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Abstract. The hybrid Economic Input Output - Life Cycle Assessment (EIOLCA) coupled with qualitative methods for consensus creation and participative
policy building is a proposed methodology for dealing with complex and datarich contexts that have to be connected in order to construct a robust regional
bioeconomic profile that informs policy makers and other stakeholders about
socio-economic and ecological impacts – and suggest at the same time
strategies for its validation and implementation. An important result of this
work is that the process of data collection and systematisation also provided
ample opportunity to be in touch with a wide and diverse range of actors that
characterize the different supply chains, ranging from the primary (farming,
aquatic resources, forest sector) to manufacturing and services-related
companies. These contacts encouraged the establishment of a network
exchanging knowledge on crucial aspects for the further development of
bioeconomy.
Keywords: supply chains integration, economic input-output, life cycle
analysis, sustainability, resilience.

1 Introduction
The concept of ‘bioeconomy’ is gathering momentum in European Union (EU) policy
circles as a sustainable model of growth to reconcile continued wealth generation and
employment with bio-based sustainable resources usage. Bio-based industries and
bio-based products can represent a new development opportunity for European areas
fighting with a still stagnating economy. The development of a bio-based economy is
a long-term process that requires the involvement of many stakeholders on multiple
levels and sectors [1] and could have great impacts on local communities. According
to the definition of the European Commission, the bioeconomy comprises those parts
of the economy that use renewable biological resources from land and sea – such as
crops, forests, fish, animals and micro-organisms – to produce food, materials and
energy [2]. Standing this wide definition, in order to strengthen its profile, it is
necessary to bring into vision the main actors of the bioeconomy, primarily the
companies that are taking action to achieve the objectives set by both the European
Union and the United nations [3; 4; 5]. The bioeconomy is by and large an
assemblage of regional activities that have their own regional character. For this
reason, the choice of the most suitable strategy should be based on the involvement of
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all stakeholders [6], through participatory methods [7], that brings stakeholders
together and let them confront each other on specific issues, agree on common
meanings, and foreshadow a strategy for action. These participatory processes should
empower participants to have an impact on the local/regional context, making them
active in the strategic planning in the areas where they live, supporting the policymaking process in accordance with politicians, technocrats, lobbies and civil society
groups. The aim is to find an agreement on development scenarios and a general
strategy to pursue common interests, breaking the ‘vicious circle of non-participation’
[8]. The stakeholders are not always aware of their significant role in the co-creation
of policies [9] and they need the support of methodologies that are able to promote
their participation, encourage the interaction, and provide an operational synthesis of
this process, leading to a strategy which could support the public decision-makers and
policy-makers. The innovation beyond the state of the art of this project is to delineate
and model the regional Bioeconomy with a hybrid Economic Input Output-Life Cycle
Analysis (EIO-LCA) using statistical data of economic flows, conventional pollutants
emissions, energy use, waste production of the 37 regional economic sectors
(according to NACE1 classification) and integrate this information with sociological
survey data collected during interviews and focus groups sessions.
The paper begins with a critical review of the literature on recent bio-economy
impact-focused studies and on participative methods for policy design involving
experts and diverse ‘publics’, thus suggesting that a mixed quantitative-qualitative
approach is more appropriate for planning in highly complex contexts. The other
sections present a synthetic description of methodologies and tools involved in this
research, starting with an analysis of the baseline, as well as the main results on both
disciplinary fields invoked, the economic-environmental modelling and the policy
building through participative approaches. The concluding discussion recalls the
importance of a mixed-method approach in order to better exploit its data richness
and, at the same time, the importance of creating collaborative networks of different
stakeholders in the field of bio-economy.

2 Literature Review
Bio-based products can include a diverse cross-section of items like enzymes; biobased end-use products; commodity, fine, and specialty chemicals; intermediates and
polymers; feed, food and food additives; fuels; flavours and fragrances;
pharmaceuticals; and bio-based energy. These products are woven into the economy
in complex ways, making it difficult to compute the impact on the economy. Defining
what will and will not be considered part of the core bioeconomy is important and has
a great impact on the magnitude of various indicators of impact. For the bioeconomy
to grow, many different segments of the economy must effectively interact. The
connectedness of the bioeconomy can most easily be discussed in a supply chain
framework. Supply chains are defined as all of the players involved in the movement
of a product or service to the end customer. These networks transform natural
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resources into an end-use product, often via many different companies that add
incremental value along the way [10, 11, 12].
Input-Output modelling is a linear modelling approach which involves the
examination of the economic cycle of production by analysing the relationship
between the flow of production inputs and resultant flow/destination of outputs in an
economy. Input-output analysis has received attention also as a means for delineating
the bioeconomy development in Europe and abroad, with a number of works
attempting to gauge the impacts that bioeconomy is producing and will produce in
economic, environmental and social terms [13]. There are relatively few studies
attempting a quantitative impact analysis of the existing and projected bioeconomy,
also dealing with the problem of defining the scope, sectors and supply chains
involved. An EU study [14] has attempted an economy-wide quantitative assessment
covering the full diversity of the European bioeconomy by employing social
accounting matrices (SAMs) for each EU27 member encompassing a highly
disaggregated treatment of traditional ‘bio-based’ agricultural and food activities, as
well as additional identifiable bioeconomic activities from the national accounts data.
The aim was to profile and assess comparative structural patterns both across
bioeconomic sectors and EU Member States. The results indicate six clusters of EU
member countries with homogeneous bioeconomy structures. Irish researchers
applied an input-output framework to define the scope of the national bioeconomy
[15], thus establishing a Bio-Economy Input Output model (BIO) which can be used
to analyse the linkages between the bio-economy sectors and the wider economy.
Two major strategies have been developed in recent years to develop the Agri-Food
and Ocean Economy sectors in Ireland: the Food Wise 2025 and the Harnessing our
Ocean Wealth strategies. The report contains analytical studies utilising BIO to
quantify, among other things, the impact of reaching Food Wise 2025 growth
scenarios and Harnessing our Ocean Wealth 2020 targets. Another work prepared for
the U.S. Department of Agriculture and the Congress [16] seeks to answer questions
regarding the contributions of the bio-based products industry in the United States:
the quantity of biobased products sold; the value of the biobased products; the
quantity of jobs created; the quantity of petroleum displaced; other environmental
benefits; and areas in which the use or manufacturing of biobased products could be
more effectively used.
The studies mentioned above highlight the data richness available on this matter
and the need to capitalize on the wealth of information in order to promote policies
effectively supporting the bioeconomy. The challenge to be grasped then becomes to
"let the quantitative data speak" bringing it to the attention of those who, from
different perspectives, work in the field of – or ar involved in – bioeconomy. The high
uncertainty, of economic and regulatory nature, as well as the fact that it still mostly is
a series of market niches, makes it necessary for the actors involved to identify a
common glossary, a field of shared meanings that allows for the construction of
alternative scenarios, in order to identify paths for collective action. Faced with the
growing complexities of reality, the co-construction of bottom-up policies has taken
hold in many fields [17; 18; 19; 20]. If planned and appropriately applied,
participation can contribute to the design of policies and practices that are better
suited to serving the needs of those concerned, that are perceived to be holistic and
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fair, accounting for a diversity of values and needs [21]. These processes increase the
legitimacy of decisions taken and contribute in saving time in the long path due to
lower resistance among stakeholders.
Starting from the above literature analysis and state of the art, this paper aims to
answer the following research questions:
 RQ1 Identifying the sectors that make up the regional bio-economic mosaic;
 RQ2 (By using the EIO-LCA model): measuring the extent of the difference - in
terms of environmental and socio-economic impacts - between conventional and
bio-economic sectors;
 RQ3 (Starting from the living labs experience): building a network of inter-sectoral
integration (combining agriculture, manufacturing and services) through a system of
contractual guarantees that can be a model for developing the bioeconomy in
Veneto region.

3 Methods
An Input-Output Analysis based approach for calculating environmental impacts of
the economy that has become relatively widespread across the academic and
institutional community around the themes of decision support systems is the
Economic Input Output Analysis - Life cycle Assessment approach, based on Wassily
Leontief’s [22] I-O method for environmental analysis. The approach defines the
whole economy as the boundary of analysis and uses transactions between industry
sectors, along with environmental emissions data to determine the environmental
impacts throughout supply chains within the economy. To answer the research
questions we developed a hybrid Economic Input Output table (EIO) of the regional
bioeconomy in a life cycle (LCA) perspective to make it available for the
environmental and socio-economic ex-ante and ex-post assessments of (regional)
plans and programs. The Veneto economy was taken into consideration as a whole to
get a clear view of the bioeconomy; then, in cooperation with Unioncamere del
Veneto and Emilia-Romagna (Regional Unions of Chambers of Commerce) and
IRPET (Tuscany Regional Institute for Economic Planning) we identified through the
Regional Input-Output Table (IOT) the sectors and companies that are momentarily
the main bearers of the development of bioeconomy. Given the fact that the
bioeconomy is a broad field, we decided to study a representative sample of Veneto
companies (2000) with at least one product certified as organic, trying to strengthen a
more respectful agriculture and transformation of raw materials. Therefore on a
macroeconomic scale it makes sense to analyze such economic input/outputs and the
corresponding interactions among organic and conventional supply chains by
considering at the same time the pressures they exert on the environment and the
socioeconomic system as a whole.
The process continued with the construction of a regional version of the NAMEA 2
matrix (National Accounting Matrix including Environmental Accounts) for Veneto

The NAMEA consists of the framework of National Accounts with the supply and use of
goods and services expressed in monetary units linked with integrated environmental accounts
2
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region (Italy) by disaggregating emissions based on a proxy variable defined as
follows: number of employees per sector in Veneto Region compared to the total
number of employees in the same sector in Italy. A second Matrix was derived from
the regional Inventory of air emissions (INEMAR), 2013 version. This inventory
estimates the municipal emissions of the main pollutants for each activity of the
Corinair classification and type of fuel. Despite these figures can be considered more
accurate than those obtained from the NAMEA data processing, they are aggregated
according to categories not directly comparable with the classification of economic
activities used to estimate the bioeconomy. The data available at INEMAR were
processed to obtain results to be included in the NAMEA table. Three drivers of
environmental pressures relate to: greenhouse categories (GWP); acidification (AP);
ground-level ozone, while the 10 pollutants are: methane (CH4), carbon monoxide
(CO), carbon dioxide (CO2), nitrous oxide (N2O), ammonia (NH3), non-methane
volatile organic compounds (NMVOC), nitrogen oxides (NO x), particulate matter
(PM10 and PM2,5) and sulphur oxides (SOx).
For the socio-economic analysis, we involved stakeholders in focus group and
brainstorming sessions, on one hand, and in depth interviews, on the other. Both these
moments were crucial for sharing knowledge with experts (entrepreneurs, farmers,
NGO’s members, researchers), to putting together the distinctive visions from
different stakeholders and to drawing possible policy actions. A first source of data
comes from 3 case studies of companies (in the fields of bio-plastics, bio-food, biomaterials for the construction industry). The aim of these in-depth interviews was to
analyse the characteristics of the ‘bio-company’, highlighting the economic and
cultural context in which it operates. A second source of data comes from a Living
Lab (LL) experience. Living Labs are open innovation platforms described as
“functional regions where stakeholders have formed a Public-Private-Partnership of
firms, public agencies, universities, institutes and people, all collaborating for
creation, prototyping, validating and testing of new services, products and systems in
real-life contexts” [23; 24]. One precondition of LL activities is that the innovation
processes are strongly connected to real-world contexts, including exploration,
experimentation, co-creation and evaluation with consumers in real life environments.
In the LL experience we involved all people who, at the local/regional level, felt
themselves committed to the improvement of the bio-economy business as a whole.
All people were recruited from participants to a European Union’s Horizon 2020
coordination and support action (Bio-STEP) aimed at engaging citizens and various
stakeholders in discussions about the future development of Europe’s bioeconomy.
The group was then expanded according to a snowball sampling procedures. The role
of all these actors is significant not only when describing the problem, but also when
pointing out for solutions and conditions to develop shared visions. Sadly, it appeared
very difficult to get policy-makers involved. These participants were recruited first by
phone, then through a one-to-one interview, and when interested, they received an email with a formal invitation to participate in focus group sessions or more in-depth
interviews. The aim of this part of the study was to outline a set of policies that can
where the input of resources and output of emissions and pollutants are expressed in physical
units.
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enhance best practices in order to coordinate and improve the effectiveness of bioeconomic actions. We collected the voices of different stakeholders and let them
dialogue on different topics: the potential of networking with other bio-economic
actors, the critical issues to be addressed in the bio business sector, the willingness to
cooperate with other conventional and bio actors.

4 Results
In the case of Veneto Region for the year 2012 the IOT is a square matrix of 37x37
sectors representing how the various economic sectors are dependent on each other
because in the columns and rows there are, respectively, the monetary values of their
inputs and outputs. We notice that, despite the sector Crop and animal production,
forestry, hunting and related services consists of more than half of the companies
identified as contributors to the Venetian bioeconomy, it represents one of the sectors
with less information available: hardly ever these are capital companies and then
budget information is not available on the databases available so far. By coupling the
Economic Input Output (EI-O) table with the RAMEA (Regional Accounting Matrix
including Environmental Accounts) it has been possible to extend the previously
existing knowledge about direct and indirect environmental impacts: the ratio of value
added for the whole economy compared with that of each of the bioeconomic sectors
comprised in our sample of some 2000 companies has been used to estimate the
impacts associated with bioeconomy in a life cycle perspective (LCA). Moreover, it is
possible to further separate the contribution of final demand by distinguishing e.g. the
internal aggregated one from that generated by the exports. By carefully screening the
results of this combination of economic and environmental information, it is possible
to select out of the 37 “canonical” IO industry categories, those economic sectors that
at this stage (data refers to year 2012) a) are/were referable to bioeconomy and b)
showed significant potential impacts - associated with the emissions to the
atmosphere - on one or more standard impact categories. Some overestimation is
possible under e.g. the NACE ‘Manufacture of food products, beverages etc.’ where
the relatively high ratio of bioeconomic activities on the total is due to the inclusion in
the calculations of conglomerated realities of large-scale distribution retailers with
their massive turnovers, despite the transition to organic is rapid but still partial
indeed. Other sectors of interest for the regional bioeconomy are obviously ‘Crop and
animal production’ (despite the very low added value, which still is one of the issues
of the “average” agricultural supply chain in Italy and Veneto), the ‘Manufacture of
coke and oil’ (similar argument to the one concerning retail chains) - that is partially
converting to renewables – ‘Rubber and plastic products’, ‘Wholesale and retail
trade’, ‘Accommodation and food service activities’. The same applies to the export
quota of demand. By referring to e.g. the manufacture of food products, the pressure
exerted from the export quota in terms of direct and indirect emissions is on average
higher for an order of magnitude when compared with emissions produced by the
internal regional demand. This is not strange for highly internationalized economies
as the Veneto one3. When moving from emissions to the associated potential impacts
through dedicated LCA software, it is possible to quantitatively measure the
3

http://venetointernazionale.it/
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proportion of the Venetian bioeconomy as an aggregate of multiple supply chains
compared with the regional economy as regards to Global warming, Acidification,
Nutrient Enrichment and Photochemical Ozone Formation (see figure 1).

Fig. 1. Main impact categories associated with the emissions of conventional vs bio-based
rubber and plastics production (logarithmic scale; ordered: values in thousands).

Definitely our sample of 2000 companies when compared with the total number of
companies in Veneto represents 0.4%. The data obtained from this first estimate
shows that the bioeconomy in Veneto has an interesting growth potential,
representing, in terms of added value, 2.86% of the regional total.
So, what are the policies that, according to stakeholders, can help the increase of
Veneto's bio-economic sector?
The in-depth interviews and case studies on bio factories have allowed us to
outline the economic and cultural context within which bio activity in Veneto is
developing. These markets are “niches”, populated by a few or very few actors 4 (at
national, European and international level). In this niches, because of the low number
of actors and the strong ethical instances of some key players, the competition
assumes a peculiar characteristic: it becomes “Coopetition”, a hybrid between
cooperation and competition that brings to light the positive results of the first concept
while not losing the characteristics of the latter. Being very few, these companies may
not be subject to the "mors tua, vita mea" rule, which regulates the conventional
markets, but, while not abandoning the logic of profit, they can adopt ethical
behaviors by which all can implement their profits minimizing losses (win-win logic).
The adoption of this logic has enabled companies, once they enter their market
niche, to raise its standards. Rigorous controls on raw materials and production
processes, with the aim of certifying their product as organic or their processes as

From the case study on bio-building factory emerges that in this field the analyzed enterprise
is unique in its kind in Italy by the type of product proposed and, at international level, is one of
the six existing in the field. Similar numbers are also found in relation to the production of
bioplastic materials.
4
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sustainable, have introduced virtuous logics between competitors, creating a "standard
upgrade process" aimed at giving the consumer more trustworthy products. It is the
consumer's trust in the product, which allows the company to remain on the market,
even though the price of their product is even three times higher than the conventional
product. According to entrepreneurs, such trust is building up by taking care of the
"moral" integrity of the company and its mission.
The possibility of building a cooperative network between the different actors in
the field of bio-economy (not only businessmen, but also researchers, cultural
associations, professionals) was assessed with the group work in the Living Lab
sessions. One thing, in fact, is to analyze the single bio-realities individually
considered, and another to analyze the possibility that they work together. The first
hurdle has proved to be eminently cultural in a territory, such as the Italian north-east,
made of small-medium businesses, often family-run.
The group work between different stakeholders has highlighted the need to
implement policies:
1. for the creation of a network of bio actors [e.g. a) Provide a common glossary to
match the language with which reference is made to the activities carried out or
b) adopt an ethical code that protects patents and original ideas and prevents
opportunistic behaviors];
2. for the consolidation of relationships with other actors [e.g. a) with the university
research, in order to create dialogue between the world of production and the
world of scientific research and to optimize and finalize the resources in
programs that have then possible productive effects (systems, biomaterials,
crops) or b) for vertical and horizontal integration of the supply chain, with the
aim of building certified chains from the producer to the consumer.
It is, in this sense, to create the background for dialogue among niche markets and to
ensure that individual actors are no longer "dwarfs" in a giant world (the
‘conventional’ one), but part of a cooperative network getting more and more
resilient. The restructuring of the bio-economic sectors, in fact, moves the "power" on
who, normally, does not have it: small producers (farmers, breeders), consumers, the
civil society and their networks.

5 Conclusions
This research project has allowed to more reliably gauge the value of bioeconomy – a
complex and data-rich aggregation of market niches - beyond its current economic
and monetary weight in the Veneto region. The theme of the higher value of bioproducts and bio-supply chains has emerged, as well as the ongoing process of
rebalancing supply chains and giving more power to historically disadvantaged
stakeholders.
From an economic point of view, the adoption of a mixed approach has highlighted
the sectors linked to bio-economy as showing higher value of production, higher
added value and lower staff turnover, but at the same time they still account for only
0.4% of the total number of companies in the region and in many cases they are
converting imported raw materials - from other regions or from the rest of the world because regional production does not meet their demand.
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From an environmental point of view, according to the first outcomes of the EIOLCA analysis, there is evidence - across some sample bioeconomic supply chains - of
reduced environmental impacts; however, further analyses are required to confirm
those insights, both at the sectors’ and system scale.
From a sociologic point of view, it has emerged that the true drivers of change are
relatively small economic actors (both on the demand and supply side) capable of
raising standards across the entire industry and promoting at the same time its
resilience. Within these market niches, those actors are capable of imposing their
“regulatory discipline” to other actors, going beyond their own boundaries and
influencing the whole sector. These 'little ones' - being a cultural and knowledgeintensive avant-garde - demonstrate the link between culture, ethical instances,
coopetition capacity, networking potential, increased resilience, win-win logic.
Culture has in fact demonstrated to be the hidden engine behind this change of
paradigm towards bioeconomy: familiar and entrepreneurial culture often dates back
to the last century in Italy, with a very clear distinction between family and business,
being still today the main prerequisite towards business managerialisation and
development in this geographic area. Another important driver of change are
consumers who, with their behaviours in terms of preferences and demand, affect and
redirect the market, thus indicating in advance to the regulators the direction of future
policies. Conversely, politicians are perhaps those less capable of vision and
innovation among the various stakeholders, and tend to hardly chase the progress of
others.
All of the above boils down to a very first attempt of defining an
operational/managerial model which moves from the academic interaction of sciences
and humanities - having realized that none of the two disciplinary fields can be
exhaustive by itself - towards a hybrid approach to big (and diversified) data
management that allows for the definition of a measurable link between knowledge based and aware business management, increasing environmental performance - at the
product and process scale - and a corresponding improvement of socioeconomic
performance.
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