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Abstract The agri-food supply chain (ASC) has received a great attention in the 
last decade due to sustainable issues, not only economical but also environmental 
and social. This implies that the traditional management methods must be re-
viewed and changed. Therefore new decision models must arise in which envi-
ronmental and social aspects will have to be addressed in greater or lesser extent 
to  complement the traditional economical-driven decision models. In this paper a 
characterization of the main actors and decisions taken throughout a generic ASC 
as well as the main environmental issues that could affect those decisions are first 
reviewed. Then, it is aimed to know how each one of these aspects could be en-
hanced with the incorporation of Industry 4.0 - related technologies to develop 
more efficient decision support tools for the management of sustainability in ASC. 

Keywords: Industry 4.0, Environmental sustainability, Decision models, Agri-
food supply chain,  

1 Introduction 

Environmental and social sustainability issues in Agri-food Supply Chains (ASC), 
are becoming very relevant mainly due to two factors. Firstly, the increasing num-
ber of public legislation rules and technical specifications to be met and, secondly, 
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the growing awareness throughout the different ASC members (producers, proces-
sors, distributors, retailers…) mainly as a consequence of final clients concern 
about purchasing sustainable products and services (Pérez et al. 2019). 
    This fact makes that the traditional economic-driven management methods are 
no longer efficient and must be accommodated to these new sustainable condi-
tions. In order to meet this new scenario, SC decision models/methods that ac-
count for environmental and social issues must be developed.  
    On the other hand, new technologies have emerged in the last years as a conse-
quence of the “Industry 4.0” revolution (Bozá et al. 2019). However, just a few 
works have addressed in which extent Industry 4.0 - related technologies have 
positively contributed to this new sustainable scenario in ASC management 
(ASCM). 
    Due to space constraints, in this paper we just focus on environmental issues, 
and how these technologies have brought important and relevant impacts to envi-
ronmental sustainability in the practical arena allowing the development of more 
sustainable decision support tools for ASCM. 

The paper is structured as follows: In Chapter 2 a generic ASC is characterized, 
pointing out the main actors and decisions as well as its main peculiarities. Chap-
ter 3 focuses on the concept of sustainability, and in which extent SC decision 
models account for this concept, focusing on environmental aspects. It is in chap-
ter 4 where the most important technologies addressed by Industry 4.0 are first an-
alyzed and then how they can lead to more sustainable decision support tools for 
ASCM. Finally, in Chapter 5 some conclusions are drawn. 

2 Characterizing the Agri-food Supply Chain 

The term agri-food supply chain (ASC) has been associated to describe the activi-
ties from production to distribution that bring agricultural or horticultural products 
from the farm to the folk (Prima et al., 2016). 

From a process point of view, Verdouw et al. (2010) identify the basic trans-
formations in a generic fruit supply chain: growing and harvesting; processing; 
washing, sorting and grading; packaging and labeling: storage and distribution; re-
tailing. All this processes are carried out throughout the ASC by the different ac-
tors/stages (producers/farmers, processors and distributors) from upstream to 
downstream.  

Some relevant peculiarities of ASC are the following (Pérez et al, 2018): 
1. Limited products shelf-life and the importance that consumers give to as-

pects such as quality and health.   
2. High levels of uncertainty mainly due to weather unexpected variations 

and products demand and price variability. 
3. Increasing awareness in environmental and social issues. 
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    After this characterization of the main processes/decisions taken by the different 
actors throughout a generic ASC, as well as the main peculiarities that differen-
ciate it from others SC´s, the next section focuses on the third one, that is, the in-
creasing awareness about “sustainability”. In addition to that, a brief review about 
how Decision models address sustainable issues for ASCM is conducted.  

3 Decision models for Sustainable Agri-Food Supply Chain 
Management  

The agri-food supply chain (ASC) has received a great attention in the last decade 
due to sustainable issues, not only economical but also environmental and social. 
This is reflected in the way in which decision models are formulated since tradi-
tional economical-driven ones have incorporated environmental and social aspects 
to a greater or lesser extent.  
    Achieving sustainable ASCM is not an easy task. All the actors must prioritize 
their financial benefits but at the same time considering the increasing demand on 
environmental or social aspects. This is mainly due to two circumstances: compa-
nies are subject to many public legislation constraints and final clients are becom-
ing more concerned about purchasing sustainable products and services, therefore 
forcing upstream the ASC to meet certain levels (Verdecho et al. 2018) 
    In this third section a brief review about the extent in which decision models 
(either conceptual or operations research-based) address sustainable issues in 
ASCM is conducted. Due to space constraints, this review just has focused on the 
environmental issues that, in some cases, complement the economical ones.  

It must first be remarked that most of the decision models only consider the 
trade-off between economic and environmental aspects, neglecting social ones. 
These studies only focus on environmental (known as green ASC by some au-
thors) and economic aspects attempting to turn environmental impact into eco-
nomic value in their models. Just a few articles, addressing conceptual models, fo-
cus on social aspects.  

Another aspect to note is that although there are a few decision models consid-
ering the three aspects of sustainability (Bourlakis et al. 2014) and although they 
point out an enormous number of indicators, the interactions among them are very 
difficult to quantify and are often ignored (Gerbens et al. 2003).   
    The most addressed environmental sustainability issues (Gerbens et al. 2003; 
Bourlakis et al. 2014; Prima et al. 2016; Beier et al.2017; Verdecho et al. 2018, 
Pérez et al. 2019) have been: crop protection, soil management, water manage-
ment, animal welfare, energy efficiency, pollution control and waste control.  
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4 Contribution of Industry 4.0 technologies for the development 
of more sustainable decision support tools for ASCM 

“Industry 4.0” is a relative new paradigm (coined by “Industrie 4.0 Working 
Group and the “Plattform Industrie 4.0” in 2011)  that comprises a set of technol-
ogies and related features that allow, among other things, autonomous decision-
making, interoperability, agility, flexibility, efficiency and cost reductions (Erol et 
al. 2016). 
    Industry 4.0 has therefore led to a new form of managing the Supply Chain, also 
known as “Supply Chain Management 4.0” (SCM 4.0). But SCM 4.0 comprises in 
turn a broad spectrum of concepts, being one of them of increasing relevance in 
the last decade, the sustainability concept. 
    In the previous section, some Decision models for Sustainable ASCM were ana-
lyzed with the aim to know which specific environmental issues were the most 
addressed. 
    The point is how these Industry 4.0 technologies are contributing to improve, in 
a greater or lesser extent, the management of this sustainable issues, so that more 
efficient Decision support tools can be developed for sustainable ASCM.  
    For a more comprenhensible view of this contribution, a classification scheme 
of Industry 4.0 - technologies, based on some of this paper´s authors (Boza, et al. 
2019) is followed (Table 1). 
 

Table 1 Industry 4.0 – based technologies: a classification scheme 

INDUSTRY 4.0 – BASED TECHNOLOGIES 
Cluster Definition 

Internet of 

Things (IoT) 

IoT may be defined as everyday objects which can be equipped with identifying, 

sensing, networking and processing capabilities that will allow them to communicate 

with one another and with other devices and services over the Internet to achieve 

some useful objective 

Specific Technologies: RFID, GPS chips, sensors, smartcards,  actuators… 

Cyber-

Physical 

Systems 

(CPS) 

CPS are defined as transformative technologies for managing interconnected sys-

tems between its physical assets and computational capabilities. By integrating CPS 

with production, logistics and services in the current industrial practices, today’s fac-

tories will be transformed into Industry 4.0 factories with significant economic po-

tential. The combination of these technologies will also facilitate the link back from 

the virtual to the physical world. 

Specific Technologies: M2M, machine vision, 3D-printing, Additive manufactur-

ing… 

Smart Data 

Future plants will produce a large amount of data that will need to be saved, pro-

cessed and analyzed. This data management will be possible due to increasing stor-

age capacities, lower computation and data-storing costs and advanced methods and 

tools to handle big data processing and analyzing. 

Specific Technologies: Cloud computing, big data, wireless  networks… 
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Advanced 

Processing 

Analytics 

A typical enterprise generates very large and diverse data sets coming from its dis-

tributed business locations. These massive amounts of detailed data can be combined 

and analyzed by predictive analytics, data mining, simulation or statistics. Doing this 

process in real-time creates a business advantage for the company by giving insight 

into the real-world dynamics of their business 

Specific Technologies: Artificial intelligence, predictive analytics, simulation mod-

els,   machine learning, automated robots… 

Humans 

Machines  

interaction 

It refers to the interaction and communication between human users and a machine, 

a dynamic technical system, via a human-machine interface. It studies the ways in 

which humans make, or do not make, use of computational artifacts, systems and in-

frastructures. 

Specific Technologies: Smart mobile devices, embedded computation, augmented 

reality, smart glasses, touch interfaces… 

    
    As aforementioned, only the environmental aspects of sustainability will be 
analyzed, that is, in which extent Industry 4.0 – based technologies may affect to 
the development of more sustainable decision models (from an environmental 
point of view) for ASC management. 
    Many works, as the one of Beier et al. (2017) affirm that just a little research is 
devoted to investigating the impact of digitalized industry on relevant industry 
sustainability aspects. However, Lopes Sousa Jabbour et al. (2018) affirm that a 
few emerging works are providing insight into the integration of Industry 4.0 
technologies and environmentally-sustainable manufacturing. In the same line, 
Müller et al. (2018) propose a research model in which empirical results show a 
positive and highly significant relationship between environmental benefits and 
Industry 4.0 implementation. 
    Table 2 shows the contribution of some Industry 4.0 - based technologies to 
enhance the most addressed ASC environmental issues in decision models (section 
3). Additionally, the ASC actors (producers-prod; processors-proc and distribu-
tors-dist) being the most benefited of the implementation of these technologies are 
also shown. Just seven references are quoted here due to space restrictions, each 
one related to one of the previous selected issues, respectively (Bo and Wang, 
2011; Satyanarayana, 2013; Roopaei et al. 2017; Bagavathiappan et al. 2009; Dahl 
2015; Fagerholt et al. 2010; Wolfert et al. 2017). 
 

Table 2 Industry 4.0 for environmental sustainability in ASCM 

 INDUSTRY 4.0 FOR ENVIRONMENTAL SUSTAINABILITY IN ASCM 

C
ro

p
 

P
ro

te
ct

io
n

 

PROD: 1) Digital probes (with GPRS technology) of solar radiation, temperature and humidity, gases and 

wind conditions; 2) Sensors in the "silobag" that control seeds and via GSM signals are sent to farmers; 3) 

Genome editing: A technique that enables scientists to hack into genomes, make precise incisions, and in-

sert desired traits into plants; 4) Cloud computing that allows the farmer to create prediction models in re-

al time and non-linear relationships between ecological groups of pests; 5) Drones flying over the farms 

and detecting diseases in the leaves; they then send images and warning messages to farmers.  
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So

il
 

M
an

ag
em

en
t 

 
PROD: 1) Robots capable of microdot application of fertilizer; 2) Smart tractors GPS controlled steer-

ing and optimized route planning to diminish soil erosion and saving fuel costs; 3) Aerial drones to map 

weeds, yield and soil variation; 4) Sensors and GPS incorporated to the agricultural machinery to achieve 

samples of soil characteristics and elaborate maps that help the farmer to know which crop variety would 

have a better yield and to establish plans for the application of fertilizers according to the insufficiencies 

that the analyzed area presents.  

W
at

er
 

M
an

ag
em

en
t 

 

PROD: 1) Intelligent ultrasound sensors as a mechanism for the detection and measurement of parame-

ters related to the flow of liquid in crops. This system has a direct and automatic connection with the 

"Cloud" generating a Big Data in real time and online 2) WSN networks for the implementation of Intel-

ligent Irrigation Systems, which can detect temperature, light, humidity and pH measurements through the 

sensors. 3) Wireless microelectro-mechanical sensors (MEMS) placed on the leaves of the plant, which 

transmit data in real time to a server for further analysis and interpretation.  

A
n

im
al

 

w
el

fa
re

 

 

PROD: 1) Sensors attached to livestock allowing monitoring of animal health and wellbeing; 2) RFID 

systems for  tracking  animals  throughout  the  lifecycle  and tracing  individuals  following  a  disease  

outbreak ; 3) Bioacoustics devices (microphones  or  hydrophones)  in enclosures  or  via collars so that 

health and/or welfare status can be monitored continuously via sound; 4) Microwave  Doppler  radar or 

laser  distance  sensors for monitoring respiratory activity; 5) Infra-red  thermography  (IRT)  devices 

measure radiated heat from particular body parts, without the need for restraint or handling.  

E
ne

rg
y 

ef
fi

ci
en

cy
 

 

PROD: 1) Sensors to capture data about energy consumption and then transmit it to a smart-phone app. 

PROC: 1) Automated Systems that allow equipment to run faster or slower depending on the demand 

saving energy; 2) Automated Systems to recycle unavoidable food waste through anaerobic digestion 

(AD) capturing the biogas produced and using it to generate heat and electricity 

DIST: 1) Smart Data captured by sensors to have an on-line monitoring of the fleet energy consumption. 

P
ol

lu
ti

on
   

   
   

   
   

   
 

C
on

tr
ol

 

 

PROD: 1) Advanced bio-f broad spectrum of products based on naturally occurring micro-organisms for 

pre- and postharvest application. The solutions reduce chemical pollution to land and water, help address 

biodiversity decline and mitigate risks to human health and wellbeing from conventional agri chemicals. 

PROC: 1) Renewable energy-based technology to generate electricity and reduce carbon emissions. 

DIST: 1) Intelligent algorithms to minimize the shipments distance and therefore save fuel emissions; 2) 

Electric trucks to distribute to reduce the CO2 emissions. 

W
as

te
 

m
an

ag
em

en
t 

 

PROD: 1) Precision agriculture leveraging technologies for decisions related to planting and harvesting 

time; 2) Smart labelling/packaging solutions; 3) ICT to the development and operation of radically new 

farm business models, such as “production on demand” 

PROC: 1) Cloud computing platform to share data with suppliers to sincronize orders and shipments and 

reducing stock; 2) Intelligent equipment allows in-process quality detections that lead to smaller failure 

rates and thus less rejects and material consumption; 

DIST: 1) Internet for the automatic collection of real time data on the consumption patterns of the final 

customer; 2) POS (point of sale) applications that collect and transmit sales information at the point of 

sale in real time by reading their respective barcodes; 3) Automatic control of temperature to reduce 

product spoilage; 4) Artificial intelligence applied to consumers trends to reduce waste. 

 
Some insights that can be pointed out are the following: 
1. Input oriented issues (crop protection, soil and water management, animal 

welfare and energy efficiency) mostly concern to producers/farmers while 
output oriented (pollution and waste control) concern to the whole ASC. 
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2. Some of the Industry 4.0 - based technologies allow the producers/farmers 
the so-called "precision agriculture". This has an immediate effect in the 
economic benefit since less resources/inputs for obtaining the same outputs 
are used (for example crop yield), while meeting the environmental objec-
tives/constraints. No trade-off is done in this case between economical and 
environmental sustainability.  

3. Some of the Industry 4.0 - based technologies can help, specially to pro-
ducers/farmers, to reduce the uncertainty in the behaviour of external vari-
ables. For example the reduction of the demand uncertainty allows produc-
ers/farmers to take more accurate decisions about growing, harvesting and 
storing/transporting. This results in not only economical benefits (more ef-
ficient production, better post-harvest deterioration control, higher product 
quality, longer permanence in the market…), but also environmental, be-
cause waste is reduced drastically. 

5 Conclusions 

In this paper a generic ASC is characterized with the aim to focus on environmen-
tal sustainability issues and how the different decision models approach them.  
    The main contribution is to analyze in which extent the most considered envi-
ronmental issues could be enhanced with the incorporation of Industry 4.0 - relat-
ed technologies to develop more efficient decision support tools for the manage-
ment of sustainability in ASC.  
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