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Mapping Barriers to Agro-Waste Circularity: SLR-based WINGS Analysis 1 

Abstract 2 

As agriculture confronts mounting pressure to enhance sustainability and resource efficiency, 3 

circular bioeconomy (CBE) practices—particularly the reuse of agro-waste—offer a promising 4 

solution. However, widespread implementation remains hindered by numerous barriers that are 5 

not yet fully understood in their interconnections and influence. This study investigates these 6 

challenges through a systematic literature review (SLR) and an expert-based Weighted 7 

Influence Non-linear Gauge System (WINGS) analysis. The SLR identifies and categorises 8 

critical supply- and demand-side barriers, while the WINGS approach evaluates their relative 9 

strength and influence. Key barriers include the lack of government regulations and incentives, 10 

limited knowledge and skills for effective agro-waste reuse, and an underdeveloped market for 11 

bio-based products. These barriers exhibit strong causal relationships, indicating their central 12 

role in delaying CBE adoption. By revealing the interdependencies among barriers, the study 13 

provides a structured roadmap for policymakers and stakeholders to prioritise interventions. 14 

The findings underscore the need for coordinated policy support, capacity-building initiatives, 15 

and market development strategies to accelerate sustainable agro-waste reuse in agriculture. 16 

Keywords: CBE, Agro-waste, barriers, SLR, WINGS 17 

JEL codes: O13, Q16, Q20  18 

1 Introduction 19 

The rapidly increasing global population, coupled with the escalating demand for food, is 20 

placing immense pressure on agricultural practices to maximise yields continuously. However, 21 

due to the detrimental impacts of climate change, these yields are expected to decline, which 22 

may lead to a high price by 2050 (Hristov et al. 2020). Compounding this issue, the current 23 

global production and consumption system operates under a linear “take-make-dispose” 24 

framework, in which products are created from raw materials, used, and discarded as waste, 25 

which not only leads to severe environmental degradation but also causes rapid depletion of 26 

natural resources (Ellen MacArthur Foundation 2018). In response to resource scarcity, 27 

increasing waste generation, and the negative environmental impacts of this linear model, there 28 

has been a growing shift toward the circular economy approach (Abad-Segura et al. 2021), 29 
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which promotes the reduction, reuse, recycling, and recovery of materials that would otherwise 30 

be considered waste (Ghisellini et al. 2016). Closely related to the concepts of the circular 31 

economy is the circular bioeconomy (CBE), which integrates the sustainable management of 32 

biological resources with the principles of circularity, such as reuse, recycling, and regeneration 33 

(Tan et al. 2021). Hence, the circular economy refers to a broad economic framework with the 34 

aim of creating a closed-loop production and consumption system in such a way that the 35 

materials are kept in the loop for a longer period of time through several strategies like 36 

recycling, refurbishing, repairing, etc (Geissdoerfer et al., 2017). Likewise, CBE is a subset of 37 

the circular economy concept in which the focus is mainly on using renewable biological 38 

resources like crops, residues, forestry products, etc, so that they can replace fossil-based 39 

resources while supporting environmental and economic development goals (D’Amato et al., 40 

2017). 41 

Within the framework of the CBE, crop waste as a bio-mass resource largely remains untapped. 42 

It is often seen as a burden—both economically and environmentally. Farmers struggle with 43 

disposal, and it contributes to air pollution and soil degradation. But what if, instead of treating 44 

it as waste, we saw it as a resource? It has immense potential to be converted into bioenergy 45 

and bio-based products, which not only reduces dependency on fossil fuels but also helps in 46 

creating new economic opportunities (Awasthi et al. 2022; Koul et al. 2022). This approach 47 

emphasises the need to transition away from traditional high-output, low-efficiency 48 

agricultural practices and toward systems that recycle nutrients and repurpose waste into 49 

valuable bio-based products (Hill et al. 2023; Palmeros Parada et al. 2017). However, the 50 

successful implementation of CBE principles in agriculture faces several challenges.  51 

The majority of the research that has already been done on this subject consists of bibliometric 52 

analysis or review articles (Feng et al. 2023; Kumar et al. 2023; Sathish Kumar et al. 2024; 53 

Najar et al. 2024). Although certain studies have empirically examined the barriers to 54 

establishing a CBE in agriculture through the reutilization of agro-waste (Case et al. 2017; 55 

Muvhiiwa et al. 2017; Gontard et al. 2018; Xia and Ruan 2020; Fytili and Zabaniotou 2022; 56 

Fernando et al. 2022; Rótolo et al. 2022), there has been no investigation into the 57 

interrelationships among these barriers. This paper fills this gap and contributes to the existing 58 

literature in many ways. First, it examines the contextual interrelationships among barriers to 59 

CBE adoption in agriculture, addressing an overlooked area in prior research that primarily 60 

focused on identifying individual barriers without exploring how they influence one another. 61 

Second, while most studies in this field are review articles or bibliometric analyses, this paper 62 
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provides a structural investigation into specific barriers to agro-waste reuse, offering concrete, 63 

expert-based insights and categorising the barriers into demand-side and supply-side barriers, 64 

enhancing the current research’s contribution to the literature. Third, by applying the weighted 65 

influence non-linear gauge system (WINGS) methodology, the study uniquely assesses both 66 

the influence intensity and the overall strength of each barrier, a comprehensive approach that 67 

surpasses traditional barrier assessment methods in its depth and applicability. Last, by 68 

detailing the ways in which these barriers interconnect, the study provides actionable insights 69 

for policymakers, guiding efforts to prioritise and address barriers systematically to foster 70 

effective CBE adoption in the agricultural sector.  71 

In this regard, the research questions were articulated as follows: (RQ1) What insights does the 72 

existing literature provide regarding the key factors that hinder the adoption of CBE practices 73 

in the agricultural sector, particularly through the reuse of agro-waste? (RQ2) What are the 74 

primary barriers to implementing CBE principles in the agricultural sector, and how do these 75 

barriers impact the use of agro-waste? (RQ3) How are these barriers contextually interrelated, 76 

and what implications do these interrelationships have for overcoming barriers to CBE 77 

adoption in agriculture? 78 

In order to identify the key barriers hindering the adoption of CBE practices in the agricultural 79 

sector (RQ1), the study opted for a Systematic Literature Review (SLR) through a Preferred 80 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework by using a 81 

set of pre-defined keywords. In the next step, in order to rank the finalised barriers in terms of 82 

their internal importance as well as their ability to influence other barriers (RQ2), the study 83 

uses a particular Multi-Criteria Decision Making Technique called the WINGS method by 84 

Michnik (2013). In the last step, in order to understand the interrelationships among the barriers 85 

(RQ3), the study opted for the “influence map” creation under the WINGS framework. 86 

The rest of the document is structured as follows: The theoretical foundation for the CBE and 87 

its application in the agricultural sector through the reuse of various agro-wastes is provided in 88 

Section 2; the research methodology is described in Section 3; the data collection and analysis 89 

process is described in Section 4; the results are presented in Section 5; the discussion and 90 

policy implications are covered in Section 6; and finally, the study’s conclusion and limitations 91 

are provided in Section 7. 92 
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2 Theoretical foundations 93 

2.1 Agro-waste 94 

In order to implement a CBE strategy in the agricultural sector through the reuse of agro-waste, 95 

it is essential to have a comprehensive understanding of the source, quantity, and kind of agro-96 

waste produced. Experts (Singh et al. 2010; Seidavi et al. 2019; Tripathi et al. 2019) identify 97 

four primary categories of agro-waste: crop residues, livestock waste, agro-industrial waste and 98 

aquaculture waste. Fig 1 depicts the comprehensive process of waste reuse, from generation to 99 

final product integration back into the agricultural cycle. 100 

Crop residue: Crop residues are linked to agricultural by-products inherently produced from 101 

farming activities. Field residues comprise crop remnants, including pruning debris, leaves, 102 

stalks, seed pods, stems, seeds, straw, husk, shells, pulp, stubble, peels, roots, cattle slurry, 103 

trash from woodland care, and by-products from fruits and vegetables (Koul et al. 2022). These 104 

crop leftovers can be converted into bio-energy by several pre-treatment procedures, such as 105 

anaerobic digestion or combustion, thus supplying renewable energy and diminishing 106 

dependence on fossil fuels (Ertuğrul et al. 2024).  107 

Livestock waste: Traditionally viewed as a waste management issue, livestock waste—108 

including animal corpses, damaged feeders, water troughs, organic materials from 109 

slaughterhouses, and wastewater such as urine and cage wash water—holds considerable 110 

potential for repurposing in many sustainable applications. Manure can be subjected to 111 

anaerobic digestion to produce biogas, a sustainable energy source that reduces reliance on 112 

fossil fuels and mitigates greenhouse gas emissions (Usman Khan and Kiaer Ahring 2021; 113 

Hoyos-Sebá et al. 2024).  114 

Agro-industrial waste: Agro-wastes arise from the processing of crop or animal products 115 

intended for human consumption, along with by-products and remnants from the food 116 

processing sector (Wagh et al. 2024). Bagasse, sugarcane molasses, wheat bran, rice bran, 117 

groundnut shell, apple pomace, fruit peels, de-oiled rice cake, hooves, bones, and feathers, as 118 

well as waste from processed food items made from fruits and vegetables, are a few examples 119 

of agricultural solid wastes that are processed industrially (Ungureanu et al. 2022; Singh et al. 120 

2022). After oil is extracted from seeds, the oil business produces a large amount of processed 121 

wastes, or oil cakes, which can then be converted into other products with added value (Ayala-122 

Zavala et al. 2011). 123 
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Agro-waste Bio-product  

Fig 1. The flow of different types of agro-waste in a CBE framework 124 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Source: Authors’ construct. 125 

Aquaculture waste: It includes by-products like uneaten feed, fish excreta, deceased fish, and 126 

processing remnants (such as scales, bones, and shells), is often seen as contaminants but holds 127 

untapped potential for repurposing within the CBE (Kokou and Fountoulaki 2018). Fish waste, 128 

including fishmeal and fish oil by-products, can be transformed into premium animal feed or 129 

fertilisers, supplying vital nutrients for livestock and crops (Saleh et al. 2022). Furthermore, 130 

the repurposing of nutrient-rich aquaculture sludge can improve soil fertility or produce biogas 131 

via anaerobic digestion, hence aiding renewable energy generation (Lakra and Krishnani 2022). 132 
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2.2 Reusing agro-waste in the CBE 133 

The CBE in agriculture focuses on the sustainable management of agro-waste by transforming 134 

it into valuable resources, including bioenergy, bio-based goods, and organic fertilisers. Agro-135 

waste, comprising crop leftovers, livestock excrement, poultry litter, agro-industrial by-136 

products, and aquacultural waste, possesses considerable potential as a renewable resource 137 

(Koul et al. 2022; Ufitikirezi et al., 2024; Tran et al. 2023). Processes such as anaerobic 138 

digestion, composting, and bio-refining can transform these waste streams into energy, enhance 139 

soil health, and produce bio-based materials, thereby decreasing reliance on fossil fuels and 140 

alleviating environmental impacts (Awasthi et al. 2022; Craparo et al. 2024; Yanfika et al. 141 

2024).  142 

2.3 Barriers to reusing Agro-waste in CBE 143 

The use of CBE concepts in agriculture, especially via the repurposing of agro-waste, 144 

encounters many barriers that can be classified into supply-side and demand-side issues. Agro-145 

waste, including manure, frequently possesses inconsistent and imbalanced nutrient 146 

composition, complicating its reliable application in soil amendments or bio-energy generation 147 

(Sakrabani, 2024; Zhang, 2023). The financial strain resulting from elevated operational 148 

expenses exacerbates the situation, as numerous farmers do not possess the resources to invest 149 

in sophisticated bio-waste conversion technologies, which are essential for a successful CBE 150 

adoption (Del Valle et al. 2022; Tumuyu and Marthalia 2023; Martínez-Moreno et al. 2024).  151 

Meeting the increasing demand for bio-based products necessitates substantial quantities of 152 

agricultural animal and crop waste; however, maintaining a consistent and adequate supply is 153 

problematic due to seasonal fluctuations and competing agricultural requirements (Fytili and 154 

Zabaniotou 2022; Perdana et al. 2023). In addition, insufficient investment opportunities 155 

impede advancement since traditional sources of finance, like banks, are hesitant to finance 156 

initiatives with extended payback periods and unclear profitability (Case et al. 2017; Rótolo et 157 

al. 2022). Furthermore, pre-treatment procedures for agro-waste, including composting, 158 

anaerobic digestion, and fermentation, are frequently intricate and costly, hence exacerbating 159 

operational difficulties (Tumuyu and Marthalia 2023; De Jesus and Aguiar Borges 2024). 160 

Conflicting interests among many stakeholders—such as farmers, governmental entities, and 161 

industries—often result in misaligned objectives and priorities, hindering collaborative efforts 162 

toward the CBE (Fletcher et al. 2017; Mertens et al. 2018). Apart from that, insufficient 163 

knowledge and skills among farmers and local industry to effectively valorise agro-waste into 164 
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bio-based goods (Xia and Ruan 2020; De Jesus and Aguiar Borges 2024) also hinder the 165 

successful implementation of CBE practices. The absence of structured infrastructure for waste 166 

collection, transportation, and processing constitutes a major impediment to the expansion of 167 

bio-based solutions in agriculture (Fletcher et al. 2017).  168 

The demand side is hindered by the absence of government rules and incentives to foster CBE 169 

practices, which constitutes a significant barrier (Fernando et al. 2022; Perdana et al. 2023). In 170 

the absence of robust legislative backing and incentives, firms and farmers have minimal 171 

reason to embrace circular methods (Donner et al. 2021; Duan et al., 2020). Moreover, there 172 

exists a deficiency in knowledge and inadequate information concerning alternative 173 

applications of agro-waste among farmers as well as consumers (Fytili and Zabaniotou 2022). 174 

The deficiency of awareness, along with the lack of operational markets for bio-based products, 175 

further hinders demand for adopting a CBE strategy (Tan et al. 2021; Phiri et al., 2023). 176 

Ultimately, consumer inflexibility presents a hurdle; numerous customers are reluctant to 177 

embrace bio-based products due to their elevated costs relative to conventional options, hence 178 

complicating the creation of market demand for these sustainable offerings (Borrello et al. 179 

2016; Paudel et al., 2024). 180 

Although other research (Fletcher et al. 2017; Case et al. 2017; Fernando et al. 2022) has 181 

examined this subject, none have explicitly highlighted the interrelation of these constraints 182 

within their individual contexts. Furthermore, the WINGS methodology has yet to be utilised 183 

to prioritise these barriers. Consequently, it is essential to identify the principal impediments 184 

obstructing the implementation of CBE principles in agriculture—through the re-utilisation of 185 

agro-waste, and to examine the contextual interrelations among these barriers. This method 186 

will enable the formulation of effective strategies to address these difficulties. 187 

Fig 2. Methodological diagram 188 

 189 

Source: Authors’ construct. 190 

Step 1. SLR (n=50)
Identifying the major 
barriers preventing the 
agriculture industry 
from successfully 
implementing CBE 
practices through agro-
waste reuse.

Step 2. Consulting 
experts (n=20) and 
online survey
Selecting and inviting 
experts well versed in 
CBE and its 
implications in 
agricultural sector, 
followed by validating 
the identified barriers 
using a five-point likert
scale.

Step 3. Prioritising the 
barriers
Round 1: Rating the 
identified barriers in 
terms of their internal 
strength and intensity of 
influence.
Round 2: Generating 
agreement on the top 
rated identified barriers.
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3 Conceptualisation and method  191 

This study’s methodology consists of two main components: an SLR and a WINGS study (Fig 192 

2). The SLR entails a comprehensive search of online databases, including Scopus and Web of 193 

Science, to gather information regarding the major barriers impeding the implementation of 194 

CBE principles in the agricultural sector through the reuse of agro-waste. The barriers 195 

identified through the SLR formed the validated knowledge base and initial input set for the 196 

WINGS analysis. On the other hand, the WINGS study employed an expert knowledge-based 197 

methodology to prioritise the identified barriers by rating them according to their internal 198 

strength and degree of influence. Additionally, it aids in addressing the contextual interrelations 199 

among those barriers. Thus, while the SLR ensured that the barrier list was comprehensive, 200 

systematic, and evidence-driven, WINGS added an expert judgment layer to evaluate their 201 

relative importance and map the contextual interrelations among them. 202 

3.1 SLR 203 

This study utilised the SLR method, as employed in prior research (Hina et al. 2022; Datta et 204 

al. 2022), to thoroughly assess and synthesise the existing literature regarding the barriers to 205 

the implementation of CBE practices in the agricultural sector. This study initiates by defining 206 

research criteria and identifying relevant publications via a systematic data search and 207 

extraction process. The subsequent phase entailed the procurement of documents. The final 208 

phase entailed evaluating and synthesising the papers to ascertain their relevance to the subject. 209 

Search criteria: Since the Scopus and Web of Science databases are thought to be the biggest 210 

and most complete in terms of journal coverage, the current SLR process follows the Preferred 211 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and creates 212 

scientific publication documents from these databases to examine the barriers to implementing 213 

CBE practices in the agricultural sector (see Fig 3). The following terms were used in the 214 

study’s keyword search by subjects, which included titles, abstracts, and keywords: ((“circular 215 

economy” OR “circular bioeconomy” OR “circular bio-based economy” OR “circular 216 

agriculture”) AND (“agricultural waste” OR “agricultural residue” OR “agricultural sector” 217 

OR “agro-waste”) AND (“barriers” OR “challenges” OR “obstacles” OR “roadblocks” OR 218 

“hindrances” OR “limitations”)).  219 

Screening criteria for the study: The study specification procedure involves the formulation of 220 

inclusion and exclusion criteria (see Table 1). The current SLR study exclusively included 221 
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published articles because of the greater probability of peer review in journals compared to 222 

other sources, such as book chapters, reports, conference papers, and notes. The research we 223 

reviewed was either qualitative or quantitative, although all focused on the barriers to applying 224 

CBE principles in agriculture, specifically through the re-utilisation of agro-waste. 225 

Additionally, recognising the linguistic barrier, we limited our selection to papers solely 226 

authored in English, given that the majority of academic journals are published in this language. 227 

Any supply or demand side factors explicitly identified by the authors as impeding the adoption 228 

of CBE practices in the agricultural sector for reusing agro-waste are operationalised as 229 

barriers. Again, in order to ensure the inclusion of only significant barriers, we focused solely 230 

on barriers that demonstrated a substantial impact on the implementation of CBE principles in 231 

the agricultural sector through the reuse of agro-waste. Only those barriers that were 232 

highlighted as significant in at least four of the reviewed publications were considered. 233 

Table 1. Inclusion and exclusion criteria in SLR 234 

Inclusion criteria Exclusion criteria 

English-language articles. 
 

Articles that are not in the English language. 
 

The complete text of published articles is accessible. 
 

Notes, essays, conference papers, working papers, 
book chapters, reports, and editorial surveys 

Publications clearly indicate CBE and its practices.  Articles that discuss CBE but don’t concentrate on 
the barriers that business communities encounter 
while implementing CBE practices. 

Articles that highlight the barriers to the agricultural 
industry’s implementation of CBE methods. 

Duplicate articles 

Articles in the categories of “Economics, 
Econometrics and Finance”, “Business 
Management and Accounting”, “Environmental 
Science”, “Social Sciences” in Scopus and 
“Environmental Science and Ecology”, “Business 
Economics”, and “Development Studies” in Web 
of Science. 

Articles that do not focus specifically on agro-waste. 

Source: Authors’ construct. 235 

Data extraction: On July 14, 2024, we conducted searches on the Web of Science and Scopus 236 

databases. Using our specified search parameters, 269 entries in total were found in both 237 

databases. 186 publications in all were obtained from Scopus, while 83 articles were obtained 238 

from Web of Science. No time restrictions were applied to the selection of our study. 239 

Nonetheless, the primary examination of prior research revealed that the adoption of CBE 240 

methods within the agriculture sector has garnered scholarly attention since 2016, and no 241 

relevant studies were identified prior to this period. Consequently, the aforementioned 242 

publications were published from 2016 to 2024. The screening process was carried out in four 243 

stages. 244 
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Fig 3. Flowchart showing the process of identifying relevant studies for the SLR 245 
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Source: Authors’ construct. 264 

Since certain papers that were previously available in Scopus were also included on the Web 265 

of Science, we started by eliminating duplicate entries. 215 studies were left for additional 266 

screening after duplicates were eliminated. Second, we evaluated the titles and abstracts of 267 

these 215 papers using the inclusion and exclusion criteria previously mentioned. As a result, 268 

there were still 61 investigations overall. Thirdly, we conducted a comprehensive full-text 269 

review of the remaining 61 studies and chose only those that explicitly examined the reasons 270 

impeding the implementation of CBE in the agricultural sector through the reuse of agro-waste. 271 

A total of 29 studies were removed, yielding a sample of 32 papers. To guarantee that no 272 

pertinent papers fitting the criteria were overlooked, other relevant research was located by 273 

scrutinising the reference lists and citations of the selected studies (Datta et al. 2022). 274 
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Additionally, Google Scholar was employed as a supplementary database, utilising suitable 275 

combinations of keywords such as “circular bioeconomy” and “agro-waste” through the ‘all-276 

in-title’ capability in the advanced search function. The incorporation of Google Scholar into 277 

the systematic review method aligns with the recommendations of Haddaway et al. (2015). 278 

Eventually, our final sample consisted of 50 articles. 279 

3.2 WINGS 280 

This study utilised the WINGS technique, as implemented in prior research (Yadav and 281 

Majumdar 2024a, b), to develop a structural model and classify barriers into causal and 282 

consequential categories, considering both the influence and intrinsic strength of each barrier. 283 

Unlike other MCDM techniques, such as Analytic Hierarchy Process (AHP) and Analytic 284 

Network Process (ANP), which are effective for hierarchical decision structures and assume 285 

criterion independence, they become less suitable when barriers are highly interrelated. Again, 286 

Interpretative Structure Modelling (ISM) and Total Interpretative Structure Modelling (TISM) 287 

exclusively evaluate the presence of interrelationships, neglecting their intensity. Nonetheless, 288 

the approaches of the Decision-Making Trial and Evaluation Laboratory (DEMATEL) and 289 

WINGS are especially pertinent to our current inquiry. The DEMATEL method is a tool that 290 

constructs a structural model utilising digraphs and matrices. It also quantifies the degree of 291 

influence among the objects under examination. This technique considers only the level of 292 

impact of an ingredient, neglecting its strength. To mitigate the limitations of DEMATEL, the 293 

WINGS approach considers both the intensity and strength of a factor’s influence. The 294 

previously listed criteria have established a strong correlation between influence and strength. 295 

Consequently, these two factors must collaborate and interact within the model to effectively 296 

represent the essential linkages within an integrated system. With this objective, WINGS seeks 297 

to tackle the issue (see Fig. 4 for a framework illustration).  298 

The WINGS method has been utilised across diverse domains, such as project selection 299 

(Michnik 2018), cultural heritage (Radziszewska-Zielina and Śladowski 2017), green supply 300 

chain (Wang et al. 2021), reverse logistics (Kaviani et al. 2020), blockchain in healthcare 301 

(Govindan et al. 2024), industrial symbiosis (Yadav and Majumdar 2024b), and digital twin in 302 

the agro-food supply chain (Yadav and Majumdar 2024a). However, this approach has not yet 303 

been used in the agriculture sector’s CBE implementation. Given the innovative and 304 

progressive characteristics of the CBE model, it is essential to understand the magnitude and 305 

impact of the challenges involved. Consequently, the WINGS technique was employed to 306 
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investigate the barriers to CBE implementation in the agricultural sector through the reuse of 307 

agro-waste (see Table A2 of Appendix A).  308 

Fig 4. The proposed research framework 309 
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 312 

 313 
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 320 

 321 

 322 

Source: Authors’ construct 323 

Source: Authors’ construct. 324 

4 Data collection and interpretation 325 

Through an SLR, we thoroughly examined all 50 selected papers to identify recurring themes. 326 

From this comprehensive analysis, 13 critical barriers were identified. We only looked at 327 

barriers that showed a significant influence on the application of CBE principles in the 328 

agricultural sector through the reuse of agro-waste in order to guarantee that only relevant 329 

aspects were included. Only those barriers that were highlighted as significant in at least four 330 

of the reviewed publications were considered. 331 

SLR 

Identification of barriers influencing the adoption of CBE principles in 
the agricultural sector through the reuse of agro-waste 

Questionnaire survey with the experts 

Agriculturalists 
 

Academicians 
 

Finalisation of barriers 

Evaluating internal strength as well as interdependence among the 
barriers using WINGS method 

Results and discussion 
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The experts for this study were chosen through purposive sampling. The implementation of a 332 

CBE in the agricultural sector is an expanding global trend. Consequently, the population of 333 

individuals familiar with the CBE paradigm is somewhat limited. Consequently, to augment 334 

the cohort of specialists, we leveraged our broad network and reached out to 35 people through 335 

LinkedIn, email, and personal phone conversations. A total of 20 specialists agreed to 336 

participate in the focus group. This panel of 20 experts, including 17 academicians and three 337 

agriculturalists from all over the world, ensures both academic depth and practical insight. With 338 

75% holding doctoral qualifications, the high expertise level supports a robust, well-informed 339 

perspective on complex CBE issues. The panel’s distribution by experience adds further 340 

strength; nearly half of the experts (7) have over 20 years of relevant experience, while others 341 

have between 5 and 20 years, covering various professional stages and evolving CBE dynamics 342 

(see Table A3 of Appendix A). Even though the expert panel is dominated by academicians, 343 

such purposive sampling was deliberate because it provides theoretical depth, system-wide 344 

knowledge, and cross-contextual insights, which are particularly suited for WINGS, a method 345 

requiring structured judgment on interrelationships among barriers. All the experts had 346 

knowledge of the implementation of the CBE model and recognised the possible challenges 347 

related to its use in the agricultural sector. The incorporation of agriculturalists along with 348 

academic experts enabled the amalgamation of many perspectives on the CBE concept. After 349 

receiving the questionnaire, the experts were asked to verbally assess each barrier’s impact on 350 

the other 12 barriers, as described in Step 3 of Table A2 of Appendix A. 351 

The barriers identified in the literature are detailed in Table A1 of Appendix A. The study 352 

categorises these barriers into demand-side and supply-side barriers, with the literature 353 

indicating a greater prevalence of supply-side barriers compared to demand-side ones (see Fig 354 

5). Expert data was aggregated to compute the “average direct strength-influence matrix (D)”, 355 

as shown in Appendix A, Table A4. This matrix was normalised using Step 5 (referenced in 356 

Table A2) and the WINGS technique, resulting in the normalised matrix presented in Appendix 357 

A, Table A5. Step 6 (from Table A2 of Appendix A) was then employed to derive the overall 358 

strength-influence matrix (𝑇𝑇), as depicted in Table 2. This matrix gives us a complete picture 359 

of how barriers affect one another, including both direct and indirect impacts of each barrier. 360 

It shows not only the immediate influence one barrier exerts on another, but also the ripple 361 

effects that spread through the entire system, thereby highlighting the overall strength of each 362 

barrier in shaping the network. Additionally, Table 2 facilitated the calculation of various 363 

indicators, such as total impact (𝑅𝑅𝑖𝑖), which represents the sum of row elements and total 364 
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receptivity (𝐶𝐶𝑖𝑖), the sum of column elements for a given construct. The total engagement (𝑅𝑅𝑖𝑖 +365 

𝐶𝐶𝑖𝑖) and role (𝑅𝑅𝑖𝑖 − 𝐶𝐶𝑖𝑖) refer to the sum and difference of rows and columns, respectively. These 366 

metrics were used to rank the barriers to adopting CBE principles in the agricultural sector, as 367 

shown in Table 3. The role index (𝑅𝑅𝑖𝑖 − 𝐶𝐶𝑖𝑖) further classifies the barriers into two categories: 368 

cause and effect. 369 

5 Results 370 

This section delineates the research profile of the study sample, which is the first research 371 

question (RQ1) of the present study. The current section evaluates existing research by 372 

analysing annual publications, the distribution of studies by source titles, and the publishing 373 

distribution according to the opted methodology. Fig B1 in Appendix B illustrates the yearly 374 

distribution of all 50 publications regarding the barriers to the implementation of CBE 375 

techniques in the agriculture sector, indicating that this is a contemporary occurrence. The data 376 

illustrate a notable rise in publications post-2020, signifying an escalating interest in the CBE 377 

pertaining to the agricultural sector via the repurposing of agro-waste. The COVID-19 378 

pandemic has intensified researchers’ focus on the vulnerability of global supply chains and 379 

underscored the necessity of resource-efficient alternatives to bolster production for the 380 

sustainability of the agricultural sector through the implementation of the CBE concept. The 381 

highest number of publications in 2023 may be attributed to the growing global focus on 382 

sustainability and the rising interest in CBE practices, particularly in agriculture, driven by 383 

policy shifts, technological advancements, and the urgency to address environmental 384 

challenges.  385 
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Fig 5. Deployment of CBE barriers in the agriculture sector 386 

 387 

Source: Authors’ construct. 388 

Fig B2 in Appendix B illustrates that the journals with the highest number of articles are 389 

“Frontiers in Sustainable Food Systems”, “Science of the Total Environment”, and 390 

“Sustainable Production and Consumption”, including four publications each, followed by 391 

“Bio-resource Technology” and “Journal of Cleaner Production”, each with three publications. 392 

Fig B3 in Appendix B indicates that most publications (28) are reviews, indicating that 393 

synthesising existing knowledge is a dominant approach in this area. Other methodologies, 394 

such as SWOT analysis (3) and PLS-SEM (2), show some variety, while more complex 395 

statistical and modelling approaches, such as life cycle assessments, logit models, and agent-396 

based modelling, are less frequently employed. This suggests that while conceptual and 397 

analytical tools are widely used, empirical and simulation-based approaches are less common, 398 
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likely due to the complexity and resource demands associated with applying CBE methods in 399 

the agricultural sector. 400 

Table 3 delineates the hierarchical classification of barriers based on various scores, prioritising 401 

the barriers to the adoption of CBE principles in the agricultural sector through the reutilization 402 

of agro-waste, which corresponds to our second research question (RQ2). The engagement 403 

score, comprising the impact and receptivity scores, signifies the importance of a barrier. 404 

Conversely, the role score indicates a barrier’s capacity to influence other barriers. A positive 405 

role score indicates attribution to the cause group, whereas a negative score indicates attribution 406 

to the effect group. Table 3 indicates that there were seven barriers categorised as the cause 407 

group and six barriers categorised as the effect group. 408 

Michnik (2013) posits that two metrics, impact and engagement, are appropriate for ranking 409 

and produce comparably similar outcomes. This study demonstrates that the ranking outcomes 410 

derived from these two variables are very analogous. Table 3 illustrates that as per the 411 

engagement score, the primary barriers to the implementation of CBE practices in the 412 

agricultural sector via agro-waste reuse are as follows: the lack of a functioning market (B11), 413 

lack of organised infrastructure (B12), limited knowledge and skills in using agro-waste 414 

effectively (B10), lack of adequate investment opportunities (B7), and financial burden due to 415 

operational costs (B3) in terms of total engagement. The primary barriers regarding impact are 416 

limited knowledge and skills in using agro-waste effectively (B10), lack of a functional market 417 

(B11), lack of adequate investment opportunities (B7), lack of organised infrastructure (B12), 418 

and lack of governmental regulations and incentives (B5).  419 

On the other hand, the top five barriers in terms of role or influence are intensive odour nuisance 420 

(B1), limited knowledge and skills in using agro-waste effectively (B10), lack of government 421 

regulations and incentives (B5), difficulty in sourcing enough agricultural livestock (B4), and 422 

lack of a functioning market (B11). It is noteworthy that the ranking of barriers based on total 423 

impact and role exhibits substantial concordance, as three barriers—namely, limited 424 

knowledge and skills in effectively utilising agro-waste (B10), lack of government regulations 425 

and incentives (B5), and lack of a functioning market (B11)—are consistently identified among 426 

the top five barriers in both instances, also attaining elevated ranks concerning engagement and 427 

role, with three of them classified as cause-group barriers. Consequently, these barriers 428 

necessitate increased focus and diligence for the effective adoption of CBE techniques within 429 

the agricultural sector. 430 
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Table 2. The total strength–influence matrix (𝑇𝑇) 431 

 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 
B1 0.00607 0.00421 0.00605 0.00495 0.00527 0.00529 0.00560 0.00677 0.00570 0.00559 0.00649 0.00638 0.00556 
B2 0.00352 0.00621 0.00436 0.00386 0.00432 0.00493 0.00494 0.00611 0.00446 0.00538 0.00524 0.00556 0.00388 
B3 0.00538 0.00485 0.00920 0.00604 0.00606 0.00623 0.00655 0.00654 0.00576 0.00639 0.00715 0.00806 0.00606 
B4 0.00477 0.00600 0.00578 0.00762 0.00515 0.00576 0.00637 0.00548 0.00602 0.00622 0.00712 0.00715 0.00632 
B5 0.00407 0.00487 0.00761 0.00591 0.00858 0.00729 0.00789 0.00774 0.00607 0.00730 0.00688 0.00765 0.00564 
B6 0.00494 0.00603 0.00700 0.00545 0.00504 0.00874 0.00758 0.00758 0.00694 0.00743 0.00642 0.00645 0.00606 
B7 0.00438 0.00518 0.00733 0.00695 0.00786 0.00760 0.00835 0.00672 0.00609 0.00761 0.00748 0.00766 0.00712 
B8 0.00597 0.00647 0.00685 0.00633 0.00577 0.00653 0.00626 0.00846 0.00620 0.00669 0.00671 0.00733 0.00606 
B9 0.00491 0.00497 0.00653 0.00542 0.00692 0.00606 0.00681 0.00563 0.00617 0.00607 0.00653 0.00774 0.00603 
B10 0.00586 0.00623 0.00706 0.00668 0.00744 0.00806 0.00808 0.00660 0.00728 0.00822 0.00751 0.00857 0.00700 
B11 0.00587 0.00755 0.00852 0.00756 0.00597 0.00644 0.00763 0.00778 0.00610 0.00689 0.00986 0.00754 0.00685 
B12 0.00525 0.00752 0.00746 0.00591 0.00668 0.00656 0.00657 0.00657 0.00725 0.00760 0.00629 0.00912 0.00637 
B13 0.00416 0.00510 0.00547 0.00364 0.00601 0.00619 0.00591 0.00576 0.00542 0.00605 0.00754 0.00727 0.00748 
Source: Data gathered from subject matter experts. Note: This matrix gives us a complete picture of how barriers affect one another, including 432 

both direct and indirect impacts of each barrier. Relationships that surpass the cutoff value of 0.00757 are indicated by bold numbers in the table, 433 

indicating a significant relationship. This matrix is also used to calculate the total impact (total influence exerted by one barrier on all other 434 

barriers) and the total receptivity (total influence received by one barrier from all other barriers) of each barrier. 435 

 436 
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A conceptual map was developed to identify the contextual interrelationships among the 437 

barriers in alignment with our second research question (RQ3). The threshold value (0.00757) 438 

was established by employing the “average of total strength - influence matrix + standard 439 

deviation.” The numbers in Table 2 over this threshold signify a substantial causal relationship. 440 

Fig 6 illustrates the graphical representation of the influence map. Lack of government 441 

regulations and incentives (B5), lack of adequate investment opportunities (B7), limited 442 

knowledge and skills in the effective utilisation of agro-waste (B10), and the lack of a 443 

functional market (B11) are identified as significant contributors to collective barriers that 444 

affect numerous other barriers. This corresponds to the hierarchical arrangement of barriers (5, 445 

3, 1, and 2, respectively) according to their impact score (refer to Table 3). 446 

From the influenced map, it is observed that Lack of government regulations and incentives 447 

(B5) emerged as the most influential barrier, with an engagement score of 0.16856 and ranking 448 

3rd in terms of role score is influencing four other barriers, namely financial burden due to high 449 

operational cost (B3), lack of adequate investment opportunities (B7), complicated and 450 

expensive pre-treatment technologies (B8), and lack of organised infrastructure (B12). In the 451 

absence of explicit policies and financial incentives from the government, farmers and 452 

stakeholders exhibit diminished motivation to invest in sustainable waste management 453 

procedures, hence intensifying the financial strain resulting from elevated operational costs. 454 

The substantial expense of transforming agro-waste into bio-based goods frequently 455 

necessitates subsidies or tax incentives, which are lacking in the absence of governmental 456 

action. The deficiency of sufficient investment opportunities is linked to the lack of 457 

government-supported initiatives that may promote private sector engagement and innovation 458 

in waste valorisation technologies. In the absence of financial assistance to enhance the 459 

accessibility of the adoption of advanced technologies, agricultural producers are hesitant to 460 

invest in them. Moreover, in the absence of government-driven initiatives, the logistics of 461 

managing agro-waste remain disjointed, hindering the establishment of sustainable CBE 462 

practices. 463 

 464 
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Table 3. Prioritisation of CBE barriers 465 

Barriers Total Impact 
(𝑅𝑅𝐼𝐼) 

Rank Total Receptivity 
(𝐶𝐶𝑖𝑖) 

Rank Total Engagement 
(𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑖𝑖) 

Rank Role (𝑅𝑅𝑖𝑖 −
𝐶𝐶𝑖𝑖) 

Rank Group 

B1: Intensive odour nuisance 0.07392 12 0.06515 13 0.13907 12 0.00876 1 Cause 
B2: Unreliable and unbalanced nutrient content 0.06277 13 0.07521 12 0.13798 13 -0.01244 13 Effect 
B3: Financial burden due to high operational cost 0.08427 8 0.08921 3 0.17348 5 -0.00494 11 Effect 
B4: Difficulty in sourcing enough agricultural 
livestock 
 0.07977 10 0.07631 

11 

0.15609 

11 

0.00346 

4 

Cause 
B5: Lack of government regulations and 
incentives 0.08749 5 0.08107 

8 
0.16856 

8 
0.00642 

3 
Cause 

B6: Unawareness of alternative uses for agro-
waste 0.08568 6 0.08569 

7 
0.17137 

7 
-0.00001 

8 
Effect 

B7: Lack of adequate investment opportunities 0.09033 3 0.08855 4 0.17888 4 0.00179 6 Cause 
B8: Complicated and Expensive pre-treatment 
technologies. 0.08565 7 0.08773 

5 
0.17338 

6 
-0.00208 

9 
Effect 

B9: Conflictual interests among several 
stakeholders 0.07981 9 0.07948 

10 
0.15929 

9 
0.00033 

7 
Cause 

B10: Limited knowledge and skills in using agro-
waste effectively 0.09459 1 0.08744 

6 
0.18203 

3 
0.00715 

2 
Cause 

B11: Lack of a functioning market 0.09457 2 0.09123 2 0.18580 1 0.00333 5 Cause 
B12: Lack of organised infrastructure 0.08914 4 0.09650 1 0.18564 2 -0.00735 12 Effect 
B13: Rigidity among consumers 0.07600 11 0.08043 9 0.15643 10 -0.00443 10 Effect 

Source: Data gathered from subject matter experts.466 
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Fig 6. Influence map of CBE barriers 467 

 468 

 469 

 470 

 471 
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 477 

 478 

 479 

 480 

Source: Authors’ construct. 481 

Lack of adequate investment opportunities (B7) acts as a significant barrier with a 0.17888 482 

engagement score holding 6th rank in terms of role is influencing four barriers, namely lack of 483 

government regulations and incentives (B5), unawareness of alternative uses for agro-waste 484 

(B6), limited knowledge and skills in using agro-waste effectively (B10), and lack of organised 485 

infrastructure (B12). Governments may be disinclined to implement supportive regulations or 486 

financial incentives for CBE efforts when private sector investment is insufficient, so 487 

prolonging a cycle in which neither the public nor private sectors assumes leadership. 488 

Furthermore, when investors are reluctant to finance research and marketing, the transmission 489 

of knowledge regarding agro-waste valorisation is inadequate, resulting in several stakeholders 490 

being oblivious to its potential advantages. Additionally, insufficient financial support results 491 

in limited resources for training programs, workshops, or educational efforts that would 492 

provide farmers and other stakeholders with the essential technical skills for implementing 493 

CBE practices. Ultimately, the establishment of essential infrastructure—such as waste 494 
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processing facilities or transportation systems—demands substantial initial cash, which is not 495 

easily accessible without enough investment. 496 

Limited knowledge and skill in using agro-waste effectively (B10) also acts as an influential 497 

barrier, with an engagement score of 0.18203 and ranking 2nd in terms of role score, influencing 498 

three barriers, namely, unawareness of alternative uses for agro-waste (B6), lack of adequate 499 

investment opportunities (B7), and lack of organised infrastructure (B12). Many farmers, 500 

lacking essential skills, are unaware of the possible uses of agro-waste, including its 501 

transformation into bio-energy, fertilisers, or bio-based goods. This knowledge deficiency 502 

constrains innovation and impedes initiatives to advance sustainable waste management. 503 

Moreover, investors frequently hesitate to finance initiatives when they perceive an absence of 504 

proficient individuals capable of executing them effectively. The lack of proficient operators 505 

and supervisors leads to ineffective waste management systems, hence obstructing the 506 

scalability of circular processes. 507 

The lack of a functioning market (B11) is another primary barrier with an engagement score of 508 

0.18580 and ranking 5th in terms of the role score, influencing three barriers: financial burden 509 

due to high operational cost (B3), lack of adequate investment opportunities (B7), and 510 

complicated and expensive pre-treatment technologies (B8). In the absence of a robust market 511 

for bio-based products, generating demand becomes challenging, hence intensifying the 512 

financial strain from elevated operational expenses. Moreover, investors exhibit reluctance to 513 

finance CBE initiatives in the absence of a definitive market for products or services generated 514 

from agro-waste. Furthermore, advanced technology is crucial for converting agro-waste into 515 

lucrative bio-based products; yet, in the absence of a market for these products, firms are less 516 

inclined to invest in such technologies.  517 

Our analysis also reflects an interesting observation about the lack of organised infrastructure 518 

(B12) and the lack of adequate investment opportunities (B7), as these two are the top-most 519 

receptive barriers, whereas their engagement score is relatively high (ranked 4 and 3, 520 

respectively). This demonstrates that they are central to the overall barrier network, meaning 521 

addressing these issues could have a broad impact on overcoming other challenges in 522 

implementing CBE practices.523 



22 
 

Fig 7. Conceptual Framework 524 
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Source: Authors’ construct 539 

 540 

Source: Authors’ construct 541 

6 Comparative Analysis: A Robustness Perspective 542 

Performing a comparative analysis is essential to establish the validity and reliability of the 543 

suggested approach. As WINGS is a structural methodology derived from DEMATEL 544 

(Michnik, 2013) for assessing interrelationships among components, a comparative analysis 545 

between the standard DEMATEL and the WINGS technique is essential. The outcomes of 546 

DEMATEL are displayed in Table A6, and the comparison of the two approaches is 547 

encapsulated in Fig. 8. According to the configuration of lines in Fig. 8, there is negligible 548 

Key cause group barriers (as per internal strength as well as intensity of influence) hindering the 
implementation of CBE practices in the agricultural sector through the reuse of agro-waste 

Lack of government regulations 
and incentives (B5) (Rotolo et 
al., 2022; Fernando et al., 2022; 
Donner et al., 2021): 

• holds rank eight in 
terms of engagement  

• holds rank five in 
terms of impact 

• holds rank three in 
terms of role 

Limited knowledge and skills 
in using agro-waste effectively 
(B10) (Gontard et al. 2018; 
Muvhiiwa et al., 2017): 

• holds rank three in 
terms of engagement 

• holds rank one in 
terms of impact 

• holds rank two in 
terms of role 

Lack of a functioning market 
(B11) (Tan et al., 2021; 
Perdana et al., 2023): 

• holds rank one in 
terms of engagement 

• holds rank two in 
terms of impact 

• holds rank five in 
terms of role 

Influencing four barriers:  
• Financial burden due 

to high operational 
cost (B3) 

• Lack of adequate 
investment 
opportunities (B7) 

• Complicated and 
Expensive pre-
treatment 
technologies (B8) 

•  Lack of organized 
infrastructure (B12) 

Influencing three barriers:  
• Unawareness of 

alternative uses for 
agro-waste (B6) 

• Lack of adequate 
investment 
opportunities (B7) 

• Lack of organized 
infrastructure (B12) 

Influencing three barriers:  
• Financial burden due 

to high operational 
cost (B3) 

• Lack of adequate 
investment 
opportunities (B7) 

• Complicated and 
Expensive pre-
treatment 
technologies (B8) 
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distinction in the rankings across all barriers concerning the four indicators: impact, 549 

engagement, receptivity, and role, as determined by DEMATEL and WINGS.  550 

However, some barriers shift in ranking between the two methods, just like Financial burden 551 

due to high operational cost (B3) holds 3rd rank in case of receptivity in the WINGS method 552 

and 4th rank in case of DEMATEL for the same indicator. Again, the same barrier holds 5th 553 

rank in terms of engagement score for WINGS and 6th rank in DEMATEL for the same 554 

indicator. Suppose you look at the ranking in terms of role score. In that case, there are very 555 

few variations between the methods, like Difficulty in sourcing enough agricultural livestock 556 

(B4) holds 4th rank in terms of WINGS, and the same barrier holds 5th rank in the case of 557 

DEMATEL. Other than these few exceptions, there is a great deal of alignment between the 558 

ranking of the barriers in terms of both DEMATEL and WINGS. Certain barriers, such as the 559 

Lack of government regulations and incentives (B5), Limited knowledge and skills in using 560 

agro-waste effectively (B10), and the lack of a functional market (B11), consistently rank 561 

higher in both methodologies, underscoring their crucial significance. The comparison study 562 

demonstrates the robustness and validity of our results, indicating that the proposed strategy is 563 

both viable and applicable. 564 

7 Discussion  565 

The purpose of this study is to present a methodical way to rank the barriers to applying CBE 566 

principles in agriculture, particularly with regard to reusing agro-waste. It also looks at how 567 

these barriers relate to one another in their respective contexts. While previous research has 568 

largely identified challenges to adopting a CBE without deeper analysis, this study goes a step 569 

further by exploring the relationships between those barriers. In order to achieve this, the study 570 

initially utilised a systematic literature analysis to identify significant barriers, followed by the 571 

application of the WINGS structural model, which is based on the DEMATEL technique. 572 

However, unlike DEMATEL, WINGS not only evaluates the influence intensity of each 573 

component but also considers its overall strength. 574 

 575 
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Figure 8. DEMATEL vs WINGS: barriers ranking comparison 576 

Source: Authors’ construct.577 
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The outcomes derived from applying the suggested strategy demonstrate a lack of government 578 

regulations and incentives (B5), limited knowledge and skills in using agro-waste effectively 579 

(B10), and a lack of a functioning market (B11) are the most significant barriers to 580 

implementing CBE practices through the reuse of agro-waste in terms of impact as well as 581 

causal role. A comprehensive conceptual diagram summarising the findings is shown in Fig 7. 582 

Robust rules, regulations, and incentives are essential for fostering a conducive climate for 583 

sustainable activities. In the absence of these measures, stakeholders such as farmers and 584 

investors have minimal incentive to implement circular processes, including the reutilization 585 

of agro-waste. The literature repeatedly emphasises the significance of government 586 

engagement in influencing CBE transitions, as it mitigates financial risks, promotes innovation, 587 

and aids in the establishment of markets for bio-based products (Borrello et al. 2016; Tan et al. 588 

2021; Fytili and Zabaniotou 2022; Rótolo et al. 2022; Sakrabani et al. 2023).  589 

Moreover, in the absence of adequate expertise, farmers and agro-industry stakeholders 590 

encounter difficulties in deploying technologies that transform agro-waste into valuable goods 591 

such as bio-energy or bio-based materials (Gontard et al. 2018; Rótolo et al. 2022). The 592 

deficiency in information directly impacts the potential for agro-waste valorisation, resulting 593 

in the underutilisation of resources (Muvhiiwa et al. 2017; Roszkowska and Szubska-594 

Włodarczyk 2022). The lack of a defined and operational market for bio-based products hinders 595 

investments in CBE initiatives (Fytili and Zabaniotou 2022; Selvan et al., 2023). Prospective 596 

investors and enterprises exhibit reluctance to engage in CBE practices due to the absence of 597 

unequivocal market demand for bio-based products, leading to a sluggish cycle characterised 598 

by constrained supply and demand for sustainable agricultural commodities (Perdana et al. 599 

2023). The primary barriers to the implementation of CBE techniques through the reuse of 600 

agro-waste, as shown by role indicators, are intensive odour nuisance (B1), limited knowledge 601 

and skills in using agro-waste effectively (B10), and lack of government regulations and 602 

incentives (B5). Among these, the lack of government regulations and incentives (B5) emerged 603 

as a significant causal barrier influencing four barriers, followed by limited knowledge and 604 

skills in using agro-waste effectively (B10), affecting three barriers requiring immediate 605 

attention. 606 

It is important to highlight that, among the three primary barrier groups identified, only one—607 

limited knowledge and skills in agro-waste valorisation (B10)—falls under supply-side 608 

constraints. The other two top barriers, however, are demand-side issues: the absence of 609 

effective government regulations and incentives (B5) and the lack of an established market for 610 
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CBE products (B11). These demand-side barriers are critical because, although the literature 611 

reveals a greater number of supply-side barriers overall, these specific demand-side limitations 612 

play a pivotal role in shaping the feasibility and attractiveness of CBE practices in the 613 

agricultural sector. 614 

8 Strategies and Policy Implications 615 

To successfully apply CBE practices in agriculture, it is essential to create and combine 616 

multiple strategies that address the primary barriers found in the analysis. By drawing from 617 

expert perspectives and pertinent research, the following strategies are offered to address 618 

government regulations, enhance knowledge and skills, and establish a viable market for bio-619 

based products. These measures seek to cultivate an environment favourable to the CBE and 620 

ensure the sustainable repurposing of agro-waste (see Fig. 8). 621 

Strategies for government regulations: Government regulations play a crucial role in 622 

promoting CBE practices, particularly in the agricultural sector. Experts emphasise that 623 

targeted government intervention is essential to create an environment conducive to agro-waste 624 

reuse and recycling. As Expert 1 notes, “Government regulations are the key, along with cost-625 

effective technology and investment incentives for effective waste treatment,” highlighting the 626 

need for supportive policies that encourage affordable technological solutions. Expert 2 further 627 

stresses the importance of “government intervention to make waste treatment cost-effective” 628 

while raising awareness among agriculturalists, ensuring they are informed about sustainable 629 

practices. Expert 3 and Expert 5 advocate for institutional involvement, suggesting that the 630 

government or institutions could “set up waste-reduction factories” and incentivise farmers to 631 

reuse agro-waste, creating a system where both farmers and processors benefit. Expert 8 632 

underscores the need for well-designed policies to address these constraints, while Expert 12 633 

calls for concrete government support, cautioning that “if we are aiming at some environmental 634 

public good, we need explicit government support for solutions.”  635 

Strategies for enhancing knowledge and skills: Experts emphasise the importance of education 636 

and knowledge sharing to enhance knowledge and skills for implementing CBE practices in 637 

agriculture. Expert 4 suggests that “adaptation strategies in the form of training and workshops” 638 

are crucial to equip farmers and other stakeholders with the necessary skills for waste 639 

management. Expert 9 highlights the significance of sharing knowledge and experiences from 640 

existing farmers, noting that “the knowledge and experience of the reuse of agro-wastes from 641 
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the existing farmers can increase the popularity and can overcome barriers to a CBE.” By 642 

promoting training, workshops, and knowledge-sharing platforms, stakeholders can gain 643 

practical insights and build the skills necessary for effective waste reuse, facilitating the 644 

broader adoption of CBE practices. 645 

Strategies for a functioning market: To establish a functioning market for CBE practices in 646 

agriculture, several experts emphasise the need for economic incentives and consumer 647 

engagement. Expert 13 suggests that “from an economist’s perspective, it would make sense 648 

to have a well-functioning, entrenched market from recycled agro-waste products” and 649 

highlights the importance of using “soft marketing skills to change the mindset of consumers” 650 

to make them more receptive to products derived from recycled waste. This shift in consumer 651 

attitudes is crucial for creating demand in the market. Additionally, Expert 16 emphasises the 652 

importance of an “efficient market system that incentivises each of the stakeholders engaged 653 

in the use of agro-waste reuse.” This involves ensuring that the benefits of using agro-waste 654 

exceed the costs of keeping it, which is essential for sustainability. 655 

8.1 Practical implications 656 

The outcomes of this study have some practical implications for the implementation of CBE 657 

practices in agriculture. A definitive policy roadmap can be constructed around the three 658 

primary barriers. Policymakers should initially implement enforceable legislation and targeted 659 

incentives, such as grants and subsidies, to promote the adoption of agro-waste reuse practices 660 

among farmers, addressing the lack of governmental regulations and incentives. In the medium 661 

term, due to farmers’ limited knowledge and skills regarding agro-waste valorisation, it is 662 

essential to develop educational initiatives to enhance awareness and understanding of agro-663 

waste utilisation. This should include training programs, workshops, and knowledge-sharing 664 

platforms to empower farmers and other stakeholders. In the long term, the lack of a functional 665 

market for bio-based products requires the establishment of initiatives to cultivate a market for 666 

agro-waste products by identifying potential purchasers and promoting commodities generated 667 

from agro-waste. By addressing these core issues, stakeholders may effectively reduce barriers, 668 

promote sustainability, and enhance the CBE in agriculture. 669 

  670 
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Fig 8. Decision pathways for overcoming significant agro-waste barriers 671 

 672 

Source: Authors’ construct 673 

8.2 Theoretical implications 674 

The study’s findings contribute significantly to the theoretical understanding of CBE 675 

implementation by highlighting the interconnectedness of barriers in agriculture, particularly 676 

through the reuse of agro-waste. The identification of key barriers, such as the lack of 677 

government regulations and incentives (B5), insufficient knowledge and skills regarding the 678 

valorisation of agro-waste (B10), and the lack of a functioning market (B11), provides deeper 679 

insights into the structural challenges that inhibit progress in this domain. By employing the 680 

WINGS approach, this research offers a novel perspective on how these barriers influence one 681 

another, advancing the theoretical framework around barrier prioritisation in CBE studies. 682 

Furthermore, the study underscores the importance of considering both demand-side and 683 

Key cause group barriers

Lack of government 
regulations and incentives (B5) 
(Fernando et al., 2022; Rótolo 

et al., 2022)

Establishing regulatory 
framework including guidlines 

for waste segregation, 
recycling etc.

Introduce financial incentives, 
such as grants, subsidies, or tax 
breaks, to encourage farmers to 

adopt agro-waste utilization 
practices.

Foster partnerships between the 
government and private sector 
entities to invest in agro-waste 
management technologies and 

infrastructure.

Limited knowledge and skills 
in using agro-waste effectively 

(B10) 
(Gontard et al., 2018)

Develop educational initiatives 
aimed at increasing awareness 

and understanding of agro-
waste utilization among 

farmers

Create pilot projects that 
showcase effective agro-waste 

utilization techniques and 
technologies in real-world 

settings.

Establish platforms for sharing 
knowledge, resources, and 
experiences related to agro-

waste utilization.

The absence of a functioning 
market (B11) 

(Tan et al., 2021) 

Create initiatives aimed at 
developing a market for agro-
waste products by identifying 

potential buyers and promoting 
agro-waste-derived goods.

Facilitate connections between 
agro-waste producers and end-
users (e.g., farmers, industries, 

and retailers) to create a 
seamless supply chain.

Advocate for government 
policies that support the 

establishment of a functioning 
market for agro-waste, 

including incentives for buyers 
and sellers.
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supply-side factors in theoretical models addressing sustainability transitions in agriculture, 684 

offering a more holistic view of the complexities involved in CBE adoption. This contributes 685 

to the broader discourse on sustainability, circularity, and resource management. 686 

9 Conclusion and limitations 687 

In today’s economic development discourse, balancing rapid growth with environmental 688 

sustainability is a global priority. Within this framework, incorporating CBE practices into 689 

agriculture, particularly through the reuse of agro-waste, is crucial. This approach promotes 690 

resilient and inclusive economic growth in addition to sustainable resource use and waste 691 

management. Nonetheless, multiple substantial barriers continue to impede CBE adoption in 692 

agriculture. This study aims to identify and evaluate these barriers through SLR, further 693 

validated through expert surveys. While aligning with prior research (Case et al. 2017; Gontard 694 

et al. 2018; Donner et al. 2021), this study advances beyond previous findings in several 695 

important ways. First, ahead of simply identifying key barriers to CBE adoption, it examines 696 

the interconnections among them to provide a clearer understanding of how these challenges 697 

interact within the agricultural context. Second, unlike studies that predominantly rely on 698 

bibliometric or theoretical frameworks, this research applies the WINGS methodology, a 699 

structural approach that not only assesses the influence intensity of each barrier but also 700 

evaluates its comprehensive impact on the CBE model. Third, leveraging expert insights, the 701 

study offers customised, practical strategies to address these interconnected challenges, 702 

delivering actionable policy recommendations. The findings categorise the barriers into a cause 703 

group with seven barriers, including lack of government regulations and incentives (B5), 704 

limited knowledge and skills in agro-waste utilisation (B10), and the absence of a functional 705 

market (B11), and an effect group of six. Prioritising solutions to these key barriers will 706 

facilitate the adoption of CBE practices in agriculture. Overall, this study enriches the existing 707 

literature by moving beyond individual barrier identification and providing a structured 708 

roadmap for policymakers to advance sustainable CBE integration in agriculture. 709 

However, the findings of this study are derived from SLR and expert surveys, which may 710 

introduce biases related to the selection of studies and the subjective nature of expert opinions. 711 

The expert panel for the survey is weighted toward academic perspectives, potentially 712 

narrowing the range of perspectives on the identified barriers. Thus, future studies can enhance 713 

transferability by incorporating a more heterogeneous panel, particularly value-chain actors 714 
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and policy stakeholders, to validate and extend our findings. Additionally, while the WINGS 715 

method was employed to model the interrelationships among barriers, it may not fully capture 716 

the complexity and dynamic nature of real-world agricultural systems. Moreover, the study did 717 

not account for recently retracted papers in this area, which may have influenced the overall 718 

findings. The study’s focus on the agricultural sector and the reuse of agro-waste may also limit 719 

the generalizability of its findings to other sectors or regions. Future research should expand 720 

the scope by incorporating diverse geographical and sectoral contexts, as well as longitudinal 721 

studies to capture the evolving policy and market environments.  722 
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Appendix A: Tables 

Table A1. Barriers to CBE adoption in the agricultural sector via reusing agro-waste 

 Barrier Description References 
Supply-side barriers   
 Intensive odour 

nuisance 
Intense odour nuisance results from the breakdown and processing of 

agricultural waste, including manure and crop residues, emitting 
unpleasant odours that may provoke community resistance and 
impede the implementation of circular bioeconomy methods. 

Gontard et al., 2018; Case et al., 2017; Muvhiiwa et al., 2017; 
Donner et al., 2021  

 
  

 Unreliable and 
unbalanced nutrient 
content 

The unreliable and unbalanced nutrient composition in agricultural 
waste, including livestock manure and crop wastes, complicates 
their application, constraining their potential in circular 
bioeconomy activities. 

Gontard et al., 2018; Case et al., 2017; Sakrabani, 2024; Sakrabani et 
al., 2023; Phiri et al., 2023; Zhang et al., 2023; Kumar et al., 
2023; Feng et al., 2023; 

Khan et al., 2023; Blasi et al., 2023; Lamolinara et al., 2022; Ingrao 
et al., 2021; Selvan et al., 2023; Cirrincione et al., 2024; Duan et 
al., 2020 

 Financial burden due to 
high operational costs 

The financial burden due to high operational costs arises from the 
costly technologies, equipment, and procedures necessary for 
transforming agricultural waste into bio-based goods, hindering 
the widespread adoption of circular bioeconomy practices among 
farmers. 

Gontard et al., 2018; Case et al., 2017; Tumuyu and Marthalia, 2023; 
Jesus and Borges. 2024; Muvhiiwa et al., 2017; Donner et al., 
2021; Valle et al., 2022; Yanfika et al., 2024; Tan et al., 2021; 
Tran et al., 2023 

Roszkowska and Włodarczyk, 2022; Martínez-Moreno et al., 2024; 
Kumar et al., 2023; Khan et al., 2023; Blasi et al., 2023; Kapoor 
et al., 2020; Yang et al., 2022; Selvan et al., 2023; Ufitikirezi et 
al. (2024) 

Awasthi et al., 2022; De Corato, 2021; Duquennoi et al., 2022; Cho 
S et al., 2023; Duan et al., 2020 

 Challenging to meet the 
need for large amounts 
of agricultural livestock 

Meeting the demand for substantial quantities of agricultural 
livestock waste for bio-based processes is challenging due to 
seasonal fluctuations, variable livestock populations, and 
logistical obstacles in waste collection and transportation, which 
impede the consistent supply required for circular bioeconomy 
practices. 

 

Gontard et al., 2018; Case et al., 2017; Fytili and Zabaniotou, 2022; 
Tumuyu and Marthalia, 2023; Muvhiiwa et al., 2017; Donner et 
al., 2021; Perdana et al., 2023; Valle et al., 2022; Sakrabani, 2024; 
Roszkowska and Włodarczyk, 2022; Mertens et al., 2018; Paudel 
et al., 2024; Andrade et al., 2021; Kapoor et al., 2020; Cirrincione 
et al., 2024 
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 Lack of adequate 
investment 
opportunities 

Insufficient investment opportunities obstruct the implementation of 
circular bioeconomy techniques in agriculture, as funding for 
advanced waste processing technology, infrastructure, and market 
development remains constrained. 

Case et al., 2017; Rotolo et al., 2022; Fytili and Zabaniotou, 2022; 
Jesus and Borges, 2024; Muvhiiwa et al., 2017; Donner et al., 
2021; Borrello et al., 2016;  

Kukreti et al., 2023; Andrade et al., 2021; Kover et al., 2022 
 

 Complicated and 
Expensive pre-treatment 
technologies 

The transformation of agricultural waste into valuable bio-based 
products frequently necessitates advanced methods such as 
anaerobic digestion, pyrolysis, or composting, which are 
expensive and technically intricate, rendering them unattainable 
for numerous small-scale farmers. 

Rotolo et al., 2022; Tumuyu and Marthalia, 2023; 
Jesus and Borges, 2024; Fletcher et al., 2017; Donner et al., 2021; 

Yanfika et al., 2024; Tan et al., 2021; Sakrabani, 2024; Sakrabani 
et al., 2023; Tran et al., 2023; Roszkowska and Włodarczyk, 
2022; Borrello et al., 2016; Martínez-Moreno et al., 2024; Mishra 
et al., 2023; Kumar et al., 2023; Haque et al., 2023; Khan et al., 
2023; Paudel et al., 2024; Chojnacka et al. (2024) 

Lamolinara et al., 2022; Foong et al., 2023; Andrade et al., 2021; 
Kumar et al., 2021; Ingrao et al., 2021; Kapoor et al., 2020; 
Selvan et al., 2023; Kover et al., 2022; Ufitikirezi et al., 2024; 
Awasthi et al., 2022; Cho S et al., 2023; Cirrincione et al., 2024; 
Duan et al., 2020 

 Conflictual interests 
among several 
stakeholders 

Conflicting interests among stakeholders—farmers, governmental 
entities, businesses, and environmental organisations—impede 
circular bioeconomy practices by generating disputes regarding 
resource distribution, financial incentives, environmental 
regulations, and operational priorities, thereby delaying decision-
making and obstructing collaborative waste reuse initiatives. 

Rotolo et al., 2022; Fytili and Zabaniotou, 2022; Tumuyu and 
Marthalia, 2023; Jesus and Borges, 2024; Fletcher et al., 2017; 
Perdana et al., 2023; Yanfika et al., 2024; Mertens et al., 2018; 
Kapoor et al., 2020 

 Insufficient knowledge 
and skill regarding the 
valorisation of agro-
waste 

A significant number of farmers lack the requisite competence to 
efficiently transform agricultural waste into bio-based products, 
hence constraining innovation and the adoption of sustainable 
practices. 

Gontard et al., 2018; Rotolo et al., 2022; Jesus and Borges, 2024; 
Muvhiiwa et al., 2017; Xia and Ruan, 2020; Roszkowska and 
Włodarczyk, 2022; Kumar et al., 2023; Duquennoi et al., 2022 

 Lack of organised 
infrastructure. 

The absence of structured infrastructure for waste collection, 
processing, and distribution obstructs the adoption of circular 
bioeconomy practices, as ineffective systems may result in 
elevated costs and logistical difficulties, impeding the efficient 
reutilization of agricultural waste. 

Fytili and Zabaniotou, 2022; Jesus and Borges, 2024; Fletcher et al., 
2017; Haque et al., 2023; Kover et al., 2022; Ufitikirezi et al., 
2024; Awasthi et al., 2022; Duquennoi et al., 2022 

Demand side barriers   
 Lack of government 

regulations and 
incentives 

The absence of governmental regulations and incentives hinders the 
adoption of circular bioeconomy practices by not promoting the 
reutilization of agricultural waste, thereby deterring investment 
and innovation in sustainable methods and leaving farmers 
without essential support for transitioning to more circular 
systems. 

Rotolo et al., 2022; Fytili and Zabaniotou, 2022; Jesus and Borges, 
2024; Fernando et al., 2022; Xia and Ruan, 2020; Donner et al., 
2021; Perdana et al., 2023; Yanfika et al., 2024; Tan et al., 2021; 
Sakrabani et al., 2023; Tran et al., 2023; Borrello et al., 2016; 
Martínez-Moreno et al., 2024; Kukreti et al., 2023; Haque et al., 
2023; Lamolinara et al., 2022; Kapoor et al., 2020; Yang et al., 
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2022; Chojnacka et al., 2022; Kover et al., 2022; Ufitikirezi et al., 
2024; Awasthi et al., 2022; Cho S et al., 2023; Cirrincione et al., 
2024; Duan et al., 2020 

 Lack of awareness and 
inadequate information 
regarding alternative 
agro-waste uses 

The absence of awareness and insufficient information about 
alternative uses of agro-waste restricts the implementation of 
circular bioeconomy practices, as farmers frequently fail to 
acknowledge the potential advantages and opportunities linked to 
the repurposing of agricultural waste. 

 

Gontard et al., 2018; Rotolo et al., 2022; 
Fytili and Zabaniotou, 2022; Tumuyu and Marthalia, 2023; Jesus 

and Borges, 2024; Fernando et al., 2022; 
Muvhiiwa et al., 2017; Xia and Ruan, 2020; Donner et al., 2021; 

Perdana et al., 2023; Valle et al., 2022; 
Yanfika et al., 2024; Tan et al., 2021; Sakrabani et al., 2023; Kover 

et al., 2022; Duan et al., 2020 
 Lack of a functioning 

market 
The absence of a viable market for bio-based products sourced from 

agricultural waste constitutes a substantial obstacle to the circular 
bioeconomy, as inadequate demand and restricted distribution 
channels hinder investment and innovation, thereby impeding 
stakeholders from fully exploiting the economic potential of agro-
waste reutilization. 

Fytili and Zabaniotou, 2022; Perdana et al., 2023; Tan et al., 2021; 
Chojnacka et al., 2022; Awasthi et al., 2022; De Corato, 2021 

 Rigidity among 
consumers due to the 
high cost of bio-based 
products 

The inflexibility of consumers regarding the elevated prices of bio-
based products presents a substantial obstacle to the circular 
bioeconomy, as consumers may resist paying a premium for 
sustainable alternatives, thereby constraining market demand and 
dissuading producers from investing in the development and 
expansion of these environmentally friendly options. 

 

Gontard et al., 2018; Tumuyu and Marthalia, 2023; Jesus and 
Borges, 2024; Fernando et al., 2022; Tran et al., 2023; 
Roszkowska and Włodarczyk, 2022; Borrello et al., 2016; Haque 
et al., 2023; Khan et al., 2023; Blasi et al., 2023; Duan et al. 2020 

Source: Authors’ review. 
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Table A2. Steps of the WINGS methodology 

Steps Description 
Step 
1 

Identification of barriers obstructing the adoption of CBE methods within the agricultural sector. This will be accomplished by an extensive review of existing 
research and collecting insights from field specialists. 

Step 
2 

Assessment of the contextual causal link among the barriers: The evaluation of interdependencies is performed by examining a causal influence map, as 
articulated by Michnik (2013). 

Step 
3 

Evaluation of strength and intensity of impact: Linguistic phrases [No (N) - 0; Very low (VL) - 1; Low (L) - 2; High (H) - 3; Very high (VH) - 4] is utilised to 
evaluate the strength of constructions and their influence on other constructs. 

Step 
4 

Creation of an “average direct strength – influence matrix (𝐷𝐷)”, wherein the values evaluated in step 2 are incorporated, and the dimensions of each matrix 
correspond to the number of elements (n), with elements denoted as 𝑑𝑑𝑖𝑖𝑖𝑖. Values representing the strength of components are located on the main diagonal, and 
values denoting influences are positioned where 𝑖𝑖 ≠ 𝑗𝑗. Here, 𝑑𝑑𝑖𝑖𝑖𝑖  denotes the influence of component 𝑖𝑖 on component 𝑗𝑗. The expert opinions are subsequently 
averaged. The produced matrix is then utilised in the next phase for normalisation. 

Step 
5 

The process of normalising an “average direct strength-influence matrix (𝐷𝐷)” is done using the formula 𝑆𝑆 = 1
ℎ
𝑃𝑃, where ℎ is the calibration factor. The calibration 

factor ℎ is calculated as the sum of all elements in matrix 𝐷𝐷, specifically ℎ = ∑ ∑ 𝑑𝑑𝑖𝑖𝑖𝑖𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑖𝑖=1  . Here, 𝑆𝑆 represents the normalised matrix. 

Step 
6 

The “total strength-influence matrix (𝑇𝑇)” is calculated using the equation: 𝑇𝑇 = 𝑆𝑆(𝐼𝐼 − 𝑆𝑆)−1, where 𝐼𝐼 is the identity matrix with dimensions corresponding to the 
number of constructs. 

Step 
7 

Several indicators are calculated in this process. The total impact (𝑅𝑅𝑖𝑖) is the sum of all elements in a row of the total strength-influence matrix (𝑇𝑇), while the total 
receptivity (𝐶𝐶𝑖𝑖) is the sum of all elements in a column of the same matrix. The constructs are then ranked based on the values of 𝑅𝑅𝑖𝑖 𝐶𝐶𝑖𝑖 , (𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑖𝑖) and (𝑅𝑅𝑖𝑖 −
𝐶𝐶𝑖𝑖) Here, (𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑖𝑖) and (𝑅𝑅𝑖𝑖 − 𝐶𝐶𝑖𝑖)  is referred to as total engagement and role, respectively. 

Source: Authors’ construct. 

 

Table A3. Profile of experts and participants 

Dimensions Details No. of experts Dimensions Details No. of experts 
Gender Male 13 Profession Academician/Researcher 17 
 Female 7  Agriculturalists 3 
Qualifications Postgraduate 5 Years of Experience <5 years 5 
 Doctorate 15  5 – 10 years 5 
 Professional Degree 0  11 – 20 years 3 
 Others 0  >20 years 7 

Source: Data gathered from subject matter experts. 
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Table A4. Average direct strength-influence matrix (𝐷𝐷) 

 
 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 
B1 1.9500 1.3000 1.9000 1.5500 1.6500 1.6500 1.7500 2.1500 1.8000 1.7500 2.0500 2.0000 1.7500 
B2 1.1000 2.0000 1.3500 1.2000 1.3500 1.5500 1.5500 1.9500 1.4000 1.7000 1.6500 1.7500 1.2000 
B3 1.7000 1.5000 2.9500 1.9000 1.9000 1.9500 2.0500 2.0500 1.8000 2.0000 2.2500 2.5500 1.9000 
B4 1.5000 1.9000 1.8000 2.4500 1.6000 1.8000 2.0000 1.7000 1.9000 1.9500 2.2500 2.2500 2.0000 
B5 1.2500 1.5000 2.4000 1.8500 2.7500 2.3000 2.5000 2.4500 1.9000 2.3000 2.1500 2.4000 1.7500 
B6 1.5500 1.9000 2.2000 1.7000 1.5500 2.8000 2.4000 2.4000 2.2000 2.3500 2.0000 2.0000 1.9000 
B7 1.3500 1.6000 2.3000 2.2000 2.5000 2.4000 2.6500 2.1000 1.9000 2.4000 2.3500 2.4000 2.2500 
B8 1.9000 2.0500 2.1500 2.0000 1.8000 2.0500 1.9500 2.7000 1.9500 2.1000 2.1000 2.3000 1.9000 
B9 1.5500 1.5500 2.0500 1.7000 2.2000 1.9000 2.1500 1.7500 1.9500 1.9000 2.0500 2.4500 1.9000 
B10 1.8500 1.9500 2.2000 2.1000 2.3500 2.5500 2.5500 2.0500 2.3000 2.6000 2.3500 2.7000 2.2000 
B11 1.8500 2.4000 2.7000 2.4000 1.8500 2.0000 2.4000 2.4500 1.9000 2.1500 3.1500 2.3500 2.1500 
B12 1.6500 2.4000 2.3500 1.8500 2.1000 2.0500 2.0500 2.0500 2.3000 2.4000 1.9500 2.9000 2.0000 
B13 1.3000 1.6000 1.7000 1.1000 1.9000 1.9500 1.8500 1.8000 1.7000 1.9000 2.4000 2.3000 2.4000 

Source: Data collected through consultation with subject matter experts. 

Table A5. Normalised Matrix (𝑆𝑆) 

 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 
B1 0.0057 0.0038 0.0056 0.0045 0.0048 0.0048 0.0051 0.0063 0.0053 0.0051 0.0060 0.0059 0.0051 
B2 0.0032 0.0059 0.0040 0.0035 0.0040 0.0045 0.0045 0.0057 0.0041 0.0050 0.0048 0.0051 0.0035 
B3 0.0050 0.0044 0.0087 0.0056 0.0056 0.0057 0.0060 0.0060 0.0053 0.0059 0.0066 0.0075 0.0056 
B4 0.0044 0.0056 0.0053 0.0072 0.0047 0.0053 0.0059 0.0050 0.0056 0.0057 0.0066 0.0066 0.0059 
B5 0.0037 0.0044 0.0070 0.0054 0.0081 0.0067 0.0073 0.0072 0.0056 0.0067 0.0063 0.0070 0.0051 
B6 0.0045 0.0056 0.0065 0.0050 0.0045 0.0082 0.0070 0.0070 0.0065 0.0069 0.0059 0.0059 0.0056 
B7 0.0040 0.0047 0.0067 0.0065 0.0073 0.0070 0.0078 0.0062 0.0056 0.0070 0.0069 0.0070 0.0066 
B8 0.0056 0.0060 0.0063 0.0059 0.0053 0.0060 0.0057 0.0079 0.0057 0.0062 0.0062 0.0067 0.0056 
B9 0.0045 0.0045 0.0060 0.0050 0.0065 0.0056 0.0063 0.0051 0.0057 0.0056 0.0060 0.0072 0.0056 
B10 0.0054 0.0057 0.0065 0.0062 0.0069 0.0075 0.0075 0.0060 0.0067 0.0076 0.0069 0.0079 0.0065 
B11 0.0054 0.0070 0.0079 0.0070 0.0054 0.0059 0.0070 0.0072 0.0056 0.0063 0.0092 0.0069 0.0063 
B12 0.0048 0.0070 0.0069 0.0054 0.0062 0.0060 0.0060 0.0060 0.0067 0.0070 0.0057 0.0085 0.0059 
B13 0.0038 0.0047 0.0050 0.0032 0.0056 0.0057 0.0054 0.0053 0.0050 0.0056 0.0070 0.0067 0.0070 

Source: Data collected through consultation with subject matter experts. 
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Table A6. The result of DEMATEL 

Barriers Total Impact 
(𝑅𝑅𝐼𝐼) 

Rank Total Receptivity 
(𝐶𝐶𝑖𝑖) 

Rank Total Engagement 
(𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑖𝑖) 

Rank Role (𝑅𝑅𝑖𝑖 −
𝐶𝐶𝑖𝑖) 

Rank Group 

B1: Intensive odour nuisance 5.8954 12 5.1710 13 11.0665 12 0.7244 1 Cause 
B2: Unreliable and unbalanced nutrient content 4.9661 13 6.0034 11 10.9695 13 -1.0373 13 Effect 
B3: Financial burden due to high operational cost 6.4862 8 6.8812 4 13.3674 6 -0.3950 11 Effect 
B4: Difficulty in sourcing enough agricultural 
livestock 
 6.2259 10 5.9738 12 12.1997 11 0.2521 5 Cause 
B5: Lack of government regulations and 
incentives 6.8213 5 6.2740 10 13.0954 8 0.5473 3 Cause 
B6: Unawareness of alternative uses for agro-
waste 6.6240 6 6.6292 7 13.2533 7 -0.0052 8 Effect 
B7: Lack of adequate investment opportunities 7.0592 3 6.8893 3 13.9485 4 0.1699 6 Cause 
B8: Complicated and Expensive pre-treatment 
technologies. 6.6238 7 6.7934 6 13.4173 5 -0.1696 9 Effect 
B9: Conflictual interests among several 
stakeholders 6.3806 9 6.3424 8 12.7230 9 0.0382 7 Cause 
B10: Limited knowledge and skills in using agro-
waste effectively 7.3882 1 6.8212 5 14.2093 2 0.5670 2 Cause 
B11: Lack of a functioning market 7.2073 2 6.9537 2 14.1609 3 0.2536 4 Cause 
B12: Lack of organised infrastructure 6.8453 4 7.4521 1 14.2974 1 -0.6068 12 Effect 
B13: Rigidity among consumers 5.9661 11 6.3049 9 12.2711 10 -0.3388 10 Effect 

Source: Data gathered from subject matter experts.
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Appendix B: Figures  

Fig B1. Year‐wise distribution of publications (CBE related to the agriculture sector) 

 

Source: Authors’ construct. 
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Fig B2. Distribution of publications (CBE related to the agriculture sector) as per journal 

 

Source: Authors’ construct. 
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Fig B3. Publications distribution (CBE related to the agriculture sector) as per methodology 

used. 

 

Source: Authors’ construct. 
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