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Abstract: This paper aims to define and measure the environmental impacts associated with three
distinct industry techniques used in the production of fresh tomatoes, from planting to harvesting. A
comparative Life Cycle Assessment (LCA) is conducted to evaluate the environmental performance
of producing one kilogram of fresh processing tomatoes. The study includes three Italian companies
representing different Business Models: standard production, integrated production, and precision
farming. The impact evaluation method used is ReCiPe, at both midpoint and endpoint levels. The
results reveal that the adoption of advanced technology, such as precision farming, in managing the
agricultural production of fresh tomatoes leads to a significant reduction in environmental impacts
across all categories analyzed. Interestingly, the largest contribution to climate-changing gases
comes from the use of fertilizers. Precision farming demonstrates a remarkable reduction of CO2

emissions by 52% compared to integrated production and 67% compared to standard production.
This analysis provides valuable insights for managers and policymakers in developing strategies
for large-scale, sustainable production using innovative techniques. The main contribution of this
study lies in comparing the performance of three different Business Models employed in Italian fresh
tomato production.

Keywords: LCA; business model; sustainability production; tomato industry; Italy

1. Introduction

In recent years, the agri-food industry has taken on particular importance concerning
European policies for sustainable production and consumption [1,2]. The goal is to develop
new Business Models (for consumption and production) that are more efficient from an
environmental, social, and economic point of view. The last is fundamental for companies
in the sector that want to implement their Business Model to remain competitive over
time [3,4]. At the same time, the compliance obligations imposed by the European Com-
mission define the future horizons for agriculture: a 50% reduction in waste, conservation
of biodiversity, reduction of soil and groundwater exploitation, and independence from
non-renewable energy sources [5]. The Common Agricultural Policy (CAP) deals with the
promotion of intervention plans ensuring the compatibility of European productions with
environmental and social needs [6]. Agri-food raw materials contribute significantly to the
exploitation of natural resources; one of the EIPRO (Environmental Impact of Products)
studies showed that food is responsible for 30% of the environmental impacts of total
consumption and more than 50% of marine eutrophication [7]. One of the key aspects
in assessing the impact on each raw material is precisely that of assessing the entire life
cycle [8]. The key tool for impact analysis is LCA (Life Cycle Assessment), which allows
for accurate estimation of the environmental performance of that food [9]. The use of LCA
makes it possible to determine critical points on which to intervene to reduce this or that
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impact category. In recent years, impact analysis has been applied to various products and
services, especially those in the agri-food industry [10].

In this sector, several issues have been highlighted to be investigated, for example,
the definition of the functional unit, system boundaries, the origin of databases, and the
rapid evolution of technologies and models for the dispersion of fertilizers and pesticides.
Some common methodologies and recommendations for evaluating impact categories
are contained within the European Commission’s ILCD manual and the ENVIFOOD
protocol [11,12].

Further, the ESG disclosure and other non-financial communication efforts are crucial
means to evaluate the environmental performance of firms, from institutions and con-
sumers. In particular, some findings show that communication practices exert a positive
effect on consumers’ WTB (want to buy) and WOM (word of mouth), and how much effect
is magnified both by consumers’ environmentalism and status consumption orientation,
in the attempt to show others a green status and their green consumption tendency [13].
Other forms of communication are brands and labels, which represent a good form to
improve non-financial disclosure towards all stakeholders [14]. The brand encompasses
the overall perception, image, reputation, and emotional connection that consumers have
with a particular company or its offerings. A brand includes various components, such
as the company name, logo, slogan, design elements, product quality, customer service,
and the associated values. It represents the unique identity and positioning of a company
in the market, defining the level of its accountability [15]. Labels typically include details
such as the product name, ingredients, nutritional information, manufacturing date, expiry
date, usage instructions, warnings, certifications, and any other relevant information, such
as environmental impact statements required by regulations or helpful for consumers.
Labels serve as a communication tool to inform and guide consumers about the product’s
attributes, usage, disposal methods, and compliance with standards [16].

In recent years, corporate governance has sought to improve the level of image and
accountability of its company by resorting to a series of certifications, brands, labels, and
production specifications (i.e., IGP, DOP, STG, protocol as ENVIFOOD, and environmental
declaration). This has led to difficulties in comparing competitors, especially when com-
panies utilize different certifications to measure their qualities, particularly when these
certifications originate from different countries. The commitment expected from companies
in the present era extends beyond mere legal compliance and encompasses responsibility
toward all stakeholders [17–19]. To attract investment from major funds, companies must
meet specific environmental criteria, often referred to as “green” requirements. These
criteria include energy independence, carbon neutrality, waste valorization, and social
engagement [19,20]. Consequently, access to financial resources becomes crucial for compa-
nies to acquire modern technologies that optimize production volume, while minimizing
environmental and social impacts. Precision farming serves as an exemplar, as it embodies
these goals. Consequently, a self-perpetuating cycle emerges, wherein companies lacking
access to the necessary resources for acquiring such technologies find themselves forced
out of the market [21].

The aim of this study is to estimate the environmental impacts related to the cul-
tivation of industrial tomatoes using three different Business Models, such as standard
production (LAA1), integrated production (LAA2), and precision farming (LAA3), through
the application of LCA as the cases in Colombia [22], Norway [23], and Sweden [24]. This
paper aims to identify and quantify those practices aimed at mitigating the impacts of
industrial tomato production on air, soil, and water. In addition, the structure of the Busi-
ness Model is highlighted in correspondence with the sample of companies that use a
different production.

2. Business Model Innovation

More global trends are affecting agriculture: population growth, increasing urban-
ization, climate change, and technological change. Modern farms are trying to survive in
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this rapidly changing world. Modern food systems face the growing challenges of climate
variability, population growth, and changing consumer preferences. New agricultural
equipment uses sensors and information technology, such as robots, temperature and
humidity sensors, aerial images, and GPS technology. Since the second decade of the
2000s, a new agricultural revolution has emerged that has enabled farms to increase their
profitability, efficiency, safety, and environmental sustainability as the emergence of a new
Business Model [25].

With the diffusion of stakeholder theory and corporate shared value (CSV) within
corporate governance summits, companies in the agricultural sector in particular are
being required to reduce environmental damage and make today’s production ecologically
sustainable [26–28]. To meet these demands, a new Business Model based on precision
farming is emerging [29–31].

A new technological paradigm for the reasons mentioned above (trade-off between
limited food raw materials and population boom) forces agrarian firms to change their
previous Business Model. Investments, information systems, human capital, and new
technologies are some of the many examples of driving forces behind the innovation of
Business Models. Of course, the aim is to increase the degree of resilience in the face of
change and, in the same way, increase corporate competitiveness [32–34]

According to some scholars [35–37], innovating a Business Model does not simply
mean innovation in services/products or technology, but it has to change the value proposi-
tion model and the operating model. The value proposition model comprises the following
components: target segment, product/service offering, and revenue model. The operating
model includes a value chain, cost model, and organization. Amit & Zott [38] discuss
that the innovation of a Business Model usually occurs in three ways: setting up a new
activity, linking activities in new ways, and changing the parts that perform an activity.
In precision farming, the literature has highlighted various elements of complexity (farm
characteristics, socio-economic, and psychological), which may limit the broader use of
precision agricultural technologies inside farms and the knowledge transfer process [39].

Table S1 presents the main factors of the Business Model in the case of conventional
and precision farming technology. Thanks to extensive data on filling and yield, precision
farmers have been able to provide better monitoring and traceability for their buyers.
There is no change in the shape of the products, but the quality and quantity of them are
superior. Due to the optimization of zone-specific inputs, production risks are lower than
in conventional farming, and yield (quality and quantity) is stable. The application of site-
specific inputs has contributed to the development of new, less environmentally harmful
production, which is becoming increasingly important for consumers and sustainable
finance. The cost of inputs may have decreased and the cost of machinery may have
increased contemporarily due to precision farming.

Recently, the rapid development of technology has enabled humans to establish in-
terconnected systems between physical–human, physical–physical, and human–human
interactions, facilitated by the Internet. This interconnection has significantly improved
communication systems in various industries [40,41]. The emergence of the fourth indus-
trial revolution (Industry 4.0) has witnessed the extensive utilization of the Internet of
Things (IoT) in diverse operations [42]. These operations encompass communication, data
accumulation, data storage, big data analysis, real-time data retrieval, activation, control of
smart devices, supply chain management, accountability, and financial management [43].

The primary goal of IoT is to bridge the gap between the physical and digital worlds.
In the context of Industry 4.0, IoT is commonly referred to as Industrial IoT or IIoT. IIoT
plays a crucial role in advancing traditional manufacturing and operating systems towards
Internet-based cyber–physical systems (CPS) (CITAs). CPS facilitates both machine-to-
machine (M2M) and human-to-machine (H2M) communication systems (CITAs). More-
over, the implementation of IIoT enables the development of self-maintenance systems
for production and operations. In the past, optimizing and analyzing parameters, such as
production chambers, tank levels, temperatures, material quantities, and real-time statuses,
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were predominantly performed manually [44]. However, with the integration of IIoT, hu-
mans can now monitor their statuses in real-time, empowering workers to make informed
decisions [45,46].

Expensive, IT-based machinery is being used, so the efficient use of equipment is
crucial (such as the use of biosensors allows the farmer to intervene when the software
detects anomalies in the various check gates); otherwise, the delta between the costs of
the old technology and the new technology may not be covered by the new revenues and
cause budget deficits. Often, the benefits of innovation occur in the long run, thus leading
to the exit of many companies from the sector that cannot afford the high short-term costs
(both in terms of monetary and intellectual capital) [38,47].

3. Types of Production

According to the Food and Agriculture Organization of the United Nations (FAO),
Italy is the second-largest producer of fresh tomatoes for canning, following China, which
maintains its leadership in the sector with an annual production of 59.9 million tonnes,
accounting for approximately 30% of the global production. Italy’s tomato production
amounts to around 5.5 million tonnes per year, equivalent to approximately 7% of the
worldwide production. The industrial turnover amounts to EUR 3.5 billion, of which
1.8 billion comes from exports [48]. The challenge of meeting increasing food demands
under resource restrictions, while also reducing environmental impacts from agriculture,
has led to the use of life cycle assessment (LCA) to evaluate food products and agricultural
systems [49].

Historically, LCAs assessing greenhouse operations for fresh tomatoes, not processing
tomatoes, have been completed for a number of countries, including Spain [50,51], Aus-
tralia [52], Canada [53], and California [54]. In Italy, LCA analyses have been conducted on
tomato cultivation [9,55]; however, these studies have focused on the analysis of impact cat-
egories identifying primary hotspots for the improvement of environmental performance,
such as the use of non-renewable energy raw materials (fossil fuels), natural resources
(water and soil), and fertilizers and pesticides. For the cultivation of processing tomatoes,
studies have found that the use of fertilizers and electricity for irrigation represents two
hot spots on which to act for future production. Based on this, three different production
types are compared on the basis of the hot spots highlighted in the literature. The aim is
to understand whether and how the type of Business Model and technology adopted can
minimize the environmental impacts of irrigation and fertilization in particular.

3.1. Standard Production

In order to facilitate an effective comparison among the three production methods,
an equal number of farms were selected from the CRPV (Centro Ricerche Produzioni
Vegetali) database, all of which are located in the Emilia-Romagna region of Italy. There
are several reasons why we might choose the Emilia-Romagna region as a sample for LCA.
Agricultural Importance: Emilia-Romagna is known for its significant agricultural sector.
It is one of the most productive regions in Italy in terms of agri-food production. The
region has diverse agricultural activities, including crop cultivation, livestock farming, and
food processing. Choosing this region allows you to study a region with a rich and varied
agri-food system. Regional Specificities: Emilia-Romagna may possess specific aspects,
such as traditional farming practices, local varieties of crops, or particular environmental
concerns, which make it interesting to study from an LCA perspective. Analyzing the
region can provide insights into the specific sustainability issues and potential improvement
strategies related to agri-food production in that area. Policy Relevance: Emilia-Romagna
may have implemented specific policies or initiatives related to sustainable agriculture or
environmental protection, such as the National Quality System for Integrated Production
and precision farming. By choosing this region, you can assess the effectiveness of such
policies and identify areas for further improvement. The findings from the LCA analysis
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can contribute to evidence-based decision-making and policy development at the regional
or national level.

The first production method is based on the cross-compliance rules introduced by
the CAP, according to the EC regulation No. 1306/2013 introducing the principle that
farmers—to have access to the EU payment system—must comply with certain rules con-
cerning the correct agronomic management of the land, environmental protection, public
health, animal health, and animal welfare (Agea Agenzia per le Erogazioni in Agricoltura).
Non-compliance and non-compliance with the standards entail a mechanism to reduce the
total amount of both direct payments (Single Payment) and Rural Development payments,
to which each farmer would be entitled. The level of attention towards the environment
involved is of a minimum level: compliance obligations (LAA) (Table S3).

3.2. Integrated Production

This production envisages the adhesion of the companies to the SQNPI (National
Quality System for Integrated Production) certification system in compliance with UNI
EN ISO 22005:2008 standards [56]. SQNPI envisages the definition of national guidelines
that represent a guideline tool aimed at an increasing harmonization of regional ‘Technical
Norms’, respecting the climatic/environmental, cultivation, and phytosanitary peculiarities
that distinguish the different agricultural areas of the Italian territory. They indicate the
intervention criteria, agronomic solutions, and strategies to be adopted for crop defense
and weed control, with a view to a lower impact on man and the environment, allowing
economically sustainable production.

The adoption of regional integrated production specifications and the implementation
of a rigorous traceability system are aimed at proving that certified products come from
farms that apply these specifications. Integrated agricultural production maximizes the
use of natural resources, as long as they can adequately substitute for the technical means
adopted in conventional agriculture, and only the use of the latter when they are deemed
necessary to optimize the compromise between environmental and health requirements
and economic needs. About available techniques, all things being equal, the choice falls
primarily on those with less impact and, in any case, excludes those with a high impact.
The level of attention towards the environment is medium: certifications and quality labels
(LAA2) (Table S3).

3.3. Advanced Agronomic Techniques: Precision Farming

Precision agriculture is a farming management strategy whereby data are collected,
processed, analyzed, and combined with other information to guide decisions according to
spatial and temporal variability to improve the resource efficiency, productivity, quality,
profitability, and sustainability of agricultural production [50]. It is also known as precision
agriculture, using information and digital technologies, to rationally manage temporal
variability and variability within plots, and to modulate cultivation interventions to max-
imize their efficiency. In other words, it is a set of technologies aimed at collecting data
that, once analyzed, can be used to make decisions regarding production activities in the
field, doing the right thing, at the right time and the right point. The goal is to increase
production, both qualitatively and quantitatively, while minimizing input costs and the
impact of agricultural activities on the environment. The level of attention towards the
environment is high: Advanced Agronomic Techniques (LAA3) (Table S3).

4. Methodology
4.1. Goal and Scope

The goal is to calculate the environmental impacts related to the cultivation of process-
ing tomatoes, at 3 different levels of environmental awareness (LAA), by applying LCA
analysis. The system studied relates to the production of processing tomatoes, analyzing
only the agricultural phase monitored at a specific sample of 3 farms codified as follows:
LAA1 Cross Compliance Standards (Cross Compliance), LAA2 Integrated Production,
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LAA3 Advanced Agronomic Techniques (Precision Farming). The functional unit to which
the study refers is represented by 1 kg of tomato.

4.2. System Boundaries

Given the objectives of the study, the system covers all material, energy, and transport
flows related to tomato production limited to the primary phase on the monitored farms
(see Figure 1) (from cradle to farm gate).

Figure 1. System boundaries for the LCA corresponding to the industries tomato value chain.

4.3. Inventory and Impact Assessment

The data were collected from the CRPV database (CRPV LIFE+ Project). To minimize
exogenous variables that may influence the following analyses, two years are considered:
2018 and 2019. We chose to use two years for the analysis to mitigate some exogenous vari-
ables that could have influenced impact assessment, such as seasonal variability, complete
production cycle, reduce data variability, and consideration of long-term impacts. The cal-
culation model for the LCIA is ReCiPe, and the software used was OpenLCA (1.11 version),
a very flexible software that allows the quantification of impacts derived from inputs and
outputs. The ReCiPe method analyzes impacts at two levels of investigation: midpoint and
endpoint [57,58]. The endpoint approach involved three targets, such as Human Health,
Ecosystems, and Resources. For the calculation of the GWP-Global Warming Potential
indicator, the IPCC 2007 characterization factors (vers.1.02) were used in the LCIA (Life
Cycle Impact Assessment) phase. In consideration of the guidelines given in PCR 2011:20
(vers. 1.01) (Product Category Rules, following ISO 14025:2006) [59], we refer to the product
category “Vegetables”. It was decided to base the study on the assumptions reported
in Table S2.

The analysis of the life cycle begins with the preparatory tillage of the soil for planting.
The production process involves the preparatory tillage of the soil with any pre-seeding fer-
tilization, transplanting with any simultaneous laying of hoses for drip irrigation, chemical
weed control treatments, nitrogenous cover fertilization, weeding, irrigation, and defense
treatments for diseases and insects. Harvesting is conducted with special self-propelled
harvesters that load the tomatoes directly into trailers for transport. Table S3 summarizes
the main characteristics of the monitored farms and the level of the main inputs. The
categorization of the results (GWP) by relevant emission stages in tomatoes is described in
Table 1. The reference database is Ecoinvent, which constitutes a complete, consistent, and
transparent source of data.

Figure 2 shows the flowchart representing the input and output flows studied in the
analysis described above.
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Table 1. Description of the impact categories considered in LCA.

Classification Description

Cultivation operations Energy consumption for cultivation operations (tillage, transplantation, fertilization,
weeding, phytosanitary treatments, harvesting operations)

Irrigation Energy consumption (pump, spreading, and collection of hoses), irrigation systems
(self-propelled sprinkler hose or hoses), and water consumption

Seedlings Production of seedlings plateau

Fertilizers Production of fertilizers and related packaging

Pesticides Production of active ingredients and related packaging

Emissions from fertilizer use Direct and indirect emissions of N2O, NO, NH3

Transport Transport of seedlings and technical means

Waste Waste disposal (packaging, polystyrene plateau, hoses, self-propelled sprinkler pipe)

Figure 2. Tomato production Flow Chart (CRPV LIFE+ Project).

5. Results
5.1. Life Cycle Impact Assessment

In this section, the estimation of impacts resulting from the Business Models adopted
in fresh tomato production—LAA1, LAA2, and LAA3—is presented. The data collected
in the LCI phase are processed by the OpenLCA software to compare and evaluate the
strengths and weaknesses of the productions under consideration. The ReCiPe method was
applied at the endpoint level, and Carbon Footprint results were represented for greater
comprehensiveness of the analyses.
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5.2. Endpoint Results

Through the analysis of impacts at the endpoint level, a general overview of the
environmental damage caused by the production stages of the three techniques under
consideration was obtained. Figures 3–5 show the endpoint results for the macro-areas,
respectively, Human Health, Ecosystems, and Resources. To make the comparison, the data
were standardized, and the results were represented through the following histograms.
Results are presented in base 100, where 100% represents the total impacts caused for each
stage of production.

Figure 3. ReCiPe method results on endpoint. Impact category: Human Health (source: OpenLCA 1.11).

In Figure 3, we have depicted the endpoint results for the Human Health impact
category. We observed that the precision farming Business Model has record performance
in terms of environmental impact. For example, it manages to reduce impacts in the
irrigation phase by 90% compared to standard production. Precision farming manages
to reduce impacts from fertilizer use by 92%. LAA2 has improvements over standard
production, such as 20% less during crop operation, 30% less irrigation, 30% less seeding,
and 56% less fertilizer. For pesticides, we observe an opposite trend to the predecessor,
with LAA3 impacting 10% more than LAA1 and LAA2.

In Figure 4, we have depicted the endpoint results for the Ecosystems impact category.
LAA3 reduces impacts by 44% in crop operations, 23% in irrigation, 15% in sowing, 58%
in fertilizers, and 39% in technical equipment transport compared to standard production.
As in Human Health, LAA3 has a greater impact on Ecosystems than LAA1 and LAA2.
Integrated production is in line with standard production, differing with reduced impacts
compared to LAA1 for crop operation (21%) and fertilizers (37%).
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Figure 4. ReCiPe method results on endpoint. Impact category: Ecosystems (source: OpenLCA 1.11).

Figure 5. ReCiPe method results on endpoint. Impact category: Resources (source: OpenLCA 1.11).
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Looking at the results in Figure 5, the trend in favor of LAA3 is confirmed for the
Fertilizers, Crop Operations, and Irrigation phases. However, the emission from fertilizer
use reverses the previous trend in favor of LAA1 and LAA2. The fertilization phase
represents the best result of precision farming compared to integrated production and
standard production. In conclusion, we can state that LAA3 for each macro-area analyzed,
such as Human Health (Figure 3), Ecosystems (Figure 4), and Resources (Figure 5), succeeds
in impacting less significantly. Integrated production performs in line with standard
production with a few exceptions, such as crop operations and fertilizers.

5.3. Carbon Footprint

Figures 6 and 7 show the results of the amount of carbon dioxide emitted by the LAA1,
LAA2, and LAA3 productions for each functional unit (1 kg of fresh processing tomatoes),
concerning the individual production steps.

Figure 6. Comparison of IPCC GWP emissions kg CO2eq/kg produced by LAA1, LAA2, and LAA3
production techniques (source: OpenLCA 1.11).

The greatest climate-altering potential is attributed to fertilizer production, with
values ranging from 0.59 in LAA1 to 0.44 in LAA3. It should be pointed out that between
Levels 2 and 3, the difference in terms of nitrogenous U.F. is not great (105 and 97 kg);
however, the lower percentage importance of the fertilizer item in Level 3 is evident, which
is mainly attributable to the use of pelleted manure, rather than synthetic products alone.

As in Figures 6 and 7, the substantial difference of LAA3 is evident, not only in com-
parison with LAA1, but also with LAA2, production, compared to which it has 52% lower
emissions; this is mainly attributable to the more efficient use of inputs. It is confirmed that
the greatest climate-altering potential comes from fertilizer production, with percentages
ranging from 55% of total emissions in LAA1 to 50% in LAA3. This is followed by emissions
from irrigation due to increased use resulting from increasingly dry summers in Italy in
recent years, the use of nitrogen fertilizers, and crop operations [60,61].
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Figure 7. Comparison of IPCC GWP emissions kg CO2eq/ha produced by LAA1, LAA2, and LAA3
production techniques (source: OpenLCA 1.11).

The irrigation item, which is the main discriminating factor between the different
LAAs, assumes decreasing importance going from LAA1 (20.4%) to LAA2 (16.1%) and fi-
nally to LAA3 (13.9%). The waste item of Level 3, which includes hose disposal (considered
to be of annual duration), is higher than Level 2 in absolute terms and accounts for 4.4%
of the total emissions compared to about 1% in the other cases (Table S5). Environmental
Level 2 allowed a saving of 0.023 kg CO2eq/kg compared to LAA1 and, thus, considering
the 54 t/ha of production, an overall saving of 1242 kg CO2eq. LAA3, on the other hand,
allowed a decrease in emissions, compared to LA2, of 0.044 kg CO2eq/kg, with an overall
saving, given the 136 t/ha of production, of 5984 kg CO2eq (Table S4).

In Figure 7, CO2eq comparisons are expressed per unit area (hectare). In this case,
decoupling the result from production per hectare, and hence from input efficiency, reverses
the order of magnitude of emissions between Tiers 2 and 3, with LAA3, which sees greater
use of fertilizers and pesticides, standing at 5542 kg CO2eq/ha compared to 4547 in LAA2;
however, there is still a differential, with LAA1 ranging from 1600 kg CO2eq/ha in LAA3
to 2595 in LAA2.

6. Discussion and Implications
6.1. Theoretical Discussions and Implications

From a theoretical standpoint, our objective is to contribute to the adoption of stake-
holder theory and corporate shared value (CSV) within corporate governance summits,
specifically focusing on the agricultural sector. We emphasize the significance of the envi-
ronment as a crucial stakeholder for firms, necessitating the implementation of Business
Model Innovation to mitigate environmental damage and achieve ecological sustainabil-
ity in production practices. To address these demands, a new Business Model based on
precision farming is emerging.

Through our analysis of relevant cases, our aim is to demonstrate and argue that
a new technological paradigm, driven by the trade-off between limited food resources
and population growth, compels agrarian firms to modify their existing Business Models.
Investments, information systems, human capital, and new technologies are among the
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various factors driving the innovation of Business Models. This transformation is crucial
for enhancing resilience in the face of change and improving corporate competitiveness.

Furthermore, Business Model Innovation is not only embedded in changes to value
propositions, strategies, and operating models, but also in the establishment of new activi-
ties, the reconfiguration of activity linkages, and the modification of activity components,
as suggested by Amit & Zott. In the context of precision farming, although existing liter-
ature has highlighted various complexities, such as farm characteristics, socio-economic
factors, and psychological aspects that may hinder the widespread adoption of precision
agricultural technologies and the transfer of knowledge, we argue for a comprehensive
analysis to comprehend how precision farming combines these three different modes of
innovation, as depicted in Table S1.

6.2. Managerial Discussion and Implications

Today’s large globalized market provides new goals and horizons to be reached in
terms of sustainability. There is a trade-off between quantity (such as the number of units
produced) and quality (the new ESG approach). The aim is to create a new product that
fully meets the needs of current and future generations. To do this, companies must
innovate and pick up those aspects that have made them resilient to change in the past.
A new technological paradigm is on the horizon: precision farming in the present study
seems to respond well to the climatic changes of recent years [57,62] and to set new records
for tomato production in Emilia-Romagna compared to the other two types of Business
Models examined. The strengths of this model are the possibility of constantly monitoring
air, soil, and crop humidity and adapting techniques and quantities of raw materials to the
production process accordingly.

AI makes it possible, with the help of biosensors, to establish check gates, beyond
which self-cleaning measures are foreseen, where the system can report a control situation or
where the presence of the operator is required. Unlike LAA1 and LAA2, human intervention
is targeted and measured concerning the critical control points detected by the system. In
this way, even in the face of particularly variable seasons or differently fertile soils, the
output is maximized without the maximum use of fertilizers and pesticides to safeguard
the entire annual production.

This paper indicates the impacts related to the production of processing tomatoes
concerning three levels of focus: LAA1, LAA2, and LAA3. The type of Business Model
adopted in the three productions differs substantially in the level of technological special-
ization applied. Precision farming uses less human capital in favor of an AI-controlled
automated system capable of self-managing hydroponic harvesting. Integrated production
uses a more traditional approach based on SQNPI quality certification systems. Finally, the
first level, based mainly on the activity and experience of the farmer, is limited to European
regulations and standards for tomato harvesting. The large gap between the different
productions imposes the emergence of different Business Models, depending on the level
of technology required.

From the endpoint results shown in Figures 3–5, it can be observed that LAA3 has
a significantly lower impact than LAA1 and LAA2, except in the case of pesticides. In
this particular case, precision farming shows slightly higher impact levels compared to
the other techniques. It might appear that the use of high technology fails to minimize
pesticide usage. However, by referring to Table S3, we can observe that the yield of fresh
tomatoes per hectare is much higher for LAA3 (100) than for LAA2 (62) and LAA1 (77).
Hence, we can conclude that precision farming achieves a 30% higher yield than standard
production and a 61% higher yield than integrated production.

Despite the use of advanced systems, such as LAA3, the use of fertilizers remains
otherwise high, although precision farming manages to minimize damage to resources and
impacts from fertilizers compared to other techniques in the ReCiPe endpoint in Figures 3–5.
Similarly, in Figures 6 and 7, in the IPCC GWP comparison, kg CO2eq/kg/ha fertilizers
are the input with the highest atmospheric CO2 emissions. Again, the most important
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differential is represented by LAA3, which deviates strongly from the performance of LAA1
and LAA3. In Figure 7, it is interesting to note that “crop operations” have the same levels
of greenhouse gas emissions, because tomato harvesting is one of those stages of “technical
equipment transport” that has not been affected by innovation.

The particularly low cost of harvesting operations both in Italy and abroad does not
incentivize company Business Models to change, as they are currently based on an almost
optimal price–quality ratio for the company. Tomato harvesting is still conducted by hand,
with a very low labor cost and a high level of quality compared to possible automation,
as also shown in other studies [58,63,64]. In conclusion, we can define LAA3 as one of the
best Business Models adopted in Emilia-Romagna by companies in the agri-food sector in
terms of environmental performance measured through LCA analysis.

7. Conclusions and Implications

Despite empirical evidence demonstrating that precision farming can improve sustain-
ability outcomes for businesses, the limitations and barriers to the adoption of innovative
Business Models in this sector have been extensively investigated in the literature. From
contextual factors (both external and internal) to farm characteristics, to behavioral factors,
the literature has highlighted many obstacles to the introduction of innovations, particularly
those derived from a structured process of knowledge acquisition and formalization (the
AKAP approach). The aforementioned barriers may result in a reduced rate of innovation
and an unequal distribution of knowledge access among potential beneficiaries, leading
to the emergence of phenomena such as elite capture. This is confirmed by the EU com-
munication on the Future of Food and Farming, which highlights the uneven access to
technology and knowledge across the Union. This may limit the effectiveness of Common
Agricultural Policy (CAP) instruments, thereby reducing the future competitiveness and
sustainability of the farming sector and rural areas. This scenario indirectly challenges
the role of institutional arrangements in facilitating knowledge transfer and innovation
adoption. Institutional factors play a crucial role in the adoption of innovation, as some
institutional environments are more conducive to innovation than others. Sauer and Vrolijk
emphasize the significance of the institutional context, in which a farm operates for its
innovation behavior, including factors such as access to finance, institutional support, cul-
tural values, and cooperation with research entities and knowledge-producing institutions.
Inadequate local policy interventions, insufficient institutional support, lack of coordination
between public and private sectors, and distance from markets or suppliers can also hinder
the adoption process [25,65,66].

Environmental impacts, such as climate change, water consumption, land use, and pol-
lution, can be mitigated through the implementation of pollution reduction strategies across
food production and consumption systems. For example, hydrothermal carbonization
(HTC) is a technology that enables the valorization of various types of agricultural waste,
including wood, straw, and rice husks, for the production of carbon-negative materials.
HTC involves a process where lignocellulosic biomass undergoes thermal treatment in a
water-based medium, resulting in the production of valuable carbon-based products [67].

Additionally, the adoption of innovative approaches to sustainability, such as increas-
ing access to local food outlets, promoting local food production, implementing closed-loop
resource recovery systems, and other novel strategies, can further enhance the sustainability
of these systems.

In literature studies, LCA has some limitations, such as the difficulty of having fre-
quently updated databases with data for each country or region. This could lead to quite
a few alterations concerning the calculation of impact categories because the degree of
supply of raw materials varies depending on the natural resources a country has [68]. In
agricultural production, land morphology, as well as climate and temperature, influences
production. Various studies show that the productions that have the least impact are not
always the most economically and socially efficient [10,12]. The use of state-of-the-art
technologies very often hides notional costs, such as the knowledge costs necessary for the



Sustainability 2023, 15, 10365 14 of 17

proper functioning of technology systems [69]. Therefore, it would be useful to compare
the three productions under consideration by applying S-LCA and LCC [70–72].

Life Cycle Assessment (LCA) provides a fundamental framework for producers to
comprehensively evaluate the human health and environmental impacts associated with
food production and consumption. However, current LCA models and databases are
limited in their ability to accurately assess the short- and long-term risks and benefits of
food, feed, and biofuel production systems. To address emerging issues in agricultural
production, such as pesticide exposure, soil degradation, biodiversity loss, and the spread
of genetically modified crops, LCA practitioners and researchers must continue to refine
and develop LCA tools. In order to achieve significant advances in the use of Life Cycle
Assessment (LCA) concepts and life cycle-based tools, it is imperative that we push the
boundaries of our current methodology. This includes developing new and improved
methods and models, as well as building comprehensive databases to support these efforts.
This is particularly important in addressing the numerous and wide-ranging health and
nutritional challenges that society currently faces.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/su151310365/s1, Table S1. Presented the main factors of business model
in case of conventional and precision farming technology (Lencsés, et al., 2020) [29]. Table S2. LCI:
Inventory of following inputs/outputs and observe the following operating methodologies (Database
CRPV Soc. Coop.). Table S3. The main characteristics of industrial tomato industry (Database CRPV
Soc. Coop.). Table S4. IPCC GWP LAA1, LAA2 and LAA3 productions (KgCO2 eq/kg tomato)
(Database CRPV Soc. Coop.). Table S5. IPCC GWP LAA1, LAA2 and LAA3 productions (% KgCO2
eq/kg tomato) (Database CRPV Soc. Coop.).
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