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INNOVATION IN THE AGRI-FOOD SECTOR: EXPLOITING 

OPPORTUNITIES FOR INDUSTRY 4.0 

 

 

ABSTRACT 

Agri-Food producers have a responsibility to provide safe, secure and sustainable food in 

a world characterised by disruption and increasing intolerance of waste along supply 

chains. As such, it is critical that they adopt new technologies to ensure efficient and 

effective management of their responsibility. While Industry 4.0 (I4.0) technologies can 

underpin process innovation opportunities, there is a gap in research-based understanding 

of how they influence innovation practice and outcomes in Agri-Food. In this paper, we 

investigate how I4.0, as a set of enabling technologies, influences core process innovation 

practice and product innovation outcomes in Agri-food firms. We present case studies of 

two Spanish firms processing fresh food products, competing in two important sub-sectors 

of the industry, meat and fruit & vegetables. We used secondary material and semi-

structured interviews as data sources. The findings describe how, in the two cases, I4.0 has 

enabled responses to new customers requirements through process innovations resulting in 

enhanced functionality, aesthetics and meaning of the delivered products. Our paper 

contributes a framework identifying for researchers and managers how I4.0 technologies 

act as enablers of the core innovation processes and competitive outcomes. 

 

Keywords: Industry 4.0, Agri-Food sector, Process innovation, Product innovation. 

 

1 INTRODUCTION 

 

  Agri-Food (AgF) firms have a responsibility to provide safe, secure and sustainable food. 

In many countries, traceability is mandatory in order to increase food security for 

customers, and customer confidence in the safety of their food supply (Costa et al. 2013). 

The impacts on supply of disruptive events such as climate change, BREXIT and the global 

pandemic have highlighted the role of enabling innovation capabilities to build resilience, 

visibility, redundancy, velocity, and flexibility of the food supply chain (Stone and 

Rahimifard, 2018). Finally, food sustainability is threatened by waste along agri-food 

supply chains including production, manufacturing, distribution, retail and final 

consumption (Lebersorger & Schneider, 2014; Stone & Rahimifard, 2018). As such, it is 

critical that producers adopt new technologies to ensure efficient and effective management 

of their responsibilities. 

Demartini et al. (2018) examined the innovation potential of Industry 4.0 (I4.0) 

technologies in the AgF sector. Process innovation opportunities identified include 

automating data collection and data visibility across the entire value chain. Yet, realising 

such opportunities requires an openness to the breadth and depth of I4.0 technologies 

(Büchi et al., 2020).  Here, breadth reflects the number of pillars of Industry 4.0 enabling 

technologies implemented, while depth captures the number of stages in the value chain 

with these implemented technologies. The end result is seen in terms of flexibility, speed, 

increased production capacity, decreased errors and costs, an improved product quality and 

ability to meet customer needs. 
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Different research themes associated with I4.0 have emerged. Benitez et al (2020) have 

described how I4.0 facilitates the transition from dyadic, linear or transactional-based 

supply chains to an ecosystem approach where value can be co-created among the firms. 

I4.0 challenges existing business models of product based firms and has the potential to 

enable new innovative ways of doing business (Frank et al., 2019; Müller et al., 2020). Yet, 

despite this potential for I4.0 to enhance producer competitiveness, Zambon et al. (2019) 

showed that, while there was an exponential increase in research papers published since 

2014 on I4.0, none related to Agri-Food. Similarly, Demartini et al. (2018) found few 

publications containing the keywords “food” and “digital”. Those which do, tend to focus 

on adoption of specific technologies for a specific purpose, such as installation of sensors 

to reduce food waste (Ramanathan et al, 2020). In fact, Müller et al. (2020) explicitly 

exclude food and agriculture due to their incomparability with other manufacturing sectors. 

Our paper addresses this gap by exploring the accepted range of I4.0 technologies and how 

they support product and process innovation, through the following research question: How 

does I4.0, as a set of enabling technology, influence core process innovation practice and 

product innovation outcomes in Agri-Food firms?  

 

The paper is structured as follows: first we explore the I4.0 concept and the context of 

application, AgF sector. Then, we explore prior research to position the research question. 

We develop a conceptual framework to reflect that question. We present the research 

design and defend the selection of two AgF producers from Spain as case studies. We 

present the case data before reflecting on those data, presenting our contribution, drawing 

conclusions and identifying implications for management and further research. 

 

2 LITERATURE REVIEW 

Our interest is in understanding how I4.0 influences core process innovation practice and 

product innovation outcomes in Agri-Food producers. While this interest is of practical 

relevance, in order to position it theoretically, we draw on literature on I4.0. In particular, 

we introduce I4.0, examine its influences on innovation and in Agri-Food. Finally, we 

review literature at the intersections of these topics.  

 

2.1 Industry 4.0 

  In 2013, the German Academy of Science and Engineering (Acatech), described I4.0 as 

the technical integration of human-machine connections through Cyber Physical Systems 

(CPS) and the use of the Internet of Things (IoT) in industrial processes (Kagermann et al., 

2013). This 4th industrial revolution involves advanced digitalization of manufacturing 

facilities, incorporating internet technologies, smart machines and products. From these 

roots, I4.0 grew and developed across industries. Industry 4.0 features a series of enabling 

technologies that Büchi et al. (2020) categorised into 10 pillars: advanced manufacturing 

solutions, augmented reality, internet of things, big data analytics, cloud computing, cyber 

security, additive manufacturing, simulation, horizontal and vertical integration and “other 

enabling technologies”. This last pillar includes innovations towards superior product 

quality and reduced production waste in AgF. 

 

A key feature of I4.0 is how new technologies allow information integration and 

interoperability (Xu et al., 2018). This digital integration occurs horizontally and vertically. 
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Horizontal integration relates to how IT systems are linked across manufacturing and 

planning within a firm, from incoming supplies, production, to shipping. Vertical 

integration describes how IT systems combine to deliver an end-to-end solution across 

producers to satisfy customer requirements. Finally, integrated production processes within 

producers complement global cooperation through adaptive, evolutionary and self-

organising networks (Hozdić, 2015). 

 

2.2 Industry 4.0 as an Enabler of Innovation 

  Adopting I4.0 technologies has the potential to go beyond traditional sources of 

competitive advantage to enable superior operational performance (Tortorella et al., 2019). 

I4.0 can be the driver of business model innovation, through enabling value creation, value 

capture and value offer elements of business models (Müller et al, 2018). Frank et al (2019) 

see I4.0 as a technology-push innovation approach which can lead to radical business 

model innovation for manufacturing companies. 

 

Closer to the focus of this paper, I4.0 technologies can impact two forms of integration: 

between product and process innovation and, between I4.0 technologies and operational 

practices. Santos et al. (2017) explored the relationship between the product development 

process and I4.0. They noted that I4.0 enables integration of physical and digital 

technologies with the phases of product development. When this integration happens, 

development time can be reduced and problems prevented before manufacturing the 

prototype. Further, this early integration enables subsequent efficient allocation of 

machines, faster problem identification, production bottleneck reduction, defect reduction 

and improved customisation. Tortorella et al. (2019) noted that integration between product 

and process innovation helps in understanding customer needs and overcoming product 

design and use barriers, sharpens the market focus, enabling the producer to monitor 

continuously both its competitive position relative to changes in the market, to plan and 

communicate its product and service to the customer, and to measure its performance. 

Finally, since physical and digital technologies are integrated during the product 

development process, I4.0 facilitates greater supplier involvement (Hozdić, 2015; Santos 

et al., 2017; Tortorella et al., 2019). The resulting generation and treatment of data, and 

improved connection and traceability facilitate faster and more accurate new product 

creation and production (Kampker et al., 2016; Liao et al., 2017). This involvement and 

joint development through I4.0 lead to value co-creation which is particularly advantageous 

for resource constrained SMEs who may lack the skills do achieve this alone (Benitez, 

2020).  

  

Turing to the second form of integration, the potential for innovation in production and 

operations systems is significant (Hozdić, 2015). It facilitates faster production in 

accordance with individual customer requirements and production process optimization. 

I4.0 enables process connectivity and improved product traceability based on digital 

technologies and better internal process control (Buer et al., 2018). I4.0 is also a 

communicative action that mobilises actors to innovate collaboratively (Reischauer, 2018). 

Building on this focus, Tortorella et al. (2019) contended that purely technological adoption 

of I4.0 does not lead to the expected results. Rather, they found that lean production 

practices helped to install organisational habits and mindsets that favour systemic process 
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improvements: “…the socio-technical organisational changes that coincide with [lean 

production] reinforce practices and behaviours which, when combined properly with 

today’s technological advancements, enable companies to compete successfully under the, 

at first sight, paradoxical scenario where high-tech applications and human-based 

simplicity exist concurrently” (p. 875). 

 

2.3 Industry 4.0 in Agri-Food  

  Despite increased mechanisation, I4.0 has not been utilised to its full potential in the Agri-

Food sector (De Silva & De Silva, 2016) where the human operator retains a central role 

(Miranda et al., 2019). This observation is supported by Trivelli et al. (2019) who suggest 

potential applications for I4.0 technologies in AgF including monitoring, automation and 

decision support. However, AgF lags other industry sectors’ I4.0 adoption, with Zambon 

et al. (2019) noting few innovative AgF producers realising its potential.  

 

Yet, I4.0 can benefit the sector in different ways. Luque et al. (2017) identified the ability 

to adapt quickly to customer specifications; real-time information handling which enables 

improved decision making; traceability which leads to increased productivity and efficient 

resource use; and new business opportunities creation. They argue that I4.0 technologies 

enable food producers to respond to external pressures such as price by becoming more 

innovative, and to improve product traceability through interconnecting equipment and 

processes.  

 

In conclusion, the societal importance of AgF is based on a responsibility to provide safe, 

secure and sustainable food. Yet, while much is known about I4.0 and its potential in 

industry, a gap remains in our understanding of how I4.0 influences process innovation and 

product performance in the AgF sector.  

 

 

3 THEORETICAL DEVELOPMENT AND RESEARCH MODEL 

  To address the research question, we adopt a conceptual framework linking managerial 

processes through which innovation is carried out (Figure 1). The logic in the framework 

is that, as a process, innovation requires managing both core and enabling processes in 

order to realise competitiveness through new or improved products or manufacturing 

processes (Chiesa et al., 1996). Innovation challenges producers to manage and manipulate 

data to enable product and process innovation by new and different means. Here, I4.0 has 

characteristics which enable AgF producers to achieve competitive product and process-

based competitive outcomes. 

 

In the framework, the core processes of product and production process innovation and 

development are linked (Antonelli et al., 2012). Product development includes managing 

projects from concept to launch, integrating relevant functions and linking with 

manufacturing and engineering. Production process innovation and development involves 

formulating a manufacturing strategy, implementing new processes and continuous 

improvement (Chiesa et al., 1996). In the Agri-Food sector, technical and operational 

challenges faced in product and process development include generating novel recipes with 

natural ingredients and optimizing production processes (Coughlan et al., 2016). Many 
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such challenges are overcome through open innovation models (Medeiros et al., 2016) 

which depend upon information sharing.  

 

Figure 1. Conceptual Framework 

 
 

In the framework, I4.0 technologies act as enablers of the core innovation processes. These 

systems and tools include data acquisition, process traceability, digital automation with 

sensors, internet of things, cloud, big data and analytics (Benitez et al, 2020; Büchi et al, 

2020; Dalenogare et al, 2018; Frank et al, 2019). 

 

The framework identifies the outcomes of the innovation process in terms of impact on 

product and process-based competitiveness. Expected benefits enabled through I4.0 

technologies include improved product customisation, product quality, process 

visualisation and control (Dalenogare et al, 2018). Expressed in term of Srinivasan et al. 

(2012), a food product may have functionality through its nutritional value, aesthetics 

through its presentation, and meaning through its safety. These elements of the total 

product design concept (TPDC) are linked with the customers’ product experience.  

 

4 RESEARCH DESIGN 

  To understand in-depth how I4.0 enables innovation practice and performance in Agri-

Food firms, we conducted a case-based study. Due to the novelty of the context in which 

the relationships are considered, case research was appropriate (Goffin et al, 2019). We 

describe our design including the research context, producer selection and data collection, 

and data analysis. 

 

4.1 Research Context 

  The Agri-Food sector is the largest manufacturing sector in the EU, supporting more than 

4.6 million jobs directly, with over €1 trillion in annual turnover and more than €230bn 
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added value (FoodDrink Europe, 2018). It transforms 72% of the agricultural raw materials 

produced in Europe. The sector comprises 294,000 firms, where 99% are small and 

medium enterprises with diversified operations, profiles, scale and products. As a value 

chain, it is an interdependent and complex system connecting farmers with final consumers. 

 

Trends in consumer preferences for food, apart from price, are shaped by factors related to 

health, social responsibility and convenience (ECSIP Consortium, 2016; FIAB, 2019). 

Consumer awareness of links between food consumption and health is rising as information 

becomes available on food ingredients and safety, allergies and intolerances, and 

maintaining a healthy lifestyle. Food safety is linked also to food contaminants and there 

is a growing interest in farming and processing practices including the use of additives, 

antibiotics and growth hormones. Socially responsible consumption choices are driven by 

sensitivity to how production-consumption proximity impacts climate change, public 

health, social and economic inequality, biodiversity, animal welfare, and resource 

utilisation. Finally, food convenience is demanded and linked to lifestyles which 

increasingly are mobile and faster paced. 

 

The Spanish AgF sector is an appropriate context within which to explore the research 

question. Spain is a major European agricultural producer. With 23.7 million hectares and 

989,800 farms, Spain ranks second in the EU and fourth for AgF production value (€43 

billion) while gross value added is greater than that for its manufacturing industry (FIAB, 

2019). As summarised in Table 1, technological innovation in Spanish firms varies by 

sector and the percentage of innovative firms in AgF industry is lower than other sectors 

and different in its focus. Further, despite consolidation in recent years, the average firm 

size in the Spanish AgF sector remains relatively small, being predominant the number of 

small and medium-sized enterprises. This crucial factor has shaped the adoption of digital 

solutions in the production process by the sector (Observatorio ADEI, 2016). It is the large 

producers that are most likely to incorporate technological innovations, encouraging the 

implementation of I4.0 in their wider supply chains.  

 

Table 1. Technological innovation in Spanish firms (INE, 2019) 

  Innovation expenditure (2017)  

 
Innovative 

firms 

 (%) 

Total  

(€ ‘000) 

R&D 

internal and 

external (%) 

Other 

innovative 

activities (%) 

% of turnover in 

new and improved 

products 

Total manufacturing 

industry 
23.93 7520448 67.76 32.24 22.20 

Food, beverages and 

tobacco  

(CNAE 10, 11, 12) 

18.46 713182 37.16 62.84 16.03 

 

 

AgF distribution channels in Spain are heterogeneous: for most products there are long 

channels with multiple intermediaries. Fresh products are distributed and sold through 

supermarkets and traditional stores. About supermarkets, five groups account for 57% of 

sales and occupy 50% of the retail area. FIAB (2019) also remark as peculiarities of food 
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distribution in Spain the importance of traditional stores in the sale of fresh products and 

the significant weight of the HoReCa sector compared to other European Union countries. 
 

4.2 Firm selection and data collection 

  We took several steps in selecting the case firms. First, we explored I4.0 implementation 

in the Spanish AgF sector through industry reports (i.e. ECSIP, Consortium 2016; 

FoodDrink Europe, 2018; Martinez-Vicedo, 2017; Observatorio ADEI, 2016). They 

provided information on the degree of implementation of the different elements of I4.0 that 

were considered strategic in the sector towards improving firm competitiveness. 

 

Subsequently, we met with an engineering consultancy that included AgF firms among its 

clients. The meeting aimed to obtain information on: specific I4.0 technologies 

implemented in AgF sub-sectors; companies which in recent years had invested in I4.0 

technologies; and how I4.0 may have enhanced producer performance. This meeting also 

facilitated developing our interview guide for the case research. The guide focused on firm 

strategy and organization, I4.0 and implementation, and product and process innovation 

(Appendix A). 

 

Based on the information obtained, we focused our study on those types of AgF firms that 

processed perishable natural raw materials considering how I4.0 may enable innovation. 

We anticipated that I4.0 might enable effective response to the natural variability of raw 

material, associated information generated at farm level and the information requirements 

of the production process. Additionally, it was expected that initiatives to control 

processing time would be in evidence. 

 

To select two case firms as a literal replication (Voss, 2010), we considered, if, in the 

previous five years, they had invested in redesigning the plant layout for I4.0 

implementation; if they had specialised personnel to apply and to understand the I4.0 

technologies implemented; finally, their willingness to collaborate in the research. In 

addition, the producers had different customer and supply bases, and sizes. We cross-

checked our requirements with senior management from the selected producers to confirm 

suitability. Table 2 provides summary information on each producer.  

 

Table 2. Overview of Case producers (SABI, 2019) 

Producer details Producer 1  

Meat 

Producer 2  

Citrus Fruit 

Activity Slaughterhouse and 

cutting plant  

Handling and 

distribution 

Year founded 1989 1984 

Employee numbers  827 983 

Exports 10% (EU) 48% (EU) 
 

 

Both firms processed fresh products, and were compliant with security and quality 

regulations. They can be considered illustrative of two important sub-sectors of the Spanish 

Agri-food Industry: meat; and, fruit and vegetables. Both are large firms in sectors where 
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23.3% of meat firms and 13.7% of fruit firms have more than 500 employees (MAPA, 

2018).  

 

Also, possibilities for innovation were different in each firm. ECSIP Consortium (2016:51) 

estimated possibilities for innovation in the food and drink manufacturing sectors, differ 

by subsector. Both meat and fruit show possibilities in range extension; and in meat in 

relaunch.  

 

We conducted in-depth semi-structured interviews in each producer with key informants 

involved in managing I4.0 and general plant management. Each producer nominated the 

interviewees after accepting the invitation to participate in the study and receiving the 

interview protocol. The protocol, introduced earlier and summarised in Appendix A, noted 

the main topics to be dealt with. In each case, we explored: what I4.0 technologies had 

been implemented, how and why; data and equipment integration; customer roles in 

implementation; other changes brought about by I4.0.  

 

To assure construct validity and recognising that I4.0 can be understood differently, 

interviews began by directing the discussion towards a common understanding. Two 

researchers conducted each interview taking notes independently to enhance creative 

potential and confidence in the findings (Eisenhardt, 1989). All interviews lasted 

approximately 90 minutes. To assure information quality, we used a “snowballing 

technique”, examining industry reports and web material related to the producer before and 

after visits. Finally, we took two steps to assist in validation. We reviewed the collected 

data with the consultancy firm which assisted in the evaluation of the I4.0 technologies and 

innovations introduced by each producer, with reference to the AgF sector. Then, we re-

engaged with each company to review our descriptions and reflections. As a result of these 

engagements, we were satisfied with the accuracy and validity of the case data. 

 

4.3 Data analysis  

  Our data analysis followed two steps: data analysis within cases and then a search for 

cross-case patterns (Eisenhardt, 1989). Firstly, data were coded independently by the 

researchers who attended the interviews and, after discussing differences, information was 

checked by a researcher who had not attended. In this way, we achieved inter-coding 

agreement. The data analysis progressed to identify factors influencing the impact of I4.0 

on product and process innovation and on competitive product outcomes. The results 

describe and analyse the producers’ experiences in their settings.  

 

5 FINDINGS & RESULTS 

 In this section, we describe each case firm, including the plant, products-customers, 

production scheduling and control, and observations on how innovation is impacted by 

I4.0. 

 

5.1 Firm 1. Beef-meat producer 

5.1.1 Plant description 

  The plant is located in the Valencia region. The 55,000 m2 facility includes a beef 

slaughter line with a capacity of 100 animals per hour, a 40,000 m3 refrigerated warehouse 
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and freezing tunnels with a capacity of 80 tonnes per day.  The facilities are new and have 

been designed in accordance with strict food safety and traceability regulations. 

 

The complete “farm-to-fork” cycle for meat is evident in the plant layout. Live animals 

from the farms enter the plant, are processed, and packaged meat products are shipped out. 

Most final products comprise individual pieces of meat, fully prepared for the retail 

consumer. To avoid contamination risks, the plant is laid out in independent zones. The 

entry area includes live animal reception, slaughter and rapid carcass cooling over 24-36 

hours. The process then involves carcass cutting, warehousing for ageing over 10-14 days 

and, finally, cutting and packaging.  

 

5.1.2 Suppliers-Customers 

  Live animals are purchased from farmers who guarantee traceability and product quality. 

Traceability information is transferred to the plant on purchase of the animal.  Currently, 

90% of production is for retail. The principal customer, a supermarket chain, specifies the 

cuts and packaging. The finished product is shipped daily to the customer’s logistics centres 

for distribution to supermarkets. The remaining 10% of production is sold directly in other 

formats to butchers and restaurants, a relatively new line of business for the producer. 

 

5.1.3 Product Development Process  

  Product innovations are driven by the principal customer and realised collaboratively. 

Once specifications for new products or new presentations of existing products are agreed, 

the producer adapts its production processes to achieve these. The engineering department 

is responsible for modifying existing processes and equipment, or acquiring new 

equipment. In those cases, the firm trains its people in any new procedures, with a focus 

on achieving process improvements, mostly keeping with cost reduction in mind. 

 

5.1.4 Production Scheduling and Control 

  Normally, animals are slaughtered on the day of arrival at the facility. The throughput 

time for a carcass is 11-16 days, depending the ageing period specified by the customer. 

The daily production schedule is based on orders received from the principal customer 

specifying the meat to be used, cut, packaged and the logistics centre destination. 

Scheduling mismatches occur where cuts ordered by the main customer and those actually 

processed differ. These surplus cuts are sold to other customers, or used as a buffer to 

smooth production. 

 

Compliance with food safety and traceability regulations is strict and drives process control 

and cost management. To facilitate traceability, each animal entering the plant is 

identifiable by a chip registering information on origin, age, breed, gender, housing and 

fattening. During subsequent production stages, all cuts are identified and linked to the 

animal. For this level of control, the producer has introduced software, developed 

internally, enabling compliant process management. 

 

5.1.5 Innovation influenced by I4.0 

  In each plant zone, the engineering team identifies process innovation opportunities and 

oversees implementation. To date, the main I4.0 technologies introduced by the producer 
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are summarised in Table 3(a). These include IoT sensors to enable control and influence 

the meat quality at different process stages. Other I4.0 technologies increase automation of 

meat movement, cutting and packaging. Installing IoT sensors on equipment enables real-

time process monitoring through an internally developed IT system. This has enabled the 

producer to demonstrate compliance with food safety requirements.  

 

Table 3(a) Meat Producer Detailed Analysis 

Industry 4.0 

Enablers 

Core Processes Expected Process-based 

Competitiveness 

Expected Product-based 

Competitiveness 

Advanced 

Manufacturing 

Solutions 

Process Innovation Production Flexibility 

Increase Output Capacity 

Higher Machine Utilisation 

Improved Yield 

Increased Customer 

Satisfaction 

Functionality 

Aesthetics 

Internet of Things Product Innovation 

Process Innovation 

Improved Yield Functionality 

Meaning 

Big Data Analytics Process Innovation Improved Yield Functionality 

Meaning 

Cyber Security Product Innovation 

Process Innovation 

Improved Yield 

Increased Customer 

Satisfaction 

Meaning 

Horizontal & 
Vertical Integration 

Product Innovation 
Process Innovation 

Product 

Development 

Prototype Speed 
Increase Output Capacity 

Higher Machine Utilisation 

Improved Yield 

Increased Customer 

Satisfaction 

Meaning 

Other Enabling 

Technologies 

Process Innovation Increased Customer 

Satisfaction 

Meaning 

 

 

 

5.2 Firm 2. Citrus fruit producer 

5.2.1 Plant description 

  The citrus fruit plant is located also in the Valencia region. The 50,000m2 production 

facility has a capacity is 1,000 tonnes/day. The facilities are new and their design conforms 

to the safety requirements for fresh food products, isolating process stages to avoid cross-

contamination. 

 

Consistent with industry practice, the plant is laid out in three areas: pre-calibrate, cold 

storage, treatment and packaging. Incoming deliveries from farms enter the pre-calibration 

area after weighing and control. Here, they pass through primary selection and cleaning. 

Then, they move to the refrigerated area for storage and de-greening if needed. This area 

serves as semi-processed product buffer storage to regulate the flow to the stage following. 

From there, the fruit is routed to the treatment line. Here, further selection and cleaning is 

carried out, along with calibration and packing according to customer specifications. These 

operations are performed with minimal human involvement. The packaged fruit is prepared 

for dispatch and stored in refrigerated rooms until loaded onto trucks for delivery. 

 



Page 11 of 22 

 

5.2.2 Suppliers-Customers 

  Eighty per cent of the incoming fruit is sourced from farms where the firm has full access 

to data on the farming process, like fertilisers, pesticides and other chemicals applied 

during growing and harvesting. Through the firm’s IT system, critical data for product 

safety and traceability are available in real-time and advise the farms on appropriate 

actions. Data on the other 20% of incoming fruit are requested directly from the supplier 

and, on receipt, entered manually into the IT system. 

 

Clients are local and international retail distribution chains. 80% of the production is 

exported to Europe, through the producer’s logistics centre in Perpignan. The Madrid 

logistics centre serves the domestic market. Finally, any fruit that cannot be sold as fresh 

is sent to an associated juice extraction firm.  

 

5.2.3 Product Development Process 

  Introducing new fruit varieties has enabled the firm to extend the sales window, reducing 

supply seasonality. This capability is important because it assures the supply to the 

supermarket chains for longer periods, facilitating purchasing management. Further, new 

presentation formats have been developed which reduce handling at the distribution 

centres. Some customers demand bespoke solutions. Recently, a distribution chain 

requested a specialised packaging format, which required new equipment and packaging 

materials. In those cases, the development process was carried out collaboratively with 

equipment suppliers, enabling the producer to successfully adapt to the new formats.  

 

5.2.4 Production Scheduling and Control 

  The target is for fruit to be processed within 24 hours of receipt, except where de-greening 

is necessary. Occasionally, deliveries to the customer may be delayed by a day if it is 

necessary to consolidate multiple orders comprising different fruit varieties and/or with 

different final finishes. Customer requirements for fresh fruit differ depending on the 

country destination and on the client. Data on chemicals used in the field by suppliers are 

combined with those gathered from incoming inspection by the firm.  These data determine 

the processes and treatments in the plant. Data on internal processing, storage and 

subsequent processing are recorded for each individual batch in QR codes. The firm stores 

all data for food security and traceability reasons, and as a precaution against potential 

claims. In practice, customers rarely request these data. The data are used also to estimate 

production costs and as input to the producer’s continuous improvement programme.  

 

5.2.5 Innovation influenced by I4.0 

  The management team has driven I4.0 implementation to increase its capacity for 

information management and process control, thus better meeting customer requirements 

and food safety regulations. To date, the main I4.0 technologies introduced by the producer 

are summarised in Table 3(b). The real-time status of fruit and equipment is enabled 

through IoT sensors. Increased automation and reduced human intervention reduces 

process variability. Furthermore, I4.0 has enabled the producer to adapt quickly to new 

customer packaging specifications. Many I4.0 technologies are installed and managed by 

the producer’s IT department. It has a project underway to move to open platforms to make 

data more user friendly and to enable easy visualisation. 
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Table 3(b) Fruit Producer Detailed Analysis 

Industry 4.0 

Enablers 

Core Processes Expected Process- based 

Competitiveness 

Expected Product-based 

Competitiveness 

Advanced 

Manufacturing 

Solutions 

Product Innovation 

Process Innovation 

Product 

Development 

Production Flexibility 

Prototype Speed 

Increase Output Capacity 

Higher Machine Utilisation 

Improved Yield 

Increased Customer 

Satisfaction 

Functionality 

Aesthetics 

Internet of Things Product Innovation 

Process Innovation 

Improved Yield Functionality 

Meaning 

Big Data Analytics Process Innovation Increase Output Capacity 

Higher Machine Utilisation 

Improved Yield 

 

Functionality 

Meaning 

Cyber Security Product Innovation 
Process Innovation 

Improved Yield 
Increased Customer 

Satisfaction 

Meaning 

Horizontal & 

Vertical Integration 

Product Innovation 

Process Innovation 

Product 

Development 

Prototype Speed 

Increase Output Capacity 

Higher Machine Utilisation 

Improved Yield 

Increased Customer 

Satisfaction 

Meaning 

Other Enabling 

Technologies 

Process Innovation Increased Customer 

Satisfaction 

Meaning 

 

 

  

6 DISCUSSION 

 We return to the research question: How does I4.0, as a set of enabling technologies, 

influence core process innovation practice and product innovation outcomes in Agri-Food 

firms? The AgF sector faces significant challenges in managing product and process 

innovation. Consumers are changing in how they appreciate food, especially in healthiness, 

nutritional content, sustainability and convenience. This food functionality requires 

technological supremacy, analytical knowledge, interactions with suppliers and customers, 

and consumer trust (Khan et al., 2013). FOOD2030, the EU research and innovation policy, 

calls for more investment to find solutions to the challenges facing food systems. It 

suggests research and innovation to future-proof how food is produced through smart 

farming and production, and processed using novel manufacturing technologies. In its 

response, FoodDrink Europe, the industry association, has recommended focusing R&D 

on modernisation through digitalisation, including IoT and Big Data. It has called for 

increased focus on food safety, including traceability, to increase consumer trust in food 

processing (FoodDrink Europe, 2019).  

 

These recommendations are not new. Much innovation in the AgF sector has been linked 

to production cost minimization (Bigliardi & Galati, 2013), building on in-house 

knowledge and dependence on specialized embodied-technology suppliers (Trippl, 2010). 

Further, AgF producers have become more innovation focused through developments in 
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biotechnology and process control improvements that exploit economies of scale, 

guarantee food safety, variety, and quality (Traill & Meulenberg, 2002). Such product and 

process innovations are often interdependent (Triguero et al., 2013) and have required 

cooperation with other supply chain actors. This requirement has brought new 

organizational challenges (Bigliardi & Galati, 2013) and intensive resource requirements 

(Garcia Martinez et al., 2014). We reflect on the evidence of these challenges in the case 

data. 

 

6.1 The Scope of Industry 4.0 in the Agri-Food Cases 

I4.0 technologies include data acquisition, process traceability, digital automation with 

sensors, internet of things, cloud, big data and analytics (Ayala, 2019; Benitez et al, 2020; 

Büchi et al, 2020; Dalenogare et al, 2018; Frank et al, 2019), which are evident in both 

meat and fruit firms. The real benefit of these technologies how they allow horizontal and 

vertical integration (Xu et al., 2018). Horizontal integration links across manufacturing and 

planning within the firms, from incoming fruit and animal supplies, processing, to shipping. 

The real value for customers is the vertical integration, which enables end-to-end 

traceability of food products. 

 

In the two cases there is evidence of data now available to the firms through I4.0, on how 

I4.0 facilitates data use, the impact data use on food and product characteristics, and the 

resulting innovation. This evidence is summarised in Tables 3(a) and 3(b). The logic 

embedded in these tables is consistent with the conceptual framework in Figure 1: I4.0 

enables producers to manage and manipulate data during product and process innovation 

process. The competitive product outcomes are interpretable in terms of the total product 

development concept (Srinivasan et al., 2012). 

 

We observed similarities and differences between the two firms. In the meat firm, the initial 

information on raw material is concentrated, each animal is different but everything 

concerning an animal is known precisely. In the fruit one, on the contrary, although the 

treatment received in each parcel is known, the variability within it is greater and the 

control of the lot more problematic, needing more control measures to achieve the same 

level of information and homogeneity of the final product. On the other hand, the process 

in the meat firm is a linear flow process. The carcasses are similar and are processed 

following a similar way until the final cut is reached, while in the fruit, it is as a batch 

process. Each variety requires adjustments in the packing line, no varieties and/or species 

can be mixed. The great similarity is that in both cases the basic concern is to keep under 

control the traceability of the product, both for food safety issues (ultimately responsible 

for possible health problems) and for strategic management of suppliers and customers. 

 

The I4.0 technologies incorporated by the two producers include advanced manufacturing 

solutions, IoT and other enabling technologies specific to the food industry (Büchi et al., 

2020). Big data analytics enables food safety and traceability, although, the full potential 

has yet to be fully exploited in decision-making. Other I4.0 enablers described by Büchi's 

et al (2020) were not evident in the firms. 
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Regarding horizontal integration, both producers have high internal connectivity, allowing 

operational outcomes such as reduced set-up costs, flexibility, fewer errors and lower 

machine downtime, leading to increased customer satisfaction. Vertical integration with 

customers is evident in the meat producer, while for the citrus fruit producer, the integration 

is focused more on providers and driven by European traceability regulations. Cyber 

security is maintained in both producers through developing Big Data applications 

internally so reducing dependence on suppliers. 

 

6.2 Industry 4.0 as an Enabler of Innovation in the Agri-Food Cases 

  In the AgF sector, raw materials are natural and fresh. In addition, requirements for food 

are changing and specified by customers, who may be retailers responding to changing 

regulations, consumer expectations and competition.  Here, I4.0 enables timely and reliable 

data availability for producers and customers which improve plant efficiency, so reducing 

time to market. Table 4 outlines how, in the two cases, I4.0 enables responses to new 

customer requirements through a range of process innovations. These innovations result in 

product outcomes which enhance the functionality, aesthetics and meaning of the delivered 

products.  

 

Table 4. Food product dimensions enhanced by I4.0 

New customer  

requirements  

By means of 

(I4.0 in general) 

I4.0 is facilitating the 

case firms through 

Product Outcome 

(Food characteristics) 

Product 

dimension 

• Information about 

- Origin 
- Treatment 

- Nutrition 

- Health and well-

being 

- Environmental 

impact  

 

• Ease of use in the 

different links of the 

chain 

 

 

Data Integration 

• From 

suppliers to 

customers 

• Controlling 

the 

production 

process  

• Data availability for 

producers and 
customers 

• Management of plant 

operations 

• Reducing time to 

market 

• Higher basic product 

information  

• Improved food 

security  

• Trust in food safety 

Functionality 

Meat producer:  

• Better accommodation 

of client specifications  

• Process control to 

improve meat 

appearance and 
presentation 

 

Fruit producer: 

• Process control to 

improve fruit 

appearance  

• Faster throughput time 

• Product presentation 

and packaging 

• Individual experience 

via senses (smell, 

touch, taste) 

 
Aesthetics 

• Transparency in 

materials sourcing and 

processing 

• Trust 

• Additional product 

information  

• Sustainability 

considerations 

Meaning 
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More specifically in the meat producer, I4.0 enables better adaptation to changing customer 

specifications. Improved process control enables enhanced meat appearance and 

presentation. For the fruit producer, I4.0 enables process control and throughput time 

reduction, thereby retaining freshness and improving taste. 

 

Meat and fruit are products characterised by functionality, aesthetics and meaning 

(Srinivasan et al., 2012). I4.0 helps producers to develop, produce and enhance these 

dimensions where functionality is defined by taste and nutritional characteristics which 

depend on processing speed and treatment. Integrating information from suppliers and 

customers and the production control enabled by I4.0 together lead to improved 

functionality. Aesthetics, which depend on how the product is presented and packaged, is 

better matched to customer demands if producers integrate customer requirements with 

supplier and production information. The product meaning is enhanced through traceable 

farm-to-fork information which increases consumer trust.  

 

For I4.0 to work, there needs to be a relationship between customer and supplier. Many 

customers of the two producers are “good customers” (Lynch et al., 2016). Echoing 

Tortorella et al. (2019), they engage and demand an open interaction with the producers. 

They expect useful and usable information at product development, processing and 

delivery stages. The producers are “good suppliers” (Lawson et al., 2015). They respond 

to customer demands, develop specifications and deliver a product with transparency. This 

responsiveness is enabled by real-time information on incoming raw materials and from 

the production process. Through deploying I4.0 technologies, the producers develop the 

information systems, manage and exploit the information for process improvement and 

customer relationship purposes. With these capabilities, the producers work with new ideas 

and new technology to create competitiveness for their customers. For the fruit producer, 

real-time data from fruit farms on pesticide use enables fast fruit routing on arrival at the 

plant. For the meat processor, the chip on the live animal enables “farm-to-fork” 

traceability. As such, consistent with Kampker et al. (2016) and Tortorella et al. (2019), 

I4.0 facilitates greater supplier involvement in the customer’s production process, reduces 

administrative burdens and speeds up communication. Further, the fruit producer has been 

able to adapt quickly to emerging customer requirements such as new packaging design. 

Again, this observation is consistent with Santos et al. (2017) who suggest that I4.0 

technologies reduce development time and enable greater product customisation. 

 

Finally, I4.0 can enable the redesign of business models both from the customer perspective 

through new digital solutions for customers (e.g. embedded technology in products) and 

for operations, where digital technologies can lead to process efficiencies (Dalenogare et 

al., 2018; Müller et al., 2018; Frank et al., 2019). Our findings indicate the latter is clearly 

evident in the meat and fruit firm, where eight of the Dalenogare et al (2018) expected 

benefits of I4.0 are found. While I4.0 has enhanced traceability for fruit and meat 

customers, the level of business model innovation through embedded technology or 

servitisation was not explored in our study.  
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7 CONCLUSIONS, MANAGERIAL IMPLICATIONS AND LIMITATIONS  

 

7.1 Consolidation and theoretical contribution 

  This paper has presented evidence of a relationship between I4.0 implementation, 

innovation and competitive outcomes. Reflections on this evidence contribute to the 

literature on I4.0 and lead to actionable insights.  

 

At the outset, we set out to address the research question. Our investigation was visualised 

in Figure 1. On completing the two cases and reflecting on the data, we have populated that 

original framework and Figure 2 now captures our new insights. The fundamental 

relationships remain intact. However, through combining our empirical data with Büchi et 

al. (2020) proposals, we deepen the meaning and operationalisation of each key area. The 

insights are captured in Figure 2.  

 

Figure 2. Updated Conceptual Framework 

 
 

Luque et al. (2017) identified the potential of I4.0 for the AgF sector, including the ability 

to adapt quickly to customer specifications; real-time information handling; traceability 

and new business opportunities creation. Similarly, Trivelli et al. (2019) suggest potential 

applications for I4.0 technologies in AgF including monitoring, automation and decision 

support. Our research findings align with these contentions, where I4.0 facilitates new 

packaging design, process monitoring, traceability and product range extension. The 

connectivity and data also lead to opportunities for both producers. Greater efficiency and 

productivity are achievable through reduced set-up costs, errors, and machine downtimes. 

This leads to superior product quality and less production waste, enabling price 

competitiveness. Increased flexibility in each producer enables fast adaptation to changing 

customer specifications. The competitive product outcomes enabled by I4.0 are seen in 

functional terms: higher basic product information, improved food security and higher trust 

in food safety. Aesthetically, product presentation and packaging are improved, enhancing 
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smell, touch, taste. Finally, deeper trust, additional product information and details on 

sustainability criteria enhance the meaning of food.  

 

So, we conclude with the following proposition: I4.0 is an enabling technology for 

innovation in the AgF firms and improves the competitiveness of the delivered product and 

associated consumer experience. Changing customer requirements are demanding new and 

quicker responses from food producers. Our findings show how I4.0 is enabling producers 

to compete through innovation in process and product outcomes evident in product 

function, meaning and aesthetics.  

 

7.2 Implications for Management 

  Adapting to new customer and European regulatory requirements to enhance food safety 

and traceability requires data. Further, the UK departure from the EU adds complexity to 

the sector with increasing demands for regulatory information on food functionality, 

aesthetics and meaning. In addition, the disruption to food harvesting and supply arising 

from the COVID-19 pandemic presents challenges for distribution, traceability and quality. 

Yet, Agri-Food producers innovate, operate and compete in a data rich environment. These 

data come from suppliers, internal process owners and customers. The emerging 

opportunity for producers is to exploit I4.0 to accommodate these many complexities so 

that consumers maintain confidence in their food. To realise this opportunity requires that 

a producer recognises that I4.0 is not a single technology and that each technology has the 

potential to impact its core innovation processes in different ways. In turn, when deployed 

systematically and in an integrated way, these technologies impact two critical bases for 

competitiveness, operations process performance and product characteristics. 

 

7.3 Opportunities for Future Research 

  As noted at the outset, the European AgF sector is economically important. This paper 

has explored I4.0 implementation in two Spanish producers. While illustrative, the insights 

are by no means generalizable across the sector and to other countries. Engaging in the 

study has benefitted the case firms, especially through capturing and codifying their 

practices. The dissemination may be of value to the broader sector. However, the evidence 

explored and continuing complexities in the sector form a basis for further sectoral and 

international comparisons in relation to I4.0 implementation.  

 

Büchi et al. (2020) describe opportunities arising from I4.0. In the two producers explored, 

these opportunities are achieved through real-time, reliable data from raw materials 

suppliers and the production processes. They are enabled by intelligent systems 

incorporated in I4.0 technologies. Value added for the consumer arises from greater 

visibility from “farm-to-fork” and processing. Further, Benitez et al (2020) proposed a 

three stage lifecycle or maturity model of I4.0 ecosystem development. It would appear 

that the fruit and meat firms are currently at the first (birth) phase. This level of maturity 

may suggest further or additional benefits for firms in the sector beyond those identified, 

an opportunity which is worth exploring in future research. 

 

Finally, as mentioned in the literature, there are opportunities for I4.0 enabled business 

model innovation. As the focus of our paper was on product/process innovation, we did not 
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explore the levels of business model innovation. However, having demonstrated the 

capabilities of I4.0 in this the AgF sector, it raises the questions of the impact on AgF 

business models in a post-Covid/with-Covid and BREXIT world.  
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Appendix A. Interview guide 

Strategy and organization 

Description of the facilities and processes you perform at the company 

What kind of customers do your products target? Which dimensions of the products are 

the most valued by your customers? 

What is the relationship like with your suppliers? What product information do you 

collect from suppliers? 

What are the key aspects in managing your company's production? How do you describe 

the main aspects of the production organization? What are the main objectives for 

production management? 

 

Industry 4.0 and implementation 

What I4.0 technologies are in place? 

What level of integration does the data and equipment have? 

How the development and implementation has been done? With own resources? Which 

external resources have used? 

What reasons have led to the implementation of I4.0 technologies? 

 

Product and process innovation 

What has been the process followed for the introduction of I4.0? 

Is this the process normally followed for process innovation in your company? 

Which been the main players the innovation? What has been the role of the company's 

management in the process? 

How is I4.0 technologies influencing products? New dimensions? 


