers.  The main objectives of WP5 are the identification of ecologic and socio-economic aspects and needs that have to be taken into account when conducting research projects on biopolymers and their applications in the fields of biomedicine and paper and packaging. Moreover, aspects of the sustainable use of raw-material for the new biopolymers, the processes and the new products used in packaging and paper industry and biomedicine have to be identified.  The objectives of WP6 were to identify a contact network of persons to whom disseminate information on the use of biopolymers or natural polymers in different applications in an eventual research project to develop such applications.  The aim also was to find out from relevant industry of their interest in using or replacing the existing raw material polymers with biobased ones.  The further objective was with these tasks to find out measures for confirming commercial viability of the use of biopolymers or natural polymers in applications to be developed.  Additional objectives in this WP6 were to find out related research projects already running concerning the NAPOLY subject areas.  One objective was as well to make a publication on the current status of biopolymers and natural polymers.  As the last objective in WP6, the aim was to introduce suggestions for educational curricula such that knowledge is sufficient within the research institutions and in industry for development and application of biopolymers or natural polymers.  Lastly, the main objective of WP7 was to assure that the project was well executed according to the plans and that the administration of the project was proper.

1.2 Contractors involved

In the project NAPOLY all the contractors were rather equally involved in the project and its activities.  The project was divided to seven Workpackages each having a lead participant.  This lead participant in most cases was also mostly responsible for the tasks carried out in the respective WPs.  Thus for WP1 the lead participant and the responsible for the tasks was NTNU, for WP2 it was DICA-UNISA, for WP3 UNITS, for WP4 VTT and for WP5 Frankfurt University.  For WP6 the lead participant was Eureco Oy, however, many of the rather large number of tasks in this WP were accomplished with inputs from all the other partners.  In WP7 the led participant and the responsible for the tasks was Eureco Oy.
1.3 Work performed
In the project NAPOLY a couple of main activities have been applied by all parties to the main application areas.  These are literature search and subsequent literature review of the state of the art, mapping of relevant experts and discussions with them either by interviews or meetings e.g. at conferences or seminars or getting their viewpoints at workshops arranged by the NAPOLY project.  The information gathered has been arranged to various reports on the state-of-the-art, to databases containing valuable network information on the relevant experts and to reports suggesting research areas that should be considered for financing according to the expert opinions and other information available.

One important point of the project has been information dissemination.  One of the first actions the project created web pages and a project brochure.  All the partners have distributed information on the project NAPOLY and its subject areas in various conferences and seminars and with their meetings with e.g. industry representatives.  Relevant industrial associations around Europe were also contacted and a survey was made at the same time as information on project NAPOLY was distributed.  The project will also submit a perspective article to a scientific journal for publication.  In FP7 a new concept of technology platforms will be introduced and there are some technology platforms under construction that are relevant to the NAPOLY subject area.  Two of these platforms have been contacted and information on the project NAPOLY has been distributed and the relevant subject areas have been discussed.

In WP 1 we have made literature studies on possible biopolymers which can be used for packaging/medical applications, studied which of these are commercial available and who are producer or suppliers. We have also studied what is the current state of art on bio based nanostructured composites and contacted some experts on this field. The industrial contacts on the applications have been on packaging to understand the requirements and needs. The results of this study clearly show that there is ongoing research on this area but it is not focussed on the industrial needs. It is on the basic research level and just in laboratory scale. There are many different biopolymers which are based on renewable raw materials but here we can also see the problems on the availability and large scale production. Regarding the processing of nanostructured composites from renewable raw materials we can see that there is no significant effort until now. 

In WP2 the use of solutions that nanotechnology can offer in the natural polymers development field were explored and set in the international frame of the research current activities. 

All the foreseen aspects were developed through:

· Bibliographic study of the current literature in the field

· Participation to international and national conferences on the new topics 

· Research of Experts and potential partners for WP2 

· Meetings and contacts with experts and potential partners in:

· Academic Research Centres

· Independent & Other Research Centres

· Industries

· Interview with experts in the different fields of interest

· Visits to industries interested in developing natural polymers instead of oil based polymers

· Preparation of a report for each topic.   

The work performed in WP3 strictly adhered to the program. It can be conveniently divided into three main actions:

a)   Collection of information from different sources

Conventional bibliographic search, IT-based survey, direct interview with experts, workshops organization, participation in international conferences and individual contacts (mail, phone, and e-mail) have provided a large wealth of information on existing research and production activities in the biomedical field based on natural polymers that are actually / potentially open to nanotechnology applications/impact.

b)   Elaboration and storage of collected information

The collected information has been critically analyzed and organized in a substantial electronic database, made available to the NAPOLY project and ready to be distributed. Contribution to NAPOLY reports was done according to plans.

c)   Dissemination of information and results

A CD was prepared with the database. Dissemination was performed through participation to international conferences, giving seminars at various European research institutions, through personal contacts with academic and industrial personnel.

In WP4 VTT has been active in development of natural polymer based pigments and fillers for papermaking applications, and quite extensive knowledge in that area already existed. The work was started by performing complementing literature searches from scientific databases and internet. Data achieved through literature was used as a basis in expert interviews. VTT arranged one seminar and smaller expert workshops for data compilation. The future trends were estimated by attending conferences about nanotechnology and paper and board applications. Mainlines of the situation in the field and trends in the future could be concluded.

In WP5 the actual starting point had to be proper definition of the field of research deriving from a thorough literature research. First of all the key terms:”sustainability” and “nanotechnology” were in focus. The task to really define the research topic reproved to be quite difficult: one output of the literature research was the many times quoted problem of a lack of proper definitions of the two key terms: nanotechnology and sustainability. There is for instance an ongoing dispute about if there should be a definition of nanotechnology at all, and if there should be one, should it be a scientific, strategic or political one, just to mention a few possibilities:

· Literature research

· Definition of nanotechnology and sustainability

The subsequent definition of goal and scope was the starting point for the actual research:

· Definition of goal and scope of the study with a focus on biomedicine and packaging and paper

In order to address to up to date key research questions, experts have been interviewed parallel to the literature research.

· Interviewing experts (sustainability in nanotechnology), using a questionnaire in order to make results comparable

· Definition of the relevant sustainability aspects concerning both, the ecological and socio-economic sustainability

· Definition of key-questions

Having identified, evaluated and sorted the key questions of sustainability in nanotechnology, these results were analysed further in a SWOT Analysis. The SWOT analysis is a subjective assessment of data which is organized by the SWOT format into a logical order. The SWOT analysis headings, addressing the strength, weaknesses, opportunities and threats, provide a good framework for review, strategy and direction of e.g. an idea or a new technology. The focus in case of the NAPOLY project is the sustainability.

· SWOT analysis/TOWS matrix

The SWOT analysis, put into perspective by a TOWS matrix, defines the strengths, weaknesses, opportunities and threats for each of the “three pillars” and shows the potential of a new process or product. In a next step, scientific methods have to be chosen in order to reach the project goal. They are specific for each of the three pillars and different for the key question to be answered. One method to assess the ecological sustainability is the Life Cycle assessment.

· Selection of methods referring to project goal and key questions

· Discussion about the possibility of integrating single research results from different fields

When talking about a new technological development, risk communication is an important topic. Rarely, the acceptance of a “new” technology is based on scientific facts, only. However, acceptance is of an immense social and economic importance. Therefore, there is the need for a proper risk communication, accompanying the research from the very beginning. The necessity for this parallel research is proved by many studies. One of the latest and most elaborate one was analysed and quoted above.
· Research on risk communication.

For WP6 the work performed has been manifold.  The work performed for this deliverable consisted of mapping running projects in FP6 for different priorities.  By the time of the NAPOLY project and especially towards the end of it, information started to be available also on the following Framework Programme FP7.  Thus some relevant Technology Platforms that are being built concerning FP7 were searched for and they have been included into the reporting on the project.  For the interaction with society, industrial organisations and standardisation organisations, the activities were carried out in the following way.  For interaction with society advice and comments were asked from a Swiss-German consultancy office which has been carrying out dialogs with the society especially on the issues related to nanotechnology and its applications in the everyday lives of the general public.  For the communication with industry relevant industrial organisations were searched for around Europe.  A questionnaire was sent to the contact persons of these industrial organisations asking about the use of natural polymers or biopolymers within their respective industries.  For standardisation issues professor at the Michigan State University of chemical and biochemical engineering was contacted.  He has long experience in the research and development of biopolymers and especially of biodegradable plastics and polymers.  Most importantly he serves as the chairman of the ASTM subcommittee D-20.96 Environmentally Degradable Plastics and Biobased Products and thus was able to give valuable viewpoints on standardisation issues as well as on commercial viability issues of biopolymers and natural polymers.  For defining the topics for educational courses in formal university curricula, a survey was carried out on existing situation in Europe and, for comparison, in some US universities. Topics to be inserted in formal university curricula were identified. As a practical result, a subject on “Natural polymers” will be inserted in the formal curriculum of the Master Degree in Medical Biotechnology (namely, major in Nanobiotechnology) at the School of Medicine of University of Trieste, Italy.  For a publication on the current status of the use of biopolymers and their applications, different possibilities have been evaluated and a perspective article will be submitted to a suitable scientific journal.
In WP7 the coordinator has taken care of consortium management tasks.  The work performed has included communication between the consortium and the Commission representative, acting as the overall coordinator of the project NAPOLY, preparation of regular partners meetings according to the Consortium Agreement, compilation of required reports and financial administration of the project.

1.4 Results and main achievements
The main achievements of the project NAPOLY are:

· Literature reviews of the state-of-the-art of different areas of the project

· Expert networks

· Set of focused research subjects that the project suggests to be furthered in the subject area
In WP1 the main results are the following:

· Literature study on biopolymers for packaging 
· Literature study on biopolymers on medical applications (mainly implants)

· Literature study of nanostructured composites based on renewable raw materials

· Interviews and discussions with experts in the area of raw materials, bionanocomposites and applications 
The principal results in WP2 are summarized in the following:

· Report on the International and National Meetings regarding the object topic 

· List of Experts in the different fields 

· Characterization methods for new materials:

The performance of polymeric materials is strictly related to the structural and morphological organization, in turn depending on the processing conditions. Therefore the starting point of the characterization must be the structural one. The reliability of the old methods for new biopolymers was studied and new methods were identified. In addition a list of experts was drawn up and they were contacted to receive information and suggestions. The same procedure was adopted for the characterization of the physical properties, of fundamental importance for the application of new polymers. In particular, specific attention was paid to the barrier properties, very important in all the packaging applications.

· Standardization:

One of the most important features of new systems based on biopolymers is the standardization. For structural and physical properties as well as specific properties for the cutting-edge applications, the traditional methods were classified and their reliability for new polymers was controlled and assessed. A list of experts in the field of standardization was built and they were contacted and interviewed on the problems posed by new composite materials. 

· Biodegradation

Chemically unmodified natural constituents, such as wood, cotton, paper pulp etc. are considered as biodegradable; however the use of nano-technologies to impart to these systems better properties impose a new standardization. For example, in the case of nano-composites, due to the presence of nano-layers acting as physical barrier to the penetration of micro-organisms, a longer degradation time than the natural polymers is expected.  All the problems related to the biodegradation of new polymers were studied and a classification of specific requirements was assessed. 

· Simulation

Possibilities for reducing experimental needs when developing and using simulation methods were identified. A group of experts was recognized and contacted to have a survey of simulation possibilities. A theoretical model was developed for evaluating the transport properties of gases and vapors in new polymers in which nano-layers of an inorganic component are dispersed. Experimental results found in the literature were interpreted with the aim of this model and compared with Monte Carlo simulations too.

· Many industries were contacted and they are interested in projects for substituting oil polymers with biodegradable polymers or polymers from renewable sources. The list of the contacted industries is reported in D2.

· A report on a new technique of Electrospinning, used for producing nanofibers to be applied in biomedical applications is reported in D2. 

For WP3 the results of the work are documented in the following reports:

· List of interested industries

· List of experts

· List of attended conferences

· Deliverable D3: “Report on application needs and potentials in biomedicine and related fields based on nanoscale biopolymers”

· Contributions to the preparation of deliverables D7, D8, D9 and D10.

The personnel of UNITS actively participated in all the reported activities and to the preparation of the above Reports, and collaborated with other WP’s by exchange of information and ideas, also providing suggestions and relevant industry contacts. Although a detailed report is contained in deliverable D3, it suffices to highlight the following main points:

· There is a high potential for natural polymers in nanotechnological applications in biomedicine that is still largely to be investigated and exploited.

· A major breakthrough is expected from the combination of biotechnology (as to production of natural polymers with tailored properties) and nanotechnology (as to fabrication and assembly).

· Conventional sources of natural polymers will still be very important in particular as to applications at the border between biomedicine and nutrition. Marine biopolymers will play a leading role in biomedical applications.

· European SME’s seem ready to respond to the major breakthroughs in innovation at the edge of nanotechnology, natural polymers and biomedical applications.

· There is a very good existing network of collaboration between European institutions and non-EU countries, like the INCO countries, which constitutes a vital base for exchange of scientific information, alerting on new developments, training of technicians and scientists and keeping open routes for technology transfer from European applied research institutions and industries.

As a results of the work in WP4, a survey of the situation in research and development work concerning use of biomaterial based nanostructures in papermaking and card board applications was compiled.  As the main responsible for the WP4 tasks, VTT took part to all project meetings and arranged one seminar during summer 2004 (New Nanomaterials in Packaging).  The representative of VTT has participated a workshop of Nanomaterials in Papermaking in Stockholm (29.11.2004) and a separate meeting was arranged in Trondheim with NTNU for planning of future actions and possibilities of nanocomposites in paper and cardboard products.

The main results and achievements in WP5 are the following:

· State of the art research

· Literatur-database
· Sustainability-dossier 

· Research-institutions-database 

· Definition of Nanotechnology 

· Network of ecological and socio-economic professionals 

· Expert-database

· Workshop /Sustainability in Nanotechnology

· Survey of the relevant key-questions 

· Structured key question list 

· Identification of the major ecological and socio-economic aspects for a sustainable development of biopolymers

· SWOT-analysis

· Future research strategies

The main achievements in WP6 are reported in the deliverable D6, D7, D8, D9, D10 and D11.  As a summary, D6 contains the project presentation leaflet and the project web pages.  D7 reports on the communication activities concerning society, industrial associations and standardisation issues.  D8 gives outline on the perspective article on biopolymers and nanotechnology to be submitted to a suitable scientific journal.  D9 and D10 suggest educational curricula for universities and industrial personnel in order to reach required knowledge base of personnel to be able to apply biopolymers and natural polymers used with nanotechnology to new applications and products development and production.  D11 reports on running projects and initiatives concerning the NAPOLY subject areas.  The Plan for using and disseminating knowledge contains information on communication and dissemination activities performed in the project.

The main achievements in WP7 have been the proper execution of the project NAPOLY and the timely delivery of all the necessary reporting.
In general, nearly all the objectives were well reached in the project NAPOLY.  To some extent the project produced even valuable information beyond the original objectives in supplying exhaustive databases on expert network contacts which were not foreseen as deliverables in the work description of the project.  The literature reports give valuable information on the NAPOLY subject areas and elaborate well the state-of-the-art in the field of biopolymers and natural polymers.  Only one objective of the project was not very well achieved and that is the collaboration between the two application areas included in the project, mainly paper and packaging and biomedical applications.  The real applications of biopolymers in these two fields seem to be too far away from each other. Manufacturing, processing and characterisation are easy to connect with end use applications, but needs of medical applications and pulp and paper uses seem to be too different to be managed combined.  In all, however, the project NAPOLY was very successful project in its achievements.  
2. Dissemination and use
No publishable results have been produced by the project NAPOLY since as an SSA project, no research was done in the project.
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