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Agricultural waste management and valorisation in the context of the circular Bioeconomy: exploring the 
potential of biomass value webs 

 

 

Abstract 

In this paper we discuss relocating the topic of waste management in the wider issue of circular Bioeconomy, 
with a special focus on the emerging concept of value webs. We do so by reviewing the literature on biomass 
value webs. Based on this, we discuss the potential role of this conceptual development for food waste 
management. The main result of the review is that the concept of value webs, though theoretically very 
interesting, has actually found little application to waste and by-products until now. In spite of this, it may be 
expected that the concept will expand to this area in the future. This will require advances in terms of data 
and attention to circularity, but also a better economic conceptualisation allowing more rigorous quantitative 
applications in support of policy decisions. 

 

1. Introduction and objective 

Waste management and valorisation through treatment, recycling and/or reuse has taken a paramount 
importance in recent years in the agriculture and food sectors (Duque-Acevedo et al., 2020). The focus on 
recycling of organic materials has been growing in parallel to the wider development of the bioeconomy and 
of the general concept of circular economy (Viaggi, 2018). These two concepts, in turn, tend to be now 
merged in the idea of circular bioeconomy (Brandão et al. 2021). Much of the literature addresses the topic 
looking at narrow parts of the system, e.g. an individual recycling process/technology, an individual waste 
value chain or a specific territorial area (Duque-Acevedo et al., 2020; Koul et al., 2022; Do et al., 2021). 

Key growing features of the Bioeconomy are the increased separability of processes and, partly as an effect 
of this, the increased interconnection among different value chains. The latter is closely connected to the 
topic of flexibility and resilience. Also, especially in a context of globalised economy, scale, from local to 
global, affects the degree of performance with respect to the concept above, e.g. degree of circularity or the 
degree of flexibility (Viaggi et al., 2021). 

In this paper, we address the issue of relocating the topic of agricultural waste management in the wider 
issue of circular bioeconomy, with a special focus on the emerging concept of biomass value webs. Biomass 
value webs can be defined as “complex systems of interlinked value chains in which biomass products and 
by-products are produced, processed, traded, and consumed” (Callo-Concha et al., 2020). We first perform 
a review of the literature on biomass value webs. Based on this, we discuss the potential role of biomass 
value webs for agriculture and food waste management. While being aware that there are different 
definitions for agriculture and food waste, we decided (on purpose) to avoid referring to a specific one, in 
order to keep the topic at a more general level. 

The structure of the paper is the following. In section 2 we briefly illustrate the methodology for the review 
and selection of the relevant literature. In section 3 we illustrate the results, i.e. the main focus and gaps in 
the literature on value webs applied to the Bioeconomy. In section 4 we provide a discussion about the 
potential for the future applications of the concept in relation to agriculture and food wastes in the context 
of the Bioeconomy. The conclusions of the author are presented in section 5. 

 

2. Methodology 



The methodology used in this paper is that of a systematic literature review inspired by the PRISMA approach 
and based on the Scopus database. Scopus was searched using two sets of keywords. First, the expression 
“value web” was searched yielding 141 results. Note that the option of searching for “value” AND “web”  was 
explored and it provided more than 53,000 papers, but these papers resulted totally unfocused with respect 
to the objectives of this paper, where “value web” has a specific meaning. The results were then filtered with 
the keyword “Bioeconomy”, yielding 11 results. In a second step the above results were filtered by selecting 
papers in the categories of “Economics, econometrics and finance” or “Social sciences” or Business, 
management and accounting”, which yielded again 11 results. 

In order to make sure complementary papers and potential word variations were accounted for, a second 
search was performed using the term “Value network”. This yielded 1589 results, that were then filtered with 
the keyword “Bioeconomy”, yielding 6 documents. In a second step the above results were filtered by 
selecting papers in the categories of “Economics, econometrics and finance” or “Social sciences” or Business, 
management and accounting”, selecting 5 documents, of which 4 relate to forestry or wood economy. Here 
the 6 papers were retained for the analysis. One additional paper, found among cited papers in one of those 
identified from the search, was added to the group. 

The papers from the two groups were basically overlapping and we retained 12 papers for the analysis. In 
the following, given the small number of papers, we preferred to avoid further selection and classification 
and we moved straight to reading and analysis of contents. 

Web of Science was also searched to cross-check the outcome of Scopus. This yielded a lower number (9) of 
papers, all of which overlapping with the Scopus search except for one, that was excluded because it was not 
pertinent for this study, in spite of the use of the term value web. 

Given the small number of papers, an inspection of the related literature was performed (cited papers, citing 
papers), with specific attention to the papers included in the special issue summarised in Callo-Concha et al. 
(2020). There is indeed a high number of papers addressing different aspects of biomass production, however 
their inclusion was inconsistent with the aim to investigate specifically the use of the concept of value web 
in relation to the bioeconomy. For this reason, no additional paper has been added to the selection explained 
above. 

 

3. Results: Biomass web and biomass networks  

A preliminary inspection of the papers selected in this way shows that both value webs and value networks 
in Bioeconomy are totally focused on social sciences and economics. Bioeconomy covers a relatively high 
share of the concept for value webs (around 10%) while it is negligible for value networks. All selected papers 
have been published from 2018 to 2021, with the exception of two papers under the keywords “value web” 
published in 2016. In this section, we illustrate the contents of these papers based on three main features: 
presence of empirical analyses; methodology; role given to wastes. 

The systematic collection of studies selected in this paper as addressing value webs and the Bioeconomy is 
reported in table 1, which highlights the role that wastes and by-products have in each paper. 

 

Table 1 – Selected studies on value webs and the role of wastes and by-products 

Reference Case study Approach Waste & circularity 
Korhonen et al., 
2021 

Three value 
networks on forest 
economy in Finland 

Expert-based Side streams of wood –related 
industries; focus on the need of more 



flexible regulation about the use of 
wood streams 

Callo-Concha et 
al., 2020 

N/A; Overview of 
papers from a 
special issue 
focusing on 
biomass 
production in Sub-
Saharian Africa 

Review Use of several waste streams for the 
production of valuable products; need 
of public expenditure and training to 
empower actors towards these new 
options; comparison with Northern 
countries 

Naah, 2020 Biomass value web 
in six rural 
communities in 
Ghana 

Interview to 180 
local actors (120 
smallholder farmers 
and 60 local 
commercial 
intermediaries); 
cognitive salience 
index to quantify 
importance 

Poor use and lack of cascading 
approach to by-products 

Anderson et al., 
2019 

Biomass-based 
value webs 
of selected crops in 
Ghana, Nigeria, and 
Ethiopia 

Modeling using 
systems analysis 
software 
iMODELER and 
participatory 
stakeholder 
workshops 

Not considered 

Adeyemo et al., 
2019 

Cassava system in 
Nigeria 

Intensity of cassava 
utilisation and its 
determinants on 
sample of 541 
households, through 
cluster analysis and 
ordered probit 
regression 

Higher level of intensity of utilisation 
seen as a strategy for waste reduction 

Lin et al., 2019 Bamboo value web 
in Injibara township 
(Ethiopia) 

Semi-structured 
interviews and 
informal focus group 
discussions with key 
stakeholders 

Not considered 

Loos et al., 2018 Plantain Residues 
in Ghana 

Expert interviews, 
and group 
discussions 

Market potential for fiber rich plantain 
pseudostems that usually remain in the 
field. Also some knowledge and 
stakeholders structures exist that could 
establish a market. However, market is 
not activated. Pilot initiatives and 
technology transfer needed. 

Poku et al.,  
2018 

Cassava in Ghana Physical mapping, 
actor’s mapping and 
interviews; net-map 
tool 

Problem of high quantity of wasted 
product; zero-waste potential. 

Devaney and 
Henchion, 2018 

Irish bioeconomy Delphi panel of 
experts 

Waste reduction and use in 
bioenergy/biomaterials important; 



value web approach advocated but 
poorly implemented 

Scheiterle et al., 
2018 

Sugar cane in Brazil Physical mapping, 
actor’s mapping and 
interviews; net-map 
tool 

Extension of the value chain approach 
to include the utilization of by-products 
as well as the inclusion of cascading use 
of biomass 

Borras et al., 
2016 

N/A; discussion on 
importance of 
value webs in 
relation to 
flexibility and 
changing power 
relationships in the 
bioeconomy 

Review Discussion of importance of by-
products 

Virchow et al., 
2016 

N/A, discussion of 
African 
Bioeconomy 
potential including 
need of shift to 
value web concept 

Review Potential of by-products; need to 
reduce waste/zero-waste objective 

 

One fourth of the papers is a review or commentary, with only 9 papers providing empirical analyses. Biomass 
value webs are mostly framed as an answer to the emerging trends in the Bioeconomy, of which the 
prevailing one relates to the need of representing the Bioeconomy as a complex system. The concept of value 
web aims to go beyond the narrow vision of value chains, properly accounting for inter-chain relationships. 
Biomass value webs are proposed as an improved support to the understanding of evolving Bioeconomy 
systems, also in terms of power relationships and social concerns. 

Only 7 papers try to describe value webs empirically. These are all located in the Global South, either Africa 
or Brasil (e.g. Callo-Concha et al., 2020; Naah, 2020; Virchow et al., 2016). Most of the empirical applications 
offer an expansion of the value chains approach into value web approaches focusing on marketable products, 
so do not consider ecosystem services. From a methodological point of view, empirical exercises are mostly 
based on interviews. The biomass value flows are mostly described qualitatively as links among 
activities/processes, without quantification of flows or economic parameters, while functional relationships 
are described qualitatively. This can be easily explained with the lack of statistical information fitting with the 
approach (i.e. at the appropriate level of disaggregation). 

An example of value web representation is given in Figure 1. 

 

Figure 1 – An example of value web representation 



 

Source: Virchow et al. (2016) 

 

While the description of  biomass flows is important for the analysis, the most interesting side of the 
approach is in the actual economic conceptualisation, by representing value flows and their relationships. In 
this respect, most papers do not go beyond the mention of value chains as a conceptual background. One 
exception is Poku et al.,  2018 that uses the Porter’ diamond model of national competitive advantage as a 
background theoretical approach. 

Anderson et al., 2019 provide a modelling representation of biomass-based value webs of selected crops in 
Ghana, Nigeria, and Ethiopia, which is still somehow unique in trying to use the value web concept in 
simulating impact pathways in the bioeconomy. The authors use a system dynamics approach to identify 
supporting and hindering factors allowing contributing to food security. While emphasising the need to 
connect value chains through a value web approach, the author find that linkages among value chains are, in 
practice, still below expectations. 

It is also worth mentioning that while biomass value webs are intended as crossing among value chains, 
several biomass value web papers restrict deliberately attention to one single crop or value chain (e.g. 
Scheiterle et al., 2018; Lin et al., 2019). 

The role of waste and by-products in the biomass value web literature is not particularly prominent. While 
waste and by-products importance is widely recognised and the use of value webs is envisaged as a way to 
minimise wastes and improve circularity, the explicit inclusion in the biomass value web analysis is mostly 
absent. Only one case directly addresses the use of by-products (Loos et al., 2018) and only one explicitly 
attempts to use value webs to expand the value chain also to by-products (Scheiterle et al., 2018). These by-
products are mostly crop losses in the field rather than wastes or by-products from industry. 

 



4. Discussion: the way ahead in using biomass value webs to analyse agriculture waste management in the 
context of the bioeconomy 

This paper reviews recent developments in the concept of biomass value webs applied to the Bioeconomy. 
The current literature is still rather narrow, with limited  empirical representation of biomass value webs. 
Also the empirical relevance of the concept of value web seem to be below expectations due to the limited 
number of links among value chains. It can be expected that the concept will become much more relevant in 
the future with the growth of interconnections among chains, which is a clear of the Bioeconomy, though 
often based mainly on anecdotal evidence. 

The current use of the biomass value web concept largely do not account for waste and circularity aspects. 
Locating these concepts in the context of the circular bioeconomy and waste management requires 
refinement and expansion in at least three directions. 

First, the concept needs to highlight explicitly flows that can be considered as circular, or better the net 
harvesting of biomass from the ecosystem. Again, while this is partially considered, a proper consideration 
of circularity would probably need to become explicit and this would also support a straight consideration of 
waste and by-products. 

Second, the concept needs an expansion beyond agriculture and food input and products, in order to account 
properly for wastes and by-products, as well as for considering explicitly the interaction with non-food and 
energy sectors. Indeed wastes are already considered in a few of the existing exercises, but this needs to be 
expanded more systematically and explicitly. 

Thirds, in perspective this may go even beyond considering the full definition of Bioeconomy to expand to 
ecosystems management, hence better linking to ecological concepts. 

These directions may require three additional advances. First, valuation exercises need to be improved taking 
into account non-market values. This would, among others, contribute to the progress of technologies for 
developing new high-value products from wastes, e.g. bioplastics (Degli Esposti et al., 2021). This explicitly 
brings to the issue of accounting for potential benefits from research and product development in the 
representation of biomass value webs, that are often based just on current (market) values. 

Secondly, improvements are needed about understanding the functional explanatory capacities of the value 
web as a whole in contrast to the current emphasis on links. Even more, a promising pathway is that of 
integrating the value web vision with wider systems representations, such as that of socio-ecological systems 
(SES) (Ostrom, 2009; de Schutter et al., 2019). An even wider view, inspired to SES, but opening to value flows 
and technology, is that Socio-ecological-technological system value enhancing webs (SETVEW) proposed by 
Viaggi (2019). These interdisciplinary explorations, in particular the latter, are still under development. 

Third, both the previous issues hint at the importance of dynamics. In relation to value webs, dynamics means 
not only changes in structure over time, e.g. due to new links across chains, but also ability to change 
structure continuously to adapt to economic and social pressure. 

 

5. Final remarks 

Studies on circular Bioeconomy are striving to identify appropriate concepts to take into account the 
complexity of the biomass flows and of the related value relationships. We claim that the process may benefit 
from a wider use of the concept of biomass value web. This goes beyond the vision of the value chain, 
accounting for the complexity of the web of relationships and biomass flows characterising the Bioeconomy 
and crossing different value chains. In the current literature, this concept is only in its infancy, accounting for 
a few papers and even fewer attempts to implement the concept empirically. 



In this paper, we use this background to discuss the potential of biomass value webs to provide a better 
picture of the integration of waste and by-products considerations into the Bioeconomy organisation. While 
there is some potential, the current literature on biomass value webs accounts only marginally for wastes 
and by-products. However, attempts are available in this direction and it may be expected that the concept 
will expand more explicitly to this area in the future. This will require advances in terms of data and attention 
to circularity, but also a better economic conceptualisation allowing more rigorous quantitative applications 
in support of policy decisions. In perspective, this may go even further, considering the full definition of 
Bioeconomy to expand to ecosystems management and technological aspects, hence better linking to the 
Bioeconomy as whole.  
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