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The 1973 oil crisis put forward the coupling bio-energy as a solution to the end of an
energy paradigm relying on fossil fuels, or at least as a way to improve national autonomy,
therefore including substantial economic and geopolitical consequences. Brazil launched in
1975 the Proalcool program, which consists in the large-scale transformation from sugar cane to
ethanol for individual cars, while the United States was building pilot plants for corn- and maize-
based ethanol production. If ethanol for fuel was known and used since the end of the 19t
century, for example in the Ford Model T until the prohibition, the term and therefore the object
“biofuel” appears as an energy production medium, in a liquid form, from diverse biomass in the
1970’s. The oil prices fall-down in the mid-1980s froze all research programs in the United
States, but the “peak oil crisis” led to envisage a profitable biofuel production.

Why focus on R&D programmes and projects? Bioenergies as a new science deals with a
lot of issues. If the quest for energy independence always constituted the chief goal of the
ethanol development in Americas, the European promotion of biodiesel mainly depended on
agricultural and environmental contexts. The 1992 MacSharry reforms of the Common
Agricultural Policy (CAP) incited the production of non food crops on fallows. Since then,
agricultural lobbies and producers are fervent supporters of bioenergies. At the turn of the
century, climate change and sustainability challenges led the European Union to seeing in
biofuels an ideal technological fix, quickly applicable, which could compensate greenhouse gases
emissions, thanks to the absorption of carbon dioxide from the air by biomass during the growth
of dedicated plants. The incentive EU Directive 2003/30/EC “On the Promotion of the Use of
Biofuels or other Renewable Fuels for Transport” proposed a reference target of 5.75 % biofuel
blend by 2010; the “EU Strategy for Biofuels” from the European Commission brought this
purpose to 10% by 2020. Until 2006, national plans abounded, and a eulogistic media buzz grew
up in a regime of techno-economic promise. However bioenergies also had to face some serious
controversies as since 2007 biofuels have been accused to starve the developing world. This
global dilemma “Food vs. Fuel” was the main one and highlighted the land use change to non
food crops in detriment of the food supply. A large number of sub-controversies erupted and the
following list is not exhaustive. Life Cycle Analysis on biofuel production are contradicting each
other, biomass absorptions of greenhouse gases may not be sufficient to compensate the
emissions according to the Nobel Prize Winner Paul Crutzen because of the N,O (Crutzen et al.
2007), the energetic efficiency and economic profitability are being discussed, deforestation is
condemned, the work conditions of sugar cane hand harvesters in Brazil are denounced... Which




plants should one use, with genetically modified organisms (GMO) or not? Which production
processes have to be supported: local, international, biorefinery? For which products: ethanol,
biodiesel, straight vegetable oil that is prohibited in some countries when used as a private fuel,
in which blend? Which spectrum of bio-based products (food, feed, materials, chemicals) and
energy (fuels, power, heat) should be targeted? Is there any tangible difference between
technological “generations” of biofuel? Are petroleum substitutes the right path, instead of
moving out of the car civilisation? So many questions we would like to see how researchers and
research managers deal with in France. In such a context, did bioenergies emerge as a new
science, what dynamics pulsed its development? On a national scale, classical scientometrics
studies based on publications are not numerous enough to be relevant (Tari 2009); as
bioenergies is highly trans-disciplinary there are not easy to gather even if some dedicated
journal were born, Bioenergy e.g. We then decided to focus on research projects and the
collaborations within.

1. Mapping project collaborations: data demining and methods

Unlike articles, books, conference proceedings or patents, research projects have not yet
been conformed to a standard and collected into a global database. Although most funding
institutions - especially national agencies — have created their dedicated structures, the latter
are partially opened to public access and relate to their subsidies only. The constitution of
mutual research project databases has been promoted by the European Research Area NETwork
(ERA-NET) scheme, in order to develop networking and opening of national and regional
research programmes. The importance of such a construction in scientific work, as research tool,
has been a subject of inquiry for science studies (Hine 2006), especially focusing on the
“practices of accessibility” (Hine 2005) that enable collaterally the virtual social sciences to
study them. Concerning the bioenergies field, we took great advantage of the BioMatNet project
base! that covers a scope from ECLAIR, AIR, FAIR programmes to the FP6. Created within the
FP6 EPOBIO project, it is, alas, not updated. Once again however, as in Cordis, Framework
Programmes’ projects are the only one inventoried. In the United States, a trans-institutional
structure, Grants.govsMz provides an overview on all R&D programmes through grants, still does
not scale down to the project unit.

We question research dynamics through a large scope of sources related to research
programs. Within those programs, the R&D project is our unit. The variety of project ecologies
and organisational features lead us to conduct systematic data mining, data extraction and to
constitute an adequate and robust information structure through the creation of a
heterogeneous and relational database. Our methodology, also based on the grounded theory,
has a certain similarity to the one described in Hellstrém et al. (2001), especially dealing with
the construction of a relational database thanks to a “snowball effect” mode of data collection.
Thus we conducted via the Web a manual survey of more than 200 research projects, or 130
laboratories, 180 institutions including corporations and 260 researchers more or less involved
in bioenergy research in France. Project properties, specifications concerning researchers,
laboratories and institutions, as well as traditional scientometrical indicators but also
geolocation data have been informed as precisely as possible. We collected material from several
French national programmes: the energy related projects in AGRICE (AGRIculture pour la
Chimie et 'Energie, 1994-2007), the whole PNRB (Programme National de Recherche sur les
Bioénergies, 2005-2007) and BIOENERGIES (2008-). The first one was lead by the funding
agency ADEME (Agence de I'Environnement et de la Maitrise de 1'Energie), the third one by the
ANR (Agence Nationale de la Recherche), while the second was a mix funded by the ANR and
directed by ADEME. We also took into account some regional programmes, mainly oriented

1 http://www.biomatnet.org
2 http://grants.gov




through the regional cluster structure of « pbles de compétitivité » and the French participants
in European framework programmes through BioMatNet.

First, we completed the programme and project table from funding agencies websites:
project’'s name, acronym, first year, duration, funders, cost, subsidies, abstract, manager,
research theme, url... Then, we entered each participant in the researcher table, with his self-
declared affiliations, laboratories and institutions, in a data demining perspective (Zitt &
Bassecoulard 2008, p.51). Online, we checked the personal, lab and institution pages to fill in
diverse fields: id, contact, profession, geolocation and compared them to ISI Web of Knowledge,
CAB Abstracts and Thomson Factiva press data for biofuels is a controversial subjects. If a
researcher belongs to one lab and is paid by one institution, laboratories are often patronised by
several institutions. Participation in projects is traced through links in the collaboration table;
we wished our data to be accurate enough to join only individuals and projects, but, as
represented in figure 1 by dotted arrows, we often had to content ourselves with relationships
between laboratories, and in a few cases institutions when the involvement of big corporations

is scarcely mentioned.
Researcher /L/ Collaboration /
v 7
/ Laboratory / Project /

A

Institution /L/ Programme /

Figure 1 Schematic representation of the heterogeneous biofuel projects’ relational database structure

The relations between chosen entities are specified in order to formulate requests based
on our research hypothesis. We developed a semi-automatic language translation tool between
our database, requests and various existing visualisation software. The first step consists in
extracting with traditional relational database requests a list of nodes, edges, their associated
weight and other properties later used to create typologies. Our tool can convert this .csv list
into .graphml, .xml and .net files, current standards used in network mapping visualisation tools.
The use of specific tools to index database and visualise networks in the context of
characterising emerging domain of collaborations within Research and R&D projects represents
a step forward to avoid an evaluative perspective with scientometrics. It also enables to open the
field of design of methodology and visualising solution to enhance new ways of tacking with
relational data. This attitude towards methodological equipments for the visualisation of co-
words clusters and mapping shares many ideas of shifting the use of tool from a scientific
context to a science policy context (Noyons 2001). We think that this turn should also apply to
the technical construction of facts within the scientific stance. Many tools have been used; we
hereby list the only ones providing visualisations in this paper. They are all open source
software that have been developed in an academic context; we have interoperated their use
within the platform CorTexT+ of IFRIS:

* Adequate and heterogeneous database construction: MySQL
* Visualisation of social networks: ViSoNe (Brandes 1999; Baur 2008), SoNIA
(Bender-deMoll & McFarland 2006; Moody et al. 2005)
* Cartography based on geolocation: AMMAP, OECD Regional Statistics Tool (Jern
2009)
* Semantic analysis based on abstracts: BELUGA (Turenne & Barbier 2004)
Languages for development: FLASH, GRAPHML, NET, PHP, SQL, XML...

3 Those who have once dealt with such crossovers would understand how time consuming it is.
4 http://www.cortext.fr




2. A Project-based Insight into French Bioenergies Research

When Miettinen (1998) described the “construction of a research object and agenda” in
the community exploring cellulose-degrading enzymes (mainly the Finnish one), a main
research theme in bioenergies, he centred his analysis on the concept of “application objects”
born from the innovation network co-constructed. Quoting Latour (1993), he insisted on the
idea that such “an object exists first in the form of a project. If a strong network of actors can be
constructed, it turns into an institution”. Research project is therefore the first step forward
leading to the co-construction of a research object and a scientific community. Moreover,
bioenergy, then unnamed, appears to be a pertinent new science to investigate this way.

The below maps (figure 2 and 3) represent the network of laboratories’ collaboration
through projects, respectively in the national programmes AGRICE and PNRB thanks to the
Visone “software for the analysis and visualization of social networks”. The analysis unit is the
laboratory. Node size designates the number of projects in which a lab is involved, while the
edge width counts project collaborations between two institutions. The node colour depicts a
five-classes typology relating to the public or private degree of an institution. Off-white stands
for French Public Scientific and Technical Research Establishment (EPST), lighter grey for
Industry-Oriented Public Establishment (EPIC) and the medium one (e.g. GIE ARVALIS ONIDOL)
for occupational collective structure. The two shades of dark grey and black indicate big
corporations and small and medium enterprises.

Figure 2 Network of project collaborations between laboratories or institutions within the national
programme AGRICE (1994-2007)

I).A\
o0 'H:..'Y! CHNIQUE
@y
()
o
@
st . v




AGRICE structure is scattered in several clusters; one major however constituted itself
around some agricultural professional organisations like GIE ARVALIS ONIDOL, BENP, CETIOM
and SOFIPROTEOL for cereals and oleaginous, CGB for sugar beet: a “first generation” world of
ethanol and biodiesel production in close relationship with IFP (the national oil research centre)
labs. Close to the latter, the oil company TOTAL FINA ELF, but also car manufacturers
collaborated within some projects while the agroindustrial and green chemistry research firm
ARD developed a regional cluster (Picardy and Champagne-Ardennes) around it. We only sketch
here a general frame as we are going to study more precisely project collaboration through
temporal dynamics. The agricultural world has disappeared as PNRB is built on a grape-like
distribution frame, for clusters are linked to a technological and industrial centre through
obligatory passage points. The top-western one e.g. is clearly a wood-resource network, which
communicates with the bioenergy community through FCBA, a wood technological institute.
Industry-oriented public establishments like CEA (LPTM, LITENN, LB3M), IFP, CIRAD
(BIOMASSE ENERGIE) stand in a central position: it is typical of a national project management
ideology that privileges public-private partnership, in order to guarantee both public good and
effectiveness through profitability.
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Figure 3 Network of project collaborations between laboratories or institutions within the national
programme PNRB (2005-2007)

Analysing betweenness centrality reveals the obligatory passage points best than degree
centrality; underneath (figure 4) are to be found the main actors that play a ‘broker’ role in the
previous networks (BC>3,5% in PNRB or AGRICE).



Programmes (AGRICE then PNRB)

Figure 4 Betweenness Centrality of Project Participants to two almost successive
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Three schemes appear: six out of seven key actors in AGRICE that are not any longer
central in PNRB are resource-oriented, persisting lead institutions act in the oil and combustion
world (six out of six) while the five emerging in their new inbetween role labs are specialised in
bioprocesses (BIP: Bioénergétique et Ingénierie des Protéines and LISBP: Laboratoire
d’'Ingénierie des systemes biologiques et des procédés) or thermochemistry and electricity
nuclear generation: LPTM and LITENN are Commission for Atomic Energy laboratories, EDF is
France main electricity provider. Project collaborations between laboratories enabled us to
sketch inherent logics in programmes’ structures, logics that are strong. This is not stunning
since the call for a so-named bioenergies research action, focusing on second generation
biofuels, was performed into a 2005 programme (PNRB) in the newly born research-funding
French leading agency ANR. Other structural logics can be unveiled. In project ecologies, local
and regional networks play a major role, but if Grabher (2004) proposes to think knowledge
spaces topologically, it is specifically in order to overcome the strong/weak-tie dichotomy that
ascripts strong ties and social coherence to the local level and sparse networks to the non-local
realm. The following map (figure 5) is an attempt to mingle the scales as it counts the national
projects in which at least one lab is involved per region, and at a given time compares the
number of still running or newly selected one. We entered our geolocated data in the OECD
regional statistics display (http://stats.oecd.org/OECDregionalstatistics) since it provides a both
spatial and time dynamic representation.

O oo IR N ! G

H2> (Colous PSS AR &3 cous, year: 2003) B) [ scotmerpior | iasietens | batacea
- S ‘1 AN Costinents. DotSee (Moo= = 00v) °
) —— . (=]
JeIE == & /l“ et A °
=) L e N, A ‘g & °
> - . >
E s il —
— <3 . - g 5 .
3 7 % A = —- —~ B
A - = = T -
> P ' % § HE — - o
12 P > - -~ ~
. LY, s

. g ) 7 Vi H o

H ™~ : N I -

s | “«
AN s L = B ) 1 z 3 = s B

< T & . A =N 1111 Pojets ANR select onnes v ® ¥ r=is

3 Ty 3 T

=) / Y N | 200 2006 2007 208 o U
e - | - > -l . g
Paralel Axes Chart Time Graph

° ‘

>

- !

IHES W

Projots ANR an cours

Figure 5 Evolution of the number of running and newly selected ANR bioenergies projects per region



We also represented the geolocated networks of project collaborations thanks to
AMMAP (maps are not shown here) and could interpret the embeddedness of research places
and relations in territories. AGRICE network was the archetypal star-network around Paris,
although some links do not trace an effective partnership within Ile de France region but denote
the numerous headquarters of big corporations in the area. It draws an interesting triangle of
regions: Ile de France — Nord Pas de Calais - Champagne-Ardenne enclosing Picardy, which
matches the traditional first generation biofuels territory since 1986 and the first R&D platforms
construction resulting from a strong commitment of agricultural cooperatives, and which
gathers some biotechnology-specialised universities that developed vivid links with local
industry (Cassier 1995). This sub-network progressively disappeared from national funding
scope, on the one hand thanks to regional programmes development in which local universities
have been involved and on the other hand via the trans-regional Industries and Agroresources
(IAR) cluster creation, a structure dedicated to bioenergies and green chemistry and which
became his own projects funder.

On the top right window we can see that Southeast regions (selected on the left
geographical map) follow a similar pattern over the period 2005-2008, as major new actors in
bioenergies research. Paradoxically, this regional trend does not reflect strong regional logics in
the field. Like IAR, the new “pdles de compétitivité” clusters prevail and their creation explains
the shift. Unlike IAR, those one are not dedicated to the biofuel world; therefore researchers still
have to seek support through national calls for projects even if they get a regional cluster label
that will favour their acceptances. This label helped us to identify the involved clusters and their
associated research themes that are: Mer (sea) and Capenergies (GHG saving energies) in
Provence-Alpes-Cétes d’Azur, Tenerrdis (technologies, new and renewable energies) and
Axelera (chemistry and environment) in Rhéne-Alpes, Agrimip Innovation (agroindustry) in
Midi-Pyrénées and Xylofutur (wood) in Aquitaine. The mapping of collaboration delivered the
evidence that research localisation follows resources production, as it is planned to produce
second-generation biofuels from lignocellulose out of wood and dedicated plants, and third
generation ones from microalgae or waste.

How can we depict these research communities? Static network structures do not allow
us to question the cohesiveness of a bioenergies scientific community. Grabher (2004) suggested
a project-related typology through social and communicative logics: “whereas communality
signifies lasting and intense ties, sociality signifies intense and yet ephemeral relations and
connectivity indicates transient and weak networks”. These stylised features, also analysed with
‘substance’ (respectively narration or knowledge or information) and ‘governance’ (trust or
swift trust or peer recognition) categories, are primarily defined by time dynamics. We therefore
need to rely on the embedded structure of projects collaborations, their evolution, this focusing
on to the flows of collaborations.

The following hypothesis has to be considered as a relevant heuristic to tackle with the
complexity of motives and conditions of project collaborations: research entities (such as
laboratory, research unit, department or even board of research institute or university) are
developing strategic collaborations through projects in order to frame a loosely coupled
organisational form (with social, cognitive and technical interests) with the view to foster their
own development, independently of the policy of programmes. Taking a set of projects as a
population of reciprocal collaborations evolving through time offers then a way to look at
science dynamics from this point of view. Moreover, when these dynamics correspond to the
affirmation of the emergence of a new science or to the existence of technological promises, the
characterisation of project collaborations in this context - and possibly their effects on science
production - is becoming a good matter of enquiry. We used SoNIA, the Social Network Image
Animator¢ (Bender-deMoll & McFarland 2006; Moody et al. 2005) to visualise our data and study

5 This analysis is not only extracted from the lecture of mapping but reflects what have been found in the 20
interviews done with the actors.
6 http://www.stanford.edu/group/sonia/index.html




the patterns in project collaborations, all programmes aggregated, through years. Colours stand
for thematic axes, according to an ANR typology evolving continuously that we stabilised and
adapted for a coherent trans-programmes investigation.

Figure 6 Networks of projects collaborations
in the bioenergies field in France in 1998 6-1

(right), 2005 and 2008 (below). Visualisation 1998
from SoNIA software.

Networks become dynamic in a video that can
be seen at:

http://sens.inra-ifris.org/Project-
collaborations-dynamics.html

newcomba # 1Multiple component Kamada - kawal layout

After a start with separated resource-based projects (green) and engine and fuel
combustion research (yellow) the AGRICE programme has evolved towards other directions.
Firstly a socio-economical and -environmental project (pink) emerged in relation to one of the
resource projects, the cereal institute ARVALIS being central. Then in 1996, new comers and
new thematic axes surfaced, with a big cluster of thermochemistry (red) research that showed
no link at all with the previous project while new bio-resource projects have aggregated with
previous ones. Schematically thermochemistry is one way of producing oil via BtL, Biomass to
Liquid process through combustion and gasification followed by a liquefaction (Fischer-
Tropsch) while another, biochemistry, deals with enzymes that separate fermentable cellulose
from lignin, or microalgae that under stress conditions produce oil.

1997 displayed the appearance of ICARE, a combustion research lab that, being at the
same time in the pink cluster and in the red one, played thus a role in joining technological
research on thermochemistry and an evaluation oriented research gathering all the
agroresources: CGB, SOFIPROTEOL, VALORGA Int. etc. In 1998 (see figure 6-1) the dynamic of
the first phase of AGRICE is clearly revealed, (cf. previously the betweenness centrality in figure
4): GIE ARVALIS is still major in centrality; but IFP is landing through a set of biochemistry
projects (blue). Exogenous sources of information - French participants in framework
programmes censed in our database and interviews - allow us to precise that ICARE and
ARVALIS are having a key position in the European landscape and possibly are also central
aggregates for this reason. Until 2001, new comers do not reshape the landscape and research
themes are staying apart; some actors only interfacing; the economical-sociological-
environmental theme is creating an evaluative stance of the effect projects and major
institutional actors implicated produce. A new wave clearly arose in 2002 around the oil
national research institute IFP and biochemistry oriented projects. Our interpretation is that for
the 1st generation of biofuels - direct fermentation of sugars or oil pressurisation from



traditional agroresources - research had sufficiently achieved good outcomes in terms of
industrial research (adaptation of engine and results about combustion), then it seems that the
promise emerging in this year is to figure out a 2nd generation biofuel initiative. One notices a
real structuring of the biochemistry theme (blue) and thermochemistry one (red) in a kind of
butterfly wings feature that is centered on IFP. In 2005 joined in a whole new bunch of projects;
we cannot totally forget that this year is the starting year of the PNRB programme. There is one
and only obligatory point of passage: IFP (see figure 6-2). A paradox is emerging: biochemistry,
centred on enzymatic hydrolysis in relation to ligno-cellulosis, reveals no link with the resource
cluster. It gives the impression that there is no research front that would associate bioresource
and biochemistry. This is surprising since resource-oriented researches now only concern the
wood sector, which tends to indicate the driven force of the 2nd generation promise. We also
note that major companies and industrial actors are staying close to thermochemistry
researches when they are involved in the evaluation theme. We think boards of managers or
directorates of big organisations are involved in such projects, exactly for this central position,
in-between technological clusters. It remains to be studied whether or not this position is
transferred to the inner organisation of those big institutions (Total, CEA, Air Liquide...) in terms
of transdisciplinary research in the inside. New comers (cf. figure 6-3) through new
collaboration networks are then very much concerned with so-called forthcoming 3rd generation
projects on microalgae (CEA LB3M is central), waste valorisation (INRA LBE) and still
bioprocesses (CNRS BIP, LISBP at INSA Toulouse). This new combination of laboratories not
much linked to agro-resource production represents a new potential in favour of researches
focused on bioprocess linked to thermochemistry. It also introduces a clear difference compared
to the coalition of major fossil oil companies and car industries that has been largely driven,
until recently, by a substitution and no innovation strategy.

Abstracts in R&D projects are also interesting media as they are a performative
discourse that convinced funding agencies and resulted in research collaborations. We proved
but cannot develop here that new narrative infrastructures (Deuten & Rip 2000) precede new
programmes: the invention of a speech in terms of generations, whether it actually deals with
researches and results or not, is a major tool to structure new programmes and therefore new
sciences, before thinking of new patents or new journals for dedicated publications. Such a
project collaborations analysis is then essential to understand how researchers collectively
construct their own science, not only through science policy media; this is a research question
we intend to investigate further on.

Conclusion

In this paper we have only addressed the matters of characterising the dynamics of
collaborations and we have tried to open a perspective enriching the ‘ecology of projects’
perspective developed by Grabher (2004). When one enriched the follow up of project
collaborations with a preliminary fastidious work of de-mining the information on principal
collaborators dataset, we have shown that many social dynamics become accessible for the
characterisation of research dynamics. We have also shown with a geolocation tool that project
collaborations could be mapped and we have advocated for changes in the localisation of
regional clusters in relation to a 3rd generation of bioenergies. We also have tried to push a
hypothesis, which might be taken as counter-intuitive: we assess that project collaborations
could be explored as if there were independent from the attachment of collaborators to
programme for financial resources-based strategies only. This is a heuristic hypothesis that we
want to keep in mind for further empirical work.

We have developed the idea that project collaborations can be analysed thanks to the
type of ties that are at work according to the duration, the profile and the intensity of those
relations. In this communication we have basically paid attention to the visualisation of the
structure and the dynamic of those ties, with a quick look of the centrality of laboratories
involved in project collaborations. The visualisation of project collaborations enables to shed
light on the dynamics of the technological promises of 2nd and then 3rd generation of bioenergies.



We have established the localisation and the enforcement of new coalition of principal
collaborators linking technological research on bioprocess and on thermochemistry. The
structure of ties and their thematic composition shows a potential innovative turn in the
coalitions between major companies of fossil oil and car industries, which have been largely
driven until recently by a substitution strategy.

Further development will be needed to characterise the communality, the sociality or the
connectivity of projects collaborations profiles of bioenergies in France. This type of empirical
work requests to go further with the characterisation of projects collaboration paying attention
to the potential effects of collaboration dynamics. Firstly we have to measure the effect of
collaborations in a period on collaborations in another period. As we noticed there is a
promising methodology of characterising the trend of association of specific item sets (authors,
keywords or indexed textual features) with ratios (see also the work realised with Key-Words
Lab on the nanotechnology domain). Secondly there is a need to measure the effect of
collaborations through projects on publication. We would be very curious to keep on paying
attention to qualitative effect such as changes in the profile of ties in between periods, or such as
changes in lexical composition of the repertoire of laboratories and principal investigators.
Because we think that, there, in the performative narrative infrastructure of research projects
and through R&D collaborations, is a good place to look at new sciences emerging and dynamics
shifting, for it is there that actors construct them, especially concerning the greening of research.
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