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EXECUTIVE SUMMARY 

 

This report presents an analysis of drivers and barriers to circular economy (CE) implementation 

in the agri-food sector. The data consists of secondary analysis (literature review) complemented 

by four case studies of agri-food SMEs that are implementing (or considering to implement) CE 

practices.  

 

Identified drivers 

 

 Economic and Enterprise/Organisation Drivers: improved efficiency of materials and resources; 

increased quality and value of products; keep within laws and policies for waste 

management; economic growth; cost optimisation. 

 Regulatory/Policy Drivers: legal frameworks; tax incentives; infrastructure development; 

certification of companies and products; availability of strong educational systems.  

 Environmental and Social Drivers: improved public health; improved animal welfare; 

mitigating the effects of climate change/global warming; availability of renewable energy 

and resources; protection of the future growth in population; environmental awareness 

among consumers; job creation 

 

Identified barriers 

 

 Economic and Enterprise/Organisation Barriers: lack of economic incentives for CE 

implementation; lags in product design and production processes; weak technology 

innovation within enterprises; lack of organisational mechanism that promotes innovation; 

insufficient internalisation of external costs; difficulties in establishing proper prices for 

circular products; high initial investment costs; higher purchasing prices for recycled 

materials. 

 Regulatory/Policy Barriers: lack of government support and incentives; lack of agreed 

performance indicators to measure CE; ineffective recycling policies for waste 

management; lack of specific vision in terms of CE implementation; disconnection 

between waste management policies and CE aspirations.  

 Environmental and Social Barriers: lack of environmental awareness among farmers; fear of 

change of culture; lack of circular design; lack of sustainable practices; lack of competency 

and motivation; lack of professional knowledge and skills among farmers; lack of proper 

management and exploitation of green financial policies among farmers.  

 

Case studies outcomes 

 

Case study 1 (Regather, food distribution social enterprise, United Kingdom). Main drivers for CE: 

increased demand from the market/customers, increased policy pressure, increased social 

inequality, and the need to deliver social impact via job creation. Main barriers for CE: lack of 

proper infrastructure and transportation, pricing, lack of CE skills among the agri-food 

stakeholders. 
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Case study 2 (Cooperative of Monje, agricultural cooperative, Argentina). Main drivers for CE: crop 

rotations and agriculture-livestock integration, availability of data/information. Main barriers for 

CE: fluctuating economic policies, tax burden, distance (proximity) for remanufacturing. 

 

Case study 3 (SOLAGRI, lemon processing cooperative, Italy): Main drivers for CE: further 

product valorisation. Main barriers for CE: relationships with customers; fragmented membership 

base; required investments. 

 

Case study 4 (TN Nefeloudis, food additives enterprise, Greece). Main drivers for CE: product 

reuse prospects & remanufacturing. Main barriers for CE: inefficiencies caused by the limited 

capacity of forecasting software and poor transportation conditions, offset the positive effect of 

implemented reuse practices, waste is a seasonal problem, outsourcing transportation. 
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1. Introduction 

 

Circular economy (CE) has gained considerable amount of attention in the existing academic, 

policy and practice literature primarily in the field of manufacturing, however, recently the 

emphasis was also put in the field of agriculture (Zeng et al., 2016). Whether the current increase 

in agri-food production is still maintaining the balance between the production and protecting the 

environment, it is imposing major challenges regarding the sustainable and efficient management 

of resources in the long-term (Rufi-Salis et al., 2020; Vanhamaki et al., 2020). To this end, the 

circular economy (CE) paradigm is positioned as an important and encouraging approach to 

reduce negative impacts of the agricultural processes, as well as preserving the resources and 

boosting the economic performance (Stegmann et al., 2020; Kuisma and Kahiluoto, 2017). 

 

Similarly, to resource efficiency, sustainability is the second key aspect that should be accounted 

for when discussing and planning CE implementation in agri-food. Considering that CE aims to 

facilitate the sustainable development through creating economic and social benefits, as well as 

averting pollution to preserve the environment, a CE-driven agri-food supply chain should ensure 

that it ensuring: economic sustainability; environmental sustainability; social sustainability (Bos and 

Broeze, 2020; Kristensen et al., 2016; Jun and Xiang, 2011). However, despite various drivers for 

CE implementation, companies (especially SMEs) face substantial barriers (organisational and 

extra-organisational). Therefore it is of high importance to capitalize on existing drivers and to 

mitigate any potential barriers towards facilitating the transition to circular agri-food chains. 

 

In this context, this report provides an overview (secondary resources) on: the agri-food sector 

(Section 2); current drivers and barriers faced by agri-food supply chains with regards to drivers 

(Section 3) and barriers (Section 4) for CE implementation; complemented by case studies 

(primary) data from four agri-food SMEs from UK, Italy, Greece and Argentina (Section 5).  

 

2. Overview on Circular Economy in the Agri-food Sector 

 

The latest research results are strongly indicating that by 2050 the production of agricultural goods 

should increase by 70% in order to be able to satisfy the demand for food (Aznar-Sanchez et al., 

2020). To achieve this currently there are two available options:  

 

1. According to FAOSTAT (2020) in order to meet the global demand for food by 2050 one 

of the options is extension of cultivated land (which in 2017 was around 37% of the overall 

accessible land), or 

2. Increase the production in the currently available cultivated land (however, on a global 

level this would increase the cultivated land by 38%, as well as it will lead to increased 

water consumption by 53%) (Aznar-Sanchez, 2020; Velasco-Munoz et al., 2018).  

 

Consequently, even though the current increase in agri-food production is still maintaining the 

balance between the production and protecting the environment, it is imposing major challenges 

regarding the sustainable and efficient management of resources in the long-term (Rufi-Salis et al., 
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2020; Vanhamaki et al., 2020). Therefore, the CE paradigm is positioned as an important and 

encouraging approach to reduce negative impacts of the agricultural processes, as well as 

preserving the resources and boosting the economic performance (Stegmann et al., 2020; Kuisma 

and Kahiluoto, 2017). 

 

The concept of CE has gained considerable amount of attention in the existing academic, policy 

and practice literature primarily in the field of manufacturing, however, recently the emphasis was 

also put in the field of agriculture (Zeng et al., 2016). According to Horton et al. (2017), there are 

five processes that are taking place within an agri-food supply chain: agricultural and land-use 

strategy (including resource management); crop/livestock production and harvesting; processing, 

storage, and distribution; retailing and consumption; and nutrition and public health.  

 

 
 

Figure 1: Processes involved in agri-food supply chains 

 
When exploring the CE practice implementation in the agri-food supply chains, the academic 

literature is accounting the multi-stakeholder group that is involved within the agri-food supply 

chains. Therefore, it is important to stress the key stakeholders which are involved in an agri-food 

system: farmers, agri-businesses (including their multi-tier supply chains), food producers, unions, 

retailers, and consumers (Horton, 2017). Additionally, usually the multi-stakeholder collaboration 

is taking place within eco-industrial parks, which are industrial parks that comprise of various agri-

food organisations that are collaborating within a close geographic proximity and are aiming to 

produce environmentally friendly goods (Zeng et al., 2016). 

 

On top of this according to Velasco-Munoz et al. (2021), when shifting the agri-food supply chains 

from a linear to a CE, there are various aspects to be accounted for. Therefore, ensuring resource 

efficiency should be the core objective in the decision-making processes and the economic 

activities, in order to guarantee that there will be a greater added value from the CE 

implementation, as well as to preserve the resources in the production process as much as possible 

(Velasco-Munos et al., 2021). Identifying processes of optimisation to minimize the exploitation 

of resources and eliminate waste, is significant in achieving resource efficiency in a CE agri-food 

context (Sherwood, 2020; McCarthy, 2019). 
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Similarly, to the resource efficiency aspect, sustainability is the second key aspect that should be 

accounted for when discussing and planning CE implementation in agri-food. Considering that 

CE aims to facilitate the sustainable development through creating economic and social benefits, 

as well as averting pollution to preserve the environment, a CE-driven agri-food supply chain 

should ensure that it is: ensuring economic sustainability; ensuring environmental sustainability; 

and ensuring social sustainability (Bos and Broeze, 2020; Kristensen et al., 2016; Jun and Xiang, 

2011).  

 

Lastly, considering that the CE-driven agri-food system should be regenerative, it is crucial that 

regenerative systems must be developed and involved in the agri-food supply chains in order to 

close the loops, diminish outflow, and increase the long-term value of the loops (Morseletto, 2020). 

 

Therefore, the CE implementation in agri-food supply chains according to Velasco-Munoz et al. 

(2021) could be described as “the set of activities designed to not only ensure economic, environmental and social 

sustainability in agriculture through practices that pursue the efficient and effective use of resources in all phases of 

the value chain, but also guarantee the regeneration of and biodiversity in agro-ecosystems and the surrounding 

ecosystems”. 

 

However, in order to fully understand the transition from linear to circular agri-food supply chains, 

it is of a great significance to identify which are the drivers (enablers) and barriers (blockages) to 

the successful implementation of CE in agri-food. Therefore, the following chapters are providing 

a detailed overview on the drivers and barriers to the implementation of CE in agri-food 

complemented with four case studies from agri-food producers that engage in implementing CE 

practices.  

 

3. Drivers towards the implementation of Circular Economy practices in the Agri-

food Sector 

 

A thorough review of extant literature revealed seventeen factors that could act as drivers towards 

the adoption of circular economy practices in agri-food supply chains. Depending on their context, 

drivers were classified into three major categories, namely (1) economic and enterprise / 

organisation drivers (Table 1), (2) regulatory / policy drivers (Table 2), and (3) environmental and 

social drivers (Table 3). 

 

Economic and enterprise drivers (Table 1) are directly linked to the organisation and are viewed 

as economic incentives towards the implementation of CE practices. The strategies that frame the 

CE paradigm are founded on the 3R value retention options of reduce, reuse, and recycle. Sought 

to stimulate the adoption of resource efficiency measures by using fewer resources for the same 

purpose, CE enables companies in food supply chains achieve cost savings indirectly resulting in 

additional revenue which could otherwise be lost. The latter is quite evident in the processing stage 

where food manufacturers are increasingly opting towards the adoption of remanufacturing and 

repackaging practices in the case of production errors (Garrone et al., 2016). In other instances, 
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food processors are oriented towards the incorporation of leftover raw materials in parallel 

production lines to an existing product. Remanufacturing approaches are also feasible at the retail 

level, however confined to stores that operate in-store prepared food departments (Lee and 

Tongarlak (2017). While remanufacturing is not a practice that could be applied in the primary 

production stage, revenue increases for farmers can be realised through the introduction of 

cosmetically imperfect edible fresh fruits and vegetables at the retail stage (Cicatiello et al., 2016). 

An important role to the reduction of missed opportunities as well as the improvement of 

environmental awareness and the potential benefits associated with CE, is also the role of current 

regulations regarding the post-use treatment of organic waste. Aligned with regulations related to 

the post-use treatment of organic waste, could drive food companies to formulate symbiotic 

relationships, a vital step towards a transition to a circular economy. 

 
 

Table 1: Economic and Enterprise/Organisation Drivers 

 

Drivers Description Source 

Improved efficiency of materials 
and resources 

The implementation of CE within 
the agri-food supply chains leads to 
improved efficiency in the 
consumption of resources and 
energy 

(Govindan and Hasanagic, 2018; 
Su et al., 2013) 

Increased quality and value of 
products 

The products developed in a 
circular way are believed to provide 
higher quality to consumers 

(Ilic and Nikolic, 2016) 

Keep within laws and policies for 
waste management 

Enterprises are following the 
policies and regulations imposed 
by government, therefore, keeping 
with the laws and policies for waste 
management is an important driver 
to the transition towards CE 

(Hazen, Mollenkopf and Wang, 
2017; Quina, Soares and Quinta-
Ferreira, 2017; Ilic and Nikolic, 

2016) 

Economic growth 

Companies expect that through 
recycling and remanufacturing their 
long-terms revenues will be 
increased 

(Govindan and Hasanagic, 2018; 
Franklin-Johnson, Figge and 

Canning, 2016) 

Cost optimisation  
The reduction of costs for raw 
materials will bring higher profits 
to companies 

(MacArthur, 2013) 

 
Regulatory and policy drivers (Table 2) refer to legislative interventions focusing on the 

incentivisation of firms to adopt circular economy practices as well as the development of adequate 

infrastructure to support the CE transition. The development of a comprehensive and concise 

regulatory framework is vital towards the market transition to a CE as well as to facilitate gradual 

organisational change. Current legal frameworks are orientated to waste management practices 

(e.g., production of biogas through the anaerobic digestion or bio-fertilisers by organic waste) and 

tax incentives on waste mitigation and cleaner production that ease financial burdens on firms that 

decide to adopt CE practices. Looking beyond the economic aspect of such measures, regulatory 

interventions could also drive the creation of new markets that specialise only in waste treatment. 

In return, this novel stream of companies could attain the role of disseminators of environmental 
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benefits associated with the CE paradigm, complementing existing educational mechanisms, and 

informing the public. Common in the food industry, insofar related to organic products or 

protected designation of origin (PDO), certifications and standards could also play the role of a 

transitional driver in view of the increasing consumer preference towards sustainable products. 

Nonetheless, to ensure the effectiveness of a comprehensive regulatory framework, attention 

should be also placed on policies towards the improvement, adjustment, and development of an 

adequate infrastructural network. Adequate infrastructure is essential to the increased utilisation 

of organic waste. This mostly pertains to waste collection and sorting services in the form regular 

collection, source-segregation, and treatment facilities in order to increase both the source 

separation ratio and the amount of separately collected food waste from all different supply chain 

stages. 

 
Table 2: Regulatory/Policy Drivers 

 

Drivers Description Source 

Legal frameworks 

The establishment of legal 
frameworks related to waste 
management, CE implementation, 
sustainable production etc., 
motivates companies to follow 
them and move towards 
implementing CE  

(Govindan and Hasanagic, 2018; 
de Jesus and Mendonça, 2017) 

 

Tax incentives 

Imposing taxes on waste creation, 
resource overconsumption, 
unsustainable production, over 
pollution, and other unsustainable 
practices will drive companies to 
shift faster towards CE. 
Additionally, providing tax benefits 
to companies that are 
implementing or have already 
implemented CE is another major 
and important driver 

(de Jesus and Mendonça, 2017; 
Lieder and Rashid, 2016) 

Infrastructure development 

Creating a sustainable 
infrastructure (that optimises the 
exploitation of resources, and 
manages and accounts for the 
overall health and safety of society) 
to ease the implementation of CE  

(de Jesus and Mendonça, 2017; 
Wen and Meng, 2015) 

Certification of companies and 
products 

Providing certificates for 
sustainable and circular 
products/companies is driving the 
implementation of CE 

(Govindan and Hasanagic, 2018) 

Availability of strong educational 
systems 

The availability of strong 
educational system that promotes 
and informs about CE, 
sustainability, green production, 
and their benefits, will increase the 
general awareness towards the 
matter, therefore lead to increased 
adoption of CE practices 

(Govindan and Hasanagic, 2018; 
de Jesus and Mendonça, 2017) 
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The environmental and social drivers’ category (Table 3) revolves around the enhancement of 

public awareness regarding the potential benefits stemming from the adoption of CE practices. 

Extending beyond the 3R framework of reduce, reuse, and recycle, CE could be conceptualised as 

an application of Biomimicry at a systems level.  

 
Table 3: Environmental and Social Drivers 

 

Drivers Description Source 

Improved public health  

Improving the public health is a 
major driver to the implementation 
of CE within agri-food supply 
chains, since high number of 
people globally are having health 
issues caused by polluted water and 
air 

(Pringle, Barwood and 
Rahimifard, 2016) 

Improved health of animals 
The transition towards CE will 
deliver healthier environment for 
animals to live in 

(Quina, Soares and Quinta-
Ferreira, 2017) 

Mitigating the effects of climate 
change/global warming 

The high amounts of waste and the 
greenhouse gases produces are 
major contributors to the climate 
change and global warming issues. 
Therefore, the transition towards 
CE will mitigate these effects 
through remanufacturing, recycling 
and reuse of waste, materials, and 
resources 

(Pringle, Barwood and 
Rahimifard, 2016; Hazen, 
Mollenkopf and Wang, 
2017; Clark et al., 2016; 

Quina, Soares, and Quinta- 
Ferreira, 2017) 

Availability of renewable energy 
and resources 

There is high demand for 
renewable energy and resources, 
therefore the implementation on 
CE will ensure the protection of 
renewable resources 

(Schiller, Mu ̈ller and Ortlepp, 2017; 
Clark et al., 2016)  

 

Protection of the future growth in 
population 

The expected increase in the global 
population will lead to increased 
consumption of resources, 
therefore the pressure for 
implementing CE is increasing 

(Ilić and Nikolić, 2016), Pringle, 
Barwood  

and Rahimifard, 2016) 

Environmental awareness among 
consumers 

The increased awareness of 
consumers towards sustainable 
products is driving companies to 
implement CE and shift towards 
sustainable and green production 

(Govindan and Hasanagic, 2018) 

Job creation 

The implementation of circular 
economy will significantly 
contribute to increased job 
opportunities at the entry-level and 
semi-skilled jobs, as well as at other 
levels  

(Esposito, Tse and Soufani, 2017; 
Morone and Navia, 2016) 

 
Restorative and regenerative by design, it relies on the operation of ecosystems indirectly aiming 

at reducing the negative effect of human activity, thus bringing the system closer to an equilibrium 

state of a harmonious symbiosis between society and environment. The environmental gains could 

also be translated into improved health benefits not only for the consumer (e.g., improved soil 
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quality, consumption of seasonal fresh produce, change of dietary habits) but also for livestock 

(e.g., improved living conditions and feed quality). On the other hand, the increasing availability 

of anaerobic digestors or transesterification facilities could complement and subsequently decrease 

the dependence on fossil fuels through the production of bioenergy from organic waste. In 

addition, CE business models could lead the way for new jobs creation – a driving factor from a 

regional economic development perspective. Nonetheless, vital to the success of these driving 

factors is the development of circular economy awareness campaigns where all these benefits along 

with the mechanisms that would facilitate their realisation, could be communicated to the public. 

 

4. Barriers to the Circular Economy Implementation in the Agri-food Sector 

 

Analysis of the literature identified 21 barrier factors towards the adoption of circular economy 

practices in the agri-food sector. Similarly to the barriers section, these were classified into three 

main categories, mainly (1) Economic and Enterprise / Organisation Barriers (Table 4), (2) 

Regulatory / Policy Barriers (Table 5), and (3) Environmental and Social Barriers (Table 6). 

 

Apart from the economic aspect of the first category, barrier factors extend to organisational 

aspects referring to hindrances in available technology, internal mechanisms, and expertise needed 

for the development of circular practices. Economic barriers relate to investment costs which are 

stemming from the firm interventions required across the food supply chain in order to adopt a 

CE practice. The issue is not purely originated in the initial cost but to the return on investment 

as the latter constitutes the greatest barrier to convincing involved stakeholders to go forward with 

the suggested interventions (Ritzén and Sandström, 2017). An additional factor that hinders the 

accurate consideration of return of investment is the insufficient internalisation of external costs, 

specifically the cost of potential externalities and risk that could occur across supply chain partners 

at different stages. For instance, fresh fruits and vegetables that do not meet retailers’ quality 

standards are not economically viable to be harvested due to market saturation (Beausang et al., 

2017).  

 

Food supply chains are characterised by a high level of sales seasonality due to the production of 

specific categories of fresh produce at different seasons. To overcome this issue, retailers have 

developed a wide global supply chain network to ensure the supply of an adequate number of 

fresh food products throughout the year. In order to confront demand variability due to 

seasonality, promotions as well as retailer service level requirements, it is imperative to develop 

and implement a holistic adaptive forecasting model that will be able to connect all food supply 

chain partners. Due to the high complexity of this network, the cost implications of a partner not 

being able either to adopt such a tool or update it with real time data are unknown. Similarly, 

gleaning of unharvested crops entails a high level of coordination and personnel costs that most 

farmers are unable to cover. Therefore, as it was stressed out in the previous section, the availability 

of economic incentives is essential to drive such transition. On the post-use phase, the 

development of sorting facilities at the retail or food processing level, necessitate the existence of 

an already sophisticated level of collection and delivery to recycling facilities where food waste 

could be converted to energy of bio-fertilisers. Furthermore, an additional economic factor that 
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adds to the uncertainty regarding the development of circular capabilities is whether the cost that 

will shift to the end-consumer would be at the level to drive sales. For example, although the 

adoption of smart packaging could increase shelf-life, the high cost of adoption – partly shifted 

towards the end-consumer – could outweigh retailers’ profit. 

 
Table 4: Economic and Enterprise/Organisation Barriers 

 

Barriers Description Source 

Lack of economic incentives for 
CE implementation 

Economic incentives that support 
enterprises in transitioning from 
linear to CE are still very weak 

(Govindan and Hasanagic, 2018; 
Su et al., 2013) 

Lags in product design and 
production processes 

Producing low-quality products 
because many companies are still 
behind with the production 
processes and the product design, 
therefore prolonging the transition 
toward circular agri-food supply 
chains  

(Xia and Ruan, 2020) 

Weak technology innovation 
within enterprises 

There is a lack of modern and 
innovative technologies 
incorporated within the production 
process. Considering this, the 
technologies that companies are 
currently using are creating even 
higher amounts of pollution 

(Xia and Ruan, 2020) 

Lack of organisational mechanism 
that promotes innovation 

Enterprises are still lacking 
organisational structures that are 
promoting and acknowledging the 
importance of implementing 
innovative technologies  

(Xia and Ruan, 2020) 

Insufficient internalisation of 
external costs 

The costs of the externalities are 
still not accounted for 

(Lieder and Rashid, 2016) 

Establishing the proper prices for 
the products 

Due to the uncertain production 
costs, it is difficult for companies 
to set proper prices for the 
products 

(Lieder and Rashid, 2016) 

High investment costs 

Considering that the 
implementation of CE requires 
complete re-design of the full 
supply chain (production process, 
staff training, transportation, etc.), 
a high amount of upfront 
investment is required, which is 
especially challenging for SMEs 
and micro-businesses 

(Govindan and Hasanagic, 2018; 
Pan et al., 2015) 

Higher purchase prices for recycled 
materials 

Purchasing raw materials is cheaper 
on the market, as compared to the 
prices of recycled materials 

(Lieder and Rashid, 2016) 

Maintaining high quality products 

Managing the quality of products 
that are manufactured from 
recycled and recovered materials is 
challenging 

(Singh and Ordoñez, 2016; 
Ghisellini, Cialani, 
and Ulgiati, 2016) 
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Regulatory and policy barriers (Table 5) refer to legislative inefficiencies which could potential 

hinder or decelerate the adoption of CE practices. Current waste management systems, lack a clear 

and cohesive legislative framework that creates an obligation for local authorities to divert food 

waste from landfills. For example, although Waste Framework Directive 2018/851 has 

acknowledged the limitations of the previous Directive 2008/98/EC, has put circular economy at 

the centre, and has also identified the asynchronous development of required infrastructure, it 

does not dynamically adopt a top-down approach towards the micro and meso interventions 

required. On the other hand, despite the existence of economic incentives towards the reduction 

of food waste, there is a certain level of criticism since they legitimise the disposal of food at the 

expense of a designated fee (Bees and Williams, 2017). In other instances, current regulatory 

frameworks fail to consider the different packaging requirements for each product category thus, 

they promote horizontal measures (e.g., total ban of plastic) which increase the risk of food losses. 

As stressed in the previous barrier category, the lack of government support and incentives 

constitutes a major barrier for most of food supply chain actors. Given the interrelations between 

supply chain partners, such incentives should be holistic since the focus on a specific supply chain 

level could have a potential rebound effect on another one. While there has been significant 

improvement in recent years (e.g., simplification of food label framework by confining it to ‘best 

before’ and ‘use by’ dates), harmonisation of conditions and certification guidelines for certain 

categories of waste-derived products, such as bio-derived fertilisers, are developing at a slow pace, 

thus halting large-scale adoption (EC, 2017). 

 
Table 5: Regulatory/Policy Barriers 

 

Barriers Description Source 

Lack of government support and 
incentives 

There is limited access to financing 
for transitioning to circular agri-
businesses  

(Xia and Ruan, 2020) 

Lack of performance indicators to 
measure CE 

The is still a lack of a standard 
system indicator that measures the 
CE performance 

(Govindan and Hasanagic, 2018) 

Ineffective recycling policies for 
waste management 

The policies that aim to achieve 
high-quality recycling are still 
ineffective 

(de Man and Friege, 2016) 

Lack of specific vision in terms of 
CE implementation 

Regulatory bodies are facing 
barriers concerning the specific 
goals, objectives, targets, and 
indicators in terms of CE 
implementation 

(Pan et al., 2015) 

CE is not supported by the existing 
waste management policies 

The prevailing laws and policies 
considering recycling do not fit the 
CE concept in certain systems 

(Govindan and Hasanagic) 

 
Social and cultural barriers refer to behaviours and conceptions that play a preventive role towards 

the adoption of CE practices (Table 6). Food supply chains are characterised by the 

disproportional level of retailers’ market power who dictate the type of fresh produce that enters 

the market, through the imposition of food quality specifications and standards (Cicatiello et al., 

2016). The dependence of marketable crops on predetermined quality specifications, increase the 
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exposure of farmers to risks (e.g., weather conditions), thus leading them to increase their 

production to hedge potential losses, leaving them with surpluses which are not economically 

feasible to harvest. This short-term economic focus due to their dependence on retailers, limits 

their attention from long-term returns of investment that could be potentially realised through the 

implementation of circular economy practices.  

 
Table 6: Social and cultural Barriers 

 

Barriers Description Source 

Lack of environmental awareness 
among farmers 

Farmers are focused on short-term 
economic benefits, and are still 
lacking the awareness of the 
concept of CE in agri-food supply 
chains 

(Xia and Ruan, 2020) 

Fear of change of culture 

Farmers always fear changes, as 
well as they do not believe in long-
term returns of investment. Having 
in mind that farmers are usually 
financially weak, investments 
towards the transition to CE is not 
a priority 

(Mangla et al., 2019; Liboni et al., 
2018) 

Lack of circular design 

The inefficient technologies and 
the lack of digitalisation are leading 
to lack of product design in terms 
of remanufacturing, redesigning, 
restoration that comprises the CE 
business model 

(Lahane et al., 2020; Rajput and 
Singh, 2019) 

Lack of sustainable practices 

Sustainable practices such as lean, 
circular, and green practices have 
not been adopted within the agri-
food supply chains, as well as there 
is a low amount of examination of 
the environmentally suitable 
practices in agri-food 

(Yadav et al., 2020; Sehnem et al., 
2019) 

Lack of competency and 
motivation 

Due to the lack of competition in 
the market regarding 
environmental performance, there 
is a lack of motivation for adopting 
sustainable and circular practices in 
agri-food 

(Luthra and Mangla, 2018) 

Lack of professional knowledge 
and skills among farmers 

Farmers have limited knowledge 
and skills in terms of technologies 
for adopting CE in agri-food 

(Xia and Ruan, 2020) 

Lack of proper management and 
exploitation of green financial 
policies among farmers 

Farmers have limited knowledge 
and awareness of the existing 
financial policies to support the 
implementation of CE 
implementation in agri-food 

(Xia and Ruan, 2020) 

 

Apart from the indirect effect of structural market deficiencies, the rate of agricultural losses is 

also affiliated with the use of mechanical or manual harvesting techniques as handling 

specifications vary across different crops, thus increasing the risk of damage in the field (Beausang 

et al., 2017). Vital to the minimisation of the latter risk is investing in new technologies and the 
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adequate training of on-farm employees (Bilska et al., 2016). While there are available funds that 

could finance the transition towards more sustainable and circular business model in the primary 

production stage, there is a lack of guidance and information regarding available opportunities. 

The shrinking of the agricultural sectors due to land take (i.e. the conversion of land to artificial) 

and climate change constitute an additional burden to this, as attention regarding CE is placed on 

the tertiary sector of transport, distribution, and sale of goods rather than the primary itself. 

 

5. Case Studies 

 

5.1. REGATHER Case Study (United Kingdom) – Sustainable (Organic) Urban Food 

 

5.1.1. Overview of the company 

 

Regather is a cooperative in Sheffield that delivers the best local, seasonal, organic produce direct 

to homes across Sheffield and surrounding areas. Regather believes everyone should be able to 

afford decent food that supports local producers and that mitigates environmental damage. The 

vision of Regather is a mutual local economy where local producers are supported. The mission 

of Regather is to give people the choice and opportunity to live, work and play co-operatively and 

create a mutual local economy. With their activities, Regather: 

  

- supports social enterprise start up and development; 

- provides volunteering, self-employment and employment opportunities for local people; 

- provides services for community events and festivals in local parks; 

- hires catering kitchen facilities to local food initiatives; 

- hires dining and social facilities to community groups; 

- promotes low carbon and home energy efficiency measures; 

- runs cook and eat clubs offering affordable, healthy cooked food. 

 

Regather wants to bring local people together to re-discover and celebrate the historic 

neighbourhood of Little Sheffield, be part of transforming and using of a listed building as The 

Regather Works social action centre, use under-used greenspace to grow The Club Garden public 

space, and develop new ideas for social enterprise, community events and local development. The 

cooperative fully integrates sustainable farming principles with economic, environmental, and 

social impacts as shown in Figure 2 below.  
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Figure 2: Regather integration of sustainable practices in the context of Triple Bottom Line 

 
As part of their effort to implement sustainable/circular agri-food practices, Regather focuses on 

well-established supply chains (Figure 3), depending on the type of product sourced; these include 

local, national and international supply chains. 

 

 
Figure 3: Regather’s supply chain 
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5.1.2. Implemented circular economy practices 

 

Regather has focused so far on implementing environmentally sustainable solutions towards their 

agri-food systems with a limited focus on circular economy practices per se. The focus up to date 

of Regather with regard to circular economy focused on waste reduction and product reuse/re-

circulation (i.e., collection of food waste and transforming it in other (processed) food products. 

Examples consist of partnerships with stakeholders (i.e., partners/supermarkets/farms) for 

collection and re-use of daily fresh food leading to transformation into cooked food or other 

products that can bring added value to the circular agri-food supply chains. Similar examples 

include apple-to-cider processes. Within PROCEEDS, Regather aims to take circular economy 

practices further and up to date, together with its secondees, Regather focused on identifying the 

key stakeholders that will assist them in the successful implementation of circular economy 

practices.  

 

5.1.3. Drivers to the implementation of CE practices 

 

The main drivers behind the incentive for Regather to adopt CE practices include: increased 

demand from the market/customers, increased policy pressure for food waste reduction 

(especially to supermarkets, restaurants, etc), increased social inequality, and the need to deliver 

social impact via job creation (i.e. food leftover collectors and re-processors are required).  

 

5.1.4. Barriers to the implementation of CE practices 

 

The main barriers for implementing CE by Regather involve: lack of proper packaging/ storage 

facilities for fresh food leftovers when it comes to collection and transportation for reprocessing, 

establishing the proper prices for the products, potentially higher purchase prices for recycled 

materials, limited circular design of the current agri-food system, lack of professional knowledge 

and skills among the agri-food stakeholders.  
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5.2. MONJE Case Study (Argentina) – Bioproducts and Waste Recirculation 

 

5.2.1. Introduction 

 

INTA-EEA Oliveros (a research agricultural Institution) agreed to work together with the 

Cooperative of Monje for the ProCEedS project, both located in Argentina, Santa Fe province, 

distanced by 20 km. The objectives were: a) to identify and characterize the circulating flows of 

both, the Monje agricultural Cooperative, which outputs are grain, methyl oil, animal feed, and 

biogas, and its associated grain provision basin, as well as to identify the barriers and drivers to 

improve its outputs, b) To analyse the environmental support, emissions and the economic cost-

benefit of the processes involved.  In that order, we decided to trace a study area where Monje 

and Oliveros were included. For that reason, we established as a central point Maciel commune 

with a land radius of 30 km (Figure 4). The research area characterisation shares common 

agricultural and industrial activities such as farming, cattle raising, milking and grain storing as well 

as industries. This area was named ProCEedS zone. 

 

A) 

 

B) 

 

  

Figure 4: A) Santa Fe Province-Argentina- study area. B) General scheme of ProCEedS zone 

 

Farms (Aa) supply grains to the Cooperative (B). Part of that grain is storage and then sold and 

other part is processed into oil, feed and biogas. Biogas return to Cooperative functioning and also 

might provide farms with biofertilizers (it is still an idea). The industries in the surroundings (Ab) 

might provide with feed for the biodigester in order to keep a continue functioning. INTA 

Oliveros will provide with information to farmers in order to improve their supply to the 

Cooperative but also, they will contribute with ideas to better research. 

 

5.2.2. Overview on the company and its supply chain/context 

 

INTA EEA Oliveros as reference site for the supply basin 

 

Agricultural Experimental Station (EEA) Oliveros of National Institute of Agricultural 

Technology (INTA) is one of the 52 EEA distributed along the country. It is located 20 km far 

from Monje Cooperative. It occupies 424 ha. This area is part of an old farm. In 1937, the National 

Ministry of Agriculture acquired this property and started an agricultural home school. In 1944 

began its activities as an Experimental Unit. Since then, the research tasks have been oriented 
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towards grain crops. INTA was created in 1956 and Oliveros Experimental Unit was under its 

jurisdiction since 1958 and continues with the activities of researching (crops management, seed 

quality, environment and circular economy, soil fertility, agroecology, regenerative agriculture and 

extension. 

 

The reference site, where the trials are settled and installed for showing to farmers experiences’ 

results, is located in an area within INTA Oliveros allocated to agricultural production. This area 

has Argiudols soils and was under continuous agriculture for more than 30 years (GeoINTA). 

Currently, is managed under an integrated system where crops rotate with pasture or grasses land. 

The trials were installed in 2018 on three plots that represented blocks of crop rotation, typical in 

the area, consisting on wheat (Triticum aestivum)/soybean (Glycine max) – corn (Zea maize) – 

soybean, to which a cover crop (CC) was added. As a result of this inclusion, the rotation is: 

wheat/soybean - CC/corn - CC/soybean. In each block, the effect of three treatments was 

evaluated in three randomised repetitions: a) multispecies CC, (CC), b) grazed multispecies CC 

(CC/P), and c) chemical fallow (w/CC, control) (Figure 5). The grazing is managed as a harvest 

with a high load in a short time, to evaluate the animal effect on soil. All treatments had similar 

management. Different studies of samples are taken: i) Accountability of resource used, ii) soil 

quality determination, iii) Weeds (abundancy and diversity), iv) Accountability of dung distribution 

and cover, v) Biomass determination, and vi) Bacteria meta-genomic analysis. 

a) 

 
 

b) 

 
Figure 5: a) EEA Oliveros of INTA, reference site, b) Scheme of trials in the reference site at INTA EEA Oliveros. 

Treatments: CC/P = grazed cover crops; CC= cover crop; W/CC= without cover crops, chemical fallow 

 

Agricultural Cooperative of Monje 

 

Monje is a town (2336 hab) mainly with agricultural activities. It is located near the Paraná river 

with a riverside cost suitable for truism and fishing. The Cooperative is located outside the town 

and group around 400 farmers who sell to it the total or only a part of their grain production 

(Figure 3a). Farmers who sell 100 % of their production to the Cooperative and that were surveyed 

are shown in Figure 3b. The main activity of the Cooperative is to export grains, and one part of 

the storage grains (around 20%) are internally (within the cooperative) cycled through different 

process to obtain: a) animal feed for selling to local companies and to feed own pigs, b) methyl oil 

to use as fuel in their trucks, c) biogas to move appliances of the soybean oil plant. They directly 

interact with farmers and other companies to which the cooperative sells animal feeds and some 

agrochemical products obtained from the soybean plant oil (Figure 4).  
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The surrounding area 

 

It involves different stakeholders located within the selected area (Figure 6) in order to find those 

near the Cooperative that might provide material for keeping a continuous biogas generation. 

The information to identify the industries were provided by the public administration of each 

town/municipality of Santa Fe Province and by National databases. This information was 

classified, utilising categories, and selecting those that belong to ProCEedS zone. Once the 

industries provided by secondary sources are classified and circumscribed to the selected area, 

reference professionals in the area helped us to clean, clarify and confirm the information. After 

the information is gathered a table and a map is constructed. 

 

 
Figure 6: a) The grain basin supply area to the Cooperative (67000 ha, areas with circles); b) the grain basin that 

supplies 100% of grain to the Cooperative (around 10000ha) 

 

5.2.3. Agri-food stakeholders and current practices  

 

Farmers  

 

In collaboration with Monje cooperative’s professionals we have identified the productive units 

(PU) and their distributions. Semi-structured surveys were elaborated to assess resource 

management, land use, crop-livestock rotations, inclusion of CC, management of crop residues, 

products and commercialisation. It was decided to census all those farmers who delivered 100% 

of their grain production to the cooperative. They occupy an area of around 10 000 ha. The 

modality was through personal and distance meeting (due to preventive and mandatory social 

isolation caused by COVID-19) using virtual or wireless communication tools. So far, the survey 

has been realised on 52 out of 60 PUs identified, 32 of them were done by remote mode. The 

information analysed shows that 26% of the land is cultivated by its owners, while 74% is rented. 

Seventeen producers have livestock, and nine (9) of them rotate crops with livestock. While crop 

production occupies 78% of the land, 22% is allocated for livestock. Some type of crop rotation 

is carried out by 97% of the PU. Among the livestock PU, 35% of them are intensive. Moreover, 

71% of the PU do not treat plastic containers from agrochemicals, while the rest deliver it to third 

parties (Figure 3b) 

 

a) 

 

b) 
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Monje Cooperative 

 

It was created in 1953 and since then it has not stopped to grow (figure 7). It has a cycling and an 

integral activity using the residues of a process to feed another one. In short, the cooperative 

receives grain from the supply basin (farmers, Figure 3b) that are stored. Its main activity is to 

export those grains. However, part of that grain goes to an animal feed plant to produce feed for 

pigs that they have in a side part of the site. Specifically, one part (15-20%) of the stored soybean 

grains goes to produce soybean oil which is used to produce methyl oil to use as fuel in their trucks. 

All the residues from the grain storage, the animal feed plant, the pigs’ dung and the glycerol from 

the methyl oil plant goes to a biodigester to produce gas that produces electricity that powers the 

oil plant (Figure 5). They spread the digestates over lands very close to the biodigester.  

 

It was started to be studied the possibility of producing biofertilizers to be sold to farmers who 

sell grain to the cooperative. This part of the study was initiated, but until now we could not 

continue it. 

 

 
 

Figure 7: Monje Cooperative overview 

 

Surrounded industries with potential to supply to the Cooperative 

 

A bibliographic search related to the cycling of energy and resources in a region was carried out. 

Criteria were established to define a database of enterprises with intensive livestock production, 

services (grain storages, cooperatives and waste treatment) and agro-industries close to Monje 

Cooperative. This database was built with secondary information provided by local, provincial and 

national government agencies as well as interviews with qualified local referents. The companies 

were listed and classified according to the selected categories. Semi-structured interviews are being 

used to identify products, waste and effluents of the selected companies. 

 

This study allowed the identification of 126 companies, 91 of which are livestock establishments, 

with a predominance of dairy farms, 14 are agri-food companies (dairy, meat processing plants, 

cold meat and sausage processors, wheat flour miller and plants soy processing), 16 private and 

cooperative grain collection plants, 2 companies that carry out waste management and only 3 

companies carry out some type of integration. At present, 54% of milking houses have been 

surveyed. Of these, only 2 process raw milk, 68% supplement the dairy cows in the waiting or 

milking room, 28% have decantation pits and only 8% have their pits waterproofed. The 96% 
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dump the effluents in their agricultural fields (besides to the milking house), however, only one 

company performs quality and composition analyses of the digestates. Additionally, 50% would 

like to be able to make better use of the effluents. Regarding the question about whether they 

would be interested in evaluating the possibility of a third company withdrawing their waste, a 

50% prefer to conserve their resources because they consider it as a valuable resource (Figure 8). 

 

 
Figure 8: General scheme of the Cooperative processes. 

 

 

 

Figure 9: Scheme of the selected agro-industries located surrounded the Cooperative (approximately 30 km radius) 

(*) includes waste treatment plants 
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5.2.4. Barriers and drivers for CE implementation 

 

Farms 

 

Among other factors, crop rotations and agriculture-livestock integration contribute to the cycling 

of resources within the same establishments and the analysed region. This would help to reduce 

costs and environmental impacts. The analysis performed shows that there is a large percentage 

of farmers who carry out some type of rotation but there is low integration between agriculture 

and livestock. The high percentage of farmers (>70%) who rent land could also influence on the 

degree of integration of crops with livestock and the type of rotations. In addition, the information 

collected within the farmers surveyed will be used for an economic-environmental study of the 

use of resources and the management practices carried out, will be compared with similar analysis 

in the reference area. This will contribute to the identification of hotspots to validate actions and 

identify opportunities for improvement in the supply basin of the cooperative, contributing to the 

improvement of regional economic-environmental performance. The present characterisation, as 

well as the final study could stimulate the analysis of other supply areas linked to cooperatives to 

contribute to the reduction of costs and increase of competitiveness. 

 

We perceive that fluctuating economic policies might be one of the barriers for the investors of 

the agricultural sector that would implement some criteria of cycling such as rotations. Specifically, 

27.8% of surveyed farmers said that their greatest impediment for carrying out the activity was 

political and economic reasons. Furthermore, 17.8% attributed their impediments to "taxes" or 

"tax burden", while 22.2% of producers said they had problems related to production costs. Only 

5.6% referred to climatic impediments. Of total surveyed farmers, 37% has stopped cattle activities 

since approximately 10 years ago. 

 

A larger survey was recently initiated within the agricultural sector in order to address the 

perception about the drivers and barriers for implementing of circular economy mechanisms. 

 

Potential supply of residues from surrounding industries to the Cooperative 

 

The exploration carried out so far showed little integration in livestock, agri-food and service 

companies. From the all companies individualised in the selected area, we have surveyed up to 

now the milking ones. Among the analysed milking companies, it was observed that around 30% 

manage their effluents and waste through decantation pits and less than 10% have waterproofed 

pits. On the one hand, half of the analysed milking companies would be interested in evaluating 

the possibility of a third company withdrawing their effluents the other half think important to 

find the way to cycle within the farm. On the other hand, Monje Cooperative is a clear example 

of a local company that internally cycles its own waste and effluents, transforming them into biogas 

and digestates for potential use as biofertilizers. It is for this reason that the waste and effluent 

from some of the companies in the studied area could result as potential inputs to help the biogas 

plant of the Cooperative of Monje in order to provide a constant flow to feed the biogas plant 
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generation. Furthermore, the biogas generated to power the extrusion plant, could also supply 

Monje Commune with methane gas, which currently lacks natural gas network service. 

 

Our perception is that the distances of potential residues to be used in the Cooperative bio-digestor 

as well as the legislation that rules residues transport is a problem to solve as well as the production 

of biofetiliser. 

 
 

5.3. SOLAGRI Case Study (Italy) – CE in the Lemon Industry 

 

5.3.1. Overview of the company 

 

The SOLAGRI cooperative was founded in 1994, and since then it has been marketing the “Oval 

Lemon”, produced in the associated farms in the territory of the Sorrento Peninsula and the in 

island of Capri. Thanks to the commitment of the cooperative, the "Oval Lemon of Sorrento" has 

received the Protected Geographical Indication (PGI) from the European Union; this means that 

the "Oval Lemon" is only the one produced in the Sorrento Peninsula and on the Island of Capri.  

SOLAGRI is able to produce about 2,000 tonnes of lemons every year, and distributes them across 

national and foreign markets that are more attentive to quality (e.g., United States, France and 

Japan). They also produce lemon-based co-products: 20 tonnes of lemon flavoured oil and 100,000 

jam jars every year, which are supplied directly to restaurants, hotels, shops of high quality typical 

products both in Italy and in the rest of the world. This company is located in the Sorrento 

peninsula, in the municipality of Sant’Agnello (province of Naples, Italy). 

 

 
 

Figure 10 – Growing area (in yellow) of the Sorrento IGP Lemon within the Campania Region of Italy 

 

The distribution of their associated farmers, on the other hand, is shown in the table below, with 

the wide majority of the farms being located within the municipalities of Sant’Agnello, Piano di 

Sorrento, Sorrento and Massa Lubrense. 
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Municipality Number of Farms 

Capri 1 

Meta di Sorrento 11 

Massa Lubrense 42 

Piano di Sorrento 28 

Sant’Agnello 27 

Sorrento 34 

Vico Equense 2 

 

Table 7 – Municipalities from the Sorrento peninsula and SOLAGRI associated farms 

 

Furthermore, SOLAGRI is affiliated with other entities, such as:  

 

- Company B, which has its own production of lemons and sends peeled lemons to 

SOLAGRI; 

- Company C, which purchases lemons from Company A, peels them (in order to produce 

limoncello) and sends peeled lemons back to SOLAGRI.  

 

SOLAGRI operations take place in a plant which has a surface of approximately 1,350 square 

meters (1,000 square meters internal and 350 square meters external area) within which the lemon 

processing takes place.  

 

5.3.2. Description of the production process 

 

The whole supply chain of SOLAGRI has been outlined in the following diagram in order to 

precisely cover all the steps of the production process. As we can see from the diagram, following 

the squares (which represent the processes) everything starts with the cultivation and harvesting 

of lemons at the associated farms. The aggregation of the product at SOLAGRI takes place 

through direct contributions from the farmers (who can bring the Lemons to the main site through 

their own vehicles) or through collection operated by SOLAGRI fleet. 

 

Lemons conferred by members of the cooperative (directly and/or indirectly) are first of all 

weighed on an electronic scale, located at the entrance to the main site, next to the reception. 

Products then go through a first visual quality check, in order to eliminate defective lemons, to be 

then transferred to the washing area; here lemons are cleaned with water and chlorine. After that, 

lemons are stored and then sorted: a part of the lemons will be sold as it is; another fraction will 

be sold to Company C (in order to be peeled at their facility); another part will be split into quarters, 

and the remaining ones will be used for juice and essential oils.  As regards lemons divided into 

quarters, they will be separated into peels for candied fruit and pulp to produce jams, which will 

be sold on the market. As regards lemons intended for juice and essential oils, these are first peeled; 

then, skins will be used to produce lemon flavoured olive oil for the market. The remaining peeled 

lemons will be sent to the squeezing department (where also lemons already peeled by other 

companies are also conveyed); lemon juice will be produced, in order to be sold on the market. 

From this simple description, it can be understood that SOLAGRI production process is truly 

circular, and aimed at extracting as much value as possible from lemons. 
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Figure 11 – Description of Company A production processes 

 
5.3.3. Drivers to the implementation of CE practices 

 

As SOLAGRI president stated, the cooperative faces some very stringent bio-physical constraints. 

Indeed, the limited geographical area in which the Oval Lemon can grow, plus the very rigid 

agricultural protocol to be followed, makes it very difficult for SOLAGRI to expand its annual 

production volumes. At the moment, the company processes 65% of the total production in the 

Sorrento peninsula, with very limited scope to aggregate new members. As such, the cooperative 

faces a sort of steady state scenario, where the pursuit of continuous growth is not really an option. 

“Since we cannot grow our production so much, we really need to sell the same lemon twice, or 

even three times”, stated SOLAGRI’s president. As such, the promotion of Circular Economy 

practices is not just a way to implement environmentally friendly production methods; it also 

becomes something profoundly integrated in the business model of SOLAGRI. The usage of 

lemon peels for limoncello, and the squeezing of the residual peeled lemons for juice production; 

the production of candied lemons, and of jams through the residual pulp; the extraction of essential 

oils from the peels; the further valorisation of residuals through anaerobic digestion. All this means 

that SOLAGRI really aims at extracting the maximum value from its lemons, sending no waste to 

landfill. “The drivers for this process are also of an environmental nature, but I would say these 
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are necessities which respond to economic issues, first of all”, said SOLAGRI’s president. “In this 

way – he continued – we can improve our performance and distribute better returns to our 

members”. Also, the localised nature of the agriculture production, and the democratic structure 

of the cooperative can facilitate the adoption of these solutions. 

 

5.3.4. Barriers to the implementation of CE practices 

 

While SOLAGRI can almost be characterised as a post-growth organisation, due to its bio-physical 

constraints, its interaction with the market can pose some challenges. In order to provide a stable 

income to its members, the cooperative prefers selling a large quota of their products to two big 

supermarket chains that mainly operate in northern Italy. While this choice provides stability in 

sales volumes and reduced price uncertainty, it might be seen as problematic from another point 

of view. Indeed, SOLAGRI needs then to deal with organisations which are clearly growth-

oriented; this values mismatch, throughout the supply chain, could lead to conflicts.  

Also, SOLAGRI has some ambitious projects for the on-site recycling of some production 

residuals. These would really improve further the circularity degree of the operations. However, 

these would require capital-intensive investments which the cooperative cannot afford at the 

moment. 

 

5.4. NEFELOUDIS Case Study (Greece) – Food Additives 

 

5.4.1. Overview of the company 

 

Nefeloudis Food Additives (TN) is a third-generation family-owned food additive manufacturing 

SME company, based in Thessaloniki, Greece. Founded in 1965, the company started as a potato 

starch trader in the local meat industry. Extending its technical knowledge and expertise, it entered 

the food processing sector specialising in a variety of multicomponent dry mixes, such as starches, 

condiments, proteins, preservatives, stabilisers, and marinades intended for meat processors. The 

company’s facilities in Thessaloniki include a head office, an R&D department co-located at the 

same building, a production plant, and a warehouse. For logistical purposes, the company also 

owns a warehouse in the city of Athens. Figure 1 provides a simplified representation of TN’s 

supply chain. 

 

 

Suppliers Customers 
(Meat processors) 

Nefeloudis 
food additives 

Raw material 
inputs 
Domestic: 14% 
Abroad: 86% 

 EU: 72% 

 Rest: 14% 

Final products 
Domestic: 75% 
Abroad: 25% 

 EU: 25% 

Figure 12: Simplified representation of TN’s supply chain 
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According to the data, 86% per cent of the company’s raw materials are sourced from abroad, 

72% from within the EU and 14% from the rest of the world. On the other hand, the largest base 

of their customers is located domestically (75%) while the remaining production (25%) is exported 

to other EU countries. The majority of TN’s suppliers comprise chemical manufacturers (e.g., 

organic acids, carbohydrates, and proteins, lipids) for the food, beverage, and nutritional markets. 

On the other hand, as mentioned earlier, their customer base involves meat processors that use 

TN’s products as preservatives, taste enhancers, stabilisers and condiments. 

 

5.4.2. Implemented circular economy practices 

 

Owing to the simplicity and non-complexity of the company’s production process, recorded losses 

are extremely low, enabling the company to reach high levels of production efficiency. Therefore, 

attention was placed on the management of surpluses that occur due to unforeseen factors, such 

as seasonal demand fluctuations, cancelled orders, or raw materials and final products that are 

close to their use-by or sell-by date. The company has implemented a wide range of reuse options, 

involving remanufacturing, repackaging, and redistribution of both raw materials and final 

products. Taking advantage of the relatively long life of raw materials as well as the fact that they 

can be used in more than one product categories, has allowed the company to extend their 

utilisation period, thus slowing down the flow of resources. On the final customer side, TN has 

included in their invoices a note clarifying that they accept returns within one month from the 

time of delivery. Provided that the product is unopened, TN is receiving back the product, check 

the condition of its packaging and redirects it to a different customer. Returns beyond 30 days are 

also allowed only in instances of foreign matter contamination or a problem with the mix. In these 

cases, TN collects the final product, grades it, evaluates it, sends samples to a microbiological 

laboratory to ensure that the product is fit and re-packages it. In cases when the returned final 

product is not suitable for being remarketed, TN redirects it to a local company for incineration. 

In addition, there is flexibility regarding final products that their customers may not need due to 

production plan changes. In this case, TN is accepting product returns within a 5-month period 

subject to storage conditions. Depending on the result of the evaluation process described above, 

the returned product is either forwarded to a different customer or discarded. An interesting 

approach is also followed in the case of final products that are close to their expiration date – 

usually 2 months in advance. TN tests its microbiological properties, checks the life duration of 

its ingredients and re-uses it to a new mix with an extended expiration date in order to be able to 

market them. 

 

5.4.3. Drivers to the implementation of CE practices 

 

It is important to note that TN had unconsciously adopted these reuse practices in an effort to 

contain revenue losses. Incineration on the other hand, may be related to EU directives that obliges 

companies in the (food) processing sector to dispose their products in a specific way. 
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5.4.4. Barriers to the implementation of CE practices 

 

Barriers in this category do not constitute factors that inhibit the application of specific practices, 

but issues that are relevant to the compatibility of the CE paradigm with the company’s operations. 

Discussion of findings revealed the importance of the primary retention option of reduce in the 

context of circular economy. The prevalent reductionist view of the CE paradigm has connected 

it only with closed loops that pertain to the redistribution of used products or energy recovery. 

Consequently, efforts to realise the transition towards CE are focusing on the development of 

closed loop processes, completely overlooking the potential rebound effect associated with these, 

especially from an environmental perspective. TN represents a company that has optimised its 

production process to minimise surpluses and maximise the utilisation rate of all available 

resources. Significant steps have also been made through take-back agreements in collaboration 

with customers, to redirect or reutilise in the production process final products that would 

otherwise be discarded. However, the inefficiencies caused by the limited capacity of forecasting 

software and poor transportation conditions, offset the positive effect of implemented reuse 

practices. 

 

Discussions with TN’s top management revealed that waste is a seasonal problem, however, not 

associated with the production process per se. While the company has managed to minimise losses 

through the adoption of reuse practices, a significant stream of waste is associated with inadequate 

demand forecasting and poor storage condition during transportation. Discussions revealed that 

inadequate demand forecasting is accredited to the inefficient enterprise resource planning (ERP) 

software whose limited modelling fails to effectively consider seasonal demand fluctuations, 

therefore optimising future orders. Evident is also the limited information integration with both 

suppliers and customers, directly resulting in the sub-optimisation of resources. With reference to 

logistics, all delivery operations are outsourced to a third-party logistics provider, leaving TN with 

limited control over storage conditions. The issue becomes more apparent during the summer 

months, increasing the returns of final products that have gone bad due to inadequate 

transportation/storage conditions. Unfortunately, given that all TN products are powders, 

transportation does not take place in fridge storage containers. In detail, the lack of storage 

temperature control results in high temperatures which alters the shape of the product, causing 

mould or oxidation. While final products should be stored at approximately 20°C, they are exposed 

to variable humidity conditions as temperature rises to 40°C until they reach the final delivery 

destination. 
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6. Conclusion 

 

This report presents an analysis of drivers and barriers to circular economy (CE) implementation 

in the agri-food sector. The data consists of secondary analysis (literature review) complemented 

by four case studies of agri-food SMEs that are implementing (or considering to implement) CE 

practices. The literature results denote a wide range of drivers and barriers to CE implementation 

(widely structured against categories such as economic/organisational, regulatory and 

environmental/social). These drivers and barriers are widely corroborated by four case studies in 

different countries (Regather, food social enterprise, United Kingdom; INTA, agricultural 

cooperative, Argentina; SOLAGRI, lemon processor, Italy; TN Nefeloudis, food additives 

enterprise, Greece). Some of the main drivers resulted from the case studies consist of: increased 

demand from the market/customers, increased policy pressure, increased social inequality, and the 

need to deliver social impact via job creation, agriculture-livestock integration, availability of 

data/information, product reuse prospects & remanufacturing. Some of the main barriers consist 

of: lack of proper infrastructure and transportation, pricing, lack of CE skills among the agri-food 

stakeholders, fluctuating economic policies, tax burden, distance (proximity) for remanufacturing, 

inefficiencies caused by the limited capacity of forecasting software and poor transportation 

conditions, offset the positive effect of implemented reuse practices, waste as a seasonal output 

only and outsourcing transportation. Next steps consist of identifying mitigating factors towards 

the barriers while leveraging the importance of the drivers to motivate agri-food stakeholders to 

implement CE.  
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