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Abstract

Background: Waste disposal is an activity that pollutes the environment. The European Union has developed differ-
ent legislative measures which are based on the circular economy (CE) to avoid this negative externality. The man-
agement of agricultural packaging (fertilizers and phytosanitary products) is carried out through Collective Deposit,
Return, and Refund Systems (CDRRS). New regulations on waste tax the consumption of non-recyclable plastic in
packaging, but also reward the use of plastic by-products from packaging. The administrations recommend using bio-
degradable plastic in the means of production, as well as establishing a traceability system (TS) to control the proper
management of all the generated waste. The proposed measures can affect producer cost accounts. This work aimed
to identify and evaluate the existing agricultural packaging management system in Spain. It also studied the influence
of the price of a barrel of oil, crop surface, irrigation regime, and the type of subsectors on CDRRS, and quantified the
impact of the latest fiscal measures and initiatives proposed by Spanish administrations.

Results: The generation of agricultural packaging is influenced by variables including the cultivated area, irrigation
regime, and agricultural subsector. The price of a barrel of oil directly influences the current by-product utilization
system. Using biodegradable plastic orimplementing a TS can increase production costs by up to 9.80%. The current
system of subsidies to producers can soften the economic impact caused by the additional cost of biodegradable
plastic (4.03%), but no subsidies have been foreseen to encourage the use of environmentally friendly alternatives.

Conclusions: Findings indicate that public administrations should be guided by the specific characteristics of the dif-
ferent agricultural systems when defining regulations on agricultural waste management. The fixed rate in the current
system of subsidies for using plastic by-products obtained from packaging should be substituted for a variable rate.
Transferring powers to autonomous communities to define by-products may lead to heterogeneity in the Spanish
territory. New measures derived from the recent environmental agreements to comply with the 2030 Agenda will
increase production costs even after considering the current aid scheme. The subsidy coefficient should be increased
to 80% of the purchase invoice.
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Background

Socioeconomic importance and use of plastic inputs

in food production in Spain

On a global scale, food production is mostly carried out
on family farms, with small-scale producers being the key
agents for the development of countries [1]. In Spain, the
agri-food sector generated more than 1.1 million jobs and
accounted for 5.3% of gross value added (GVA) in 2020
(57,835 million €). Agriculture and fishing contributed
59.3% of this GVA [2]. Agriculture is therefore an activity
that generates wealth and employment, in addition to the
labor dependence that exists in certain territories. Thus,
its influence is remarkable in areas with low population
density in Spain, where agriculture and the agri-food sec-
tor can reach 11% and 20% of GVA, respectively [3, 4].

During the last 50 years, agricultural systems have
undergone a substantial transformation. This has led to
significant increases in productivity, which helped reach
the previously mentioned economic expansion, of around
240% in the case of cereals [5]. However, increased pro-
ductivity has resulted in a threefold increase in the
consumption of natural resources due to higher input
requirements (i.e., water, agrochemicals, energy, etc.)
[6] that make agriculture the main consumer of vital
resources, such as water [7]. This fact has altered the
functionality and organization of ecosystems [8]. The
environmental impacts derived from agriculture have
also increased, highlighting phenomena such as erosion
[9, 10], loss of genetic diversity [11], soil degradation [9,
10], and overexploitation that includes the loss of qual-
ity in bodies of water [12]. Some of these environmental
consequences are due to the excessive consumption of
agrochemicals (i.e., fertilizers and phytosanitary prod-
ucts) and the poor management of residue from agricul-
tural activities [13—18].

Plastics are among the most consumed materials in
agricultural systems [19] and they generate large amounts
of waste [16]. Their use is linked to large production
structures (i.e., protected crops), production inputs (i.e.,
raffia, mulch, grooving rings, etc.), agrochemical packag-
ing [16, 20] or food product containers [21]. Greenhouse
crops have a high plastic footprint, up to more than
1500 kg/ha per year [16]. Spain is the principal supplier
of agricultural plastic in the European market, providing
15% of the agricultural plastic consumed in the European
Union. Moreover, the consumption of agricultural plastic
in Spain is higher than that of the European Union (5%
versus 3% of the total plastic consumed in each territory,

respectively) [22]. The consumption of agrochemicals
or the expansion of agriculture under plastic, mainly in
the autonomous community of Andalusia, may have led
to this higher consumption of plastic [16, 23, 24]. Spain
is home to the largest greenhouse area in the European
Union and the second largest in the world [25].

Negative externalities of plastic: the need for sustainable
development
Plastic has been described as one of the major physical
and chemical pollutants in ecosystems [26, 27]. They
can fragment into small particles (i.e., microplastics
and nanoplastics) [28], which can interact with the lipid
membranes of living organisms [29]. They can also emit
chemicals that are added during their manufacturing
process (additives) to improve their quality (e.g., bis-
phenol) [27], while acting as vectors of pollutants [26].
Unfortunately, plastic spills damage the environment,
including marine ecosystems [30], although their effects
also extend to terrestrial ecosystems [28]. Poor man-
agement of the material can lead to its accumulation in
soils, the emission of greenhouse gases into the atmos-
phere (e.g., methane, ethylene, etc.) [31], new conglom-
erate rock formations [32], the spillage of chemicals into
ecosystems [33, 34], the internal infestation and death of
living organisms [19, 35], and the accumulation of sub-
stances that act as endocrine disruptors (e.g., bisphenol)
that end up being transmitted to the food chain [27, 36].
The UN principles of sustainable or lasting develop-
ment seek to correct the instability caused by anthropo-
genic activities that may influence the development of
future generations, as in the case of bad practices related
to the usage of plastic. In 2015, UN member states
adopted the 2030 Agenda, which contains 17 Sustain-
able Development Goals. The Agenda addresses the most
relevant social, economic, and environmental issues on
a global scale while aiming to achieve sustainability and
durability of societies and economic activities through
sustainable and resilient development [37]. The European
Union has based its new policy update on the CE princi-
ples (i.e., reuse, reduce, and recycle) to minimize waste
and its environmental effects [38, 39]. This new policy
aims to achieve economic growth decoupled from the
consumption of natural resources and greenhouse gases
[40]. Production systems must be transformed into sus-
tainable and resilient production models. To this end,
production processes need to "close the loop" and make
use of the by-products obtained while minimizing waste
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generation and preserving the biodiversity of ecosystems
[41-44]. The European Union has also formulated a spe-
cific strategy to "close the loop" in the life cycle of plas-
tic, highlighting specific measures for the management
of agricultural plastic to avoid undesirable environmental
effects [41, 45].

The management of agricultural packaging has created
problems on agricultural systems due to the indiscrimi-
nate dumping of toxic substances and plastic packag-
ing on ecosystems [46, 47]. In Spain, the problem was
detected during the 1990s [20, 46, 47]. According to
Nature and SIGFITO [34], more than 6% of the poor
practices regarding agricultural waste relate to the pack-
aging of agrochemicals. The most common issues include
burning, burying, and abandonment. Some authors rec-
ommend establishing a TS to detect negative farmer
practices regarding the disposal of containers and other
types of plastic waste [16, 48] since these practices car-
ried out with agricultural containers can also be extended
to other agricultural plastic [16, 49].

In addition, new initiatives proposed to solve the
problems surrounding agricultural plastic may have a
negative impact on producer costs as a result of higher
input prices (e.g., use of biodegradable plastics, a trace-
ability system, tax on non-recyclable plastic packaging,
etc.) [16, 50], mainly in high-yield agricultural systems
that demand a high amount of agrochemicals (i.e., agri-
cultural models under greenhouses) [23, 51]. The sta-
bility recorded in the price of agricultural products and
the increase in production costs have lowered producer
margins in the last decade [52, 53]. The situation may also
worsen by the introduction of biodegradable polymers,
which in many cases involve an emerging technology
[16], stemming from the high price of inputs.

In this scenario, the objectives were as follows:

+ To identify the regulatory framework associated with
the management of agricultural packaging (fertilizer
and phytosanitary products) in Spain and the func-
tioning of the initiatives generated around it.

+ To determine the type of agricultural systems and
subsectors that generate the highest number of agri-
cultural containers.

» To evaluate the influence of Brent crude oil barrel (in
dollars per barrel of oil) on the performance of the
container recycling system.

+ To study the economic impact in the greenhouse
agriculture expense account of the following vari-
ables: taxes on the consumption of non-recyclable
containers, bonuses to encourage the use of plastic
by-products from containers, aids for the consump-
tion of biodegradable polymers, and the implementa-
tion of a TS for the waste generated.
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o To establish administrative proposals to improve
the waste management operation and encourage the
consumption of by-products and biodegradable poly-
mers.

Regulatory framework for the management of agricultural
packaging (fertilizer and phytosanitary products) in Spain
Spain defined its law regarding packaging management
after incorporating Directive 94/62/EC into its regula-
tory code under Law 11/1997 of 24 April 1997 and Royal
Decree 782/1998 of 30 April 1998 [54, 55]. However, it
only took three years to detect the ineffectiveness of the
regulations for some of the commercial or industrial
packaging, including the containers of phytosanitary
products [33, 56].

For this reason, Law 14/2000 of 29 December 2000 on
fiscal, administrative, and social measures introduced a
legal framework that eliminated the possibility of exemp-
tion from the extended producer responsibility regime
(EPR) for some commercial or industrial hazardous pack-
aging, thus preventing the consumer from owning the
entire treatment obligation [56]. Through Royal Decree
1416/2001, of December 14, 2001, the Spanish Govern-
ment incorporated a specific regulatory body to deal
with the management of phytosanitary products packag-
ing. This law requires producers to establish a Deposit,
Return, and Return to Individual System (DRRIS), or
alternatively Collective Deposit, Return, and Refund Sys-
tems (CDRRS), where the producers of agrochemicals
could be indexed voluntarily. A DRRIS is a system for
the collection of containers by a single agrochemical pro-
ducer, the purpose of which is to collect the containers
sold by this manufacturer. A CDRRS is a system formed
by several agrochemical producers, whose purpose is to
collect the containers sold by the manufacturers indexed
in the CDRRS. The packaging of fertilizers was excluded.
The cost should be incorporated into the selling price of
the agrochemical [33]. Through Directive 852/2018, of
May 18, the obligations of producers of phytosanitary
products and fertilizers were equated, establishing an
EPR for all packaging manufacturers. Fertilizer produc-
ers must establish a DRRIS or adhere to CDRRS [57, 58].
This new regulation mandates the reuse of secondary ele-
ments (i.e., by-products) obtained from production pro-
cesses. This measure aims to introduce CE principles into
the packaging management standard [58].

Spain has recently reformulated its waste regulation.
This can be considered the first CE regulation in Spain,
and it has had a crucial influence on plastic packaging.
It introduces an indirect tax on the consumption of non-
recyclable plastic with a taxable base of €0.45/kg for non-
reusable packaging. To reduce the regulatory barriers to
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the process, this law also includes a modification of the
procedure for the declaration of a by-product. Autono-
mous communities will have the competence to evaluate
and authorize the requests to take advantage of the by-
products that are generated and consumed within their
borders and also outside the limit of their regions when
a favorable report has been submitted by the receiving
autonomous community within a period of one month.
It will be understood that a favorable report has been
issued if a negative report has not been generated within
this period. An autonomous community may request the
national authorization of by-products from the Coordi-
nation Commission, and no by-product can be declared
legal if it has been previously declared illegal by the Coor-
dination Commission. The above-mentioned law also
establishes the proximity principle. That is, waste must
be treated in the closest treatment plant to the point
where the waste was generated, and which uses the most
appropriate technologies and methods for this purpose
[50]. It also proposes a 15% reduction in the generation of
waste in Spain by 2030, praises the EPR, and creates the
possibility of establishing a Deposit, Return, and Return
System to collect food packaging or an electronic waste
information system to perform an analysis of the waste
management and contaminated soil [50].

The Spanish government is currently updating its
legislation on packaging. It has transposed Directive
852/2018, of May 18 [58] and will unify the different
regulations dealing with packaging management in the
national territory under the same legal text. The proce-
dure for the management of agricultural packaging will
be similar to that already in place since 2001. However,
the law determines a minimum content of recycled plas-
tic in the composition of containers (Table 1) and a sys-
tem of bonuses (Table 2) to encourage the use of plastic
by-products in packaging, as long as an extra 10% of
the minimum required content is incorporated and the
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Table 2 Bonuses granted by the Government of Spain for the
use of recycled plastic

Type of recycled polymer Bonus (€/kg)
Polyethylene terephthalate (PET) 0.05
Low-density polyethylene (LDPE) 040
Flexible high-density polyethylene (FHDPE) 045
Rigid high-density polyethylene (RHDPE) 0.20
Polypropylene (PP) 045
Polystyrene (PS) and expanded polystyrene (EPS) 0.55

Source: own elaboration based on MITECO [57]

plastic used comes from packaging. In addition, it identi-
fies the possibility of granting an additional 10% bonus if
the packaging incorporates the amount and type of plas-
tic included in its composition. It highlights that the min-
imum collection rate of EPRs should be 75% in 2025, 85%
in 2030, and 95% in 2035 [57].

Initiatives for the management of agricultural packaging
(fertilizer and phytosanitary products) in Spain

In Spain, initiatives for the management of agricultural
packaging based on the CE principles have been in place
since the beginning of the twenty-first century [59],
which is facilitating the transition to a sustainable and
resilient production model and making Spain one of the
eight most advanced countries in the European Union in
facing this transition [60].

In 2002, following the publication and enforcement of
the agricultural packaging management regulations [33,
56], a CDRRS was formed: “Sigfito Agroenvases” (SIG-
FITO) [59], although it did not obtain all the necessary
authorizations to operate nationwide until 2005 [61].
Until 2013, the operational capacity of this CDRRS was
limited to collecting phytosanitary product contain-
ers. From this date forward, it obtained the necessary

Table 1 Minimum content of by-products in the composition of packaging in Spain.

Date Objetive

Starting in 2025
Starting in 2030
Specific

Jars, jugs, and similar articles up to 5 L capacity, including caps and

lids

Plastic cans, jars, tubs, trays, baskets, and other similar plastic items
Plastic films used in primary packaging applications, including

pouches, liners, peel-off lids or wraps

Plastic films used in secondary packaging applications, such as

shrink wrapping, liners, sacks, bubble wrap, envelopes

25% of the total mass of packaging placed on the market made of polyethylene terephthalate (PET)
30% of the total mass of packaging introduced into the market

35% of the total mass of packaging introduced into the market

15% of the total mass of packaging introduced into the market
25% of the total mass of packaging introduced into the market

50% of the total mass of packaging introduced into the market

Source: own elaboration based on Ministry for the Ecological Transition and the Demographic challenge (MITECO) [57]
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accreditation to collect fertilizer containers, bio-stim-
ulants, and nutritional products. It was also after this
date that the first voluntary adhesion of manufacturers
of this type of products was achieved. A second CDRRS
was created in Spain in 2015: Spanish Association for the
Recovery of Packaging (AEVAE) [62]. SIGFITO is the
CDRRS that integrates the largest number of agrochemi-
cal manufacturers [63, 63].

Operation of the CDRRS

In 2021, 92.6% of agrochemical manufacturers were asso-
ciated with the CDRRS available in Spain [63, 63]. In
2020, 11,730 tons of agricultural packaging was collected
by the CDRRS (Fig. 1). The packaging was made of plas-
tic, paper, cardboard, and metal, with plastic being the
material mostly used [64]. However, the collection rate of
agricultural packaging barely exceeded 60% in 2020. This
parameter shows a similar level to the 2013 value. The
value registered a decrease of 23.7% in the period com-
prised between 2013 and 2015 and slightly increased in
the 2016-2020 period.
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Between 2003 and 2020, SIGFITO increased the
amount of packaging collected nationwide by a factor of
fifteen. In 2016, the model’s management capacity was
increased with the creation of a new CDRRS (Fig. 1).
The amount of plastic and metal agricultural packaging
collected in 2021 was collected at 100% and was reintro-
duced into production processes for the synthesis of new
plastic and metallic products. Agricultural cardboard
packaging was 100% recovered for energy recovery [65].
However, uncollected agricultural packaging can be dis-
posed of in the environment [34].

Methods

Geographic area and production models analyzed

The evaluated territory has a Useful Agricultural Area
(UAA) that exceeds 23 million hectares (45.9% of the
area of Spain) (Table 3). The Autonomous Communities
of Andalusia, Castile-La Mancha, and Castile and Leon
have UAAs exceeding 3 million hectares each (Fig. 2)
[66]. The irrigated area was 3,862,811 hectares in 2021
[24].
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Fig. 1 Total production of agricultural packaging, agricultural packaging collected by the CDRRS, and collection rate of agricultural packaging in
Spain. Source: own elaboration based on SIGFITO [65]. The value of the volume of packaging currently managed and that could be managed by the
CDRRS was obtained from the collection of packaging generated by a SIGFITO member manufacturer [65] and CDRRS members [63, 65]
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Table 3 Main indicators of Spanish agriculture.
Cultivated area (ha) Consumption of agrochemicals (t)
Useful agricultural area 23,913,682 Phytosanitary products
Ecological surface 2,354,916 Fungicides and bactericides 37,950
Irrigated area 3,831,181 Herbicides 20,199
Greenhouse area 73,115 Insecticides and acaricides 8381
Major subsectors? Growth regulators, molluscicides and others 9494
Grain cereals 6,170,885 Total, phytosanitary products 76,024
Olive groves 2,770,424 Fertilizers
Non-citrus fruit trees 1,260,762 Total, nitrogenous 2,495,037
Fodder crops 973,161 Simple phosphates 179,992
Vineyard 957,857 Simple potassic 295,398
Industrial crops 918,754 Monoammonium and diammonium phosphates 381,592
Grain legumes 313,959 NP + NK 4 PK fertilizers 218,351
Citrus fruit trees 307,343 NPK fertilizers 1,556,046
Vegetables and flowers 254,402 Total, complex fertilizers 2,155,989
Tubers 48,060 Total, fertilizers 5,126,461
Source: own elaboration based on the Agrarian Census [66] and Ministry of Agriculture, Fisheries and Food (MAPA) [23, 24]
@ Natural pastures and home gardens have been excluded from the classification

More area

Fig. 2 Existing agricultural land in the different Autonomous Communities of Spain. Source: own elaboration based on MAPA [24]

(3,641,081 ha)

Less area
(4,560 ha)

Grains, non-citrus fruit trees, fodder crops, vineyards,
industrial crops, grain legumes, citrus fruit trees, vegeta-
bles and flowers, and tubers are the principal subsectors.
The national area of protected crops was 73,115 hec-
tares in 2021 (Table 3). The autonomous communities of
Andalusia, Region of Murcia, and Community of Valen-
cia concentrate the largest area of crops under cover in

the whole nation. The province of Almeria accounts for
almost half of Spain’s greenhouse area [24].

Analysis of the information

During the research process of this study, we carried
out a compilation, classification, verification, and in-
depth analysis of information from different sources.
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These included studies, technical reports, regulations,
and official statistics from different public and private
organizations related to the management of agricul-
tural packaging in Spain. A telephone consultation,
which consisted of a closed questionnaire, was made
with the departments in charge of managing the data
used to verify the information and statistics obtained.
This procedure has already been used in other research
in the field of agriculture [14, 16].

Data source and processing

Relationship 1

To establish the relationship between agricultural pack-
aging delivered (t) (fertilizer and phytosanitary prod-
ucts), types of agricultural systems (ha), and the ten
main agricultural subsectors (ha; Table 3), a review and
analysis of the information published by MAPA [67]
and SIGFITO [65] was carried out. The existing data
series from the Autonomous Communities dating from
2015 to 2020 was used. This set of values was the com-
plete data series for the 17 autonomous communities in
Spain.

Relationship 2

Data from the Energy Information Administration (EIA)
[68] and SIGFITO [65] were obtained for the period
comprised between 2003 and 2020 to establish the rela-
tionship between the price of a barrel of Brent oil ($/
barrel), the collection rate of agricultural packaging (%)
(fertilizer and phytosanitary products), and recycling of
agricultural plastic packaging (t/container) (fertilizer
and phytosanitary products). The complete data series
was used for all the variables studied in relationship 2.
In this case, the analysis could be expanded from 2003
to 2020, in contrast to relationship 1. To avoid the influ-
ence of the increment in number of containers on the
increase in container recycling, the parameter "recycling
per container" was used. After obtaining the Brent price
of a barrel of crude oil (C), the annual average value was
calculated with a monthly time lag from t — 12 to t+12,
using the same procedure reported by other authors [16]:

>i C

Ciy = , 1
t—n 12 ()
n
C
Copn = =L=, 2
t+n 12 ()

where ¢ . average price of a barrel of crude oil($/barrel) L
time (months), n: number of months of lag time (— 12 <t
<12).
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Cost structure of greenhouse operations

Data source A lack of information regarding the plas-
tic waste generated, mainly from plastic containers, was
detected in subsectors with a wide scope in Spanish
agriculture that made it impossible to calculate its eco-
nomic impact on some crops, such as grains, olive groves,
non-citrus fruit trees, fodder crops, vineyards, industrial
crops, grain legumes, citrus fruit trees, and tubers. Only
the greenhouse crop subsector showed information about
the generation of plastic waste in agrochemical contain-
ers [16, 48, 70-72]. Therefore, the analysis was carried out
only in this sector.

Production costs were obtained from those reported
by Honore et al. [53] and Castillo-Diaz et al. [52] for egg-
plant, zucchini, green bean, melon, cucumber, bell pep-
per, watermelon, and tomato crops, each being primary
in the Almeria Model [73]. The number of containers,
mulching requirements, trellising elements, and the cost
of TS were obtained from values reported by Ufarte [70],
Ufarte [48], Garcia [71], Garcia [72], Sayadi-Gmada et al.
[69] and Castillo-Diaz et al. [16].

Cost structure 'The cost structure used follows the con-
figuration applied by the Experimental Farm "Catedratico
Eduardo Ferndndez" of the Experimental Foundation
UAL-ANECOOP. The values provided have been updated
annually under the general national index ECOICOP
(European Classification of Individual Consumption by
Purpose).

The production costs were obtained from "Raspa y
Amagado" type greenhouses with a height of 4.50, 3.50
and 3.00 m, respectively. This structure is the typical one
in the Almeria Model [74].

The variable operating costs comprised the follow-
ing items: technical advice preparation, soil preparation,
agricultural biomass management, seeds and produc-
tion services, cover and structure inputs, and labor and
production inputs. They were obtained from the meth-
odologies described by Honore et al. [53] and Castillo-
Diaz et al. [52]. However, some additional sub-concepts
were incorporated, such as fertilizer and phytosanitary
containers, bonuses for the reuse of plastic by-products
from fertilizer and phytosanitary containers, taxes for
non-reusable plastic from fertilizer and phytosanitary
containers, trellising raffia, trellising clips, and subsidies
for non-biodegradable plastic.

The fixed costs reflected in the analysis were soil main-
tenance (sanding), cover and structure, energy and fixed
supplies, insurance, management and financial ser-
vices, and equipment and irrigation system. These were
obtained from the methodologies described by Honore
et al. [53] and Castillo-Diaz et al. [52]. Finally, the variable
and fixed cost items were added to obtain the total cost:
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TC = VC + FC, (3)

where TC: total costs (€/ha-year), VC: variable costs (€/
ha-year), FC: fixed costs (€/ha-year)

Alternatives evaluated Three alternatives were evalu-
ated in this work (Table 4) to determine the impact of the
new actions proposed by the administrations:

— Alternative 1: conventional farming system.

— Alternative 2: the effect of the tax on non-reusable
plastic from packaging, the lower price of recycled
plastic by-products on the conventional cultivation
system, and the bonus for the use of plastic by-prod-
ucts from packaging are applied. It was assumed that
the costs incurred by packaging manufacturers were
passed on to farmers through the value chain and
that packaging comprised 90% plastic by-products
and 10% virgin material. The tax on non-reusable
plastic was calculated using the following mathemati-
cal expression:

CCR
) , (4)

W=Y.TI- <1 - —

100

where W: consumption tax on non-recyclable plas-

tics for packaging (€/ha-year), ¥: amount of packag-

ing generated (kg/ha), TI: taxable amount (€/kg),
CCR: national packaging collection rate (%)

— Alternative 3: the effect of the use and bonuses for
using biodegradable plastics in trellising and mulch-
ing inputs, as well as a TS on the expense account of
alternative 2 are applied. The subsidies utilized are
those proposed by the Government of Spain for the
use of raffia and biodegradable plastic in the opera-
tional programs of the Fruit and Vegetable Produc-
ers Organizations (FVPOs). These subsidize 50% and
66% of biodegradable plastics and biodegradable raf-
fias, respectively [76-77].

Table 4 Alternatives evaluated in the economic analysis

Alternative System

1 Conventional system

2 Alternative 14 tax — decrease in the
cost of production of agricultural
packaging (fertilizer and phytosanitary
products)

3 Alternative 2 4 biodegradable plastics
in raffia, rings and mulching +TS — sub-
sidy to biodegradable plastics

Source: own elaboration

2The sign indicates the effect on the expense account
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Statistical treatment

The coefficient of determination (R?) with the F-test was
used to evaluate the first relationship between the area
by crop type (ha) and the area of the ten main subsec-
tors (ha). The 2015-2020 series were employed with a
total number of values (1) of 85. Pearson’s coefficient (r)
with the F-test was applied to evaluate the relationships
between Brent oil barrel price ($/barrel), collection rate
(%), and amount of plastic waste recycled (t/container).
The 2003-2020 series were used for the first relationship,
and also the 2013-2020 ones with # of 18 and 8, respec-
tively. The IBM SPSS Statistics v.27 statistical pack-
age was used to evaluate the relationships between the
variables.

Results and discussion

Relationship 1: agricultural packaging, types of farming
systems, and subsectors

Our results suggest the existence of directly proportional
relationships between the amount of agricultural packag-
ing delivered (fertilizer and phytosanitary products), the
types of agricultural systems, the irrigation regime, and
the agricultural subsectors (Fig. 3). A low relationship
(R*=0.2541) was observed between total cropland and
the amount of agricultural packaging delivered by the
autonomous communities. The relationship increased
when the number of agricultural containers was related
to the types of agricultural systems implemented in the
different territories. Irrigated agriculture (R*=0.8523)
or agriculture under greenhouses (R*=0.7205) regis-
tered a high relationship with the amount of agricultural
packaging delivered to the CDRRS, while agriculture
under rainfed systems reported the lowest relationship
(R*=0.1641). The degree of intensification shown by
crops grown in irrigated or greenhouse systems is usu-
ally higher, which leads to stronger demand for agricul-
tural inputs and containers [23, 78]. The use of irrigation
systems facilitates the addition of fertilizers to crops [79]
and can increase the demand for these products [23, 78].
However, agrochemicals are also used in rainfed crops
to alleviate pests, diseases, and weeds that affect farms
[80]. The ratio obtained in this work between the amount
of agricultural containers delivered and the area under
rainfed regime is very low. This behavior could be due to
greater waste dumping, the use of inputs in larger capac-
ity purchasing units (e.g., fertilizers) or the use of ferti-
lizer by-products in bulk as organic amendments.

The factor "subsector" also showed a direct relation-
ship with the amount of agricultural packaging delivered
(Fig. 4). Olive groves, non-citrus fruit crops, industrial
crops, and vegetables and flowers showed the highest
relationship with the amount of agricultural packaging
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delivered. These crops are usually located in autonomous
communities such as Andalusia, which also has a high
rate of irrigated crops [23, 24]. In 2021, some autono-
mous communities, such as Catalonia and the Valencian
Community, delivered more containers than Castile-La
Mancha. These communities show a higher irrigation
rate than Castile-La Mancha (44.4% and 32.2% versus
16.1%) [24], and that is why the crops grown in these ter-
ritories demand larger amounts of agrochemicals [23].
In addition, it seems that the concentration in relation-
ship between the number of containers managed by the
Autonomous Communities, the total cultivated area has
a greater influence than the degree of intensification
for the generation of agricultural packaging. The “olive
grove” subsector reported a higher ratio than those in the
“vegetables and flowers” one. The former exceeds the cul-
tivated area of the la er by more than six times, while the
la er includes cultivation systems with a high degree of
intensification, such as greenhouse agriculture [23].

Relationship 2: price of a barrel of Brent oil, collection rate
of agricultural packaging, recycling of agricultural plastic
packaging

Results suggest the existence of a directly proportional
relationship between the Brent oil price, the container
collection rate of agricultural packaging, and the
amount of agricultural plastic packaging recycled per
container (Fig. 5). The direct influence of the price of a
barrel of oil on the plastic management system is simi-
lar to that reported by other authors [16].

In our case, different behavior is observed between
the two correlations. Regarding the collection rate,
the high oil price during the months prior to the end
of the annual collection period for agricultural packag-
ing increased the collection rate. On the other hand,
a strong relationship exists between the current price
of oil and the number of containers recycled per col-
lection point. The high value of the raw material could
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lead to an expansion of the demand for by-products
from the plastic manufacturing industry [81].

The results of our research suggest that the price of
a barrel of oil can act as a barrier for recycled by-prod-
ucts in months when the price of oil is low (Fig. 5). The
recycled feedstock has a lower market price than virgin
material [82]. However, the high volatility in the price of
oil can lead to substantial decreases in the price of raw
material [84—85] resulting in reduced demand for recy-
cled plastic by-products due to the higher profitability of
virgin material [16, 81]. Lower demand for additives to
obtain quality similar to the traditional product [86, 87]
also affects the achievement of the environmental objec-
tives proposed in the 2030 Agenda.

Effect of sustainability policies on Spanish farmers’
expense account

Table 5 shows the variable, fixed, and total production
costs of the species grown under greenhouse in Almeria.
The conventional production model (Al) shows total
production costs of 53,734.3 €/ha. Variable costs, spe-
cifically labor and inputs sub-item, make up the highest
operating costs.

Alternatives 2 and 3 were impacted by the measures
proposed by the administrations. The initiatives affect
variable production costs (Table 5). Actions related to
agricultural packaging of fertilizer and phytosanitary
products (non-reusable plastic tax, bonus for the con-
sumption of by-products, and packaging composed of by-
products) have a 0.03% influence on expense accounts.
It would cost farmers 0.02% more if manufacturers did
not pass on the bonus and the lower production costs of
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Table 5 Variation in greenhouse crop expenses due to CE policies

A1 (€/ha-year) A2 (€/ha-year) AA2 (%) A3 (€/ha-year) AA2 (%)
Total variable cost (€) 4248544143699 4247184143699 —0,04+001 44511.1+£143699 535+2.04
1. Technical assessment (€) 176.9+0.0 1769+£0.0 0.00+0.00 1769+£0.0 0.0040.00
2.Soil preparation (€) 5080.2+0.0 5080.24+0.0 0.00£0.00 5080.2+0.0 0.00£0.00
3. Plant waste removal 11505+ 0.0 1.15054+0.0 0.00£0.00 1,150.54+0.0 0.00+£0.00
4. Cover, structure and cultivation inputs 2716.7+0.0 2716.7+0.0 0.00£0.00 4088.1+0.0 50.48 +0.00
4.1. Plastic mulching 950.1+0.0 950.1+0.0 0.00£0.00 4643.1£0.0 388.70+0.00
4.2. Subsidy for biodegradable plastic mulching 00+00 00400 - 23215400 -
4.3. Remaining cover, structure and cultivation inputs 1766.6+0.0 1766.6+0.0 0.00£0.00 1766.6+0.0 0.00+0.00
5. Seeds and seedling production 3645.5+£2482.8 36455424828 0.00£0.00 3645.5+£2482.8 0.00+0.00
6. Labor and production inputs 29,715.7+£124306 29,702.04£12,4306 —0.06£0.03 3036994124306 2.744+1.59
6.1. Phytosanitary products packaging 835400 781400 —646+000 78.1+00 —6.4640.00
6.2. Bonus for reusable plastic in phytosanitary con- 00400 9.74+00 - 9.7+00 -
tainers
6.3. Tax on non-reusable plastic in phytosanitary 00400 6.7+0.0 - 6.7+0.0 -
containers
6.4. Fertilizers packaging 304100 249400 —18.054+0.00 249400 —18.054+0.00
6.5. Bonus for reusable plastics in fertilizer containers 00400 23400 - 23400 -
6.6. Tax on non- reusable plastics in fertilizer containers 0.0£0.0 24400 - 24+£00 -
6.7. Trellising raffia 121.8£0.0 121.8+£0.0 0.0040.00 5462+0.0 34848 £0.00
6.8. Subsidy for biodegradable plastic in raffia 00400 0.0+00 - 360.5+0.0 -
6.9. Trellising clips 145940.0 1459+£0.0 0.00+£0.00 643.8+£0.0 341.18£0.00
6.10. Subsidy for biodegradable plastic in rings 00400 0.0+00 - 3219400 -
6.11.TS for plastic spills 0.0+£0.0 0.0£0.0 - 4280400 -
6.11. Remaining labor and supplies 29,334.14+£12,4306 29,334.1+£12,430.6 0.0040.00 29,334.14+12,4306 0.00+0.00
Total fixed costs 11,2488+0.6 11,2488+0.6 0.00£0.00 11,2488+0.6 0.00£0.00
7. Soil maintenance 1178.8+0.1 11788+0.1 0.00+0.00 1178.8+0.1 0.00£0.00
8. Covering and structure 2359.140.1 2359.1£0.1 0.00£0.00 2359.1£0.1 0.00£0.00
9. Energy and fixed supplies 931.7+£00 931.7+£00 0.00+0.00 931.7+£00 0.0040.00
10. Insurance, management and financial services 2051.6+0.1 2051.6+0.1 0.00£0.00 2051.6+0.1 0.00£0.00
11. Equipment and irrigation system 47276403 47276+03 0.0040.00 47276+£03 0.00£0.00

Total expenses

53,7343£14,369.8 53,7206%14,369.8 —0.03+£0.01

5575994143698 4.03+1.16°

Source: own elaboration based on Honore et al. [53], Sayadi-Gmada et al. [69], Castillo-Diaz et al. [52], Castillo-Diaz et al. [16], Ufarte [70], Ufarte [48], Garcia [71] and

Garcia [72]

A1: conventional system; A2: Alternative 1+ tax — bonus — decrease in the cost of packaging production; A3: Alternative 2 + biodegradable plastics in raffia, rings and
mulching — subsidy for biodegradable plastic. AA expresses the percentage increase with respect to alternative 1

2 An increase in production costs of 0.02% arises if items 6.2 and 6.5 are deducted during the economic analysis performed in A2

b An increase in production costs of 9.80 arises if items 4.2, 6.8 and 6.10 are deducted during the economic analysis performed in A3

by-product reuse within the framework of the CE along
the supply chain.

The use of biodegradable plastic negatively affects
producer profits and losses (Table 5). These materials
can increase production costs by up to 4.03%. Costs will
increase up to 9.80% for producers who do not benefit
from the subsidies granted by the Spanish Government
through the FVPOs operational programs [76, 77]. The
current measures proposed by the administrations do not
cover the higher price of alternative inputs and do not
encourage their consumption.

The price of inputs made with biodegradable polymers
increases the expenditure on conventional material by
341.18%, 348.48%, and 388.70% for trellising clips, trel-
lising raffia, and mulching, respectively (Table 5). The
TS increases production costs by 428.0 €/ha, which may
negatively influence the willingness to incorporate new
materials and technologies. In addition, the economic
losses that farmers suffer on a yearly basis are an entry
barrier. The economic margin has decreased in recent
decades due to stability in the prices at origin and a rise
in production costs, a situation aggravated by the infla-
tion rate [88].
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The results of this study show that the initiatives to
comply with the 2030 Agenda and the CE framework
regarding agricultural plastic influence the upward trend
in production costs. However, the use of biodegradable
plastic in techniques such as mulching or trellising of
plants allows for the expansion of environmental sustain-
ability by reducing the amount of petrochemical plastics
used in agriculture, a measure within the framework of
the EC. In addition, inputs such as mulch, raffia or plas-
tic rings hinder the management of agricultural biomass
in greenhouse systems as they are mixed with the plant
by-product [16, 89, 90]. Protected agriculture offers high
productivity per unit area and increases the wealth and
employment of the territories where this type of agri-
cultural activity is developed. Covered agriculture in the
province of Almeria (Spain) exports 80% of the goods
obtained to Central and Northern Europe in the winter
months and obtains an income of 2300 million euros,
which helps to maintain the food security of the Euro-
pean Union and the socioeconomic development of the
Almeria territory [73]. Although both the European ter-
ritory and its inhabitants demand the implementation of
sustainable food production, the implementation of bio-
degradable materials and other initiatives to reduce the
negative externalities of petrochemical plastic is urgent
[41]. Therefore, the proliferation of measures that help to
mitigate the economic impact of the evaluated alterna-
tives on producer cost accounts should be favored.

Initiatives and suggestions to improve the management

of agricultural packaging and plastics in Spain

The influence of the cultivated area, the type of farming
system, the irrigation regime, and the agricultural sub-
sector on container collection highlights the need for
these to be counted as variables when defining new waste
management plans for agriculture (Figs. 3 and 4). For the
first time, the Spanish government included a specific
chapter on agricultural waste in the State Framework
Plan for Waste Management to offer a global view of the
problem [46]. Future revisions should identify measures
adjusted according to the cultivated area and degree of
intensification of agricultural systems to reduce techni-
cal and legislative barriers. The seasonal production of
agricultural waste suggests treating a high amount of
waste in a short time [17, 46]. Regulations should grant
special permits to transport waste between nearby areas
and extend the opening hours of waste treatment centers.
Also, they should increase the number of management
plants or collection centers, identify the pretreatment
needs of treatment centers, which may vary between
managers depending on the regulatory framework, and
increase the training of farmers who must apply regula-
tions possibly unknown to them [16, 17, 69].
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The system of bonuses proposed by Spain for the use
of plastic packaging by-products does not consider
the volatility of the price of its raw material (i.e., the
price of a barrel of crude oil) as a variable to adjust the
amount of the bonus. On the contrary, it establishes a
fixed rate system. The relationship observed in Fig. 5
highlights the need to establish a variable rate bonus
system, which could avoid possibly severe changes in
the demand for recycled plastic by-products. This way,
adherence with the ecological transformation proposed
by the European Union in its economic model to com-
ply with the 2030 Agenda could be ensured, reduc-
ing the consumption of a non-renewable input whose
use leads to various environmental impacts on marine
and terrestrial ecosystems and the fauna and flora that
inhabit them [91].

There are some loopholes in the new regulations pro-
posed to manage packaging that may lead to incorrect or
non-application of the incentive system [57]. The bonus
system depends on the type and quantity of polymer used
in each container. However, it is optional to indicate the
polymer composition of the containers, and this action is
rewarded with an extra bonus of 10% [57]. The feasibil-
ity of the bonus system depends solely and exclusively on
knowing the precise polymer composition of each input.
Identification of the quantity and type of polymer used
on the packaging should be mandatory.

The transfer of competences regarding the declaration
of by-products to autonomous communities can lead to
a heterogeneous authorization of certain by-products in
the national territory, despite the fact that a coordination
commission was proposed for its control [50]. This can
lead certain autonomous territories to use by-products
with high polluting potential, which will affect the envi-
ronment as long as the coordination commission does
not prohibit their use. In previous decades, the transfer
of environmental competences to the autonomous com-
munities has resulted in heterogeneous environmental
regulations, which provided competitive advantages for
certain polluting industries in some autonomous com-
munities [92, 93]. Therefore, the national administra-
tion should be the one to authorize the declaration of
by-products.

The economic analysis performed in this research sug-
gests that using biodegradable polymers and a single TS
increases production costs. This trend continues even
after applying the subsidies proposed by the Spanish gov-
ernment through the FVPOs operational programs [16,
76, 77]. The administration should increase the aid struc-
ture by an amount that promotes similar costs than those
of the conventional alternative (Table 5). Table 6 shows
the amount of aid, which should be expressed as a per-
centage of the purchase invoice (alternative 2) to avoid



Castillo-Diaz et al. Environmental Sciences Europe (2022) 34:94

Table 6 Amount of aid for biodegradable plastic

Element Alternative 1 Alternative 2

Minimum amount of aid
(percentage of the purchase

Amount of aid
(€/ha-year)

invoice)?
Trellising raffia 4244 78.0
Trellising rings 497.9 77.0
Mulching 3693.0 80.0

Source: own elaboration based on Castillo-Diaz et al. [16]

2The value was calculated via the difference between the market price

of conventional material and the market price of biodegradable material.
Finally, it has been expressed as a percentage by taking the price increase
as the numerator and the market price of the biodegradable material as the
denominator

the possible effects of inflation [88]. It should be granted
to all producers. The minimum amount of aid should be
accompanied by a 10% bonus to encourage the use of bio-
degradable plastics to entice producers to make multi-
year commitments, considering the recent emergence of
the these plastic products [70, 71] and the possible lack of
awareness about them.

In turn, the administration should regulate that pro-
ducers who engage in bad practices (dumping, burn-
ing, or burying plastic) must cover the cost of the single
TS. The sanctioning regime of the regulations should
be designed for this purpose. This would prevent the
economic impact of the cost of the TS on farmers who
behave in an exemplary manner. In addition, this system
should be modulated according to the specific needs of
each agricultural subsector since the TS evaluated in this
work is customized to the requirements of greenhouse
agriculture, whose needs increase the administrative cost
of the system [48] and may make it unfeasible for other
subsectors such as grain cereals or forage crops with low
incomes [94].

Conclusions

In Spain, the cultivated area, the type of agricultural sys-
tem, the irrigation regime, and the agricultural subsec-
tor influence the management of agricultural packaging.
However, these variables are not taken into account when
elaborating regulatory proposals and action plans, which
are currently based on the EC. Spanish administrations
should modulate regulations according to the specific
needs of the existing agricultural systems in Spain to
favor the reduction of the negative externalities of plas-
tic in the framework of the EC and make agriculture an
environmentally neutral activity. The importance of the
agriculture sector in the Spanish territory makes it neces-
sary to create a specific regulatory framework in this area
for primary production to meet the objectives proposed
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in the 2030 Agenda with the green transition proposed
by the European Union based on the EC.

New regulatory reformulations try to promote relevant
measures, although the design of some of them does not
seem to be the optimal solution. The influence of the oil
price on the by-product utilization system calls for estab-
lishing a system of bonuses at a variable rate instead of
a fixed rate, using the price of the raw material as the
adjustment parameter due to the volatile and unpredict-
able nature of oil price variations. Mandating the identi-
fication of the polymer composition of packaging should
also be considered to ensure the correct functioning of
the bonus system. The imperfections offered in the new
Spanish regulations may compromise Spain’s leading
position in the EU’s green and circular transition, jeop-
ardizing decades of efforts to reduce the negative exter-
nalities caused by plastics from agrochemical packaging
and other agricultural plastics.

The transfer of powers to autonomous communities
to authorize the use of by-products within their bor-
ders could result in heterogeneous approval of materials
among the different autonomous territories. The Coordi-
nation Commission should have all the competencies for
the authorization of by-products to avoid adverse effects
on the environment. The EC’s change in regulations
should not relax the mechanisms for preventing environ-
mental impacts, but rather increase them.

The economic analysis conducted in this work reveals
that the initiatives that the administrations are promot-
ing to expand the sustainability of agricultural systems,
such as the use biodegradable plastic or the TS, increase
farmer production costs, continuing with the upward
trend observed in their expense account in recent years.
The application of the measures identified in this work is
urgent in order to match the environmental sustainabil-
ity of agricultural systems with their high economic and
social viability, as they allow a reduction in the negative
externalities of petrochemical plastic in crop models that
demand a large amount of plastic, such as greenhouse
agriculture, but at the same time help to sustain the food
security of international territories. This will increase
the long-term sustainability of agricultural models with
measures based on the EC framework. The current sup-
port system is unable to match the high production costs
of the conventional alternative. Therefore, aid coefficients
should be increased to 80% of the purchase invoice to
promote the introduction of biodegradable plastic and
reduce petrochemical plastic within the framework of the
EC. In addition, to soften the economic impact of the TS,
its economic costs should be obtained from the sanction-
ing regime of the waste regulations and through the pro-
ducers who carry out bad practices (burning, burying, or
dumping of waste).
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