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 3 

Abstract. The end of life (EoL) of plastic polymers depends on when they stop being 4 

considered a resource and begin to be considered a waste. Even with dynamic 5 

management, plastic pollution will increase in the coming decades. Reduction strategies 6 

focus on reducing the quantities of materials used in the construction of individual objects 7 

for packaging, support for reuse and recycling, incentives for gathering low-value plastics, 8 

awareness, and simplification. The agricultural sector, a sector in which the use of plastic is 9 

(apparently) not high, needs to combine environmental, social, and above all economic 10 

aspects, which can help entrepreneurs in the sector to optimize the recycling process. 11 

 12 

Abbreviations APW (agricultural plastic waste); 3E (energy, economy, environmental); 13 

EPR (Extended Producers Responsibility); EPS (expanded polystyrene); EVA (ethylene-14 

vinyl acetate copolymer); HDPE (high-density polyethylene); LDPE (low-density 15 

polyethylene); PC (polycarbonate); PET (polyethylene terephthalate); PLA (polylactic acid); 16 

PMMA (poly-methyl-methacrylate); PP (polypropylene); PS (polystyrene); PVC (poly-vinyl 17 

chloride); PU (polyurethane); 3R (reuse, reduce, recycle); REACH (registration, evaluation, 18 

authorization and restriction of chemicals); SDGs (Sustainable Development Goals); TOC 19 

(theory of constraints) 20 

 21 

Introduction 22 

End of life (EoL) consequences depend on when and how a plastic object stops being 23 

considered as a resource and begins to be considered as waste. When an object finishes 24 

playing the role for which it was designed, the best EoL option is its reuse. The recycling 25 

option is less worthy but still effective. Composting (in the case of so-called bio-based 26 
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polymers only) and transformation into energy follow [1]. If the widespread, although 27 

proscribed, practice of disposal straight into the total environment did not exist, burial into 28 

landfill would be considered the least suitable option [2], while upcycling processes, which 29 

transform the waste into valued goods, are considered the best [3]. An example is converting 30 

polyethylene (PE) into long-chain alkyl-aromatics, which are then sulfonated to make 31 

biodegradable surfactants [4].  32 

Our review contributes to enriching research in the field of plastics management by 33 

aggregating current knowledge on plastic disposal and management (Figure 1) from the 34 

economic and environmental points of view, with a focus on the agricultural sector. This 35 

sector is not a key contributor to the production of plastic waste, but in some production 36 

segments it is necessary to find alternative solutions to respond to a growing demand for 37 

sustainability. 38 

 39 

Sorting of polymers  40 

Plastic polymers have extremely different product characteristics and market values; for 41 

instance polyvinyl chloride (PVC) has a market value per tonne which is half that of 42 

polyurethane (PU) (source: Plastic Information Europe). These reasons make separation 43 

crucial for recycling, although it is sometimes uneconomical to separate the different 44 

polymers. So, immiscible polymer blends and polymer blending are a fast growing sector of 45 

polymer engineering to produce innovative constituents. However, immiscibility may lead to 46 

poor properties, both physical and mechanical, including interfacial bonding. Therefore, 47 

research efforts have focused on compatibilizer to modify the interfacial bonding and 48 

mechanical properties. To improve compatibility, compatibilizers are intended to improve the 49 

interfacial activity by reinforcing the interface [e.g., 5]. 50 

 51 



Lessons learnt from a more ancient, non-crystalline transparent 52 

amorphous solid: glass 53 

Glass is one of the oldest synthetic materials, dating back to the third millennium BC, while 54 

plastic is one of the newest, appearing only in the last century. In Europe, the REACH1 55 

(registration, evaluation, authorization, and restriction of chemicals) regulation (EC 56 

1907/2006) considers glass a substance of unknown or variable composition, complex 57 

reaction products, or biological materials, while most plastic polymers are considered as 58 

substances of very high concern. Glass and plastic(s) have some properties in common as 59 

both are made by cooling a liquid, presenting a reversible transition phenomenon that allows 60 

them to be recycled. However, although glass can be recycled virtually infinitely’, this 61 

opportunity is strongly influenced by the collection of the material after it has been used. 62 

Plastic is often down-cycled when the final quality of the recyclable material is compromised, 63 

and this happens frequently due to the multitude of polymers used and their immiscibility.  64 

The final fate of plastics may be energy production, which is not the case with glass. In both 65 

cases, 3R (reuse, reduce, recycle)2 is the best management strategy for EoL products [6 66 

(•)]. In the case of glass, reuse would be applicable to some beverage containers at the level 67 

of local distribution networks; the technical problems here are the sanitization of the material 68 

used as well as the resistance of the object over time. The reduce strategy, which means 69 

limiting the quantity of material in final objects, shows the same technicalities as are applied 70 

to similar plastic objects made of different polymers. Recycling means open-loop processes 71 

(i.e., product recycling when an EoL material is considered an additive matter to be 72 

transformed before reuse) or closed-loop recycling (i.e., material recycling when an EoL 73 

                                                           
1 REACH makes the industry accountable for evaluating and managing the risks posed by chemicals and for 

providing suitable safety information to their users. It is the European Union’s controlling structure on chemicals 
and their non-dangerous use. 
2 3R is the best strategy for the management of EoL products: reducing the quantity of EoL products, reusing 

parts of products or whole products that would otherwise become waste, and recycling, while only EoL 
products that do not fit into the 3R scheme become ultimate waste. 



material becomes a secondary raw material). In the case of plastics, an open-loop process 74 

may end in road building [7 (•)] or building materials [8], but compatibilization3 is the key to 75 

the success of plastics recycling [9]. 76 

In the case of glass, the main complication depends on the presence of ceramics in EoL 77 

products (e.g., small pieces cause imperfections in final products, while bigger pieces, > 5 78 

mm, lead to severe instabilities in the gob formation process) and the proportion of different 79 

colours in the cullet. So, sorting is mandatory to separate according to colour: brown glass 80 

can only be recycled into brown containers, and green glass can only be used to make green 81 

bottles [6 (•)]. Plastic materials are distinguished into many more classes so that they can 82 

be recycled, but it is essential to reprocess them separately [10]. With regard to colours, in 83 

the case of plastics there is the important theme of black plastics [11 (••)], which are 84 

substantially non-recyclable and potentially toxic. 85 

 86 

Extended Producer Responsibility 87 

Thirty years ago, Thomas Lindhqvist introduced the concept of extended producer 88 

responsibility (EPR), a policy approach under which producers are given a financial and/or 89 

physical responsibility for the treatment or disposal of post-consumer products through 90 

reuse or buy-back within a recycling programme; the producer may choose to delegate this 91 

responsibility to a third party who is remunerated for used-product control, a producer 92 

responsibility organization EU member states and Canadian provinces have familiarized 93 

EPR [12], ranging from mandatory principles to voluntary agreements between 94 

administration and production to deliberate industry initiatives. A good example is the 95 

National Consortium for the Management, Collection and Treatment of Used Mineral Oils 96 

(CONOU) conceived to carry out separate collection of used lubricating oil. In the case of 97 

                                                           
3 Compatibilization is when a substance is added to an immiscible polymer blend to increase the stability of 

the system. 



plastics, a target objective is that all packaging placed on the EU market is either reusable 98 

or could be recycled in a cost-effective way by 2030 [13], where EPR schemes may sustain 99 

finance action to curb littering [14]. Challenges connected to the production can be turned 100 

into opportunities [13, 15] by simultaneously increasing the source-segregated collection 101 

rate and the recyclability of all products. However, recyclers are the most fragile part of the 102 

system as they have to deal with market variation and fixed operational costs, so, even with 103 

a high collection rate, recycling of certain polymers would not be economically profitable 104 

[16]. 105 

 106 

Plastics in the agricultural sector 107 

The plastic conversion demand for the agricultural sector in 2018 was 3.4% (source: 108 

PlasticsEurope), but plastic materials are crucial constituents of the reduced-input systems, 109 

facilitating the reduction of the use of several resources, helping to increase crop production 110 

and food quality, allowing for vegetables and fruits to be grown whatever the season.  111 

An important initial clarification, APE Europe, the professional representative body of 112 

plastics for agriculture in Europe, states that agri-plastics can only be considered as non-113 

packaging plastics invoking specific Extended Producer Responsibility framework in EoL 114 

management [17]. That said, a wide range of plastics tools are used (Figure 2), including 115 

bags (fertilizers, seeds, feed), containers (agrochemicals), pipes (drainage and irrigation), 116 

films, nets, mesh, strings, ropes, and trays. This multitude of production tools leads to the 117 

coexistence of many polymers, including polyolefins [PE, polypropylene (PP), ethylene-118 

vinyl-acetate copolymer (EVA)] and PVC, polycarbonate (PC) and poly-methyl-methacrylate 119 

(PMMA). Polymers are accumulated in different quantities and have extremely different 120 

levels of 'reusability' or 'recyclability'. To give an example from a niche crop, for every 121 

kilogram of strawberries, 86 g of plastic polymers are used [18]: 4.2 tonnes of polyethylene 122 

terephthalate (PET) per farm per year, 0.6 of PP, 50 kg of polystyrene (PS), 50 of high-123 



density polyethylene (HDPE), 10 of low-density polyethylene (LDPE), and 20 of LDPE+EVA. 124 

Given their low bulk density, they occupy impressive volumes, for instance expanded 125 

polystyrene (EPS), which is essential for plant containers, is accumulated to an extent of 126 

two cubic metres for each kilogram of strawberries grown [18].  127 

Plastic films are among the most important materials: in mulching, they directly affect the 128 

yield, earliness of cropping, product quality, weed and microclimatic control, and 129 

solarization. Their use is so massive that methods for mapping agricultural plastic waste 130 

(APW) have been developed using remote sensing [19]. EoL film collection is problematic 131 

and substantial parts stay in the fields, generating fragmentation [20, 21] (an effective 132 

graphical abstract [20] summarizes options and total impacts), which leads to the popular, 133 

and feared, microplastics, of which we talk a lot but know, actually, not much, starting with 134 

their classification (some authors suggest an upper limit of 5 mm [22] (•)). When a mulched 135 

crop is harvested and the field is ploughed, small fragments could be mixed in with the soil. 136 

Solutions to deal with plastic debris may envisage alternative approaches, from 137 

biodegradable to thicker and more resistant (and more expensive) mulches. A mulch is 138 

considered biodegradable when it has a biodegradation threshold of 90% within two years 139 

(standard EN-17033), but an individual crop lasts less than six months in the field. Longer-140 

lasting films affect both the final cost of the product and their management (subsequent 141 

removal and reinstallation), especially in terms of the quality of the work and effects on the 142 

well-being of workers (e.g., EoL films accumulate molecules spread over the crop cycle) 143 

(Figure 3). A single solution probably does not exist, as there is always at least one 144 

constraint. Perhaps, for each specific situation, it would be appropriate to apply a 145 

management philosophy, the theory of constraints (TOC)4 [23]. 146 

                                                           
4 TOC interprets systems as being limited in reaching their objectives by a very small number of constraints 

and uses a focusing progression to recognize the constraint, reorganizing the rest of the system around it. 



APWs are resources more than problems; examples span from the production of 147 

microgreens,5 where recycled polyester, polyurethane (PU), or PET becomes a substrate 148 

[24] to recycled materials with anti-erosion functions, for example, sands reinforced with 149 

PET or PP fibres, to the consolidation of transit areas, including asphalt [7, 25]. In all cases, 150 

the technological 'keystone' is compatibilization [5]. 151 

Alternatively, new materials have been developed in recent years to address the 152 

unsustainability of both traditional plastic materials and some recycling processes adopted. 153 

Among these, biodegradable or oxo-degradable plastics, that at the end of their life can be 154 

buried in the soil or alternatively composted on farm, allowing to overcome environmental 155 

and disposal problems [26]. Comparing these two alternatives, Sintin and colleagues [27] 156 

find that the degradation process is faster in the form of compost than through burial. The 157 

use of biodegradable plastics does not only produce an environmental but also an economic 158 

benefit. Velandia and colleagues [28] comparing the use of PE and BP film in Tennessee 159 

Pumpkin production, find that the use of bio-degradable films, in the face of a higher price, 160 

entails a sensitive improvement in the profit due to a reduction of the labour cost associated 161 

with the PE mulch removal and disposal. The price of biodegradable films and the cost of 162 

labour are two important discriminants in the transition process from the use of PE and those 163 

of biodegradable plastics. A recent study on the farmers willingness to pay for biodegradable 164 

films in relation to the market price shows that farmers' willingness to pay decreases as the 165 

market price increases [29]. 166 

The accumulation of plastic from agricultural activities raises concerns for soil health, macro- 167 

and micro- plastic residues have negative effects on both above-ground and below-ground 168 

parts of crops affecting both vegetative and reproductive growth [30-32]. In particular, Gao 169 

et al. [31] observed significant yield decrease starting from 240 kg ha-1 of plastic residues. 170 

                                                           
5 Microgreens are visual and flavour ingredients used to enhance the appeal of fine-dining dishes 



A Focus Group of the European Commission on “How to reduce the plastic footprint in 171 

agriculture?” [33], recognising the main and most urgent needs, proposes the identification 172 

of the main use and properties of plastics in farming activities, including the identification of 173 

the indirect sources [35]. Plastic waste management is an additional cost that has to be 174 

covered: the EoL plastics collection and storage is a supplementary effort for farmers. 175 

However, an inappropriate collection and bad storage lead to contamination of the total 176 

environment [33]. Plastic polymers must be robust enough to be simply collected without 177 

producing debris: an effective removal and collection of EoL plastics is critical to enable 178 

appropriate management [34]. 179 

 180 

 181 

Economics of EoL alternatives 182 

In sectors where there is intensive use of plastic material, there is a need to identify 183 

sustainable solutions to reduce the impacts of plastics based on a circular economy [25]. 184 

Two issues still remain open and at the same time little explored, linked, on the one hand, 185 

to the economic and environmental feasibility of the proposed solutions and, on the other, 186 

to the acceptability of these alternatives among farmers in relation to their willingness to 187 

adopt behaviours that are more responsible. 188 

In many regions, the APW disposal options are on-site burning, on-site burial, disposal in 189 

landfills, and illegal dumping [36], which have negative effects due to the release of 190 

hazardous substances [37–40]. The adoption of these practices is driven (mainly) by the 191 

difficulty of managing the recycling process, due to the complexity of the materials or the 192 

low quality of the same products and due to the high costs of transport, storage, and 193 

transformation, which do not justify the farmers’ commitment and investments [41, 42] 194 

(Figure 1 and 4). This has led to the development of more sustainable alternatives such as 195 

recycling, which, among the solutions, is the one most in keeping with the circular economy 196 



paradigm in which plastic is reused or transformed into products, some with high value-197 

added [36]. Recycling is not always a viable option, but its affordability depends on the type 198 

of plastic, the degree of contamination, and adequate sorting [37] and additionally it has high 199 

management costs [43]. The Energy, Economy, Environmental (3E) index [40], which was 200 

built based on energy, economic, and environmental parameters associated with different 201 

plastic waste disposal practices, shows that landfilling is the most inefficient system. The 202 

conversion of plastics into tar for construction of roads and into concrete for the construction 203 

of buildings, however, is a highly advantageous solution, since, compared to the alternatives 204 

studied, it generates low emissions and offers high economic and environmental 205 

sustainability benefits. Instead, recycling is an advantageous system from the energy and 206 

environmental points of view but not economically [40]. However, the opportunity to generate 207 

valuable products depends on the recycling processes adopted, whose choice is strictly 208 

related to the characteristics of the recycled material and the costs associated with the 209 

processes [34, 44]. Mechanical recycling is one of the most common solutions for the 210 

disposal of APW, but as Horodytska and colleagues [45] underline, even if, on the one hand, 211 

this process is favoured by the fact that often in agriculture there are high quantities of 212 

homogeneous materials (single polymer waste), on the other hand, the operations of 213 

washing, shedding, drying, and pelletizing and the low quality of the material to be recycled 214 

result in excessive costs that make this process uneconomical. These obstacles are 215 

amplified in the case of plastic mulch, which is often contaminated with agrochemicals that 216 

make it unsuitable for either landfilling, due to the risk of leaching of harmful substances, or 217 

recycling, since its treatment requires a laborious process and high related costs [41, 45]. In 218 

these cases, recycling is an effective alternative only if the contaminants do not represent 219 

more than 5% of the total weight of the mulch [46]. A different solution for plastic recycling 220 

is the adoption of chemical processes based on the decomposition of polymers into 221 

monomers intended for the production of new products and other high-value compounds 222 



[44]. The use of pyrolysis for the transformation of APW into PE is financially sustainable, 223 

even if the plant is not used at full capacity [35]. However, in sectors characterized by small 224 

enterprises, it is crucial to create economies of scale [35, 40, 44]. In terms of reuse, 225 

combining four different irrigation levels with diverse recycled plastic materials used for 226 

mulching, coming from hostels and farmers’ residences, the most advantageous solution in 227 

terms of the benefit-cost ratio is associated with the use of black plastic mulch, even if in 228 

terms of initial investments the use of wheat flour bag mulch is the best alternative mainly 229 

for small and marginal farms [47]. 230 

 231 

Farmers’ attitudes towards recycling programmes 232 

Regardless of the alternatives currently available for the recycling of APW, empirical 233 

evidence suggest that farmers’ participation in recycling programmes depends, on the one 234 

hand, on the complexity of waste management (and also in relation to the legislation, which 235 

may not make the APW disposal a simple process), and, on the other hand, on their 236 

willingness to adopt virtuous behaviours. Canadian farmers are concerned with the proper 237 

disposal of agricultural plastics and are willing to behave responsibly and to pay to fund 238 

recycling programmes [42]. The choice of US producers of organic strawberries [48], 239 

although bioplastics are not ideal for organic crops, confirms that the use of bioplastics as 240 

an alternative to conventional plastic material depends on the awareness among farmers 241 

about both the negative consequences for the environment and the ethical value of their 242 

choice. The farmers' choice to recycle plastic material depends, as previously emphasized, 243 

on the type and volume of plastic generated. On the one hand, the type of plastic influences 244 

the choice of the alternative to be adopted, taking into account that there are low-value 245 

plastics that are complex to manage and mechanically recycle and are therefore preferably 246 

disposed of in landfills [42]. Similarly, the volume of plastic produced can make one 247 

alternative preferable to the other in relation to the cost of the alternative, which must always 248 



guarantee profitability to the company to allow it to remain competitive on the market [49]. 249 

Evaluating the propensity of strawberry producers to recycle EoL plastics [18], it turns out 250 

that this virtuous behaviour is more frequent among young farmers with a higher level of 251 

training. If, on the one hand, the costs of managing the disposal process represent one of 252 

the main discriminating factors in the choices of farmers, on the other, national policies 253 

specifically linked to recycling assume a significant importance, given the influence they can 254 

have on the APW management processes  [50]. In line with this, it was found that the size 255 

of the company is a determining factor [51]. In fact, while small and medium-sized farms opt 256 

for the payback mechanism, large companies prefer tax credits, although the latter, as 257 

emphasized by the authors, could have distorting effects on the market and on the 258 

environment. A discriminating factor is the type of crop, highlighting that while tax credits are 259 

preferred for crops that require a low use of plastic material, due to the low transaction costs, 260 

the subsidy tool is preferred in sectors that make extensive use of plastic and where more 261 

complex management is required [52]. 262 

To date, In Europe, a regulation on the management of agricultural plastic waste does not 263 

exist. A general strategy emerged 2015 with the adoption of the "Action Plan for the Circular 264 

Economy" [53], and subsequently with the “European Strategy for Plastics in a Circular 265 

Economy” [54]. With this latest communication, the Commission outlined the EU strategy to 266 

guide the transition to a more circular plastics economy in the near future by providing 267 

specific measures. With reference to agricultural plastics, the Commission suggests to 268 

national authorities and industries to introduce EPR in order to provide incentives for plastic 269 

recycling (Annex II) [55], is the most effective measure that can contribute more to the 270 

achievement of EU objectives also in the agricultural sector. The Commission also proposes 271 

as key measures a better use of taxation or other economic instruments to improve the 272 

quality of recycling. Some recent studies analyzed the acceptability by farmers of some 273 

policy measures that could encourage a more farmers’ responsible behavior, including 274 



subsidies, tax credit, and pay-back under EPR scheme [52, 56]. The authors find that tax 275 

credit is the most favored tool among farmers, particularly in large farms, probably due to 276 

the complexity and costs associated with the waste management system, while for small 277 

and medium-sized farms pay- back EPR scheme. This finding underlines the importance of 278 

defining adequate and targeted policy tools in relation to the characteristics of the companies 279 

and for an effective implementation of the European strategy. 280 

 281 

Concluding remarks 282 

Even in the best positive scenario and with vigorous management, plastic pollution will 283 

increase in the coming decades [58 (••), 59 (•)]. The reduction strategies are pre-284 

consumption measures, such as reducing demand (upstream), and post-consumption 285 

measures, such as collection and recycling (downstream). Upstream measures, which 286 

provide for the direct involvement of industries in synergy with public stakeholders, focus in 287 

particular on the issues of reducing the quantities of materials or promoting the use of 288 

alternative materials. A dramatic example is that of bitumen additives; that is, the addition of 289 

specific polymers increases the rheological properties and stability in asphalt binder [60]. 290 

These additives are transported in flexible intermediate bulk containers, also known as big 291 

bags. These industrial containers are made of plastic which is not reused (since it is 292 

uneconomical) but not even recycled, as the polymers they are made of are not compatible 293 

with incorporation into asphalt. Their EoL is landfill after only one use. Assessing the 294 

feasibility of substitution with alternative materials, finding an economically practical solution 295 

to efficiently manage flexible plastics will be crucial for disentangling the plastic pollution 296 

issue [58]. 297 

Rigid plastics dominate recycling due to the relative ease of collection and sorting. 298 

Downstream measures provide for the concrete support for reuse or recycling, provided 299 

directly to the user by incentivizing the gathering of low-value plastics (multilayer plastic, 300 



flexible monomaterial, and multimaterial [58]). In line with this, the EU strategy propose to 301 

considers the opportunity related to the introduction of the Extended Producers 302 

Responsibility or other policy tools in order to provide incentives to encourage the recycling 303 

of plastics in various areas including the agricultural sector. And, maintaining a constant 304 

plastic demand over time is critical in order to ease the total need on virgin plastic [61 (•)]. 305 

Furthermore, the final consumer must be helped in terms of awareness coupled with 306 

simplification [17]. 307 

The exemplified agricultural sector shows that there are many factors influencing farmers' 308 

choice to participate in recycling programmes, which depend in particular on costs and the 309 

availability of alternatives. Knowing the economic feasibility of alternatives is a conditio sine 310 

qua non to sustain more virtuous behaviours. The reorganization of the plastic value chain, 311 

from a circular economy perspective, becomes a priority that requires investments and 312 

concerted actions among all the stakeholders in the chain for the creation of vital markets 313 

for recycled plastics. 314 
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FIGURE CAPTIONS 554 

Figure 1 This paper describes plastic disposal and management options from the 555 

perspective of both economic and environmental aspects 556 

Figure 2 Plastics in agriculture. Many plastic tools are fundamental in modern agriculture: 557 

bags for fertilizers, seeds, or feed, containers for agrochemicals and products, pipes for 558 

drainage and irrigation, nets, mesh, strings, ropes, trays, and many types of films. Each of 559 

these means of production is made with a specific polymer, for which EoL objects made of 560 

PE, PC, PMMA, PP, PS, and PVC are used. 561 

Figure 3 Of the 17 Sustainable Development Goals (SDGs) of the United Nations, Goal 8 562 

promotes sustained, inclusive, and sustainable economic growth, full and productive 563 

employment, and decent work for all. The theme of the circular economy and the recycling 564 

of materials must not ignore the quality of people's work and life. The unbridled rush of 565 

Western countries to recycle materials, with an eye to the quality of the local environment 566 

(as well as to profit), has led to exacerbation of the situation on a global scale. In 2018, 567 

China, the world's largest importer of EoL plastics, forbade the import of numerous 568 

categories of waste, including plastics. This image is from the movie Plastic China [courtesy 569 

of cnex.com.tw] 570 

Figure 4 The 17 interlinked Sustainable Development Goals (A/RES/71/313 571 

E/CN.3/2018/2) are an urgent call for action by all countries in a global partnership towards 572 

a shared blueprint for peace and prosperity for people and the planet, now and into the 573 

future. Objects constructed with plastic polymers, throughout their life cycle, are influenced 574 

by one or more crucial SDGs at each step.  575 
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In addition, we briefly introduced the current strategy adopted by the EU in order to bridge the issue 

of plastic materials in the agricultural sector. 

 

To date, there is no and European regulation on the management of agricultural plastic waste, rather 

a general strategy that emerged already in 2015 with the adoption by the European Commission of 

the "Action Plan for the Circular Economy" (COM(2015)614), and subsequently in 2018 with the 

Communication COM (2018)28 on “European Strategy for plastics in a circular economy”. With 

this latest communication, the Commission outlined the EU strategy to guide the transition to a more 

circular plastics economy in the near future by providing specific measures. With reference to 

agricultural plastics, the Commission suggests to national authorities and industries to introduce 

Expected Producer Responsibility (EPR) in order to provide incentives for plastic recycling (Annex 

II) which, as suggested by Filho and colleagues (2019), is the most effective measure that can 

contribute more to the achievement of EU objectives also in the agricultural sector. The Commission 

also proposes as key measures a better use of taxation or other economic instruments to improve the 

quality of recycling. Some recent studies analyzed the acceptability by farmers of some policy 

measures that could encourage a more farmers’ responsible behavior, including subsidies, tax credit, 

and pay-back under EPR scheme (Picuno and Pazienza, 2020a; Picuno and Pazienza, 2020b). The 

authors find that tax credit is the most favored tool among farmers, particularly in large farms, 

probably due to the complexity and costs associated with the waste management system, while for 

small and medium-sized farms pay- back EPR scheme. This finding underlines the importance of 

defining adequate and targeted policy tools in relation to the characteristics of the companies and 

for an effective implementation of the European strategy. 
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4.        The paper should be focused on plastic materials used in the field, not for packaging fruits 

or vegetables, because this usually takes place off-site (and it is considered post-consumer plastic 

waste). 

Response: We are grateful to the reviewer for this comment according to which we revised the 

manuscript by focusing on plastic materials used by farmers in the field. Some example in the text to 

plastics used in other sectors have been included in order to remark the need to identify effective 



strategy to support the transition towards a economy of plastic in line a with the circular economy 

paradigm. We also added a specific quote on EPR:  

“APE Europe, the professional representative body of plastics for agriculture in Europe, states that 

agri-plastics can only be considered as non-packaging plastics invoking specific Extended Producer 

Responsibility framework in EoL management (APE Europe, 2021)” 

 APE Europe (2021) Agricultural Plastics are Non-Packaging Plastics ̶ Position Paper. APE 

Europe, Levallois-Perret, France 
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