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Foreword

This collective volume is based on papers presented at the “8th International
Conference on Information and Communication Technologies in Agriculture,
Food & Environment.” The Conference was held in Chania, Crete, Greece in
September 2017 and was organized by the Hellenic Association for Information
and Communication Technologies in Agriculture Food and Environment
(HAICTA), the Mediterranean Agronomic Institute of Chania (CIHEAM), and the
University of Macedonia, Greece. HAICTA is the Greek Branch of the European
Federation for Information Technology in Agriculture (EFITA). The series of
HAICTA conferences is an international venue for research and development in
ICT in agriculture, food, and environment and welcomes contributions from various
topics and disciplines relevant to these fields. The HAICTA conference in 2017
received 124 paper submissions, of which 55 (44.4%) were accepted as full papers.
Submissions were received from authors from 45 countries. The top five countries in
terms of accepted papers (according to contact author affiliation) were Greece,
Poland, Italy, Czech Republic, and Spain. The top scientific areas covered by the
submitted papers (as indicated by the primary keyword assigned by the authors)
were Decision Support Systems, Information Systems, Environmental Impact
Assessment, Precision Farming Systems, and Environmental Design and Policy.

The manuscripts originally submitted to the Conference Program Committee
were reviewed by the members of the scientific committee of the HAICTA 2017
Conference in order to be published in the conference proceedings. The versions
included in this volume are at least 50% different from the papers presented in the
conference. The selection of the studies appearing here was based on their relevance
to the scope of the book and on the evaluation score of the conference papers. All
manuscripts have passed a new round of double-blind review process before being
accepted for publication.

Thessaloniki, Greece Alexandros Theodoridis
Athens, Greece Athanasios Ragkos
Thessaloniki, Greece Michail Salampasis
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Preface

Agriculture is confronted continuously with new challenges, among which are: the
globalization of food markets, which intensifies competition in the agricultural
sector; the increase in input prices; the unstable economic environment, which
entails financial stress; climate change; etc. In addition, increased consumer aware-
ness regarding food security, environmental protection, animal welfare, social
equity, and abolishment of poverty have serious impact on the operation of markets
of agricultural products. This environment shapes a dualistic situation where small
farms need to adjust their production activities to global demands as well as to local
needs. Although the notions of “rurality” and “territory” nowadays seem to be
increasingly excluded from discussions regarding the economic efficiency of agri-
culture, increasingly more theory and practice tend to converge toward the necessity
for a new economic pattern in rural areas. Although agriculture constitutes their main
source of income and employment, the current policy framework encourages the
emergence of alternative economic activities to support development. A broad array
of activities, policies, initiatives, and tools has been proposed to ensure income and
employment for these areas and to avert depopulation as well as the adverse effects
of climate change and unexpected turbulences in the external environment.

Within this framework, sustainable rural development is nowadays central to the
discussions regarding policies and economic development. In fact, sustainability in
rural areas is regarded as a concept with numerous facets including environmental
(with the provision of ecosystem services without reducing the availability of natural
resources), economic (allowing systems to function autonomously, without needing
external inputs), and sociocultural dimensions (ensuring high quality of life for rural
dwellers without altering their habits and traditions). Sustainable rural development
is nowadays linked to close relationships among farms, agri-food industries,
retailers, and other related actors across the supply chain, thus generating resilient
networks. Indeed, by examining the reasons behind the resilience of agricultural
systems and family farms, new rural development models can be built based on this
accumulated knowledge. Innovation—either in the form of technological innova-
tions or as social innovation—constitutes a central element in this development
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process. Effective governance of such issues is another key factor in the develop-
ment process, as local populations require new ways to manage the commons in an
efficient manner, mitigating potential conflicts and maximizing economic outcomes.

Innovative Approaches and Applications for Sustainable Rural Development will
seek to provide insights regarding these issues. The main objective of this book is to
raise the awareness of the importance of sustainable management in agriculture,
food, and the environment. In total, the book includes 21 original contributions
relevant to the various aspects of the key objective of this book. Most of these papers
constitute updated and/or expanded versions of those presented at the “8th Interna-
tional Conference on Information and Communication Technologies in Agriculture,
Food & Environment.” Innovation is central to all contributions in the book,
including real industry cases, sustainable management practices, new forms of
rural cooperation and entrepreneurship, as well as models and techniques to face
crucial decision-making problems in rural areas. The papers have been systemized
into four parts, which are presented below.

Part I. Contemporary Views of Rural Development,
Sustainability, and Cooperation

Rural development in the EU has been highly supported by policy measures and
development projects and measures have been widely proposed. This part includes
five contributions in total, each one of which provides an alternative view of the
development of rural areas and/or proposed new pathways toward this direction,
under alternative models. The chapter by Ragkos et al. refers to the relatively novel
approach of “territorial development” and demonstrates how local breeds can be
developed as a local asset toward the development of particular territories. On the
other hand, Koulelis shows the role of forestry in the development process, espe-
cially under the economic crisis that Greece faces, which operates within an outdated
framework, and proposes regulatory amendments to the policy framework in order
to boost forestry-based development. Valsamidis describes the role of innovation,
along with novel notions such as “ecopreneurship,” at the business level and how
this can be transformed into development opportunities within a wider scope. The
contribution of Srdjevic et al. shows the applicability of a multicriteria analysis
framework in the decision-making process for water management, by providing a
new prospect including a collective approach, which pertains to the public-good
nature of water. Another view of cooperation is provided by the work of Pisanelli
et al., who present the framework of agroforestry and demonstrate how linking
independent networks under a common umbrella can lead to novel solutions with
environmental benefits.
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Part II. Novel Technologies and Innovative Farming Systems
to Support Rural Development

This part includes various examples of farming systems and innovations to support
their overall sustainability. Two contributions deal with animal production. The first
is by Papageorgiou et al., who demonstrate how an epidemiological investigation
can contribute to disease eradication and thus lead to more sustainable production
patterns. The second contribution is by Rose et al., who proclaim the role of
innovation for the livestock sector and pinpoint key innovations necessary to boost
the European sheep and goat sector as a whole. Zaralis’ and Padel’s work lies
between livestock production and the environment describing how a particular
type of sheep and goat grazing can bring about significant environmental benefits
and, at the same time, support high levels of animal productivity. At the crop sector,
the review by Symeonaki et al. of background technical information and challenges
regarding the Internet of Things shows how this type of technology can support
climate-smart agriculture in the context of rural development. Masner et al. present a
new method to support the widespread adoption of Precision Agriculture, by show-
ing how the systematic collection and analysis of users’ perceptions of the method
may serve as an important decision-making tool for farmers, suppliers, academics,
and other stakeholders.

Part III. ICT Applications in Agribusiness and New Business
Models in the Agri-food Sector

This part is the largest of the four included in this collective volume and demon-
strates a wide range of ideas and applications of ICT in the agribusiness sector. It is
true that ICT plays a key role in promotion of entrepreneurship and there are
numerous relevant applications. The contribution of Kartsonakis et al. shows how
the optimization of supplier selection can play an important role in entrepreneurship,
especially when noncost attributes—such as quality, delivery, and collaboration—
are included in the choice of suppliers. In the same spirit, Skordoulis et al. provide a
description of how existing methodological approaches, such as a differential equa-
tions framework, can be used to redefine competitive advantage of alternative
business models such as green entrepreneurship. Misso et al. demonstrate another
important role of the Internet in the support of agribusiness, through the applicability
of crowd funding for the support of entrepreneurship oriented toward socioeconomic
and environmental well-being. In the context of alternative entrepreneurship,
Sturiale and Scuderi show how e-marketplaces are tending to become mainstream
in Italy and how they contribute to the transformation of the agri-food sector by
providing fresh products at same-day delivery. A similar perspective is provided by
the work of Očenášek et al., who compare farmers’ e-shops in three countries to
conclude that, while there is still room for development in this sector, these e-shops
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provide significant services to potential customers. Di Pascale et al. investigate the
role of ICT at the farm level and specifically contribute to the adoption literature by
showing that regardless of the clustering method, farmers’ adoption patterns of ICT
methods still follow the pattern of early and late adopters. Unlike the previous
authors, Jagtap and Rahimifard do not focus on a specific type of actors within the
supply chain and describe the applicability of ICT to broader areas by presenting the
example of Internet of Things and its applicability across whole food supply chains
and not to specific links separately.

Part IV. New Methods for High-Quality Agricultural
Products and Environmental Protection

Alternative views of rural development are important, but their practical usability is
closely linked to the existence or the emergence of production systems and patterns
that will support novel development paradigms. Part IV includes four contributions,
which describe such examples, combining innovation at the farm or system level and
development implications. The work of Karelov et al. is an example of the sort, as it
describes how genetics techniques can be applied to a commodity (wheat) in order to
produce disease-resistant varieties, which can be cultivated in adverse environmental
conditions, thus promoting economic activities in less favored areas. Papaefthimiou
et al. focus on an equally important Mediterranean product, i.e., olive and olive oil.
Their approach involves the development of an application (OLEA) that focuses on
all links of the supply chain, starting from primary production and leading to
branding and commercialization of products, with clear economic benefits for all
actors involved. Muradova et al., on the other hand, present an innovative system,
which can support the installation and operation of widely used flexible sprayer
booms, thus leading to cost savings, environmental benefits, and also to prospects for
more complex irrigation systems. For environmental protection, Czekała shows how
solid biomass can be converted to biogas, providing an example of circular economy
with multiple economic benefits from its more widespread application.

We believe that this book can be a useful tool for scientists and practitioners
related to ICT, rural development and innovation in agriculture, food, and environ-
ment. Since it approaches and discusses various topics and concepts, the book
should reach wider interdisciplinary audiences and stimulate further research or
yield practical ideas for implementation. Finally, we trust that the contributions
here will be of interest to young scientists who are just starting to be engaged in
these research fields and need to be introduced to the new concepts in this book.

Thessaloniki, Greece Alexandros Theodoridis
Athens, Greece Athanasios Ragkos
Thessaloniki, Greece Michail Salampasis
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A New Development Paradigm for Local
Animal Breeds and the Role of Information
and Communication Technologies

Athanasios Ragkos, Georgia Koutouzidou, Stavriani Koutsou,
and Dimitrios Roustemis

Abstract Local breeds are endowed with numerous advantages in terms of adapt-
ability to specific conditions and the sustainable utilization of resources. Nonethe-
less, their role is neglected when their multiple societal, economic, and
environmental contributions are not properly acknowledged and interest is focused
only on productivity issues. This paper explores the role of local breeds in local
development as an efficient and effective strategy to ensure their long-term sustain-
ability. The paper focuses on the reasons behind the underestimation of the values
with which local breeds are endowed and discusses how economic development,
policies, and market competition have rendered many of these breeds in danger of
extinction. The chapter proposes an integrated development framework combining
the notion of territorial development and social innovation and focusing on
multifunctionality considerations and resilience and vulnerability aspects. Based
on these, the potential role of ICT, new technologies, and innovations is assessed.
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1 Introduction

Local farm animal breeds constitute important assets for European territories. It has
been established in literature that local breeds are better adapted to local conditions
(Legarra et al. 2007; Ragkos and Lagka 2014) and exhibit higher resistance to
disease (Mpizelis 2013). Local breeds, depending on the production system, have
relatively low requirements for purchased inputs (mainly feedstuff) (Roustemis
2012; Ragkos et al. 2014), especially when they utilize rangelands. Despite the
fact that their milk yields are relatively low, the quality characteristics of their
products are very satisfactory (high fat and protein content) (Vafiadakis 2013)
(Table 1). Nonetheless, in Greece they are not always remunerated to their true
potential because, in many cases, the pricing policy of dairy companies is based only
on quantity (Roustemis 2012).

The economic advantages of the Greek farm animal breeds, in particular, include
clearly better product quality (meat and milk), lower needs for fixed and variable
capital, adaptability to grazing (which results in significant savings in feeding costs),
resistance to disease (leading to reduction of veterinary costs), and more lactation
periods per ewe (higher longevity). With these characteristics, local breeds are
suitable for traditional farms that formulate multifunctional production systems
throughout Greece, as in numerous European settings alike (OECD 2001; Lankoski

Table 1 Production characteristics and/or populations of selected Greek local breeds

Breed Milk yield (kg/ewe/year) Milk quality (fat%/protein%) Population

Sheepa

Kalaritiko 100–110 8–9%/6% 6.104

Katsika 90–170 N/A 1.633

Sarakatsani 50 N/A 1.205

Chios 260–380 5,9-6,8%/5,5%b 86.000

Lacaunec 270 7,1%/5,3% –

Frieslandc 500-700 (in Germany) 6/N/A –

Assafc 448 7,5%d
–

Goats

Skopeloua >350 5,5%/4,6% 8.400

Alpinee 500–600 3,4%/3% –

Bovine

Vrachykeratikif – – 3.100

Greek Buffalog Only scattered milk production N/A 4.789
aUnless specified otherwise, all data about Greek sheep and goat breeds were found in http://www.
minagric.gr
bRoustemis (2012)
chttps://mediasrv.aua.gr
dhttp://www.gaiapedia.gr/
ehttps://oceclass.aua.gr/
fhttp://www.kgbzath.gr/
gCenter of Animal Genetic Improvement of Nea Mesimvria
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and Ollikainen 2003; Rege and Gibson 2003; Ragkos and Lagka 2014). These
systems play multiple roles (social, economic environmental, developmental)
beyond the production of market goods, thus contributing to sustainability (Ripoll-
Bosch et al. 2013). Consequently, the loss of genetic material entails the loss of
traditional farming and jeopardizes the viability of local production systems (Rege
and Gibson 2003) where the prevalence of local/autochthonous breeds plays an
important role in sustainable land management. Lacking local breeds, farmers do not
always have access to animals well-adapted to the local climate conditions, which
are often very harsh.

The past decades have witnessed significant losses of genetic diversity. This is an
issue of particular importance at the country level but also at European level. In
1992, it was reported that 28% of livestock breeds had already disappeared or had
become threatened or rare during the last 100 years (World Conservation Monitoring
Centre 1992). Since then, the recognition of the problem has been reflected in
scientific and political discussions. In the context of the Interlaken Declaration in
2007, the main objective was the development of a World Plan of Action on Genetic
Resources of Farm Animals (conservation, sustainable use, and development of
genetic resources of farm animals for food and agriculture, global food security,
improvement of human nutrition, and rural development). This Declaration called
for registration, monitoring, characterization, sustainable use, development, and
conservation of the genetic resources of farm animals. The European Association
for Animal Production (EAAP) has developed a genetic material bank of animal
breeds, by encouraging, inter alia, the use of breeds that contribute to the protection
of genetic diversity.

In Greece, many local breeds are actually in danger of extinction – despite their
advantages which were outlined above – and are supported through the Common
Agricultural Policy (CAP). Under the most current policy framework, 5 bovine,
17 sheep, 1 goat, 1 swine, and 6 horse breeds are eligible for support. Also, there are
other local breeds which are not endangered and have partially capitalized on their
potential, but still have important roles to play in order to become mainstream in
Greek livestock production. For sheep and goats, such examples include Chios
breed, which shows important economic advantages (Theodoridis et al. 2012,
2013); Lesvos breed, which is very important for the island of Lesvos; and Frizarta
sheep breed, which actually achieves high milk yields.

The preservation of local farm animal breeds is an important issue with two
equally important dimensions (Ligda and Casabianca 2013). The first is to protect
and rescue them in the short run, especially those under imminent danger of
extinction or the vulnerable ones. The tools to achieve this goal include – but are
not restricted to – the provision of income support in order to compensate farmers for
the economic losses that they incur by choosing to maintain them. In Greece,
relevant legislation has been introduced in order to implement European Rural
Development legislation. Table 2 shows the evolution of such measures. The
economic incentive and the support provided to farmers have been significant ever
since the 20 years of implementation, although the actual amount paid to farmers has
been changing according to the revisions of European and Greek legislation. The
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second dimension targets the long-term sustainability of production systems that rear
local farm animal breeds. It refers to the ability of these breeds to support farms in
competition in terms of productivity and economic performance against other types
of farms which rear improved animal breeds. Interventions of this type aim at
securing benefits and at strengthening the linkages of the former farms to markets,
existing value chains, and other actors (see, for instance, Verrier et al. 2005). In other
words, they seek to provide incentives and other motives to keep these breeds not as
part of a campaign to maintain tradition or for environmental conservation, but as
tools for development.

This chapter focuses mainly on the second dimension, as it endeavors to move
beyond the “traditional” viewing of local breeds as “rustic” and “folklore”. Its main
purpose is to discuss and propose measures and remedies to protect local animal
breeds from their declining trends. A framework is described by means of which a
shift of interest is facilitated, from a policy-driven rationale to more market-oriented
approach, with long-term strategic development effects. Firstly, the chapter
endeavors a discussion of the reasons behind this reduction and seeks to find whether
this trend is justified or whether there are factors which are disregarded, thus leading
to the current situation. It continues with a presentation of the main external and

Table 2 Policy measures supporting local animal breeds in Greece

European legislation Greek legislation Brief description

C (97) 551/ 28–4-97 Deci-
sion of the European
Commission
Ε(97) 3098 /24–11-97

Program 3.3.1.4 for the conser-
vation of threatened indigenous
breeds of farm animals (since
1998)

Aimed to increase populations:
bovine (10–25%); sheep and
goats (10–20%); equids
(steady)

Reg. EC/1257/1999
Article 24, par. 2

Document of Rural Develop-
ment Programming

Axis 3: Measure 3.7 “Pro-
gram for Threatened Indigenous
Animal Breeds”

Also Measure 5.1 permitted
keeping herdbooks

2.220 farms (148% of target),
66.706 animals were supported.
Total expenditure 5.050.000 €

a

Reg. EC/1698/2005
Article 36 (a) (iv) and 39

Rural Development Program of
Greece 2007–2013, Axis
2, Measure 214

Action 3.1 (Conservation of
threatened indigenous breeds of
farm animals)

Action 3.4. (Conservation of
genetic resources in livestock
production)

Reg. EC/1305/2013 Rural Development Program of
Greece 2014–2020

Sub-measures 10.1 and 10.2 are
the continuation of the previous
Actions 3.1 and 3.2,
respectively

aSource: Ex post assessment of the Document of Rural Development Programming of Greece
2000–2006
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internal barriers hindering the operation of production systems rearing local breeds.
Afterward, the chapter presents a brief outline of the basic concepts of a territorial
development pattern for local breeds, which builds upon social innovation and
multifunctionality and aims to increase the resilience and to reduce the vulnerability
of these systems. Then, potential policies and strategies to support the protection of
these valuable resources are discussed, especially based on the use of modern
technologies, ICT, and novel socioeconomic approaches.

2 The Situation So Far: The Need for a New Paradigm

In Greece, genetic diversity of local farm animal breeds is threatened by massive
imports of foreign breeds which are reared either as purebreds or as reproduction
animals for crossbreeding in order to improve the milk and meat productivity of
farms. The adverse situation that many local animal breeds face nowadays is mainly
due to the underestimation of their real values, as they have not been properly
acknowledged as public goods (Ligda and Zjalic 2011). This is directly related to
the economic development process, the agricultural policies in force for decades but
also to market competition.

The economic growth process in the agricultural sector of most European Union
(EU) countries, including Greece, was characterized by a transition from extensive
labor-intensive to modern capital-intensive systems (Karanikolas and Martinos
2012). New modern farms started to emerge, which adopted novel technologies
and developed an entrepreneurial organization model (Ragkos et al. 2014; Ragkos
et al. 2015). Farms stopped to pursue subsistence and geared toward strategies to
reduce production costs, including the achievement of economies of scale
(De Rancourt et al. 2006). The average farm size increased and this was accompa-
nied by specialization in the production of one or a few livestock products, signaling
the end of the era of “economies of scope.” In order to improve their economic
performance, livestock farms were in need of animals which would be pertinent to a
holistic management approach, so as to facilitate workers to include a new lifestyle,
with less work on the farm and more free time to enjoy other amenities (Roustemis
2012). At the local level, the economic development pattern led to specialization in
non-farming activities as a result of rural diversification. Under these circumstances,
livestock systems were oriented to these market requirements, where the demand for
products of animal origin has been ever-increasing. The increased productivity of the
improved breeds was thus a particularly desirable feature for farmers, who further
increased the import of such animals into their livestock farms. For all these reasons,
local breeds were gradually substituted by others, fewer in number, of foreign origin
and of lower resilience, as will be shown in subsequent sections.

Apart from economic growth, the policy framework favored a productivist model
(Bye 2009) through the provision of subsidies (Ragkos et al. 2016), which has
contributed substantially to the devaluation of animal genetic resources. EU price
policies, especially in livestock production, encouraged high milk yields, thus
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leading to an increase of dairy breeds at the expense of dual-purpose local breeds.
Policy incentives for safeguarding local breeds have not been proven adequate to
inverse this trend (Canali and Ecogene Consortium 2006). At the same time, high
subsidies to crops altered the competitive relationships between crop and livestock
production substantially: the former became more profitable, and thus several
livestock farmers abandoned livestock production. In addition, the alternative cost
of grazing increased due to the increased profitability of crops, and the cultivation of
fodder plants was substituted by other highly subsidized crops (Karanikolas and
Martinos 2012), burdening the production costs of livestock farms and further
reducing its competitiveness in relation to agriculture. The livestock farms that
ceased to operate as a result of these issues were mainly those rearing local breeds.
Policies also encouraged increased productivity at the national level also for political
reasons, related to the consolidation of national sovereignty and the treatment of
market uncertainty, noncyclical market fluctuations, and unexpected extreme con-
ditions. Surprisingly, in livestock farming, productivity growth was pursued through
the introduction of improved genetic material from abroad, ultimately increasing the
reliance on imported genetic material and partly counterbalancing the advantages of
self-sufficiency in domestic markets.

Market conditions combined with the characteristics of modern livestock farming
intensified threats to local animal breeds. Companies often supported intensive
production systems that require improved genetic material at the expense of genetic
diversity. In this context, private consultants in rural areas, without the operation of a
central extension service, often favored the expansion of improved breeds, without
reassuring first that they are adapted to local conditions or are suitable for semi-
extensive traditional production systems. So, although these breeds were inappro-
priate in numerous contexts, they displaced local ones. In addition, this trend limited
the focus of breeding programs on only a small number of primary traits, with a
direct and observable effect on farm economic performance (dairy production,
prolificacy), thus increasing the demand for breeds with such characteristics and
shifting interest from local breeds with desirable secondary traits (e.g., resilience
against diseases).

3 New Conditions Call for New Actions

As is obvious from the above description of the situation in previous periods, the
development model of livestock production so far has not been proved successful in
the Greek European/Mediterranean setting. In addition, livestock production sys-
tems nowadays operate within a changing context, which sets specific barriers for
development but also provides opportunities for future transformations. This context
is defined by external factors – i.e., those attributable to the external environment,
which are not under the control of farms – but also internal ones, which characterize
production systems and farms.
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3.1 External Factors

The Common Agricultural Policy

In the European Union, the CAP has been a major factor influencing the evolution of
production systems in general. Actually, European livestock farms can benefit from
payments and funding from both Pillars (Reg. EC/1307/2013 and Reg. EC/1305/
2013). In particular, Pillar I payments are allocated to farmers either in the form of
income support or as coupled payments for sectors of particular importance to
member states. For instance, in Greece sheep and goat farms and cattle for meat
are entitled to this latter type of payments. For Pillar II, a long list of measures
supporting rural development in general is available to achieve general policy
objectives such as the generational renewal in the livestock farming sector; new
investments in infrastructure; protection of fragile, remote, and mountainous areas;
etc. In all cases, all types of livestock farms are approached under a common
framework by the CAP (Ragkos and Nori 2016). An exception is the payments
that farms rearing rare local breeds receive (see Table 2). Nonetheless, these
payments are the only compensating measure available, and in fact they sometimes
isolate farms from markets instead of helping them to integrate in market conditions
and existing value chains. Additional barriers are imposed to farms rearing local
breeds by legislation regarding quality standards, which also poses restrictions to the
production of local specific products (e.g., cheese from raw milk).

The Economic Crisis

Livestock production systems are now obliged to operate within globalized markets
where agricultural goods are commoditized, experiencing the “agricultural squeeze.”
And while the optimal performance within this environment is the goal for large
commercial farms, small-sized extensive or semi-extensive farms do not share this
objective. On top of that, the economic crisis, already evident in several EU settings,
puts additional pressure in the operation of the primary sector. Such crises are not
infrequent, either as a result of changes in international conditions and the overall
macroeconomic framework or for reasons associated with its own particularities
(uncertainty in food production, volatility of farm income). Under the pressure of the
crisis, the economic performance of farms is heavily burdened by excessive produc-
tion costs (Ragkos et al. 2016), due to increases in input prices (Karanikolas and
Martinos, 2012). Reduced liquidity deprives from opportunities for investment and
innovation and potentially leads to lower levels of farm and agribusiness operation,
decreased productivity, and efficiency losses. It should be stressed that empirical
evidence has shown that extensive farms, the ones which usually rear local breeds,
have demonstrated generally better behavior during the crisis (Ragkos et al. 2014,
2018). Nonetheless, late payments of income support to farms rearing local breeds
have put many of these farms in a very unsound condition, which reveals their
vulnerability to policy changes.
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Changing Trends in Food Consumption and Food Marketing

There is strong evidence that an increasing proportion of consumers is very inter-
ested in products that cover for societal demands for food safety, animal welfare, and
sustainable use of natural resources. On the other hand, the consumption trends of
industrial products are increasing, also due to population dynamics and increased
demand for food in general. Within this framework, food produced by local breeds,
which is endowed with specific characteristics such as clear origin, close relationship
with the territory, safety, etc., could find their way in markets, but with alternative
marketing strategies. For instance, focusing on niche markets where consumers are
particularly aware for food quality and safety would be more efficient that channel-
ing these products to conventional markets, as they are not price-competitive. And
while there are relevant examples in other EU countries (France – Roquefort –
Lacaune sheep – Roquefort cheese; Spain – Basque country – Latxa and Carranzana
sheep – Idiazabal cheese; etc.) in Greece, there is not even one example of cheese
explicitly linked not only to a specific place of origin but also to a specific local
breed. Similarly, there is much room for better marketing of meat from local breeds,
as some of them have highly appreciated names (e.g., the Greek breed Kalaritiko is
known for its good quality) but cannot cover for demand due to their small
populations. For cattle and buffalo meat from local breeds, there is little scientific
knowledge regarding its quality.

Climate Change

Climate change is thought to have a significant impact in the future development and
adaptation of livestock production systems. Extensive systems are seemingly more
exposed to these dynamics, which also affect the availability of forage and the
grazing capacity of grasslands. However, these systems benefit from rearing local
breeds, as they are better adapted to local conditions and resistant to diseases and
adverse weather conditions. These breeds should be better examined and included in
breeding programs in order to increase the endurance of animals reared within all
types of systems, under the imminent effects of climate change. Hence, the protec-
tion and conservation of local breeds is an asset for the sustainability of livestock
systems in general.

3.2 Internal Factors

Competition with Other Economic Activities

Because of competition from intensive/industrial/systems, farms rearing local breeds
face increasing difficulties. As these local breeds have not been improved, their
productivity is generally low, and so respective farms cannot compete with intensive
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farms in mainstream markets. Table 1 shows the average yields of selected local
breeds compared to imported improved breeds. Extensive farms rearing local breeds
also face competition from other more profitable economic activities (alternative
energy sources in the rangelands they use, intensive crop production, tourism,
industry, etc.). Under this pressure, farms are obliged to intensify, which is not
always compatible with their culture, values, and lifestyles. Farmers decide to
replace local breeds with improved ones, or, like the example of Greece, they decide
to introduce males from improved breeds for crossbreeding in order to ameliorate
their productivity. Uncontrolled matings of this sort are the cause of genetic diversity
losses.

Low Profitability

The products of local breeds (raw or manufactured) nowadays face difficulties in
capturing the market shares they deserve, as already outlined in Sect. 3.1.3. Some of
the reasons behind this situation include small volumes of production, which burden
industries with significant transportation costs; difficulties to maintain stable quality,
due to the traditional management practices commonly applied; low levels of market
information, as the breeds are often reared in remote territories; lack of or inadequate
standardization (especially of meat); and high transportation costs even for
transformed products, due to high distances from large consumption centers. Com-
bined with their low productivity, these farms usually achieve low economic per-
formance compared to intensive systems. This situation is further burdened by
structural barriers (e.g., small average size).

Despite these external and internal barriers, the animal production systems
typically rearing local breeds are endowed with significant benefits (Belibasaki
et al. 2012). As it will be shown in what follows, these systems are able to cope
with unexpected situations and market outcomes. Also, as mentioned above, policy
measures and other interventions are available to support the continuation of rearing
of these breeds. Efficient or not, these measures may contribute to safeguard local
genetic resources by providing a strong foundation on which to build viable pro-
duction systems for local breeds.

4 Toward an Integrated Development Framework: Basic
Concepts

4.1 Multifunctionality

The weaknesses described in Sect. 3 are partially due to the low recognition of the
various roles that local breeds play in their respective territories and within the
systems they are reared. Indeed, they are multifunctional; as a working definition,
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this corresponds to the fact that these breeds – and their corresponding production
systems – produce a wide range of goods and services jointly with food (milk, meat,
dairy products, etc.). The former outputs are non-traded, which means that they have
public good characteristics or are externalities, affecting various aspects of human
activity (OECD 2001). The effects of these local collective goods reach society
through complex chains with multiple stakeholders. Consequently, the result of
rearing local breeds is the generation of products, services, and other outputs with
particular social, economic, and environmental features, which are not properly
priced through market mechanisms. As a result, their true contribution to societal
objectives is not fully accounted for (Vermersch 2001; Allaire and Dupeuble 2002;
OECD 2003) due to market failures (Ingersent and Rayner 1999).

The socioeconomic role of local breeds, as mentioned above, is of utmost
importance, for mountainous/marginal/inland areas where the economic activity is
not sufficiently diversified. Livestock production has been the main, if only, eco-
nomic activity for centuries, and these breeds are the best-adapted ones (if not the
only) to local conditions which are sometimes harsh. Nowadays, even in communi-
ties in which other sectors of the economy have emerged, rearing these breeds is still
a significant source of income, always under the dangers and pressures of Sect. 3.
Local breeds are therefore important for rural livelihoods and particularly responsi-
ble for keeping these areas alive and inhabited.

Farms rearing local breeds play a very important environmental role contributing
to mitigating environmental degradation through the provision of ecosystem ser-
vices. In a great variety of European agroecological settings – ranging from islands to
highland territories and remote areas – rearing local breeds has contributed to
maintaining diversity of flora and fauna species and has shaped important natural
parks and reserve areas. Grazing in mountainous rangelands formulated particular
landscapes and pseudo-alpine ecosystems, particularly affecting plant coverage and
diversity, the soil, and bird species (Ispikoudis et al. 2002; Koocheki and Gliessman
2005; Ganatsou et al. 2008). The important element of grazing by local breeds is that
they are well-adapted to the morphology and vegetation of specific territories, so
they do not pose threats related to overgrazing, as local vegetation is able to
accommodate their dietary needs.

The cultural heritage related to local breeds is important and encompasses
heterogeneous sociocultural contributions. Some relevant elements include tacit
knowledge concerning the functioning of local ecosystems; the specific needs and
characteristics of animals, weather, and nature; farm management based on the
specific needs of these animals; habits and customs related to the production cycle
of local breeds (e.g., local festivals during the summer or at the sheering period);
traditions, norms, and tacit rules related to land uses; and processing skills, including
the manufacturing of typical products. An important element is their intangible
cultural heritage (www.unesco.org/).
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4.2 Resilience and Vulnerability

Resilience is based on the fundamental argument that economic units may survive
only if they are able to change on time when they face changes in the economic,
natural, or social environment (Polman et al. 2011). Under volatile conditions,
uncertain outcomes, and turbulent environments, resilience examines the various
ways by which farms respond to such changes and their respective defense mech-
anisms in order to maintain their essential structure, function, and feedbacks
(Gunderson 2003). This also extends to future turbulences, as resilience also refers
to the utilization of accumulated knowledge from the past in order to face future
turbulences effectively and to reach new levels of balance (Berkes and Folke 2002;
Chapin III et al. 2009). Resilience extends toward many more dimensions than
ecology, also embracing social and economic considerations. In this context, an
intriguing question is why local breeds have not been proven as resilient as the
family agropastoral farms which rear them, which is reflected in their declining
populations.

The lack of economic resilience is linked to vulnerability, because exogenous
changes in the economic environment can increase the vulnerability of an area or
system (Schouten et al. 2009). Vulnerability is originally an ecology-based concept,
and, while there are several papers discussing resilience to climate change and
environmental factors (Dong et al. 2011), little work has been done in discussing
the “social” or “economic” vulnerability of farms and systems (López-i-Gelats et al.
2016). Eakin (2005) provided an interesting discussion of “social vulnerability” as
opposed to “ecological” vulnerability. Her approach recognized complex relations of
power, resource distribution, knowledge, and technological development in
outlining the notion of vulnerability of rural communities. As a multidisciplinary
issue, vulnerability examines a broad array of parameters (Dong et al. 2011).

4.3 Territorial Development

Most countries agree that the diversification of rural economies is a prerequisite for
lively rural areas; however, in remote regions such as in EU’s less favored areas, the
role of agriculture is predominant in the local economy and in employment. Thus,
taking into account the issues of competitiveness and sustainability, a strategic goal
of rural economy diversification emerges toward a pattern of less reliance on
agriculture and of introduction of new and novel economic activities. This pattern
is highly pertinent to territorial development. A definition has been provided by the
ECDPM (www.ecdpm.org) “Territorial development refers to integrated multi-
sector development across a specific portion of territory, guided by a spatial vision
of the desirable future and supported by strategic investments in physical infrastruc-
ture and environmental management. This definition makes no reference to scales
(local, regional, national or transnational) and applies equally to any of them.”
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This type of development occurs through two pillars, i.e., the social capital in an
area and the production of specific products characterizing territories. Social capital,
which represents the ability of actors in a society to cooperate and act collectively
(Koutsou et al. 2014), is an important asset in this process. It is formulated through
trustworthy relationships and nourishes networking and collective action. The inno-
vative element of the “territorial development” model is that it allows to build
development socially through cooperation and networking among stakeholders of
a specific area (e.g., producers, public services, local groups, associations, etc.), all
of which aim at the sustainable use of resources. Territorial development requires to
detect and focus on territorial-specific characteristics which can be used as develop-
ment resources. Section 5 provides more insights regarding the potential role of local
breeds as such resources, which could trigger a development process. In territorial
development in rural areas, agriculture usually provides for all sectors of the
economy, generating multiplicative effects.

4.4 Social Innovation

Social innovation refers to new strategies, initiatives, processes, or organizations that
meet pressing social needs and profoundly change the basic routines, resource and
authority flows, or beliefs of the social system in which they arise (Mulgan et al.
2007; Westley et al. 2013). It involves new institutions and governance systems,
including networking or new partnerships among stakeholders – individual, private,
or public. As it is not limited to technology, social innovation is particularly relevant
to rural space in general, as it describes a type of innovation which is not limited to a
particular group but can rather be developed by the vast majority or even by all
members of a rural society and contributes to empowerment, especially of marginal
actors, across the community. By definition, social innovation incorporates network-
ing among stakeholders – individual, private, or public – in order to rearrange the
agro-food system, to protect the environment and natural resources, and to restruc-
ture the relationships between rural and urban regions in fairer ways.

5 A New Framework for Rural Areas: Local Breeds
as Development Resources

The consequences of the unrealistic pursuits of the formerly applied development
patterns (see Sects. 2 and 3) have made the introduction of a new development
pattern almost imperative. Its basic underpinnings were presented in Sect. 4. In what
follows, a concept is outlined, where local breeds are viewed as development
resources. It basically aims to increase benefits not only in the primary production
system or across the value chain but also at a broader scale to other related actors, in
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order to generate more opportunities for employment and income in rural territories.
Such a development pattern could induce the emergence of models where farms,
dairies, manufacturers, tourism professionals, female entrepreneurs, and other stake-
holders run their businesses efficiently and communicate directly.

Figure 1 illustrates the proposed development framework, by depicting the
situation before and after its implementation. The left-hand side of the figure
represents the actual situation. The territory is not clearly defined, and this is why
it is represented by a dashed line. This is due to the fact that territorial products (i.e.,
resources for development) have not yet been clearly defined. The local economy is
mainly based on non-livestock activities or on farms not rearing local breeds. Actors
involved in these activities are in the center of the economic environment. On the
other hand, local breeds are of low importance for the territory, and, most of all, they
are interconnected to multifunctional characteristics (e.g., local products, culture,
landscape, etc.) but not clearly. In other words, these characteristics are there, but are
not properly recognized and attributed to rearing local breeds.

The right-hand side of the figure represents the effects of territorial development.
Local breeds are now in the center, which is clearly defined. This is due to the fact
that “territorial products” have been recognized and clearly connected to local
breeds. Multifunctional characteristics, existing as a result of livestock production
and rearing of local breeds in the area, have been “transformed to innovative
products and services.” Other stakeholders are still present in the territory, but
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Resilience

Vulnerability
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Fig. 1 The transition toward territorial development
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now they maintain closer relationships with those rearing local breeds. They also
undertake activities connected to innovative services and products. The transition to
this type of development is based on social innovation. Local actors collectively (re)
discover resources and put them into action. This process is facilitated by social
capital: trustworthy relationships and collective actions. Although there are few of
the latter in the territory in the actual situation, they are enough to initiate the process,
acting as internal triggers. In the future situation, however, local actors are better
organized in collective actions in order to maintain the benefits of the development
process. Breeding associations, although they play a trivial role in the actual
situation, could operate as facilitators in this process.

Under this situation, it is interesting to comment on the resilience and vulnera-
bility of the system. Indeed, the resilience of the whole system is moderate in the
actual situation, as systems rearing local breeds have generally demonstrated high
resilience, which is not reflected, however, in the deteriorating populations of these
breeds. On the other hand, what is perhaps more important is that the system is
highly vulnerable to external shocks. Since there are no well-defined activities
specific to these breeds, the system is dependent on external funding through CAP
measures. Potential changes in this framework would be shocking and would
radically threaten its viability. The development process brings about improvements
in both these characteristics. The system becomes more resilient and less vulnerable
to external shocks, as now market-based activities strengthen the role of local breeds,
while collective actions are there to safeguard their role in the territory.

Within this novel pattern, the benefits, specific characteristics, and unique ele-
ments of rearing local animal breeds are in the center of the development process.
Such characteristics would include traditional dairy and meat products, arts and
crafts, and customs and festivals related to the production cycles of these animals,
territory-specific production practices, particular landscapes, etc. They have all been
collectively identified, and they all constitute “externalities” of rearing local breeds,
i.e., their multifunctional characteristics (attributes). In other words, this new para-
digm envisages the integration of multifunctional characteristics (attributes) of local
breeds to the value chain through the process of social innovation. As a result, new
social contracts could evolve such as new partnerships among artisanal cheese
production and manufacturing, approaching new market niches, enhancement of
traceability and quality labeling, contracts with hotels and other agencies, and
engagement of female entrepreneurship. Activities generated within the territorial
development process of this sort may include alternative marketing methods, accom-
modation, restaurants, manufacturing by developing tacit knowledge, naturalistic or
sporting events, festivals associated with local products, etc.
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6 Novel Approaches and New Technologies
for the Protection and Promotion of Local Breeds

The overall objective of protection and conservation strategies should be to save,
protect, and valorize existing populations of local breeds by employing interdisci-
plinary approaches and novel tools addressing all aspects of these multifunctional
systems. These goals have been pursued through public genetic improvement pro-
grams but also through private initiatives by cooperatives, businesses, and
nongovernment organizations. Whatever their form, the success of these actions is
highly dependent on the mobilization of all actors through multi-actor approaches.
Wider stakeholder involvement is a key to successful conservation programs, as they
should be designed with a bottom-up approach, which should address the real
problems of all actors. The genetic improvement process, which will enhance the
overall state of the local breeds populations in order to support the achievement of
the strategic goals of the territorial development approach, will need to utilize
modern tools, methodologies, and technologies in order to achieve rapid, sound,
and sustainable results. Considering that ICT continuously penetrate rural and urban
societies, they are some of the basic tools to be incorporated in effective strategies of
the sort. In what follows, some of these tools are briefly presented.

• Introduction of holistic farm management in farms rearing local breeds, espe-
cially in nucleus farms. This approach is rather a philosophy, which will allow
farmers to make the best of the animals they rear and adopt innovation, without,
however, altering their predominantly traditional production practices.

• An integrated reproduction strategy in farms. This includes the use of ICT tools
for data recording, which will assist controlled mating and choice of animals,
combined with artificial insemination and other modern technologies such as
embryo transfer.

• Integrated databases with population statistics and historical, socioeconomic, and
on-site measurement data, including productivity and quality characteristics.
These data should be complemented with genotyping results, using cutting-
edge genomic approaches. Such databases could inform current and future
conservation and improvement efforts.

• Multimedia campaigns for the general public, in order to get them closer to the
benefits that local breeds may bring to society. The Internet and social media
constitute low-cost alternatives to contribute toward this way.

• Information and training are necessary also for farmers. More and more ICT
techniques are included in curricula for farmer education, and they are useful also
for this purpose. E-learning and the use of multimedia are important for providing
aware farmers detailed information about the benefits of local breeds.

• Such methods are also important for establishing meaningful networks of farmers
rearing such breeds. There are examples of organizations supporting local breeds
at the local level (there are actually more than ten in Greece), many of which work
on the genetic improvement of specific breeds. There also regional or even
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national organizations (e.g., the CORAM (http://www.races-montagnes.com/) in
France), and efforts are currently in force to support even supranational organi-
zations (such as the European Shepherds Network – ESN). E-networking pro-
vides an ideal means of constant communication among them, in order to shape
concrete linkages, also considering that these organizations usually operate with
minimum funding and other means. E-networking can also be induced at the
vertical level establishing food value chains (e.g., farmers – dairies – other SMEs
– retailers – special interest tourism businesses (restaurants, visitable dairies, etc.)
– consumers, etc.).

• The implementation of these strategies could be further enforced by a branding
scheme and/or the certification of products (e.g., Protected Designation of Ori-
gin). This way, local breeds will favor the local short value chains, thus promot-
ing sustainability and providing significant opportunities for innovation and
development. All these could be contextualized by ICT applications such as
e-commerce and e-sales platforms.

The strategies whose principles were described above can also be imprinted in
policy measures. The new Rural Development Program of Greece (RDP)
2014–2020 is an example of the sort. Apart from measures tackling directly the
issue of genetic resource losses (M10.1 and 10.2) (see Table 2), the protection of
local breeds and genetic diversity is also in accordance with other RDP measures.
For instance, reference should be made to M01 concerning cooperation for training,
M03 about quality certification, M07 about cultural identities, M14 about animal
welfare, M16.4 about short supply chains, etc. Strategies of this sort are in line with
Europe 2020 strategy for SMART growth: smart (investments in education and
innovation), sustainable (a low-carbon economy), and inclusive (emphasis on job
creation and poverty reduction in rural areas).

7 Conclusions and Future Directions

This chapter outlined a development framework for Greek local breeds. This frame-
work aspires to showcase their dynamics and to render them effective tools for rural
and regional development. This framework can be equally applied to declining local
breeds – like those presented in Table 1 – but also to local breeds with higher
populations which are not endangered. Toward this direction, a comprehensive
strategy is needed with a series of actions that will benefit the rural economy of
targeted territories but also the country as a whole. The required interventions are
basically long-term and are summarized here:

• Integrated genetic improvement programs and effective use of CAP incentives
• Combination of livestock farming with land use: improvement, rational distribu-

tion, integrated management of rangelands, and improved access to them
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• Payment of milk and meat in relation to their quality characteristics, market
research, increased public awareness, and focus on market niches interested in
quality products and functional foods

• Clear diversification of production and marketing strategies for products of local
breeds from conventional, industrial products

• Cooperation between producers, better communication with research centers,
universities, genetic improvement agencies, and public services

Livestock farmers are in the heart of this process, as their real needs have to be
recorded and taken into account (Ragkos and Abas 2015). Parallel to this, they
should be involved in training and information activities concerning animal traits,
the economic benefits of rearing local breeds, and development strategies for
livestock production in general. Rural development programs (national and regional)
combined with local/regional initiatives provide support for such actions, thus
generating added value for local societies. Such activities should definitely be
incorporated in the development framework presented here, as they will generate
all the necessary prerequisites to stabilize networks, in order to consolidate favorable
conditions for cooperation and collective actions. The participation of stakeholders
and synergies with existing networks and food value chains will also be beneficial.
Here, a particularly important role could be played by existing breeding associations,
which are actually not operating in a satisfactory manner, but they could easily be
boosted through specific interventions. Hence, the (re)discovery of territorial
resources should also take into account other elements that shape the identity in
these areas, and the whole framework should be built in a way that will enable and
encourage synergies among different actors.
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Restructuring the Greek Forest Sector
in Order to Facilitate Rural Development
in Greece

Panagiotis Koulelis

Abstract In Greece, priorities such as knowledge transfer and innovation in agri-
culture, forestry, and rural areas, but also the competitiveness of the agricultural
sector and sustainable forestry, are now under negotiation. The ultimate goal for
forestry is to improve life quality of the urban population and preserve the environ-
ment through the sustainable exploitation of forest resources, with an anticipated
contribution of 1% to the national GDP. Overcoming important constraints, the
Greek forest sector must be developed across all sub-sectors. The production of
wood and non-wood forest products and services must be improved. Following a
descriptive approach, representative new scopes and actions are suggested for the
implementation of such a new forest strategy. Some new scopes, such as strength-
ening forest exploitation rather than protection, the valorization of forest resources,
the active participation of the local population, the focus on small-scale and medium-
scale forestry, and the promotion of advantages for certain regions, need to be
followed by specific actions such as the sustaining of existing raw material resources
from small-scale industrial plantations, the improvement of production and trans-
portation infrastructures, the development of a qualified and cost-competitive labor
force, the creating of an attractive investment climate, and paying more attention to
NWFPs and services. The need for rural and national economic development in
Greece after the severe negative impacts of the financial crisis is now more crucial
than ever.
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1 Introduction

Greece, like other Mediterranean countries, is a net importer of wood and wood
products. In 2010, according to the Food and Agriculture Organization, Mediterra-
nean countries collectively imported wood and wood products of a value of more
than US $40 billion, of which 80%, equivalent to US $32 billion, originated from
non-Mediterranean countries (FAO 2013). Mediterranean forest products and ser-
vices have represented a fundamental factor in the life of local inhabitants for
centuries, playing an important role in rural development and/or in general economic
and social development. Traditionally, the forest sector, including all economic
activities that mostly depend on the production of goods and services from forests,
makes a significant contribution to necessary social changes and sustainable eco-
nomic development of the rural community. The ultimate goal is to improve the life
quality of the urban population and preserve the environment through the sustainable
exploitation of forest resources. According to the literature, Mediterranean forest
ecosystems provide multiple wood and non-wood forest goods and services, which
are crucial for the socio-economic development of rural areas as well as for the
welfare of the urban populations of the Mediterranean region (Palahi et al. 2008).
They play a key role in the welfare of urban and rural Mediterranean societies, by
providing highly appreciated marketed goods (e.g., firewood, cork, pine kernels, and
mushrooms) (EFI-Efimed 2010). Other environmental services which are complex
to estimate, such as erosion control, water production services, landscape quality,
and carbon sequestration, are provided continuously by Mediterranean forests. In
general, forest ecosystems also provide a wide range of opportunities for leisure,
mental development, and spiritual enrichment (DeGroot et al. 2002). The products
and services that being produced by the Mediterranean forests have represented a
fundamental factor in the life of local inhabitants for centuries, but not many studies
have focused on them on a large scale (UNEP/MAP-Plan Bleu 2009; FAO 2013).
Although, Mediterranean forests require special attention and research agenda
(EFI-Efimed 2010).

At national level, the forest sector is facing important constraints. The modern
problems for the Greek forest sector can be placed in three major categories
according to Koulelis (2011).

1. A main characteristic of Greece is that most of the forest area is located in areas
with high mountains and slopes (harvesting is extremely difficult). The produc-
tion and often the quality of the produced wood for many managerial and
ecological reasons are limited (e.g., a lot of knots). Koulelis (2009) placed Greece
among EU countries with low productivity. Greek forests mainly produce (i) logs
for sawn wood production mostly used by the state power company or telecom-
munication companies or as mining timber and (ii) wood chips for particleboard,
MDF, paper, and pellet production.

2. The high cost and the outdated methods of harvesting and production. The
highland terrain of the Greek mountains and the low level of automation in
harvesting increase production and transportation costs. On the other hand, the
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timber sales system seems not to fit efficiently in the Greek sector, because it does
not ensure stable prices and quantities for timber industries. Greece has no
capability to cover its domestic needs in wood and forest products from its own
production, so its dependence on importing wood and wood products is very high
(Arabatzis and Klonaris 2009). The importing character of the country changed
during the last years and especially after 2008, during the economic crisis.
According to Koulelis (2011), Greek wood product imports have increased
rapidly over recent years, which have both economic and ecological implications.
The levels of forest consumption per capita declined in all cases, mainly due to
the collapse of the construction industry during the crisis (Koulelis 2016). He
observed that the decrease of the deficit in forest products, mainly due to export
increase, had a positive impact on the deficit. In addition, according to FAOSTAT
(2016), the imports of forest products that were measured in m3 declined 54%
(2.011.810 m3 in 2008 to 916.246 m3 in 2014), and the imports in tons saw a
slight increase of 0.06% (847.380 tons in 2008 to 897.287 tons in 2014).

3. The third major category of constraints concerns stemming from forest policy
implementation in Greece. However, Greece has a long history of contributing
through its policies to adopting plans regarding rural development policy. The
National Strategic Rural Development Plan (NSRDP) 2007–2013 determined the
priorities of Greece for the period 2007–2013, in accordance with Article 11 of
Regulation (EC) 1698/2005 on the support of rural development by the European
Agricultural Fund for Rural Development (EAFRD). In particular, they focused
on three basic axes: improving competitiveness in the agricultural and forestry
sectors, enhancing the environment and the countryside, and finally ameliorating
life quality in rural areas and differentiation of rural economy. The rural devel-
opment plan that was adopted by the European Commission on 11 December
2015 and last modified on 16 December 2017 outlined Greece’s priorities for
using the € 5.7 billion of public funds that is available for the period 2014–2020
(€ 4.7 billion from the EU budget and € 1 billion of national co-founding).
Among those priorities were also the knowledge transfer and innovation in
agriculture, forestry, and rural areas but also the priority of competitiveness of
agricultural sector and sustainable forestry. During the last years, in European
Mediterranean environments, public funds from the European Union have been
available to encourage farmers to turn their cropland into forest plantations
(Rey-Benayas 2005). Those well-planned actions could promote new invest-
ments in ecosystem goods and services and address the issue of forest land
abandonment.

Nowadays, the new forest strategy is under public negotiation in Greece
(Ministry of Environment and Energy 2018). This strategy will adopt a new
model for forestry that will enhance between others: (a) the contribution of the
forest sector in rural development and employment, (b) the further exploitation of
public and private forests, and (c) the adaptation to climate change considering
the Mediterranean characteristics of the forest resources based on the existing
expertise (Hellenic Ministry of Environment, Energy and Climate Change 2018).
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The new forest strategy is focused on a more effective participation of the forest
sector to the Greek GDP. The unofficial and quite ambitious target of the Ministry is
1% of the GDP. In order to achieve this target, the participation of rural communities
and investments in forestry are necessary. Given the particular characteristics of the
sector and modern challenges such as climate change and the fragility of Mediter-
ranean forests, the implementation of this modern strategy will not be a simple case.

The development of communities based on the forest sector is a multifaceted
socioeconomic process (Tykkyläinen et al. 1997). On a global scale, forestry and the
small-scale forest industry are of increasing importance for rural regions, often
representing the major employer. From a theoretical perspective, regional economic
theories and the multidisciplinary field of rural studies cover the subject of economic
development in rural regions (Terluin 2001). Regional economic theories have
provided a solid theoretical framework (Niskanen 2005). For example, Hyttinen
et al. (2000) have indicated the importance of development theories in the late
twentieth century. Furthermore, they have studied the possibilities for employment
and income generation along European borders, including Greece. Another classi-
fication has been provided by Terluin (2001), where the competitiveness of compa-
nies is considered a key element for rural development. In the COST Action E30
(2006), (Niskanen 2005), it has been reported that it is common for many regional
economic development theories to emphasize innovations by explaining economic
development. Furthermore, Porter’s theory on the comparative advance of nations
and regions is used to explain economic development (Porter 1998, 2000). The
applied model (see more at COST Action E30) was based on the competitiveness of
enterprises (or a region) and has been widely used to illustrate the international
competitiveness of countries or regions (Hazley 2000). However, a number of details
are required to approach and explain economic rural development based on those
theories. Such details, as reproduction conditions, company and organization/insti-
tution structures and interactions, economic frame conditions in terms of factor
inputs, as well as markets and competition, are required to examine and explain
the economic development of a particular region. As expected, these methodologies
based on the above theoretical framework require in-depth research, resources, and
mainly time. In this sense, the present study adopts a descriptive approach and not a
specific methodology.

The main goal of this study is to recognize and promote the importance of the
Greek forest sector to supporting rural development and, more specifically, the
development of the communities where forest exploitation can play an important
role in the regional economy. Taking into account some of the hypotheses that were
examined by Hyttinen et al. (2000) to support rural development, as well as the
development constraints of the national forest sector, as presented by Koulelis
(2011), some representative actions are proposed for the successful implementation
of new strategies.
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2 Forestry and Connected Secondary Activities in Greece

Compared with Italy, Spain, Portugal, and Cyprus, Greece as a forest product
supplier holds a low position, as its production is higher only than relevant Cyprus.
The output of forestry and connected secondary activities amounts to approximately
100 million Euro, while other countries reach 1.2 to 1.6 billion Euros, without
considering France due to its large-scale production (Fig. 1). Italy has an extremely
high production because of its furniture industry and its global importance as a huge
exporter. The low production in Greece, therefore, requires restructuring of the forest
sector.

At the national level, the illustration of gross value added (GVA ¼ output-
intermediate consumption) and the measure of the values of goods and services
produced in this sector benefited from the introduction of Euro, followed by a severe
decrease during the financial crisis mostly after 2009 (Fig. 2). In particular, in 2014,
the levels of the Greek GDP were below 22.000 $ per capita, after a serious decrease
of 32.6% (Koulelis 2016). During the last years, the Greek construction industry was
severely struck by the financial crisis (Sfakianaki et al. 2015). Greek households cut
back on their consumption expenditure by a commensurate percentage of almost
30% (Kaplanoglou and Rapanos 2015). As it was expected, the demand for wood
products declined. In general, the forest sector became a side issue and was hardly
considered by decision-makers.

Fig. 1 The output of forestry and connected secondary activities for Mediterranean countries
(Eurostat 2018)
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Along with the value added, wages and salaries followed the same trend (Figs. 3
and 4). The crisis resulted in lower incomes and employment in rural areas, almost
reaching the same levels of about 2000 and before.

Employment in forestry has decreased rapidly in recent years, especially from
2008 to 2013. Following the national trend of increasing unemployment, small-scale
industries and large enterprises were closed or transformed to commercial. In 2008,
around 7.000 people were employed in the forest sector in Greece, whereas in 2011,
this number decreased to fewer than 4.000. During the period of 2014 and 2015,
employment increased almost at the level of 2009, but declined again in 2016. This
issue requires further research, but the increase in 2014 and 2015 can possibly be
explained with the increased demand for firewood as a result of the increased
taxation on heating oil.

The total value of imports after 2002 increased until the year 2007, just before the
crisis (800 M$ to 1.400 M$) (Fig. 5). After the decrease of the demand, the value
declined, slightly increased again, and stabilized at about 1.000 M $. During all these
years, the value of exports never exceeded 200 M $, almost five times less than the
import cost. These numbers indicate a considerable potential for the decrease of this
deficit, albeit after serious reconsideration of the entire sector.

Fig. 2 Gross value added by agriculture forestry and fishing in Greece (OECD 2018)
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Fig. 4 Employment in forestry and logging in Greece (Eurostat 2018)

Fig. 3 Wages and salaries in agriculture forestry and fishing in Greece (OECD 2018)
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3 New Scopes and Suggested Actions

The structural problems of the Greek forest sector cannot be resolved quickly. There
are several possible solutions with positive outcomes for rural development. How-
ever, such solutions require the reassessment of a number of policies, a wider vision,
and the inclusion of new parties such as the energy industry.

The objectives for forestry development can be classified into two broad catego-
ries those of production and service functions (Wiersum 1998). Based on those two
categories, some scopes and actions are discussed.

Table 1 presents the scope and some representative actions which are more
suitable for the national forest sector. Some of these suggestions were adopted
from the FORWARD project (Hyttinen et al. 2000), which identified the factors
influencing the success or failure of forestry and forest sector-related activities to
contribute to regional development, employment, and income generation in remote
rural regions in Europe (Greece included). In parallel, studies that emphasized on the
special characteristics of the Greek forestry and forest sector over the years, com-
bined with the author’s personal opinion and experiences, were considered.

The wood-processing industry must attract important investments, public or
private. There is no abundance of high-quality wood resources providing raw
materials at stable prices, something that the wood-processing sector highly desires.
Under the rationale that almost 80% of the forests are public (FRA 2015), one target
could be that the public forests will supply wood processors/investors with important

Fig. 5 Import and export value in Greece (FAOSTAT 2018)
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Table 1 National forest resources under a new perspective (partially based on Hyttinen et al. 2000
examined hypotheses)

Scope Representative actions

From traditional protection to higher
exploitation

Limit the storage of forest natural capital
Pay more attention to alternative opportunities
of exploitation
Increase logging activities based on SFM
Adopting or create a national certification
scheme
Fund industrial plantations
Ensure stable prices and quantities of raw
material from the national forest resources for
long-term periods based on management plans
Focusing on illegal logging

Valorization of forest resources in order to
encourage sustainable development and also
ensure that international commitments in this
area are met

Collection of specific data regarding timber
and non-timber products value, possible fish-
ing and hunting values, and recreation and
tourism values

Enhance the role of the local population for the
marketing of forests products and services

Awareness of local populations
Promote new opportunities for investments
Motivation
Regional forest programs
Subsidies increase

The potential for income and employment in
rural areas from recreation activities should
increase

More attention to alternative tourism
Awareness of local populations
Motivation

The potential for high benefits from NWFP and
services

Investments
Mushrooms, cork, pine nuts, chestnut, honey,
and truffles are among the most important
NWFPs in the Mediterranean region (FAO
2013)
Regional forest programs
Subsidies increase

Development of export markets Investments to innovative technology and
education
Investments in infrastructures (in order to
reduce transportation cost, develop communi-
cations, etc.)
Labor continuing training
Follow EU specifications for forest products
More competitive forest products (i.e.,
bio-based products)

Creation of employment from small- and
medium-scale forestry business

Development of the existing public state
industries
Attract new investors

Promotion of the advantages of a region in the
production of a particular product

Investments in specific sub-sectors meaning
different technology and market behavior

Well-informed investors, industry owners, pol-
icy, and decision-makers

Communication network between Greece and
countries with more developed rural areas
based on forest resources.
Adoption of good practices from abroad
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quantities of their total wood raw material. The creation of a large number of small
firms and a relatively small number of large companies, depending on regional
forests or even industrial plantations, seems to be more suitable for Greece. The
potential production based on the existing forest resources, the cost of production,
and the parallel protection of ecosystems sensitive to climate change are not condu-
cive to large-scale production and the establishment of large companies. Timber and
timber products require large sites for loading and transshipment and generate
substantial demands for transportation by road, rail, or water; such demands are
difficult to meet in Greece. However, logging activities produce quantities of
residues/biomass, which, after careful examination of the local soil conditions, can
be used in bio-based production. This issue requires more investigation and research
focused on the Greek forest ecosystems. Milling and sawing produce large quantities
of sawn dust, which can potentially be used as a source of fuel in pelletized form.

Regarding illegal logging and trade (in both state-owned and private forests),
such activities only account for less than 1% of the total amount of legal logging
(UNFF 2003), which is a result of efficient surveys, monitoring, and control.
However, the National Forest Service is considerably understaffed, consequently
facing several problems due to the lack of resources.

In Greece, the total forest area under certification is zero. According to FAO/FRA
(2015), the area of forest under an independently verified forest certification scheme
between 2005 and 2009 was around 35.000 ha. Before and after these years, there
were no certified forest areas. A possible participation of Greece in a forest certifi-
cation scheme (external such as the FSC or PEFC or even national), which will cover
all types of forests, will have positive impacts on rural development processes.
Georgiadis and Cooper (2007) have reported that this action will increase the
recognition of the contribution of forestry to the economic development of the
country, based on the broad participation associated with such a certification.

The new strategy must also target export markets. The certification scheme will
ensure some production specifications. For example, investments in innovative
technology will facilitate the production of innovative and more competitive prod-
ucts, such as products to support the bio-economy in Europe. In addition, later stages
of processing, including the production of veneers, particle boards, and furniture,
require an appropriate waste treatment technology and new investments.

The local population should be involved in the maintenance, protection, and
development of forest resources. Its contribution to fire protection, timber produc-
tion, tourism, recreation, and the NWFP (non-wood forest products) should also be
crucial. On the other hand, local communities could play an important role in the
marketing of forest products and services. The potential of rural areas as high-quality
living environments is poorly recognized. The culture of alternative recreation
activities in the forest and the consumption of traditional foods are important
advantages that must be promoted. Some actions, such as promoting new opportu-
nities for investments and jobs, providing motivation through regional forest pro-
grams, and increasing subsidies, are therefore suggested.

Furthermore, it is further necessary to invest in the ongoing education of all staff
in public and private structures related to the forest sector. Investments in
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infrastructures will manage to reduce transportation cost and develop more efficient
communication between rural and urban regions in Greece. Hyttinen et al. (2000)
have proposed that stronger links between the urban demand and the rural supply
should be created. The cooperation between regional development administrators
and entrepreneurs needs to be strengthened, mainly because general bureaucrats’
views seem to be distanced from the entrepreneurial spirit. Every region has specific
characteristics and different potentials for development, depending on, e.g., the
suitability of forests for the production of quality timber or the local protection
priorities. However, investments in specific sub-sectors result in different technolo-
gies and market behavior and must be carefully evaluated by local decision-makers.

The establishment of industrial plantations is increasingly important as the
primary source of timber, with considerable environmental, social, and local eco-
nomic impacts. According to FAO data from 2015, Greece contains 3.84 Mha of
forest, accounting for 29% of the total area. Naturally regenerated forests cover an
area of 3.73 Mha, while plantations only account for 115.000 ha (Global Forest
Watch 2018). Not enough has been done in the past to promote afforestation
(afforestation programs) or even reforestation to anticipate the effects of large-
scale wildfires that had occurred in Greece during the last years. Larger productions
could be achieved only with new plantations (exploiting the advantages of short
rotations; Populus spp. and Cupressus spp. have been proposed for this reason) in
parallel with the development of the current forest ecosystems. To facilitate such
development, future-targeted research on the testing and use of valuable native trees
and shrubs is crucial (Koulelis and Daskalakou 2017).

In addition, new opportunities for non-wood forest products and services might
be an interesting approach. The rich biodiversity, which characterizes the Mediter-
ranean region, offers the potential for the production of a wide variety of NWFPs;
most of them are referred in Table 1. Some countries in the Mediterranean region
have specific legislation, facilitating further exploitation and overcoming bureau-
cratic obstacles. One example is the production of forest fruits. There is an ongoing
interest in traditional forest fruits due to their nutritional value and health effects. All
these fruits and plants are routinely integrated with the pharmaceutical properties
beyond their nutritive value. Traditional forest fruits contain a number of compounds
such as essential oils, phenols, anthocyanins, and flavonoids (collectively called
“nutraceuticals” or “food additives”). Forest fruits could potentially strengthen the
regional/national economy, preserve the forest genetic resources for forest fruit
species, positively contribute to the Mediterranean diet, and support the sustainable
development of rural areas.

Without a doubt, the adoption of methods and practices already applied in other
EU countries will be a helpful approach. Although the potential is different, such an
adoption will result in well-informed investors, industry owners, as well as policy
and decision-makers regarding the possibilities and capabilities of the forest sector in
Greece.
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4 Conclusions

The structural problems of the Greek forest sector cannot be resolved quickly, but
require rather thorough reassessment of policies, a more wide-ranging vision, and
the inclusion of new parties, such as the energy industry based on bio-economy, in
the policy planning process. Regarding traditional production, domestic produc-
tion must be improved. Currently, much of the existing industrial wood-processing
capacity is not fully used. An increased domestic production of all categories of
products and marketing would gradually reduce imports, and this improvement,
combined with the establishment of a new highly organized structure of small-
scale industrial plantations, could make domestic roundwood products more com-
petitive. Actions such as sustaining existing raw material resources, improving
production infrastructures, developing a qualified and cost-competitive labor force,
creating an attractive investment climate, and providing economic stimulus mea-
sures in the primary wood-processing and furniture industry sectors are underlying
requirements for development. The suggested actions target the restructuring,
strengthening, and connection of forest businesses with partners from urban
areas and, tentatively, from abroad.

On the other hand, NWFP and services could provide opportunities for rural
development under specific conditions and the determination of local and national
authorities to complete these actions. The role of the state in promoting the compet-
itiveness of a region is crucial. Regardless of what kind of new scopes the new forest
strategy is going to serve, it should take into account region-specific, sectoral, and
policy-related factors to enhance the role of forest businesses in the rural and national
economy.
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Best Practices for Frugal and Sustainable
Innovation

Stavros Valsamidis

Abstract While innovation is defined as the successful exploitation of new ideas
incorporating new technologies, design, and best practice, the frugal innovation
involves the use of local resources to come up with affordable, functional products
that provide value for money. Frugal innovation is about creating efficient products
to provide desirable user experience, at low cost by using resources frugally, while
maintaining the safety and quality standards. Sustainable innovation could be
defined as innovation that improves sustainability performance, where such perfor-
mance includes ecological, economic, and social criteria. Sustainable innovation is a
process where sustainability considerations are integrated into company systems
from idea generation through to research, development, and commercialization. This
applies not only to products and services, as well as to new business, technologies,
and organizational models. Businesses nowadays cannot be competitive anymore
just because of their industry or labor cost advantages. They can only remain
competitive if they are highly focused on sustainability. On the other hand, in frugal
innovation you must have the ability to do “more with less” by focusing on the
creation of significant more business and social value while minimizing the use of
resources. This study explores the best practices for frugal and sustainable innova-
tion by investigating internal and external stakeholders in the top European countries
in terms of sustainability and innovation. We discuss the implications of our findings
aiming to build robust influential efforts for policy makers.
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1 Introduction

Businesses nowadays cannot be competitive anymore just because of their industry
or labor cost advantages. They can remain competitive if they are highly focused on
sustainability (Radjou and Prabhu 2014). FrugalPlease check if edit to sentence
starting “Frugal innovation must. . .” is okay. innovationmust have the ability to do
“more with less” by focusing on the creation of significant more business and social
value while minimizing the use of resources (Bound and Thornton 2012; Fraunhofer
ISI 2016). Resource constraint is considered an opportunity, not a liability. The
target group of frugal innovations are the middle-class people in developing and
emerging countries (Seyfang and Smith 2007). Frugal innovation is all about
innovations for the 90% of the world’s population (European Commission 2016).

Western philosophy is founded on an individual-based rights system, utilitarian-
ism, and the commoditization of natural resources (Bijoy 2007). In contrast, frugal
innovation combats with different belief systems, motivations, resource scarcity, and
conflicting interests (Joshi and Chelliah 2013; Erika and Watu 2010). Frugal inno-
vation requires a deep understanding of the customer’s unique requirements, the
specific conditions in which the product will be used, and the kind of trade-offs that
can be made to keep the costs low without compromising on safety and quality
(Krishnan 2010). Frugal solutions are not easily achieved and often created by those
who are outside the formal sectors of society. People in the informal sector face
resource shortages, hardships, and challenges of subsistence that many times do not
leave them any other possibility than to draw on their knowledge and skills and come
up with creative, low-cost solutions (Prahalad and Mashelkar 2010).

Innovation is defined as “the successful exploitation of new ideas –incorporating
new technologies, design and best practice which is the key business process that
enables businesses to compete effectively in the global environment” (DTI 2005).
The following definition captures the essence of sustainable innovation as we see it
(Charter et al. 2008; Charter and Clark 2007): “Sustainable innovation is a process
where sustainability considerations (environmental, social, and financial) are inte-
grated into company systems from idea generation through to research and devel-
opment (R&D) and commercialization. This applies to products, services and
technologies, as well as to new business and organizational models” (Boons et al.
2013). Innovation is an interesting focus of study in this respect, as technology and
society come together, as do culture, economy, and politics, to create hybrid “socio-
technical networks” (Latour 1993). Innovation is the fruit of the emergence of a
hybrid socio-technical system, which is a set of complementary mechanisms and of
diverse and multi-positioned actors, who evolve together, developing a common
identity and a common language (Yalçın-Riollet et al. 2014). Sustainable innovation
could be defined as “innovation that improves sustainability performance,” includ-
ing ecological, economic, and social criteria (Boons et al. 2013).

Sustainable development has been defined as a development progress which
meets the needs of the present without jeopardizing the needs of future generations
at the World Commission on Environment and Development (Brundtland
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Commission) of the United Nations (DeSimone and Popoff 2000). In the context of
sustainability, each value is considered not only from the perspective of economic
value but also from the perspectives of environmental and social value (Yang et al.
2017). Indeed, the quest for sustainability is already starting to transform the
competitive landscape, which will force companies to change the way they think
about products, technologies, processes, and business models. The key to progress,
particularly in times of economic crisis, is innovation (Nidumolu et al. 2015).

A sustainable organization expresses its purpose, vision, and/or mission in terms
of social, environmental, and economic outcomes. Profits are a “means” to achieve
sustainable outcomes—sustainable organizations must make a profit to exist, but
they do not just exist to make a profit (Stubbs and Cocklin 2008). Organizations can
make significant progress toward achieving sustainability through their own internal
capabilities, but ultimately organizations can only be sustainable when the whole
system of which they are part is sustainable (Jennings and Zandbergen 1995).

Companies started to give more attention to environmental concerns, as they aim
to secure future existence of their resources and business (Karagülle 2012). A
sustainable business is able to manage its financial, social, and environmental
risks, obligations, and opportunities. These three impacts are referred to as profits,
people, and planet. But more importantly, a sustainable business is able to survive
shocks, because they are closely connected to healthy economic, social, and envi-
ronmental systems. These businesses generate economic value and contribute to
healthy ecosystems and strong communities (Bocken et al. 2014).

The term ecopreneurship consists out of “eco” and “entrepreneur.” An
ecopreneur creates and sells environmentally friendly products or services. Instead
of focusing on valid management styles or technical procedures, an ecopreneur is
driven by his/her own motivation, skills, passion, and fulfillment. Ecopreneurs work
for a return on the environment while saving and restoring natural resources
(Schaltegger and Wagner 2017). This also implies that they act in a social respon-
sible way. All human beings and future generations are considered stakeholders.
There exists a great focus on cooperation and collaboration (Schaltegger and
Petersen 2000).

For business sustainability a number of best practices can be described:

1. Stakeholder commitment: businesses are able to learn from their employees,
customers, and surrounding community.

2. Environmental management systems: these systems provide a structure and
specific processes in order to help integrating environmental efficiency into the
business’ culture. There exist numerous standards, such as ISO 14001.

3. Reporting and disclosure: measurement and control are highly important in
sustainable practices. A sustainable business can be entirely transparent with
outsiders.

4. Life cycle analysis: a systematic analysis of the environmental and social impact
of the products the business is using and producing will help the business to have
a competitive advantage and be sustainable in the long run (Bocken et al. 2014).
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The businesses are distinguished between internal and external stakeholders and
therefore can be applied to two practices. The first practice is concerned with
managers and staffs (internal stakeholders) and includes top-level support, staff
empowerment, incentive and reward, collaboration, and effective communication.
In terms of the second practice, the primary focus is on supply chain and clients
(external stakeholders) and includes understanding clients’ need, being proactive,
interacting early with clients, building relationships, communicating effectively,
incentivizing, partnering, and matching or facilitating different services (Abuzeinab
and Arif 2014). Comparative analyses of sustainable innovation systems in different
countries can reveal good practices (Boons et al. 2013).

Since all the positive factors of picking ideas from different practices of European
companies and sustainable innovators are necessary in order to propose a superset,
an analysis of existing business practices from three European countries (France,
Finland, and the United Kingdom) is performed. Those findings are combined into
viable business practices.

2 Baseline

The analysis is based on criteria out of three different sections, which are innovation,
entrepreneurship, and sustainability. Those three were chosen because they are
considered prerequisites for countries to perform sustainable innovations (Baldsarre
et al. 2017).

The first section Innovation consists out of six different indicators, which are
described in Table 1.

The second section Entrepreneurship consists out of four different criteria. Out of
those, three were based on the EIP (Eurostat-OECD entrepreneurship indicator
program). This program provides a basis on how to measure entrepreneurship. No
single indicator can capture the different facets of entrepreneurship. Due to that
reason, three main fields were defined: enterprises, employment, and wealth
(Eurostat 2007). For this analysis indicators of each field were taken into consider-
ation (Table 2).

The third section Sustainability consists out of five indicators, which are
described in Table 3.

3 Approach

As a basis, existing business practices are evaluated. As a starting point, a quanti-
tative analysis of all 28 European countries will be performed. The goal of this
analysis is to determine the top three countries to choose models from. The criteria
chosen for the analysis were explained in detail in the previous section.
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In order to conduct this quantitative analysis, the three sections have to be split up
in comparable key performance indicators for all countries of the European Union.
These key performance indicators (as described in Tables 1, 2, and 3) will be
evaluated individually to create a ranking from 1 (best) to 28 (worst) per section.
This means there will be independent rankings for the sections “innovation,”
“entrepreneurship,” and “sustainability.” As to develop an expressive ranking, the
indicators will be weighted depending on their importance for their superior section.
Each section will be at hundred percent. As mentioned before, depending on the
indicators’ importance, these hundred percent will be spread over the number of
indicators. The weighted percentage will show the contribution of each indicator to

Table 1 Indicators for innovation

Innovation

ECO Innovation Index This index measures the eco-innovation performance across
the EU member states, compared to the EU average (which is
equated with 100). The goal of the index is to capture dif-
ferent aspects of eco-innovation by applying 16 indicators,
clustered into the following five dimensions: eco-innovation
inputs, eco-innovation outputs, eco-innovation activities,
eco-innovation resource efficiency, and socioeconomic out-
comes (Eurostat 2016a, b)

Innovation activities: enterprises
engaged in market introduction
of innovations

This indicator shows the number of enterprises engaged in
market introduction of innovation. The market introduction
of innovation encompasses a new or significantly improved
good or service, including market research and launch
advertising (Community Innovation Survey 2014)

Innovation activities: enterprises
engaged in external R&D

This indicator shows the number of enterprises engaged in
external R&D. This means the company contracted-out R&D
to other enterprises or to public/private research organiza-
tions. As a result, it shows how willing companies are to
corporate concerning R&D (Community Innovation Survey
2014)

Innovation activities: enterprises
engaged in internal R&D

This indicator shows the number of enterprises engaged in
internal R&D. Internal R&D consists out of all development
activities undertaken by the company to create new knowl-
edge, with which scientific or technical problems can be
solved (Community Innovation Survey 2014)

Innovation activities: enterprises
engaged in training for innova-
tion activities

This indicator shows the number of enterprises engaged in
training for innovation activities. It describes in-house or
contracted-out training for personnel specifically for the
development and/or introduction of new or significantly
improved products and processes (Community Innovation
Survey 2014)

Innovation activities: gross
domestic expenditures on R&D
(R&D intensity)

The gross domestic expenditure on R&D is also called the
R&D intensity. It is defined as the R&D expenditure as a
percentage of the gross domestic product. This indicator is a
key indicator to monitor resources dedicated to science and
technology worldwide (Eurostat Statistics Explained 2017a)
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the overall ranking of the section. For example, in the section innovation, the
indicator “ECO Innovation Index” is evaluated with 27%, whereas “Enterprises
engaged in internal R&D” is evaluated only with 9%. This shows that the “ECO
Innovation Index” is more expressive than the indicator “Enterprises engaged in
internal R&D.” After the evaluation of each indicator, a sum will be drawn for each
section, and a ranking for this section will be determined. At the end, three weighted
rankings will be established, and they will be combined to an overall ranking.

The approach is depicted in Fig. 1.

4 Results

This secondary research was realized in 2017, and the sources are files derived from
Eurostat and OECD. The top three European countries with the best score are shown
in Table 4. The detailed analysis can be seen in the appendixes. The three sections
had to be split up in comparable key performance indicators for all countries of the
European Union. These key performance indicators were evaluated individually to

Table 2 Indicators for entrepreneurship

Entrepreneurship

Net business population
growth

Growth rate of active companies within a certain amount of time is
seen as the net business population growth. This growth rate con-
siders both births and deaths of active enterprises. In order to be
considered in this rate as an active enterprise, the companies have to
achieve a certain amount of employment and/or turnover in the
predefined period of time (Innovationdata 2014)

Birth rate of enterprises This indicator belongs to the field of enterprises. The birth rate is
calculated by the number of enterprises born in the reference period
(t) divided by the number of enterprises active in t. This indicator is
seen as one of the key determinants of job creation and economic
growth. Every birth of a new enterprise increases the competitiveness
of a country’s enterprise population. Due to new competitors on the
market, innovation and the adoption of new technologies are stimu-
lated. This increases the overall productivity within an economy
(Eurostat Statistics Explained 2017b)

Number of high-growth
enterprises

This indicator belongs to the field of employment. A high-growth
enterprise (growth by 10% or more) is defined as an enterprise with
an average annualized growth in number of employees greater than
10% per year over a 3-year period. Also the enterprise must have at
least ten employees at the beginning of growth. Obviously, high-
growth enterprises contribute a lot to the economic growth and the
creation of jobs in a country (Eurostat 2007)

Value added at factor
cost (total business
economy)

This indicator belongs to the field of wealth. The value added at
factor costs describes the gross income from operating activities after
adjusting for operating subsidies and indirect taxes (Eurostat Statis-
tics Explained 2017c)
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Table 3 Indicators for sustainability

Sustainability

Environmental benefits due to
innovation in the enterprises

This indicator measures the amount of companies that creates
environmental benefits through innovation of products. An
innovation is a new or a significantly improved product. This
product can either be a good, a service, a process, an organi-
zational change, or a marketing method that creates benefits
for the environment. This benefits can either occur through the
production or the consumption of the product. The environ-
mental benefit can also be the main goal of the innovation or
just a positive side effect of the overall objective (Community
Innovation Survey 2014)

Development of environment-
related technologies, % of all
technologies

This indicator describes the number of environment-related
invention expressed as a percentage of all domestic inventions
in all technologies. It is constructed by measuring inventive
activity using patent data across a wide range of environment-
related technological ranges. The development of
environment-related technologies is seen as an important
indicator of development and delivery of green growth
(OECD Green Growth Indicators 2016)

Environmentally related gov-
ernment R&D budget, % total
government R&D

The total government R&D budget is also referred to as
GBAORD (Government Budget Appropriations or Outlays
for Research and Development). This indicator expresses a
percentage of environment-related government R&D budget
of all purpose-GBOARD. The environment-related govern-
ment R&D budget focuses on research directed at the control
of pollution and on developing monitoring facilities to mea-
sure, eliminate, and prevent pollution. As a result, it indicates
the effectiveness of policies to deliver green growth in a
country (OECD Green Growth Indicators 2016)

Resource productivity Resource productivity is measured as gross domestic product
over domestic material consumption. This shows how much
revenue is created by using 1 kg of a specific resource. The
higher the value of the output per kilogram, the more sus-
tainable is the production. Therefore, the companies and the
country they are located in are becoming more sustainable by
trying to increase the value per kilogram (Eurostat Statistic
Explained 2016)

Production value of cleaner and
resource-efficient products

This indicator provides an estimated production value of
products that were produced with additional market activities.
These additional activities were made to create cleaner and
resource-efficient products. These products are part of a sector
that tries to generate environmental protection (restoring the
environment after it has been degraded) and resource man-
agement (preservation, maintenance, and enhancement of the
stock of natural resources) (Eurostat 2016a, b)
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create a ranking from 1 (best) to 28 (worst) per section. This means there were
independent rankings for the sections “innovation,” “entrepreneurship,” and “sus-
tainability.”After the evaluation of each indicator, a sum was drawn for each section,
and a ranking for this section was determined. At the end three weighted rankings
were established, and they were combined to an overall ranking (OECD Green
Growth Indicators 2016; The World Bank, 2016). The ranking of the European
countries is shown in Table 4.

The top three European countries with the best score are France, Finland, and the
United Kingdom. There are countries which are at top positions regarding one index,
but they are in low positions regarding the other indices. Greece is a good example of
this situation. Greece is leading in sustainability but is not in the first ten countries in
innovation and entrepreneurship.

In the next subsections, there are three characteristic examples of frugal and
sustainable innovation in the top three countries. It is hard to consider that it’s
because only of these innovations that these countries are in the top. On the other
hand, the selected examples are emblematic and different and, more importantly,
match each other for the proposed model in the best practices.

Innovation evaluation

Entrepreneurship evaluation

Sustainability evaluation

External files
Start of the approach

Overall ranking

End of the approach

Fig. 1 The four-step
approach
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4.1 Finland

In order to support the government’s key goals, Finland is launching a digital
platform called Kokeilun Paikka. This platform provides small and local innovators
with an opportunity to present their ideas and initiatives to develop public services.
This also directly links the innovators with reformers and sources of funding.
Furthermore, this enables the country to divide complicated challenges into smaller
more manageable parts (OECD 2017).

Table 4 Ranking of the European countries regarding innovation, entrepreneurship, and
sustainability

Country
Final
position

Average
total

Ranking
innovation

Ranking
entrepreneurship

Ranking
sustainability

France 1 4,00 1 2 9

Finland 2 6,67 6 12 2

United Kingdom 3 6,67 12 1 7

Portugal 4 9,00 8 9 10

Sweden 4 9,00 2 14 11

Cyprus 6 9,67 10 16 3

Malta 7 10,00 14 3 13

Greece 8 10,33 11 19 1

Poland 8 10,33 16 7 8

Austria 10 11,33 3 17 14

Netherlands 10 11,33 5 25 4

Croatia 12 11,67 17 13 5

Spain 13 13,33 4 21 15

Italy 14 14,33 13 5 25

Bulgaria 15 15,33 18 6 22

Germany 16 15,67 9 26 12

Luxembourg 17 16,67 25 8 17

Latvia 18 17,33 26 20 6

Belgium 19 18,00 23 10 21

Slovenia 19 18,00 24 4 26

Czech Republic 21 18,33 15 24 16

Denmark 22 19,00 7 27 23

Ireland 23 19,33 20 11 27

Slovakia 24 20,00 19 22 19

Estonia 25 21,33 22 18 24

Lithuania 25 21,33 21 15 28

Romania 27 23,00 28 23 18

Hungary 28 25,00 27 28 20
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4.2 France

For a long period, the production of energy was centralized in France. The market
was dominated by two big companies EDF (Electricité de France) and GDF (Gaz de
France). Due to this dominance in the energy sector, more and more regional
problems occurred for local farmers in different areas in France, especially in Le
Mené. Not only agricultural aspects but also challenges in other sectors led to the
emergence of the grass root project of Le Mené. Le Mené tried to combine the
challenges of all sectors to unify them and encourage them to develop innovative
ideas for an independent energy production. This collaboration of a lot of different
characters created a unified and strong identity, which finally led to an independent
production of fuel oil and wind energy (Yalçın-Riollet et al. 2014).

4.3 The United Kingdom

In the process of developing frugal innovations, a very important part is the so-called
community leadership. A community can be created through a shared vision, similar
problems, or nationality. In the United Kingdom, communities tried to do commu-
nity energy projects. These projects are done by civil society actors to develop either
or both energy saving and renewable energy generation measures. By offering
incentives for community leaders, the development of frugal innovation can be
increased (Seyfang et al. 2014).

4.4 Analysis of Three European Business Models of Frugal
and Sustainable Innovation

According to the results from the quantitative analysis, business models from
Finland, France, and the United Kingdom were analyzed. The detailed analysis is
based on the business model canvas (BMC) which consists out of the following
parts: key activities, value proposition, customer relationship, customer segment,
revenue stream, channels, key resources, costs, and key partners (Table 5).

4.5 The Proposed Practices

In order to establish this business model, a combination of the most important
aspects of the three models mentioned above has to be done. The main service of
the business model will be a platform like the one of the Finnish business model.
This aspect allows us to shorten the distance between innovators and companies, by
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Table 5 BMC of three business models

Finland France United Kingdom

Digital platform
Kokeilun Paikka

French case: Le Mené Community innovation
for sustainable energy

Value
proposition

Kokeilun Paikka pro-
vides the citizen of Fin-
land with an opportunity
not only to present their
own innovative ideas but
also with the chance to
help another innovator by
funding their ideas. This
also offers a huge collec-
tion of collective knowl-
edge for new innovators

The governmental repre-
sentatives of Le Mené
offered their citizens
from different sectors a
central way to combine
their innovative ideas, in
order to develop new
projects and policies

Since the context of
innovations comes from
the bottom-up, it has
consequences for the
viability and resourcing
of putative actor and for
the policy context in
which they operate. The
nature of the protection
benefits from the chal-
lenge of niche develop-
ment. The diffusion and
influence of wider
energy systems

Customer
relationships

The platform allows users
to browse content, obtain
ideas for their own pro-
ject, and communicate
with each other to help
market and share their
innovations. Since the
platform was launched
only recently, it is too
early to gauge impacts or
assess results

All people that live in the
French region of Le
Mené are customers that
could possibly benefit
from an independent
production of energy
People that moved to Le
Mené due to the creation
of jobs for the indepen-
dent production of energy

The actors who work
within the community
energy sector including
dedicated energy inter-
mediaries, policy actors
such as local and
national government,
and private sector orga-
nizations such as energy
utilities and independent
consultants

Customers
segment

The goal at this level is to
identify and support the
best results from local
and regional experiments
and ultimately to test
them on a larger scale.
Finally, municipalities,
academics, civil society
organizations, and citi-
zens can use the applica-
tion to promote their
innovation, with each
actor individually moni-
toring their own activities

The customer segments
are the people that live in
Le Mené but also people
that are just working in
this region, since they
contribute to the produc-
tion of energy.

The community energy
practitioners aiming to
build robust influential
niches and for policy
makers.

Revenue
stream

The users will be joined
and stay involved, so
there will be indirect rev-
enues. However, it is hard
to estimate the exact rev-
enues, since there will be
eventually many partners

Since this project is rather
a social approach to be
more economic and
independent than creating
revenue, the revenue
stream must be seen dif-
ferently. Other than
money this project

Local household, com-
munity, and school
efficiency

(continued)
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Table 5 (continued)

Finland France United Kingdom

provided Le Mené with
way and tool to push fur-
ther innovative ideas of
local people

Channels The platform will connect
innovators, and this is the
means for the communi-
cation. It is believed that
users will reach into the
thousands and that the
platform will enable
innovators to establish
links with support and
funding networks

Actors, which were at the
origins of pioneering
projects, are the refer-
ences in this area. Social
innovation networks help
to provide encourage-
ment for citizens who
come across similar
obstacles. The munici-
palities which harbor
these civic projects

Voluntary organizations,
cooperatives, informal
associations, and part-
nerships with social
enterprises, schools,
businesses, faith groups,
local government, or
utility companies

Key
resources

The huge amount of pos-
sible users provides all
the necessary resources,
such as funding, connec-
tions, other ideas, and
most importantly direct
feedback

The willingness of the
local actors (e.g., farmers,
municipalities, citizens)
to participate in the pro-
ject. The integration into
the central system and the
critical relationship with
national authorities

Sharing learning is an
important activity for
this case. The engage-
ment in networking
activities in a variety of
ways, with a diverse set
of partners, to gain sup-
port and information and
share their experiences.
The development of
shared expectations and
visions is considered a
prerequisite for the
development of local
projects

Costs The cost is relatively low.
It is hoped that the repli-
cability in other countries
will reduce the final cost

The cost was reduced
since the farmers limited
their purchases and
replaced them with their
own production. Benefi-
cial cost reduction
derived from the local
development with the
creation of jobs, the fight
against exclusion, pro-
tection of the environ-
ment, etc.

Grant funding needed to
carry out the project, to
buy equipment, and to
pay for key staff

Key
activities

The main activity is to
offer a central platform
for innovators. Further-
more, the finish govern-
ment offers expertise and
guidance for innovators

The government of Le
Mené acted as link
between different sectors
in order to push forward
innovation. Another huge
activity was the building

The most important
activity in this case was
the introduction of
incentives. This led to a
rise in motivation for
people to become a

(continued)
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using the Internet for a fast exchange of information. The second aspect will be
provided by the French business model. This facet bears the idea of building a
central basis for communication not only between companies and innovators but
also between two innovators by offering a huge list of former innovators. Such a
central basis allows innovators to cooperate and create even better innovations such
as the farmers did in the business model of France. The last but very important part
for our business model is provided by the case study of the United Kingdom.

The business model will include two evaluation stages for the idea to pass. It is
also important to note that the submitted ideas will not be publically displayed. The
first stage will have three members of an evaluation committee to check if the
submitted innovation is worth investing in. After the idea was evaluated worthy, a
second committee will evaluate the submitted innovation. After this final stage, the
innovation is ready to go into further work and development. In order to get rid of the
innovator’s fear, all of the mentioned members of the committee will be bound to
contracts similar to nondisclosure agreements. Additionally, as a further motivator
for innovators to share their ideas, the business model will include monetary
incentives for the ideas that successfully make it through the first stage to the second
committee. The following paragraphs describe each section in detail.

Value Proposition

The business model provides fast access not only to the company that owns the
platform. By using the offered platform, the innovator can get access to funding, a
team for further development, and the needed capacity in order to produce the
innovation. This aspect is highly sensible, in consideration of the short product life
cycle of innovations. The platform also offers access to previous innovators, if
wanted. On voluntary basis, the innovators can ask for immediate feedback from
the company and other innovators, which could provide the innovators new
information.

Table 5 (continued)

Finland France United Kingdom

of a network for further
partnerships

community leader and
bring forward ideas

Key partners Apart of
nongovernmental users
such as organizations,
municipalities, aca-
demics, civil society, and
citizens will contribute
individually by monitor-
ing their own activities

Native leaders who
declared themselves to be
mainly motivated by their
love for the region
People who did not come
from Le Mené but who
had chosen to live and/or
work there, bringing their
technical, economic,
managerial, and social
skills to projects

Intermediary organiza-
tions which influence
and support in framing
and coordinating the
project
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Target Customers

The target customers for companies, applying the business model, apart from the
ordinary customers are also the innovators. These people are an excellent customer
segment to provide new ideas to companies, because they have a better understand-
ing of the problems, as well as the resource constraints in their everyday life. In a
broader sense, also nongovernmental organizations (NGOs) can be a customer
segment, which may help to get into contact with innovators.

Channels

As innovators can get into contact with the company via a platform, obviously, this
online platform will be the first and most important channel. To promote the
platform, buzz marketing will be of high importance.

Customer Relationship

The innovators are the most important sources of ideas for the companies. Hence, a
good relationship with them is much needed. The platform helps to establish a first
contact and relationship. Once the idea was picked up from the company, a personal
face-to-face relationship will be established.

Key Activities

The activities of the companies can be guided in four phases. Companies should start
with an observational phase, to see which ideas are submitted to the platform.
Companies can learn about certain problems, customer needs, and requirements.
This phase also provides the basis for the next one: conceptualization. During this
phase the potential of the idea is evaluated, and the companies will experience the
advantage of introducing the innovation. This enables them to set market bound-
aries, rules, and regulation for potential customers. Thus, a competitive advantage on
a certain market can be achieved. In the third phase, the development of the product
starts. After the development, the product is ready for the production. As the
companies want to sell in the future, also market preparation, like marketing, is a
key activity. Besides that, the constant support, maintenance, and review of the
platform and the submitted ideas are another key activity.
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Key Partners

A very important part of the proposed BMC is the key partners. These are people or
organizations that are related to the companies’ activities to develop innovative
ideas. Identified partners are of course the innovators themselves, since they are
the source of any idea. As already mentioned also organizations and companies can
be seen as key partners. The last group of identified partners are NGOs that can
recommend new innovators to the companies.

Key Resources

As per definition, key resources are all necessary resources to find, develop, and sell
innovations. In the case of our best practice, these are of course through the Internet,
since it is necessary to run the central basis and manage the innovators and their
know-how as well. Another resource is the committee that is needed to evaluate the
submitted ideas. Very important for the development of the ideas are free capacities
within the company or at manufacturers. In order to provide the innovators incentives,
money is seen as a central resource. Lastly, the network of previous innovators can be
seen as a very valuable key resource.

Revenue Stream

Since this business model is established to improve the collaboration between
companies and innovators, no source of revenue in the sense of money can be
determined. Only ideas and knowledge can be identified as a “revenue.” The revenue
in monetary value of the innovated products is generated later on during selling the
product on the target market.

Cost Structure

Concerning the cost structure, various factors have to be taken into account. Obvi-
ously, the company will have expenditures caused by the support of the platform and
the intensive support of ideas through the innovation committee. Also, research and
production costs need to be considered. Those costs can be considered normal costs,
which every company has to cope with. But working with innovators, more costs
occur. Depending on which model of collaboration is chosen, different expenses
have to be covered. One option is a one-time compensation: It is possible that the
company buys all intellectual property rights related to the idea and patent by paying
one time a certain amount of money. Another option would be a royalty: With this
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option, the company has monthly or annually expenses, because the innovator is
paid a certain amount regularly. The third option would be an investment into the
innovator, to enable him/her to develop and produce the product himself/herself.
What also has to be considered as an expense are the incentives for the best
innovation ideas.

5 Discussion and Conclusions

This study proposes best practices for European companies to successfully pick up
and implement frugal and sustainable innovations. A quantitative analysis based on
criteria of entrepreneurship, sustainability, and innovation for all European countries
was carried out to determine the top three countries namely Finland, France, and the
United Kingdom. The proposed business model for European companies is based on
existing ones from the aforementioned countries.

It was observed that European companies need to pay special attention to the
short life cycle of products as well as to a good relationship with the innovators. The
way of collaborating and compensation is a highly sensitive process in picking up
ideas. The research also revealed that a collaboration between European companies
and innovators is highly required. The proposed business model considers the
observed factors and is therefore providing a solid basis for European companies
to successfully pick up innovations.

During the literature research, it was observed that picking up ideas for frugal
innovations from emerging economies is now starting to get more popular in the
West (Fraunhofer 2016). Frugal innovations are a possibility for companies to create
more value from less resources for more people. European companies can enable
innovators with limited resources to develop and produce their ideas. The collabo-
ration with frugal innovators will help European companies to reach new markets
with minimized effort in research. By scouting and investing in such ideas from
every corner of the earth, large companies can reduce the cost of sales without
compromising the quality and environmental integrity. As a result, the benefit of
science, technology, and social innovation can be reached to the lowest level of the
society and farthest corner of the globe. Due to those reasons, the creation of a viable
business practices is of high importance.

The findings show that a model is very much required by innovators as well as
organizations. Both the parties could be part of such collaborations if their respective
interests and rights are protected. Apart from financial and logistical advantages,
such projects will also place companies at high moral ground. When people are
questioning and debating over ethical practices of the organizations, connecting
themselves with innovators, people will give the organization high moral advantage
and social satisfaction. It can help them to improve their image in the market and can
also create a sense of loyalty among customers. Innovators must understand the
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pressure on companies to make profit on their investment as well as companies
should understand the desires of innovators to be financially independent.

It is hardly possible to conduct a study that does not contain weaknesses or an
element of bias. Therefore, there are some limitations in this study as well. This
study did not include more examples of the top three countries. Emblematic exam-
ples of specific countries which are top in a specific index, e.g., Greece, in sustain-
ability were not discussed. Nevertheless, all the practices raised in this research can
be applied to companies expanding from the specific ones of this study. As the
concept is quite new, only the future will tell if picking up frugal and sustainable
innovation will become a common and successful business model for European
companies.

Appendices

INNOVATION ENTREPRENEURSHIP SUSTAINABILITY
Innovation activities Entrepreneureship activities Sustainability activities
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Source Eurostat Eurostat Eurostat Eurostat Eurostat Eurostat OECD OECD OECD Eurostat Eurostat OECD OECD Eurostat Eurostat

Unit Number Number of 
Enterprises

Number of 
Enterprises

Number of 
Enterprises

Number of 
Enterprises

% of 
GDP % % Number of 

Enterprises Value Number of 
Enterprises % % Euro per 

kilogram
Million 
Euros

Year 2015 2014 2014 2014 2014 2014 2014 2014 2014 2014 2014 2012 2012 2015 2013

2012 2012 2012 2014
Austria 108 3.038 1.900 3.709 4.124 3,06 -0,98 7,13 2.962 169.625,5 5.841 13,51 2,36 1,65 19.377,64
Belgium 97 2.217 2.531 4.313 3.304 2,46 2,52 4,37 2.364 194.938,2 : 8,83 2,29 2,45 10.032,52
Bulgaria 49 583 190 374 855 0,79 1,62 11,82 2.823 19.887,6 733 18,13 : 0,28 799,11
Croatia 67 670 442 811 1.090 0,79 0,66 7,77 1.239 20.426,7 1.344 14,02 : 1,10 :
Cyprus 60 216 116 212 360 0,48 -0,49 6,87 : 6.996,1 246 : : 1,85 :
Czech Republic 99 2.665 1.913 3.929 3.454 1,97 5,52 9,13 4.659 83.864,3 4.780 7,61 1,83 1,03 1.650,07
Denmark 167 : 447 981 894 3,02 0,77 11,14 2.166 127.418,5 1.135 22,87 1,88 2,26 7.024,18
Estonia 80 301 301 501 323 1,45 1,46 10,73 550 10.485,8 360 23,95 3,62 0,50 :
Finland 140 1.885 2.094 3.107 1.650 3,17 1,06 7,88 2.058 87.139,0 2.746 12,11 1,49 1,12 :
France 115 11.135 8.974 18.934 14.876 2,24 7,23 9,93 14.860 888.564,0 : 13,19 1,77 2,82 28.554,83
Germany 129 24.541 12.559 34.068 42.254 2,89 -5,17 7,20 32.298 1.531.691,5 57.355 13,42 2,86 2,12 :
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INNOVATION ENTREPRENEURSHIP SUSTAINABILITY
Innovation activities Entrepreneureship activities Sustainability activities
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Greece 72 1.846 1.063 2.154 1.978 0,84 : : : 50.454,2 3.341 6,91 1,36 1,35 :
Hungary 81 801 369 1.310 1.009 1,36 1,19 9,98 3.536 51.089,1 1.340 5,61 1,65 0,88 :
Ireland 134 : 912 1.977 : 1,51 -1,86 6,82 1.852 : : 7,12 1,29 2,19 910,73
Italy 106 12.284 4.679 16.193 13.034 1,38 -1,47 7,14 11.397 643.135,2 25.156 10,65 3,36 3,04 :
Latvia 75 229 124 398 238 0,69 4,08 15,05 1.130 10.086,7 505 11,89 : 0,50 1.331,69
Lithuania 73 623 289 712 1.001 1,03 12,37 24,50 1.921 14.557,6 1.620 10,52 : 0,80 819,18
Luxembourg 124 264 183 296 445 1,28 3,38 10,03 421 21.640,3 547 16,38 3,85 3,39 :
Malta 64 47 12 81 60 0,75 4,42 11,30 : 4.168,7 121 14,29 : 1,36 :
Netherlands 98 3.794 4.902 8.494 5.195 2 2,29 10,11 5.631 314.920,3 : 9,83 0,89 3,44 :
Poland 59 3.199 1.986 3.082 4.656 0,94 0,50 12,50 9.378 181.284,8 4.183 15,64 6,12 0,64 11.286,97
Portugal 102 2.258 1.738 3.112 3.983 1,29 0,41 14,77 3.106 68.977,5 6.237 12,52 3,48 1,10 :
Romania 82 155 45 797 372 0,38 0,89 10,19 1.058 55.859,7 827 14,28 8,33 0,31 5.861,06
Slovakia 72 422 236 741 577 0,88 9,82 19,79 1.509 30.934,4 949 7,75 3 1,04 :
Slovenia 96 546 586 1.015 538 2,38 2,11 11,03 532 18.562,8 1.135 10,59 2,98 1,35 1.125,97
Spain 106 2.592 2.913 6.596 3.246 1,24 -0,27 9,77 10.768 430.070,4 : 15,63 3,77 2,77 :
Sweden 124 2.680 2.122 5.011 2.043 3,15 1,08 7,23 4.659 214.126,2 5.018 10,5 1,94 1,74 :
United 
Kingdom 106 : : : : 1,68 4,33 14,27 26.705 1.212.506,6 : 12,14 2,8 3,4627 :
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Weighting  0,27  0,17  0,15  0,09  0,10  0,22     

Austria 8 2,16 6 1,02 6 0,90 7 0,63 9 0,90 6 1,32 6,93 3 
Belgium 15 4,05 11 1,87 22 3,30 24 2,16 18 1,80 23 5,06 18,24 23 

Bulgaria 28 7,56 17 2,89 10 1,50 8 0,72 8 0,80 10 2,2 15,67 18 

Croatia 24 6,48 15 2,55 16 2,40 17 1,53 17 1,70 4 0,88 15,54 17 
Cyprus 26 7,02 23 3,91 1 0,15 1 0,09 1 0,10 5 1,1 12,37 10 

Czech Republic 13 3,51 8 1,36 19 2,85 22 1,98 24 2,40 13 2,86 14,96 15 
Denmark 1 0,27 13 2,21 14 2,10 14 1,26 14 1,40 12 2,64 9,88 7 

Estonia 19 5,13 20 3,40 13 1,95 13 1,17 12 1,20 22 4,84 17,69 22 
Finland 2 0,54 12 2,04 5 0,75 5 0,45 10 1,00 18 3,96 8,74 6 
France 7 1,89 3 0,51 2 0,30 2 0,18 2 0,20 8 1,76 4,84 1 

Germany 4 1,08 1 0,17 17 2,55 18 1,62 14 1,40 24 5,28 12,10 9 

Greece 22 5,94 13 2,21 4 0,60 3 0,27 3 0,30 14 3,08 12,40 11 

Hungary 18 4,86 14 2,38 25 3,75 26 2,34 23 2,30 27 5,94 21,57 27 
Ireland 3 0,81 13 2,21 24 3,60 23 2,07 25 2,50 26 5,72 16,91 20 
Italy 10 2,7 2 0,34 20 3,00 21 1,89 16 1,60 19 4,18 13,71 13 

Latvia 20 5,4 22 3,74 23 3,45 25 2,25 21 2,10 17 3,74 20,68 26 
Lithuania 21 5,67 16 2,72 18 2,70 15 1,35 15 1,50 15 3,3 17,24 21 

Luxembourg 5 1,35 21 3,57 27 4,05 27 2,43 26 2,60 25 5,5 19,50 25 
Malta 25 6,75 25 4,25 3 0,45 4 0,36 4 0,40 9 1,98 14,19 14 

Netherlands 14 3,78 4 0,68 11 1,65 9 0,81 6 0,60 3 0,66 8,18 5 
Poland 27 7,29 5 0,85 9 1,35 12 1,08 5 0,50 20 4,4 15,47 16 

Portugal 12 3,24 10 1,70 12 1,80 10 0,90 7 0,70 16 3,52 11,86 8 

Romania 17 4,59 24 4,08 26 3,90 19 1,71 22 2,20 28 6,16 22,64 28 
Slovakia 23 6,21 19 3,23 15 2,25 16 1,44 20 2,00 7 1,54 16,67 19 

Slovenia 16 4,32 18 3,06 21 3,15 20 1,80 19 1,90 21 4,62 18,85 24 
Spain 9 2,43 9 1,53 8 1,20 11 0,99 13 1,30 1 0,22 7,67 4 
Sweden 6 1,62 7 1,19 7 1,05 6 0,54 11 1,10 2 0,44 5,94 2 

United Kingdom 11 2,97 13 2,21 14,5 2,18 14,5 1,31 14 1,40 11 2,42 12,48 12 
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Weighting 0,3 0,26 0,22 0,22
Austria 9 2,70 27 7,02 14 3,08 8 1,76 14,56 17
Belgium 12 3,60 7 1,82 13 2,86 21 4,62 12,90 10

Bulgaria 4 1,20 18 4,68 8 1,76 13 2,86 10,50 6
Croatia 18 5,40 9 2,34 15 3,30 11 2,42 13,46 13

Cyprus 27 8,10 22 5,72 1 0,22 1 0,22 14,26 16
Czech Republic 13 3,90 11 2,86 23 5,06 24 5,28 17,10 24
Denmark 26 7,80 26 6,76 18 3,96 14,5 3,19 21,71 27

Estonia 14,5 4,35 14,5 3,77 13 2,86 17 3,74 14,72 18

Finland 22 6,60 17 4,42 5 1,10 5 1,10 13,22 12

France 3 0,90 16 4,16 3 0,66 3 0,66 6,38 2
Germany 19 5,70 20 5,20 20 4,40 20 4,40 19,70 26

Greece 25 7,50 23 5,98 4 0,88 4 0,88 15,24 19
Hungary 23 6,90 25 6,50 13 2,86 26 5,72 21,98 28
Ireland 7 2,10 3 0,78 21 4,62 25 5,50 13,00 11

Italy 1 0,30 1 0,26 17 3,74 23 5,06 9,36 5
Latvia 8 2,40 14 3,64 25 5,50 19 4,18 15,72 20

Lithuania 14 4,20 15 3,90 10 2,20 16 3,52 13,82 15

Luxembourg 5 1,50 8 2,08 13 2,86 27 5,94 12,38 8
Malta 10 3,00 13 3,38 7 1,54 6 1,32 9,24 3

Netherlands 24 7,20 24 6,24 12 2,64 10 2,20 18,28 25
Poland 20 6,00 6 1,56 6 1,32 9 1,98 10,86 7

Portugal 21 6,30 4 1,04 11 2,42 14 3,08 12,84 9
Romania 17 5,10 12 3,12 22 4,84 15 3,30 16,36 23

Slovakia 11 3,30 10 2,60 24 5,28 22 4,84 16,02 22

Slovenia 2 0,60 2 0,52 19 4,18 18 3,96 9,26 4

Spain 16 4,80 19 4,94 16 3,52 12 2,64 15,90 21
Sweden 15 4,50 21 5,46 9 1,98 7 1,54 13,48 14

United Kingdom 6 1,80 5 1,30 2 0,44 2 0,44 3,98 1

SUSTAINABILITY
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Weighting 0,31 0,26 0,09 0,22 0,12
Austria 11,5 3,57 22 5,72 13 1,17 7 1,54 4 0,48 12,48 14

Belgium 17 5,27 3 0,78 11,5 1,04 28 6,16 12 1,44 14,69 21
Bulgaria 6 1,86 24 6,24 16 1,44 21 4,62 7 0,84 15,00 22

Croatia 13 4,03 2 0,52 15 1,35 8 1,76 5 0,60 8,26 5
Cyprus 1 0,31 11 2,86 10 0,90 10 2,20 14 1,68 7,95 3
Czech Republic 20 6,20 1 0,26 5 0,45 26 5,72 7 0,84 13,47 16

Denmark 11,5 3,57 25 6,50 21 1,89 9 1,98 10 1,20 15,14 23
Estonia 8 2,48 26 6,76 20 1,80 16 3,52 7 0,84 15,40 24

Finland 11,5 3,57 6 1,56 4 0,36 6 1,32 7 0,84 7,65 2
France 11,5 3,57 12 3,12 17 1,53 5 1,10 1 0,12 9,44 9
Germany 11 3,41 9 2,34 11,5 1,04 18 3,96 7 0,84 11,59 12

Greece 2 0,62 17 4,42 7 0,63 4 0,88 7 0,84 7,39 1
Hungary 21 6,51 14,5 3,77 11,5 1,04 11 2,42 7 0,84 14,58 20

Ireland 19 5,89 16 4,16 11,5 1,04 25 5,50 8 0,96 17,55 27
Italy 10 3,10 19 4,94 11,5 1,04 23 5,06 11 1,32 15,46 25

Latvia 18 5,58 4 1,04 3 0,27 3 0,66 7 0,84 8,39 6
Lithuania 12 3,72 27 7,02 18 1,62 22 4,84 7 0,84 18,04 28
Luxembourg 22 6,82 7 1,82 11,5 1,04 14 3,08 7 0,84 13,60 17

Malta 11,5 3,57 21 5,46 22 1,98 2 0,44 7 0,84 12,29 13
Netherlands 4 1,24 10 2,60 12 1,08 13 2,86 2 0,24 8,02 4

Poland 7 2,17 5 1,30 2 0,18 24 5,28 3 0,36 9,29 8
Portugal 3 0,93 13 3,38 6 0,54 19 4,18 7 0,84 9,87 10

Romania 16 4,96 8 2,08 1 0,09 27 5,94 6 0,72 13,79 18

Slovakia 14 4,34 18 4,68 9 0,81 15 3,30 9 1,08 14,21 19
Slovenia 15 4,65 23 5,98 8 0,72 20 4,40 7 0,84 16,59 26

Spain 9 2,79 15 3,90 19 1,71 17 3,74 7 0,84 12,98 15
Sweden 5 1,55 20 5,20 14 1,26 12 2,64 7 0,84 11,49 11

United Kingdom 11,5 3,57 14 3,64 11 0,99 1 0,22 7 0,84 9,26 7
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Group Evaluation of Water Management
Plans with Analytic Hierarchy Process
and Social Choice Methods

Bojan Srdjevic, Zorica Srdjevic, and Yvonilde Dantas Pinto Medeiros

Abstract Selection of a good water management plan for the river basin is a
complex decision-making problem because interests of stakeholders are rarely in
complete agreement. If water committee has to emulate interest and power of key
parties, decision-making process can be organized in many different ways,
depending on adopted methodology for deriving decisions and formalizing setup
to implement solutions. Group context brings individuals with different background,
attitude, and (in)consistency they will demonstrate when evaluating and/or judging
options. This chapter shows how methodologically distinct tools can efficiently
support group decision-making at a group and sub-group level within water com-
mittee. We propose to firstly use analytic hierarchy process (AHP) to rank manage-
ment plans in strictly multi-criteria environment and, secondly, to use social choice
(voting) methods Borda Count (BC) and Approval Voting (AV) for the final ranking
of reduced set of top-ranked plans as identified in the AHP. Illustrative example from
Brazil is used to show usefulness of combined approach.
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1 Introduction

The MCDM (multi-criteria decision-making) method known as analytic hierarchy
process (AHP) (Saaty 1980, 2003) and two SC (social choice) methods, known as
Borda Count (BC) and Approval Voting (AV) (d’Angelo et al. 1998; Srdjevic 2007),
are employed to manage a group decision-making process aimed at assessment of
and selection of the best among five long-term water management plans across five
criteria. During one of multiple workshops related to hierarchical decision-making
processes held at the School of Polytechnic, Federal University of Bahia, Salvador,
Brazil, a special session has been organized to analyze possibility of establishing
decision-making framework related to water management at a catchment scale and
within different group and sub-group contexts. A group of 21 professionals took part
in two sessions that lasted for 2 h, with one 3-hour break.

AHP is used to support individuals’ and sub-groups’ cardinal assessments and
prioritization of the decision elements and to rank management plans. Participants
used evaluation sheet given in Annex III (sheet #1) and judged decision elements
within given hierarchy by strictly following standard AHP procedure. Once evalu-
ation sheets are collected, prioritization of criteria and plans is performed, followed
by the final AHP synthesis of all local priority vectors. Values of weights obtained
within sub-groups are aggregated by weighted geometric mean method (WGMM) to
obtain the final weights and corresponding ranking of plans. The AHP results are
finally used to reduce set of alternative plans to a new set of three top-ranked plans
for voting by BC and AV in the session after break.

Note that in the second part of the first session, immediately after AHP, all
participants voted plans within their interest sub-group by two social choice
methods, BC and AV. These two methods are selected to be a part of the decision
framework due to their simplicity, easiness to be explained to participants, and as
less time and effort consuming than AHP. Evaluation sheet #2, also presented in
Annex III, is distributed to individuals to set their preferences (by BC voting) and
approvals (by AV voting) of plans considering all criteria as implicitly condensed
into unique criterion; note that this is the case how voters usually do in real-life
elections. Collected preferential and approval opinions of participants, as fully
ordinal information (differently from cardinal information obtained by AHP), are
summarized to rank alternative plans and indicate most desired as a group decision.

Worthy to mention is that when applying AHP, BC, and AV methods, awareness
is required because individual “background and knowledge are generally very
different, particularly if groups (and sub-groups) are large. Also important is that
in large river-basin water committees, a decision-making process related to planning
and overall water management will expectedly be performed with participation of
‘oriented committee members’ bringing particular background and mostly narrowed
interest from social, political, or economic environment they are coming from. These
facts have also been a part of our recent research, but are not discussed in details in
this paper.
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In strictly AHP context, reported approach recognizes importance of using equal
weights of individuals and, at the later stage, different weights of sub-groups based
on the number of members in the sub-groups (larger a sub-group – higher is its
weight). At a committee level, two situations may occur: (1) sub-groups act via their
delegates, actually as new (virtually single) individuals; and (2) individuals are
acting independently (with inherent behavior of interest groups they represent). In
either case, the final preferences are usually determined by weighted geometric
aggregation (see, e.g., Forman and Peniwati 1998; Ramanathan and Ganesh 1994).

For the sake of completeness and to justify our methodological choices, we
consulted rich literature around group decision-making in agriculture, ecology, etc.
which treat problems with multiple criteria and multiple participants and multiple
evaluation table settings, notably a lot of them applying the aggregation-
disaggregation paradigm (e.g., Morais and de Almeida 2012; Zendehdel et al.
2010; Jonoski and Seid 2016; Jonoski and Seid 2016). More methodological sources
were consulted to check our ideas related to consistency, consensus and aggregation
schemes (Kadzinski et al. 2013; Cabrerizo et al. 2014), and especially recently
published excellent book (Dong and Xu 2016) devoted completely to search for
the consensus in group decision-making context.

Outline of the paper is as follows: after brief description of mathematical bases of
AHP, BC, and AV, illustrative example section contains statement of the decision
problem, description of decision elements, and final outcomes of AHP + BC + AV
application. Concluding remarks are given at the end of paper followed by list of
relevant references and three annexes.

2 AHP, Borda Count, and Approval Voting Mathematics

2.1 Analytic Hierarchy Process (AHP): Multi-criteria Method

A philosophy of the analytic hierarchy process (AHP) is easy to understand. Assume
that hierarchy of the decision problem consists only of a goal (G), a set of criteria Cj

( j ¼ 1, 2,M ), and a set of alternatives Ai (i ¼ 1, 2, N ). This hierarchy may be called
three-level hierarchy, with levels counting from top to bottom (Fig. 1).

G

C1

A1 A2 AN

C2 CM 

Fig. 1 Hierarchy of a
decision-making problem
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The AHP starts by performing a sequence ofMx(M-1)/2 pairwise comparisons of
criteria with respect to a goal by using the 9-point Saaty’s scale, Table 1 (Saaty
1980).

This way a judgment matrix (1) of size MxM is created

A ¼
a11 a12 . . . a1M
a21 a22 . . . a2M
. . . . . . . . . . . .
aM1 aM2 . . . aMM

2
664

3
775 ð1Þ

with entries aij (i,j ¼ 1,2,. . .,M) being numericals given in the first column of
Table 1 as representation of preferences elicited from the individual as judgments
defined in the right-hand side of the same table. Reciprocal property of matrix
A means that aij ¼ 1 for all i ¼ j (i, j ¼ 1, 2, M), and aij ¼ 1/aji.

If we assume that entries of the vector w ¼ (w1,w2,,...,wM)
T, commonly called

priority vector, are weights of criteria, then it is desired to determine these values so
that matrix (2) is best approximate of judgment matrix (1).

~A ¼

1 w1=w2 . . . w1=wM

w2=w1 1 . . . w2=wM

: : . . . :
: : . . . :
: : . . . :

wM=w1 wM=w2 . . . 1

2
6666664

3
7777775

ð2Þ

In standard AHP, for matrix A the maximum eigenvalue λmax is determined, and
related eigenvector is adopted as vector w. This method is generally recognized as
the eigenvector method (Saaty 1980). There are, however, more than 20 other
methods described in scientific articles for deriving vector w, for instance, additive
normalization (Saaty 1980), direct least squares (Chu et al. 1979), weighted least
squares (Chu et al. 1979), logarithmic least squares (Crawford and Williams 1985),
fuzzy preference programming (Mikhailov 2000), logarithmic goal programming
(Bryson 1995), evolution strategy prioritization (Srdjevic and Srdjevic 2011), and
most recently cosine maximization (Kou and Lin 2014). Useful information on these
and many other methods can be found in rich scientific literature (e.g., Golany and

Table 1 Original Saaty’s
scale for pairwise
comparisons

Numerical values Judgment definition

1 Equal importance

3 Weak dominance

5 Strong dominance

7 Demonstrated dominance

9 Absolute dominance

2,4,6,8 Intermediate values
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Kress 1993; Mikhailov and Singh 1999; Srdjevic 2005; Ishizaka and Labib 2011;
Blagojevic et al. 2016a, b).

Next, Nx(N-1)/2 pairwise comparisons of alternatives are performed at level
3 with respect to each criterion at level 2. This way a set of M matrices of size
NxN is created. Local eigenvectors (for each matrix one vector) are computed as
before, and a new matrix (3) of size NxMis is created. Computed local vectors
represent columns of this new matrix X. Recall that elements of jth vector are partial
ratings of alternatives with respect to the jth criterion and sum to 1.

w1 w1 . . . wM

X ¼
x11 x12 . . . x1M
x21 x22 . . . x2M
. . . . . . . . . . . .
xN1 xN2 . . . xNM

2
664

3
775: ð3Þ

Finally, local priority vectors are multiplied by the weights of related criterions to
obtain matrix (4) which aggregates performance ratings of all alternatives with
respect to all criteria.

Z ¼
w1w11 w1w12 � � � wMx1M
w1w21 w1w22 � � � wMx2M
� � � � � � � � � � � �

w1xN1 w2xN2 � � � wMxNM

2
664

3
775 ¼

z11 z12 � � � z1M
z21 z22 � � � z2M
� � � � � � � � � � � �
zN1 zN2 � � � zNM

2
664

3
775 ð4Þ

Summing the elements in each row of the matrix Z gives the final result (5):
weights for alternatives at fingertips of the hierarchy with respect to the goal at the
top of hierarchy.

wi ¼
XM
j¼1

zij, i ¼ 1, 2, . . . ,N ð5Þ

The alternative with the highest weight coefficient value wi should be considered
as “the best alternative,” i.e., the best choice in the multi-criteria sense.

Measuring Consistency of Decision-Makers in AHP Applications

In either individual or group AHP applications, it is typical to perform checkup of
decision-maker(s) consistency. Several indicators are proposed to measure quality of
weights of decision elements which are extracted from the comparison matrix
created in pairwise manner at given node of hierarchy (usually by using Saaty’s
scale, Table 1). For instance, a consistency ratio (CR) is used if eigenvector method
(Saaty 1980) performs prioritization of decision elements; fuzzy intersection mea-
sure (μ) is used when prioritization is performed by fuzzy preference programming
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method (Mikhailov 2000); and geometric consistency index (GCI) is used with
logarithmic square method (Aguaron et al. 2003). There are more general consis-
tency measures applicable to all prioritization methods such as a generalized L2

Euclidean distance (ED) and order reversal indicator known as minimum violations
(MV) criterion (Golany and Kress 1993; Mikhailov and Singh 1999; Srdjevic and
Srdjevic 2014). All aforementioned indicators serve to measure both the accuracy of
the solution and the ranking order properties and are widely accepted by researchers
(Srdjevic 2005).

Measuring consistency of AHP solutions in group context receives continuous
attention of researchers in this subject area. Different methods of prioritization and
different methods for aggregating local priority vectors produced various measures
of consistency. There are many reported examples of measuring consistency of a
group (e.g., Blagojevic et al. 2016a, b; Moreno-Jimenez et al. 2008; Dong and Zhang
2014), but still there is no agreement about which measure is the best and widely
applicable in AHP group contexts.

Aggregation of Individual Priorities of Alternatives Obtained by AHP
into the Group Priorities

There are two commonly used methods for aggregating individual priorities of
alternatives into the final group priorities of alternatives vs. goal: (1) the weighted
arithmetic mean method (WAMM) and the weighted geometric mean method
(WGMM). It is generally accepted that the later method gives more trustful results,
especially in cases when priorities provided by individuals significantly differ. In our
research decision made is to use this method for aggregation of AHP priorities within
each sub-group and finally for aggregation of the sub-groups’ priorities.

In short, WGMM performs as follows. Given are alternative Ai and its resulting
priority weight zik for individual k. If weight wk is assigned to an individual k in a
group of G individuals, then the weighted geometric mean is

zgi ¼
XG
k¼1

zwk
ik ð6Þ

where zgi stands for final (composite) priority weight of the alternative Ai. The
individuals’ weights wk are by assumption additively normalized.

Referring to a claim found in Ramanathan and Ganesh (1994) that only WAMM
of aggregation does not violate the Pareto (agreement) principle, Forman and
Peniwati (1998)argue that their research showed that either WGMM or WAMM
may be used in most cases of group decision-making without violating the Pareto
principle. At the final instance, they provide reasons for using the WGMM rather
than WAMM.
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2.2 Borda Count: Preferential Social Choice Method

Preferential voting methods from the SC theory exclusively use ordinal preference
information contained in the preference table (Table 2), created by collecting ballots
(in real elections). A constructed preference table usually has the following proper-
ties. The size of the table is MxN, where M is the number of individuals and N is the
number of possible alternatives (choices). Each row represents the ranking of
alternatives performed by one individual. If j is the best alternative for individual i,
then the rank number is rij ¼ 1; if j is the second-best alternative, then rij ¼ 2, and so
on; if alternative j is the worst one, then rij ¼ N.

In the Borda Count method, each alternative gets 1 point for each last place vote
received, 2 points for each next-to-last point vote, etc., all the way up to N points for
each first-place vote. The alternative with the largest point total wins the election and
is declared to be the social choice.

Following notation given in (d’Angelo et al. 1998; Srdjevic 2007) for each rij in
the preference schedule, a number

qij ¼ N � rij þ 1 ð7Þ

is assigned by the above procedure, and the total score for alternative j is given as

Qj ¼
XM
i¼1

qij ¼
XM
i¼1

N � rij þ 1
� � ¼ M N þ 1ð Þ

XM
i¼1

rij: ð8Þ

The alternative j* with the highest Q value can be selected as the winner, i.e.,
social choice:

Qj∗ ¼ max
1�j�N

Q j: ð9Þ

Table 2 Preference table Alt. 1 Alt.2 Alt. j Alt. N

Indiv. 1 r11 r12 ... r1j ... r1N
Indiv. 2 r21 r22 ... r2j ... r2N
... ... ... ... ... ... ...

Indiv. i ri1 ri2 ... rij ... riN
... ... ... ... ... ... ...

Indiv. M rM1 rM2 ... rMj ... rMN
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2.3 Approval Voting: Non-preferential Social Choice Method

Differently from Borda Count method, the Approval Voting (AV) method does not
use information directly from a preference schedule and is therefore considered as
non-preferential. In AV method, voters vote for as many candidates as they wish,
and each approved candidate receives one vote. The candidate with the most votes
wins. This method is considered simple for voters to understand and use (Bolloju
2001; Srdjevic 2007; Lakicevic et al. 2014). Its mathematical background can be
formulated as follows:

Referring to preference Table 1, let’s define

Qj ¼ h rij
� � ¼ 1 if rijis ticked here‘ þ ’

� �
0 if rijisn

’t ticked left empty cellð Þ ð10Þ

for all i (individuals) and j (alternatives). Then, for each alternative j, let

V j ¼
XM
i¼1

h rij
� � ð11Þ

The number Vj indicates how many times alternative j has been approved by all
individuals in the sub-group. The alternative j* with the largest Vj value is then
selected as the social choice:

V j∗ ¼ max
1�j�N

V j

� �
: ð12Þ

3 Combined Use of Multi-criteria and Social Choice Theory
Methods for Deriving BEST Water Management Plan:
An Illustrative Example

3.1 Statement of the Decision Problem

The problem is stated as to select the most desired long-term water management plan
for river basin by authorized institution such as the water committee (WC). The WC
is considered to be a decision body (global group), and what is said hereafter to be
“the group choice” should be understood as “the WC choice.” Assuming that certain
decisions will be made by individuals in sub-groups, the final decision should
certainly be made at the WC level in a democratic manner with respect to the
preferences derived by participating sub-groups and/or their delegates.
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3.2 Hierarchy

A decision problem is stated as a three-level hierarchy with (1) a goal at the top of
hierarchy, (2) five evaluating criteria under goal, and (3) five alternative management
plans under criteria level that is at the bottom of hierarchy, Fig. 2.

The hierarchy is adopted after each decision element is briefly described to all
participants at a plenary part of a session. Main decision elements (goal, criteria set,
and alternatives) are as follows:

• Goal

Select the best (most desired) plan using given set of criteria.

• Criteria set

Political influence criterion is considered as the gradually exposed impact of
various state and in-basin agencies and bodies, representatives of cities/villages,
stakeholders, producers, and local leaders.

Economic criterion relates to real possibilities to implement the economical
process; reliability of economical parameters; estimated costs of investment, opera-
tion, and maintenance; and expected direct and indirect benefits.

Social issues criterion relates to issues such as infrastructure, demographic
changes (migration), health care, and working conditions.

Environmental protection criterion relates to specific environmental and ambient
conditions such as the distribution of pleasant resorts, preservation of historical sites
and cultural values, accessing the objects and facilities, protecting water quality, and
particularly preserving acceptable sanitary conditions.

Technical criterion encapsulates interests in preserving proper spatial distribution
of projects, technical conditions for project operations, technologies involved, and
eligibility for technical improvements.

BEST PLAN

POLITICAL ECONOMIC SOCIAL TECHNICALENVIRONMENTAL

BALANCE SUPPLY PAYMENT OTHER USERSIRRIGATION

Plan 1 Plan 2 Plan 3 Plan 4 Plan 5

Fig. 2 Hierarchy of the problem
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• Decision alternatives (management plans)

Plan 1 (Balance). High industrial developments are foreseen as well as intensive
irrigation. Electric power production will increase by 20% after certain reconstruc-
tions of the existing hydroelectric objects and facilities. All users, including big users
such as irrigation and hydroelectric production, will have approximately equal
treatment. However, ecological and urban water requirements will receive top
priority in water allocation.

Plan 2 (Supply). Water supply (municipal and rural, human and animal) will
absolutely get an increased concern from the state agencies responsible for water
management. It will be dominantly realized by means of reservoir management.
Demographic movements from rural areas to cities and state capitals will continue
with an actual increasing trend but will be significantly decreased by the middle of
the planning period. Irrigation will rise to only 50% of that amount estimated as
maximum by the end of the period.

Plan 3 (Irrigation). Irrigation will have a dominant role with respect to the other
water uses throughout the basin. Priority will be given to large irrigators (develop-
ment at a level higher than 80% of the estimated maximum). No water payments are
expected until 2020; only irrigation and industrial uses will be charged afterward.

Plan 4 (Payment). Water payments will start progressively by 2020, with revi-
sions of payment policy every 5 years (2025 and 2030). Pricing will be combined
with an advanced system for obtaining the water rights. Other elements of the plan
are the same as in Plan 3.

Plan 5 (Other users). This plan is a modification of Plan 1 in a way to emphasize
importance of small irrigation users, tourism, ecotourism, and other small users
(such as handmade manufacturers, ceramic industry). Intent is to enable that various
users (other than large ones) will receive a higher priority by obtaining proper water
rights and excluding payments; compensation for their uses of water will come from
large consumers in irrigation, hydroelectric production, and industry by proper
pricing policy.

• Decision-makers, interest groups, and water committee as a global group

Participants were divided into three main interest groups:

1. Public authorities
2. Civil society
3. Water users

Each participant is an individual decision-maker and fully autonomous. Note that
within the water committee as a global group, sub-groups may gather individuals in
different ways for differently organized decision-making processes. In adopted
context, a group is the entire body of a water committee where “delegated” deci-
sions, made in sub-groups, have to be interpreted, justified, aggregated
(by consensus or not), and put in power.
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3.3 Remarks

Several main remarks can be given to better describe the decision-making
framework:

Remark 1 WC decides by applying scientifically sound multi-criteria (AHP) and
election (Borda Count) methods, followed by common aggregating techniques.

Remark 2 WC recognizes panel meetings as principal mean of its work where
mediating rules must be adopted by consensus and where the final decisions are to
be made. WC also recognizes “decentralized part” of the decision process performed
at separate meetings of each entity. Entities are by assumption authorized to make
their own decisions and forward them to be aggregated at the WC level.

Remark 3 Each entity has “its own point of view” while evaluating possible
decision alternatives and ranking them appropriately. An outcome of the decision
process conducted through each entity is forwarded to the WC level (for aggrega-
tion) as it is. That means that no any changes, interpretations, or justifications are
permitted.

Remark 4 As first part of the decision framework, the method used by each entity in
assessing criteria and management plans is AHP. Consensus at sub-group level is
assumed as logical and appropriate. Although AHP produces cardinal preferences of
decision alternatives, represented by computed weights, only ordinal information is
analyzed, i.e., ranking of the alternatives.

Remark 5 Each entity (individual or specific sub-group) assesses the same set of
management plans across the same criteria set.

Remark 6 By applying voting method Borda Count and Approval Voting to the
reduced set of best-ranked plans, it is possible to come up to the final decision: the
most desired management plan or at least to additionally reduce set of alternative
plans and enable voting and following majority principle to select just one plan as
most desired.

3.4 Procedure and Results

A group of 21workshop participants is considered as a water committee (WC), and
participants are divided into three sub-groups to represent the following interest
groups (IGs) of stakeholders as follows: public authorities (7participants), civil
society (5 participants), and water users (9 participants). Decision-making process
is organized in two separate sessions (identified hereafter as Session 1 and Session
2), each lasting in 1.5 hour, with a 3 h break. In each session individual opinions are
expressed at delivered evaluation sheets (Annex III) for AHP, Borda Count, and
Approval Voting. Evaluations (AHP), ranking (Borda Count), and approvals
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(Approval Voting) are collected and synthesized for each interest group, and the
sub-group decisions are forwarded to an upper level (the WC level) where the final
aggregation and interpretation of results are performed.

The decision-making process and obtained results were as given below.

• Application of AHP (first part of the Session 1)

Delegates individually assessed hierarchy given in Fig. 1 by using AHP within
each sub-group (IG). Each delegate had to fill in six pairwise comparison matrices
with numbers from Saaty’s 9-point fundamental scale (see Annex I for delivered
evaluation sheet #1). Local weights of criteria vs. goal and alternatives versus criteria
are computed by the eigenvector method, and standard AHP synthesis generated the
final weights of alternative plans versus global goal (best plan) for each individual.

Based on the number of individuals in the sub-groups, participation weights of
sub-groups in the WC are defined as 40% for interest sector of water users, 34% for
public authorities, and the rest 26% for civil society. By applying these weights to
the sub-group aggregated weights, as given in Annex I, the final aggregation is
performed to obtain the final group decision corresponding to the WC level, Table 3.
The best plan, as the WC final choice, is Plan 1 (Balance), second ranked is Plan
2 (Supply), and third one is Plan 5 (Other users). Least desired plan is Plan
3 (Irrigation).

It is easy to see that Plan No. 1 (Balance) is selected as the best by two IGs: public
authorities and water users. Top ranked by civil society is Plan 5 (Other users), while
Plan 1 is ranked as second. Worthy to notice is also that Plans 1, 2, and 5 are ranked
as top 3 by all sub-groups. Notice also that final ranking mostly reflects preferences
of the third interest group (water users).

• Application of Borda Count and Approval Voting (second part of Session 1)

In the second part of Session 1, the Borda Count is firstly employed, and within all
three sub-groups, participants individually assessed set of alternative plans.

Different from AHP methodology, this time participants did not rank criteria
within criteria set. Rather, all original criteria are considered as virtually “unique
criterion” which describes general desire and implicitly contains “a flavor” of each

Table 3 Sub-groups’ weights (ranks) of alternative plans obtained by AHP and final aggregation

IG IG weight

Plan (alternative)

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other users

Public authorities
(7)

α1 ¼ 0.34 0.258 (1) 0.249 (2) 0.117
(5)

0.145 (4) 0.231
(3)

Civil society
(5)

α2 ¼ 0.26 0.314 (2) 0.178 (3) 0.037
(5)

0.056 (4) 0.415
(1)

Water users
(9)

α3 ¼ 0.40 0.309 (1) 0.289 (2) 0.139
(4)

0.119 (5) 0.144
(3)

Aggregated (WGMM) 0.306 0.254 0.098 0.110 0.232
Rank 1 2 5 4 3
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criterion from the original criteria set. Appropriately briefed during this part of
Session 1, each participant is expected to be aware that his/her ranking of five
alternative plans will carry on information about his/her general desire and prefer-
ence. Participants are asked to express their individual (ordinal) preference by filling
in appropriate boxes with integers 1–5 in distributed evaluation sheet. Borda Count
additions of points were straightforward afterward.

Individual and final ranking of alternative plans derived within each interest
group by Borda Count is summarized in Table 4.Assuming that obtained three
rankings in interest groups are additionally aggregated at the WC level
(by following the same Borda Count procedure and associating equal weights to
each sub-group ranking), the best alternative in a social choice context is Plan
2 (Supply), while Plan 5 (Other users) and Plan 1 (Balance) share the second and
third place. The last two rows in Table 4 represent aggregated values: (1) sum of
ranks and (in parenthesis) the total number of points received in all three sub-groups
and (2) the final ranks of alternatives based on values in above row. Note that the
final ranks of alternative management plans obtained by sub-groups and by total
Borda Count points from all individuals coincide, that is, ranks of alternative plans
are unique.

Session 1 is concluded by applying non-preferential Approval Voting method to
rank five alternative plans. Again, participants are briefed about social choice
context and instructed how to express their desire. By using the evaluation sheet
#2 from Annex III, they individually approved one up to five plans (without giving
them preferences; they have just to express with sign “+” that they accept certain
plan to fulfill their expectations. All votes (approvals) are collected and presented in
Annex I and Table 5.

Obviously, participants in both cases (Borda and Approval) identified Plans 1, 2,
and 5 as the most desired for implementation. If preferential framework is considered
with multiple criteria as in AHP and condensed criteria “all-as-one” as in case of
Borda Count, preference structure is changed: in case of AHP, the first ranked is Plan
1 (Balance) and in case of Borda Count it is Plan 5 (Other users). Explanation for this
could be that in case of Borda Count, three best-ranked plans (1,2, and 3) received
similar number of points (53, 48, and 51, respectively; see Table 4). Condensing
criteria into one (differently from AHP which is very strict in this regard) probably

Table 4 Final Borda Count assessment at the group (water committee) level

IG
IG
weight

Borda Count points received for plans (alternatives)

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other users

Public authorities α1 ¼ 0.33 3 (21) 1 (13) 4 (23) 5 (31) 2 (17)

Civil society α2 ¼ 0.33 1 (6) 3 (14) 4 (21) 5 (22) 2 (12)

Water users α3 ¼ 0.33 3 (26) 1 (21) 4 (31) 5 (35) 2 (22)

Sum of ranks and total no. of points
received

7 (53) 5(48) 12 (75) 15 (88) 6 (51)

Final ranks of management plans 3 1 4 5 2
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led to smoothing effect and incapability of participants to sharply distinguish plans
among each other. Regarding Plan 3 and Plan 4, there is no dilemma that these plans
are inferior.

Table 6 summarizes the results obtained during Session 1 by all three methods.
By adding obtained ranks of all five plans, it appears that the Plan 1 (Balance) is most
desired by the complete group of participants, so that it would be the best choice of
the water committee. Second ranked is Plan 2 (Supply) and the third is Plan 5 (Other
users). Note that this result almost completely coincides with the final outcome of the
AHP method; only the last two positioned plans change place, namely, Plan 3 (Irri-
gation) and Plan 4 (Payment).

• Borda Count and Approval Voting for Assessing Top-Ranked Alternative
Plans (Session 2)

During Session 2 which started after a break of 3 h, all participants are briefed
about voting they will have to do as members of complete group, that is, not anymore
within sub-groups like during Session 1. Each participant received evaluation sheet
(Annex III, sheet #3) and performed individual voting for three top-ranked plans
identified during previous session by AHP and confirmed by Borda Count and
Approval Voting. The resulting ranking of plans in reduced set of plans is given in
Table 7.

Differences occurred in final ranks for plans 1, 2, and 5 and all three methods
(AHP, BC, and AV). Plan 1 was twice ranked as the best; interesting to note is that
once it was by AHP as preferential method and secondly by AV as social
non-preferential method. According to points received from BC preferential method,

Table 5 Final Approval Voting results at the group (water committee) level

IG IG weight

Number of approvals (out of 21) of alternative plans
1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other users

Public authorities α1 ¼ 0.33 6 6 4 3 6

Civil society α2 ¼ 0.33 5 0 0 0 4

Water users α3 ¼ 0.33 6 6 4 3 7

Total number of approvals 17 12 8 6 17
Final ranking 1–2 3 4 5 1–2

Table 6 Ranking of alternative water management plans obtained with AHP, BC, and AV
methods (Session 1: All Plans)

Method
1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other users

1. AHP 1 2 5 4 3

2. Borda Count 3 1 4 5 2

3. Approval Voting 1–2 3 4 5 1–2

Total 5.5 6 13 14 6.5
Final rank 1 2 4 5 3
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Plan 2 is ranked as the most desired by WC which in final summation of ranks
equalizes that plan with the Plan 1 (cf. last two rows in Table 7). The last positioned
Plan 5 was never selected by the WC as the best.

4 Conclusions

The paper presents group decision-making framework that could be applicable as a
part of paradigm decision-making in any water committee responsible for water
management on the river basin scale. The problem is stated as to select the most
desired long-term management plan among several offered plans by assessing plans
across more or less conflict criteria. We presented approach which is illustrated by
using two different methodological options in decision-making and showed how
they can be combined for establishing common professional, social, and political
environment where people ought to make decisions by using advanced scientifically
sound techniques.

The first part, organized as Session 1, included more complex, more detailed, and
time- and effort-consuming evaluation of five management plans across five criteria.
A group of 21 participants in one workshop dedicated to hierarchical decision-
making is divided into 3 sub-groups to simulate different stakeholders’ interest
while searching for most desired plan. We believed that it is more convenient for
participants to use two simple voting methods from social choice theory in the
second part of that session to check agreement of voted solutions with solution
obtained by the analytic hierarchy process as representative of multi-criteria class of
methods. Although voting process performed by Borda Count (as preferential voting
method) and Approval Voting (as non-preferential voting method) implied situation
where participants considered all criteria as virtually one criterion, which is different
from AHP methodology, an agreement was complete regarding three top-ranked
plans. This provoked us to undertake additional Session 2 after few hours and to
repeat voting process about only those three top-ranked plans. A complete group,
acting as water committee, reconfirmed results from the Session 1 and indicated that
even additional shrinking of set of plans is possible. That is, Session 2 indicated that

Table 7 Ranking of top three
water management plans 1, 2,
and 5 obtained with AHP, BC,
and AV(Session 2: Three
Plans)

Method

Plan

1
Balance

2
Supply

5
Other users

1. AHP 1 2 3

2. Borda Count 3 1 2

3. Approval Voting 1 2 3

Total 5 5 8
Final rank 1–2 1–2 3
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two plans can be considered as equally desired by the water committee and that it
might be opportune in real-life situation to apply majority principle in simple voting
for just two alternatives.

From the methodological point of view, the final ranking does not necessarily
depend on the number of voters and on the size of sub-groups. If setup of voting
processes is such that large sub-group has the same power as a small sub-group, this
could yield to ranking which does not satisfy the conditions of social welfare
functions and especially the principle of majority decision. An issue of number of
members in groups or sub-groups, importance of individuals (experts) within
sub-groups and across representatives on the group level, and related problems of
preserving fairness, competence, and consistency, is always subjective to contro-
versial discussion in practical applications. And of course, our approach is not
immune of it.

In voting part of a methodology, we imply that all members of a group vote on
equal importance base. This must not be a rule. For instance, within relatively large
water committee, only representatives of different sub-groups (one person for one
sub-group) may be allowed to vote. A possible new direction of research could be
how to effectively and consistently avoid any early confrontation of individuals and
sub-groups within water committee, i.e., how to define their different weights based
on competences, i.e., expert knowledge, education, attitude, willingness, political
impacts, etc.

It is important to mention that involved decision-makers found proposed meth-
odology transparent, easy to understand and implement, and results trustful.
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Annex I. Results of Evaluation (Session 1)

Final priorities of alternative plans derived by AHP, Borda Count, and Approval
Voting in three interest sub-groups
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PUBLIC AUTHORITIES             No. of participants = 7

Plans vs. Goal
Participants Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 0.280  0.319  0.055  0.080  0.266
2 0.208  0.181  0.106  0.395  0.111
3 0.191  0.402  0.047  0.074  0.285
4 0.306  0.162  0.287  0.087  0.158
5 0.300  0.220  0.112  0.274  0.094
6 0.068  0.175  0.120  0.116  0.522
7 0.429  0.163  0.113 0.082  0.213

WGMM aggregated 0.258    0.249    0.117    0.145    0.231
Rank 1 2 5 4 3

AHP

CIVIL SOCIETY                           No. of participants = 5

Plans vs. Goal

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 0.302  0.175  0.034  0.059  0.430
2 0.305  0.259  0.035  0.061  0.340
3 0.316  0.171  0.035  0.048  0.431
4 0.319  0.149  0.041  0.055  0.436
5 0.319  0.149  0.041  0.055  0.436

WGMM aggregated 0.314    0.178    0.037    0.056    0.415
Rank 2 3 5 4 1

USERS                                      No. of participants = 9 

Plans vs. Goal

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 0.274  0.167  0.106  0.290  0.162
2 0.272  0.456  0.072  0.068  0.132
3 0.282  0.236  0.234  0.122  0.126
4 0.320  0.156  0.283  0.141  0.099
5 0.097  0.314  0.154  0.076  0.359
6 0.371  0.259  0.054  0.079  0.236
7 0.504  0.234  0.131  0.075  0.056
8 0.201  0.356  0.115  0.172  0.158
9 0.431  0.298  0.151  0.075  0.045

WGMM aggregated 0.309    0.289    0.142    0.119    0.141
Rank 1 2 3 5 4

Group Evaluation of Water Management Plans with Analytic Hierarchy. . . 75



PUBLIC AUTHORITIESNo. of participants =7

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 2 3 5 4 1
2 5 1 2 4 3
3 5 1 3 4 2
4 2 3 1 5 4
5 3 1 5 4 2
6 2 3 4 5 1
7 2 1 3 5 4

Total points 21 13 23 31 17
Rank 3 1 4 5 2

BORDA COUNT 

CIVIL SOCIETY No.of participants =5

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 1 3 4 5 2
2 1 2 4 3 5
3 1 3 4 5 2
4 1 3 4 5 2
5 2 3 5 4 1

Total points 6 14 21 22 12
Rank 1 3 4 5 2

USERS No. of participants = 9 

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 4 1 3 5 2
2 3 1 4 5 2
3 3 2 5 4 1
4 1 2 3 5 4
5 3 4 5 2 1
6 4 3 2 1 5
7 3 1.5 4.5 4.5 1.5
8 3 2 5 4 1
9 2 5 1 3 4

Total Points 26 21.5 32.5 33.5 21.5
Rank 3 1-2 4 5 1-2
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PUBLIC AUTHORITIES                       No. of participants =7

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 + +
2 + + +
3 + + + +
4 + + + + +
5 + + + + +
6 + + + +
7 + +

No. of approvals 6 6 4 3 6
Rank 1-3 1-3 4 5 1-3

APPROVAL VOTING

CIVIL SOCIETY                                   No. of participants =5

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 + +
2 +
3 + +
4 + +
5 + +

No. of approvals 5 0 0 0 4
Rank 1 3-5 3-5 3-5 2

USERS                                                             No. of participants = 9

Participant
Plan

1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 + +
2 + + +
3 + + +
4 + +
5 +
6 + + +
7 + + + + +
8 + + + + +
9 + +

No. of approvals 6 6 4 3 7
Rank 2-3 2-3 4 5 1
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Annex II. Results of Social Choice Methods (Session 2)

Final priorities of alternative plans derived by Borda Count and Approval Voting
methods in three interest groups for three top-ranked plans by AHP during Session 1

PUBLIC AUTHORITIES                           No. of participants =7

Ranking alternative plans

Participant 1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 2 3 5 4 1
2 5 1 2 4 3
3 5 1 3 4 2
4 2 3 1 5 4
5 3 1 5 4 2
6 2 3 4 5 1
7 2 1 3 5 4

Points 21 13 23 31 17
Rank 3 1 4 5 2

BORDA COUNT 

CIVIL SOCIETY                                        No. of participants =5

Ranking alternative plans

Participant 1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 1 3 4 5 2
2 1 2 4 3 5
3 1 3 4 5 2
4 1 3 4 5 2
5 2 3 5 4 1

Points 6 14 21 22 12
Rank 1 3 4 5 2
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USERS                                                           No. of participants = 9 

Ranking alternative plans

Participant 1
Balance

2
Supply

3
Irrigation

4
Payment

5
Other Users

1 4 1 3 5 2
2 3 1 4 5 2
3 3 2 5 4 1
4 1 2 3 5 4
5 3 4 5 2 1
6 4 3 2 1 5
7 3 1.5 4.5 4.5 1.5
8 3 2 5 4 1
9 2 5 1 3 4

Points 26 21 31 35 22
Rank 3 1-2 4 5 1-2

PUBLIC AUTHORITIES                           No. of participants =7

Approval of plans
Participants 1

Balance
2

Supply
3

Irrigation
4

Payment
5

Other Users
1 + +
2 + + +
3 + + + +
4 + + + + +
5 + + + + +
6 + + + +
7 + +

No. of approvals 6 6 4 3 6
Rank 1-3 1-3 4 5 1-3

APPROVAL VOTING
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USERS                                                                  No. of participants = 9

Approval of plans
Participants 1

Balance
2

Supply
3

Irrigation
4

Payment
5

Other Users
1 + +
2 + + +
3 + + +
4 + +
5 +
6 + + +
7 + + + + +
8 + + + + +
9 + +

No. of approvals 6 6 4 3 7
Rank 2-3 2-3 4 5 1

CIVIL SOCIETY                                     No. of participants =5

Approval of plans
Participants 1

Balance
2

Supply
3

Irrigation
4

Payment
5

Other Users
1 + +
2 +
3 + +
4 + +
5 + +

No. of approvals 5 0 0 0 4
Rank 1 3-5 3-5 3-5 2

Annex III. (Evaluation Sheets)

Evaluation sheets for AHP, Borda Count, and Approval Voting methods delivered to
all participants in three interest sub-groups during two sessions
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Interest Group _____________________________________________
Participant Name ___________________________________________
Position __________________________________________________

Criterions vs. Goal
Political Economic Social Environm Technical

Political 1
Economic 1
Social 1
Environmental 1
Technical 1

Alternatives vs. Criterions

Political Economic Social
1 1 1

1 1 1
1 1 1

1 1 1
1 1 1

Environmental Technical
1 1

1 1
1 1

1 1
1 1

Saaty’s scale for pair wise comparisons in AHP

An intermediate numerical values 2,4,6,8  and 1/2,1/4,1/6,1/8 can also be used.

Judgment term Numerical term
Absolute preference (element i over element j) 9
Very strong preference (i over j) 7
Strong preference (i over j) 5
Weak preference (i over j) 3
Indifference of i and j 1
Weak preference (j over i) 1/3
Strong preference (j over i) 1/5
Very strong preference (j over i) 1/7
Absolute preference (j over i) 1/9

EVALUATION SHEET #1 (AHP – Session 1)
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Interest Group _____________________________________________
Participant Name ___________________________________________
Position __________________________________________________

Borda Count

Order alternative plans by importance for river basin
(1 – most important, 2 – second most important, …, 5 – least important)

Approval Voting

Approve alternative plans as you wish (at least one must be approved!),
regardless their importance. Just insert ‘+’ in the right column of table below

Plan Importance
1. Balance
2. Supply
3. Irrigation
4. Payment
5. Other users

Plan Approved?
1. Balance
2. Supply
3. Irrigation
4. Payment
5. Other users

EVALUATION SHEET #2 (Borda Count and Approval Voting – Session 1)
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Participant Name ___________________________________________

Borda Count

Order alternative plans by IMPORTANCE for river basin 
(1 – most important, 2 – second most important, …, 3 – least important)

Approval Voting

Approve alternative plans as you wish (at least one must be approved!), 
regardless their importance. Just insert ‘+’ in the right column of table below

Plan Importance
1. Balance
2. Supply
5. Other users

Plan Approved?
3. Balance
4. Supply
5. Other users

EVALUATION SHEET #3 (Borda Count and Approval Voting – Session 2)
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Agroforestry Systems and Innovation
in Extra-Virgin Olive Oil Chain (EVOO)
in Central Italy: A Multi-stakeholder
Perspective

Andrea Pisanelli, Claudia Consalvo, Giuseppe Russo, Marco Ciolfi,
Endro Martini, Marco Lauteri, Francesca Camilli, and Pierluigi Paris

Abstract Agroforestry is a land use practice in which woody perennials (trees or
shrubs) are integrated with crops and/or livestock on the same land unit. Such
practices have shaped key features of the rural landscape in Mediterranean countries,
where trees have been traditionally and deliberately retained by farmers or included
in cultivated or grazed lands. Global and European policies acknowledge the role
that agroforestry can play to promote multifunctional agriculture providing products
and delivering additional, highly important, ecosystem services. Nevertheless, it is
also recognised that several constraints such as the lack of knowledge and expertise
of farmers, land users and policy makers concerning agroforestry systems establish-
ment and management hamper the adoption of agroforestry systems. In order to fill
this gap, a European research project, funded within the EU’s H2020 research and
innovation programme, started in January 2017: Agroforestry Innovation Networks
(AFINET). AFINET acts at EU level in order to take up research results into practice
and to promote innovative ideas to face challenges and resolve problems of practi-
tioners. To achieve this objective, AFINET proposes an innovative methodology
based on the creation of a European interregional network, linking different
Regional Agroforestry Innovation Networks (RAINs). RAINs are working groups
created in nine strategic regions of Europe, interconnected and articulated through
the figure of the Innovation Broker. RAIN in Italy is focused on multipurpose olive
tree systems in the territory around Orvieto Municipality, Umbria Region, Central
Italy. The network considers the extra-virgin olive oil value chain, from the olive
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production on farm to the olive processing, producing oil and residues, at the oil mill.
Through the RAIN, we expect to improve the management of olive orchards,
promoting the adoption of agroforestry solutions and practices, and to improve the
extra-virgin olive oil production process by identifying innovative uses of the
bio-residues. This paper reports the results obtained in the first and second RAIN
meetings, organized in September 2017 and January 2018, with the participation of
27 and 39 stakeholders from the local olive oil chain, respectively. The first meeting
was mainly aimed to introduce the AFINET project and its tools and to implement a
participative approach in order to identify bottlenecks and opportunities of the extra-
virgin olive oil value chain, according to stakeholder knowledge and experience.
The second meeting was focused on the identification of potential innovations that
should be implemented within the olive oil value chain according to stakeholders’
needs and perceptions.

Keywords Communication · Participative approach · Multi-stakeholders · Value
chain

1 Introduction

In the last century, intensive farming systems have been promoted all over the world,
causing several environmental constraints and agricultural ecosystem degradation
linked to the loss of important ecological traits, such as the presence of the woody
component. Therefore, farming systems should switch from intensive to extensive
practices, that is to say, from the application of external inputs to the efficient use of
the available resources (Gross 2016).

Agroforestry is the practice of deliberately integrating woody vegetation (trees or
shrubs) with crop and/or animal systems to benefit from the resulting ecological and
economic interactions (Nair 1993; McAdam et al. 2009). Such practices have shaped
key features of the rural landscape in Mediterranean countries where trees have been
traditionally and deliberately retained by farmers or included in cultivated or grazed
lands providing secondary products such as fruits, fodder for livestock and wood for
fuel, litter or timber as well as environmental benefits (Eichhorn et al. 2006).
Agroforestry systems may increase productivity and profitability in comparison to
monoculture (Graves et al. 2007) in a sustainable way and provide various environ-
mental benefits (Palma et al. 2007), such as soil erosion control, decrease nitrogen
leaching, increase carbon sequestration and improve biodiversity and rural landscape
(European Commission DG Environment 2006).

European policies (CAP) acknowledge the role that agroforestry can play to
promote multifunctional agriculture providing products and delivering additional,
highly important, ecosystem services. Since the 2007–2013 programming period
(EU REG No 1698/2005), agroforestry systems have been included in the forestry
measures to be supported in the Rural Development Plans (RDPs) because of “their
high ecological and social value” (Pisanelli et al. 2014). Furthermore, along with
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its growth strategy EU 2020, the EU has launched the agricultural European
Innovation Partnership creating a specific focus group on “Agroforestry systems:
Integrating woody crops into specialized crop and livestock systems” (EIP-AGRI
2017). This focus group aimed to investigate challenges, opportunities and existing
practices and ways forward to further develop agroforestry systems in Europe. The
focus group also suggested innovative actions and ideas involving farmers,
advisers, industry and other stakeholders in smart practices to assess ecosystem
services, sharing experiences and knowledge, optimal scales and landscape
designs, creating agroforestry value chains and developing management guidelines
of specific agroforestry systems, and to see the availability of lacking crop
resources. It is also known that several constraints such as the lack of knowledge
and expertise of farmers, land users and policy makers concerning agroforestry
systems establishment and management hamper the adoption of agroforestry
systems (Camilli et al. 2018; De Jalón et al. 2017).

In order to fill this gap, a European research project, funded within the EU’s
H2020 research and innovation programme, started in January 2017: Agroforestry
Innovation Networks (AFINET, http://www.agroforestry.eu/afinet). AFINET acts at
EU level in order to take up research results into practice and promote innovative
ideas to face challenges and resolve problems of practitioners. In order to achieve
this objective, AFINET proposes an innovative methodology based on the creation
of a European interregional network, linking different Regional Agroforestry Inno-
vation Networks (RAINs). RAINs are working groups created in nine strategic
regions of Europe (Spain, the UK, Belgium, Portugal, Italy, Hungary, Poland,
France and Finland), interconnected and managed through the figure of the “Inno-
vation Broker”. RAINs represent different climatic, geographical, social and cultural
conditions and enclose a balanced representation of the key actors with complemen-
tary types of expertise (farmers, policy makers, advisory services, extension ser-
vices, etc.). Within the AFINET scheme, each project partner is in charge to organize
five RAIN meetings during the 3 years of the project.

The Italian RAIN is focused on multipurpose olive tree systems in the area around
Orvieto Municipality, Umbria Region, Central Italy. The network considers the
extra-virgin olive oil supply chain, from the olive production on farm to the olive
processing, producing oil and residues, at the oil mill. In the study area, olive
orchards represent one of the most common land use practices (Martini 2010).
Through the RAIN, we expect to improve the management of olive orchards
promoting the adoption of agroforestry solutions and practices and improving the
extra-virgin olive oil production process by identifying innovative uses of the olive
oil production residues.

This paper reports the results obtained in the first and second RAIN meetings,
organized in September 2017 and January 2018 and attended by 27 and 39 stake-
holders of the local olive oil supply chain, respectively. Both meetings adopted a
participative approach involving stakeholders in discussing bottlenecks and oppor-
tunities to elicit the main agroforestry challenges and innovations that should be
faced to improve the local olive oil value chain.
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2 Material and Methods

A review of agroforestry systems applied to olive orchards in Italy was carried out
consulting available scientific references. A description of the olive oil value chain in
the studied area was performed consulting available databases and bibliographic
sources. During the first RAIN meeting, AFINET project was introduced to stake-
holders who, then, were invited to form three groups and join three discussion tables
in order to identify bottlenecks, challenges and knowledge gaps affecting the olive
oil supply chain. Each table focused on a specific issue related to the olive oil supply
chain: climate and environment, socio-economy and policy. After 20 min of discus-
sion, each group of participants moved from a table to another in order to take part to
the discussion of all the issues. The facilitator at each table introduced the partici-
pative exercise and invited the stakeholders to discuss. Afterwards, the stakeholders
were asked to write in a post-it note the main constraints and opportunities related to
each issue. The first RAIN meeting was followed by an online questionnaire
submitted few days later to the stakeholders who were asked which agroforestry
challenges should be implemented in order to improve the local olive oil value chain.
Such challenges were discussed with the stakeholders during the second RAIN
meeting in order to exploit opportunities of the olive oil supply chain and identify
possible innovations that should be taken into account.

3 Agroforestry Systems and Olive Orchards in Italy

The olive tree has been cultivated in Italy and in the Mediterranean basin since the
dawn of civilizations. It has characterized the Mediterranean landscape, economy,
food and diet for about three millennia, throughout innumerable historical events
and socio-economic changes (Besnard et al. 2013). Since its origin, the olive tree
has been mostly cultivated in association with crops (legumes and cereals) and
grazing, with low plant densities in mixed agroforestry systems (Lelle and Gold
1994), a diversified farm production that was well adapted to the prevailing needs
of rural populations and to the irregularities of the Mediterranean climate. This
mixed cultivation system had been prevailing until the recent industrialization of
modern agriculture, mainly oriented to crop specialization and the maximization of
unit productivity (Sereni 1974), leading to a prevalent orientation of research
towards high plant densities and reduced tree vigour. In the last decades, the
keywords for the modern olive cultivation have been crop specialization and
suppression of olive cultivation in agroforestry systems, considered as an index
of poor technological and economic progress. Nonetheless, the traditional man-
agement of olive trees in agroforestry systems has resisted those changes and is
still widespread in many areas of the country. Official national statistics (ISTAT)
report that currently in Italy there are about one million hectares of olive trees.
According to more recent estimates of the European agroforestry project
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AGFORWARD (http://www.agforward.eu/index.php), about 200,000 hectares of
olive trees are managed in agroforestry systems in Italy (den Herder et al. 2017).

Today, agriculture practices need to combine food security with environmental
protection, safeguarding biodiversity and soil fertility and combating climate
change. The modern management of the agroforestry systems of the olive orchards
can address issues such as multifunctional sustainable agriculture throughout green
mulching, grazing and intercropping. Olive trees produce the maximum amount of
fruit yield when tree canopy intercepts 55% of the available light. If the olive trees
have a too high planting density, the consequent self-shading causes a decrease in the
fruit yield. Thus, 45% of residual solar radiation that is not used efficiently by olive
trees – if water and soil nutrients are not limiting factors – can be exploited by the
associated crops or understory vegetation and/or rearing animals.

The green mulching of olive grove and, more generally, of fruit woody crops is a
technique which has received great attention in the previous decades, because of the
important effects on the economy and the environment. In Italy, many fruit trees
plantations, including olive tree groves, are often located in hilly areas which are at
risk of soil erosion if the soil is mechanically cultivated or chemically treated to
contain weeds. An alternative solution is the maintenance of a permanent and
controlled herbaceous cover, with positive effects against soil erosion and on the
physical, chemical and biological characteristics of the soil. In this way, green
mulching influences soil fertility increasing the organic matter, with the accumula-
tion of carbon (C) into the soil. Important additional benefits of green mulching are
the elimination of the compacted ploughing soil layers, the increase in soil micro-
porosity and the improvement of the soil structure promoting soil water storage and
its availability to cultivated plants. Increasing the soil C reserve is a strategic action
of agricultural and forestry sectors to reduce the C concentration in the atmosphere,
thus reducing the greenhouse effects and the related climate change. The latter is
already affecting the majority of Italian lands, with increasingly frequent droughts
requiring a more efficient use of natural water resources in agriculture. There is a
wide scientific and technical literature on olive tree grassing down, with research
activities carried out in Italy and other Mediterranean countries. A Spanish study
(Hernandez et al. 2005) showed fast increase of C and water reserves in the soil after
applying green mulching in a rain-fed olive plantation in the central area of the
Iberian Peninsula, with an average precipitation of 500 mm per year. For 5 years,
green mulching with sub clover (Trifolium subterraneum) and vetch (Vicia sativa),
chemical weeding without soil tillage and soil tillage were compared. Sub clover and
vetch are two nitrogen fixing legumes, self-seeding, with a vegetative stasis in the
middle of summer. At the end of the observation period, the olive production in the
different soil managements did not show any differences on fruit yield, showing that
green mulching is not competitive for soil water and nutrients with the olive tree.
Furthermore, with the sub clover-vetch green mulching, there was a + 27% increase
in available water into the soil profile and + 36% in soil C. These data unequivocally
demonstrate the importance of green mulching with selected species in olive culti-
vation in adaptation to climate change.
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Intensive livestock farming is a highly critical contribution of modern agriculture,
as it is responsible for polluting emissions and serious risks of low food production and
quality. Intensive livestock farming has a key role in the greenhouse effect, contrib-
uting to 50% of C emissions in the atmosphere of the entire agricultural sector.

Alternatively, rearing of domesticated husbandry in agroforestry systems can
contribute to animal welfare, improving the quality of animal productions (meat,
milk, eggs, etc.) and ensuring the supply of supplementary fodder resources to
grazing animals from the arboreal component (acorns, fodder fronds, fallen fruits)
in addition to the grass/pastureland. The animal dejections are disposed directly on
site, and tree root systems can intercept the leached nitrogen, reducing the nitrate
pollutions of soil water, water tables and connected water bodies. Furthermore, the C
emitted from the animals can be stored in the woody biomass of the associated trees.

Animal grazing (especially sheep, cattle and goat grazing) under olive trees is still
widespread in Italy. Unfortunately, there are no reliable statistics about the current use
of grazing under olive trees with traditional low tree density and large tree size.
Collection of such data is limited by the strong fragmentation of olive grove estates,
as well as by the randomly applied AF practice. Much great attention has been
provided by Italian research to free-range chicken breeding under the olive tree
cover. In this regard, Dal Bosco et al. (2014) demonstrated the convenience and
effectiveness of this innovative practice showing interesting perspective to be
implemented, given the increasing consumers’ attention to animal welfare and
healthy poultry products. Furthermore, the strong fragmentation of olive tree estates
allows the easy and profitable management of high-density poultry raring in a limited
area, and this agroforestry practice is getting popular among farmers and consumers.

Intercropping or alley cropping in olive orchards can be very limited for light-
demanding crops such as wheat, sunflower, alfalfa, clovers, etc. that can be associated
with olive groves just with low tree densities, varying from a minimum interrow
distance of 20 m up to 50 m (Paris, data not published). Such systems are more
common in areas with gentle slope making the circulation of farm machinery for
intercrop cultivation and harvesting easier. With regard to that, it is necessary to
optimize the cultivation distances between olive tree canopy and intercrop (Razouk
et al. 2016). Small vegetable gardens with olive trees associated with winter or
summer vegetable crops are frequent, for self-consumption, in the peri-urban areas
of rural towns. In this case, the degree of shading of olive trees on vegetable crops
does not seem a limiting factor. In modern intensive and super-intensive olive
plantations with high plant density (400 and 1667 trees ha�1 or 6 � 4 m and 4 �
1.5 m, respectively), it is important to select crops suitable for the high degree of
shading. An example is the wild asparagus, very appreciated by the market in the
Mediterranean countries, a niche vegetable crop of high commercial value. Wild
asparagus, as a sufficiently shade-tolerant plant and highly resistant to drought, can
be used in a sustainable and profitable association with olive trees either in modern
orchards or in traditional groves in marginal areas (Rosati 2011, 2014). The variety of
combinations between olive trees and crops is very wide; however, farmers’ choices
can be affected by multiple factors deserving a much in-depth research activities.
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4 The Olive Oil Value Chain in Italy and Umbria Region

Olive oil is the base of Mediterranean diet, and 80% of the olive oil world production
is concentrated in Spain, Italy and Greece in addition to Turkey, Tunisia and
Morocco. In these countries, olive oil represents not only a resource for rural
economies but also an important element of the cultural heritage and the rural
landscape (Sabbatini 2014).

Italy is the second olive oil producer of the European Union and provides about
20% of the European production. The Italian olive oil value chain is based on about
900,000 small-scale producing farms (average farm size is about 1.2 ha), growing
olive trees in about 1,000,000 ha.

According to Unaprol (2015), the Italian olive production has been decreasing
during the last decades mainly because of the abandonment of most marginal fields.
Moreover, the Italian olive oil industry has difficulty competing in the world
markets, mainly because the strong competition arising from the Spanish olive oil
industry that is increasingly involved also in processing and trade (Pomarici and
Vecchio 2013).

In Italy olive tree cultivation is the most important agricultural activity in many
rural areas, and Umbria can be considered one of the most interesting regions
because of the high-quality production (both olive and extra-virgin oil) and the
close connection with traditional knowledge and the local environment. In fact,
olive trees in Umbria are still managed in an extensive way, often in marginal
sites, with minimal mechanization and low external inputs such as chemical
treatments.

Moreover, olive trees, as permanent crops, guarantee a partial tree cover reducing
hydrogeological risk. Soil management usually keeps natural grassing undercover
reducing soil carbon emission and increasing soil fertility (Bateni 2017).
Intercropping with livestock can also be practised in olive orchards, increasing the
complexity of the olive tree multifunctional system.

The regional olive oil chain involves about 30,000 farms growing olive trees
covering about 27,000 ha and including 270 oil mills; the regional olive production
is reported in Fig. 1. The variability of the olive yield is due to both the extreme
climatic events that influence the Mediterranean region and the massive parasitic
attacks of Bactrocera oleae (olive fly).

The regional extra-virgin olive oil production represents 5% of the national
production, and 7% of high-quality oil is labelled with Protected Designation of
Origin (PDO): Colli Assisi Spoleto, Colli Martani, Colli Amerini, Colli del
Trasimeno and Colli Orvietani. In Umbria olive trees are cultivated in the whole
region.

The main strengths of olive oil supply chain in Umbria are:

– Elevated landscape value of olive orchards
– High-quality level of the extra-virgin olive oil
– Great awareness and expertise of farmers and oil mill managers
– High cultural and traditional value
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On the other side, the main weaknesses of the olive oil chain in Umbria are:

– High productive costs
– Low intensive management practices
– Small-scale farm dimension

In Italy there are 556 olive tree varieties adapted to the different ecological
conditions of the country (http://www.frantoionline.it), and, only in the Umbria
region, there are 51 cultivars of olive trees for oil production. Olive orchard
management requires appropriate treatments such as soil management, fertilizations,
pest treatment, pruning and harvesting. Cultivation can be conventional, integrated
or organic. Pruning and harvesting are usually performed manually. After the
harvest, olives must be brought to the oil mill within 48 h in order to avoid the
fermentation process.

The olive oil production phase comprises the extraction of the oil from the olives
and the production of additional by-products (water, pomace and husk) that require
to be properly managed. The olive oil extraction can be performed according to
different methods such as traditional pressing or centrifugation (with three-phase or
two-phase) depending on the oil mill technologies. The traditional method by
pressing (discontinuous process) is relatively obsolete and is generally replaced by
centrifugation systems that contribute to lower costs, better olive oil quality and
shorter storage time of olive before processing.

Continuous centrifugation with three-phase system requires a great amount of
water and energy. The process generates a solid waste (olive husk or olive pomace),
olive oil and wastewater. Continuous centrifugation with two-phase system allows
separation of olive oil from olive pasta without addition of water, so the method
generates only olive oil and a semi-solid waste called olive wet husk or wet pomace.
Finally, continuous centrifugation with a two and half system brings together the
advantages of the two different systems (it requires the addition of a small amount of
water) and generates a solid fraction (olive wet husk or wet pomace) that includes
part of the vegetation water and a small quantity of olive mill wastewater.

Fig. 1 Olive production (tons) in Umbria region
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The by-product management is very important because the olive oil mill wastes
have a great impact on soil and water environments because of the high phytotox-
icity (phenol, lipid and organic acids), and their management is one of the main
problems of the olive oil industry (Souilem et al. 2017). At the same time, such
wastes also contain potential valuable resources such as a large portion of organic
matter and a wide range of nutrients that could be recycled (Roig et al. 2006) to
produce bioenergy (Caputo et al. 2003), compost (Tomati et al. 1995), pharmaceu-
tical products (Vlyssides et al. 2004) and olive pâté (Grimelli 2012).

5 Bottlenecks, Challenges and Innovations in the Olive Oil
Value Chain

The 27 stakeholders participating at the first RAIN meeting included farmers,
multipliers such as members of trade associations and citizens, researchers and
policy makers (Fig. 2). Stakeholders were asked to highlight the main bottlenecks,
knowledge gaps and challenges in policies, climate and environment and socio-
economic aspects related to the olive oil value chain. The main bottlenecks and
opportunities are summarized in Table 1.

Concerning the policy issue, stakeholders remarked that most of the bottlenecks
are related to the Common Agricultural Policy (CAP), mainly because grant

Fig. 2 Type of the 27stakeholders that participated at the first RAIN meeting in September 2017
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mechanisms are perceived as too complicated and not efficient, especially to
address the needs of small-scale farms. Stakeholders complained also about the
bad link of policy to the real agricultural world, the poor communication of the EU
regulations and the lack of control on the distribution of subsidies to the farmers. A
distinguished support to agroforestry practices (i.e. a label for agroforestry prod-
ucts) could compensate the highest management costs of agroforestry practices,
whereas the implementation of cooperation among stakeholders would improve the
sharing of knowledge and facilitate the agreement on common strategies to be
adopted and followed.

Stakeholders perceived that the limited competitiveness of the local olive oil
value chain is the most important socio-economic bottleneck. In fact, stakeholders
complained on the low price of high-quality extra-virgin olive oil mainly because
consumers are not aware of the olive oil quality and most of them are not willing to
spend more money for a higher price. Therefore, it would be relevant to promote
adequate communication campaigns to educate consumers about olive oil beneficial
properties. At the same time, it would be important also to identify innovative
products from the olive processing residues in order to develop new local value
chains and diversify the productions.

Stakeholders perceived that olive production has been decreasing mainly because
of climate and/or pest adversities. Hot and dry summers reduce the olive yield, and,
at the same time, too wet summers increase the olive fly attacks. Stakeholders
thought that the adoption of agroforestry management schemes would mitigate
climate change effects, but it would require the identification of best practices to
be applied in the olive orchards. The introduction of new species to be intercropped
in the olive orchards would allow further diversification of farm production and
generate additional income. Since agroforestry is more complex than monoculture,
farmers would need to be trained to get appropriate management skills.

A total of 16 stakeholders responded to the online questionnaire in which they
were asked to list the most important challenges that should be implemented to
contrast the bottlenecks and exploit the opportunities (Table 2). Challenges should
mainly address best managements scheme, value chain improvement, communica-
tion and information.

The second RAIN meeting was attended by 39 stakeholders including farmers,
farm advisors, multipliers, oil mill and technicians of the olive processing and

Table 1 Bottlenecks and opportunities emerged at the participative workshop implemented during
the first RAIN meeting

Issue Bottlenecks Opportunities

Policy Common Agricultural Policy
(CAP) complexity

Improve the support to agroforestry practices;
promote the cooperation among stakeholders

Socio-
economic

Low competitiveness of the
local olive oil value chain

Educate citizens and consumers; identify new
products

Climate and
environment

Reduction of olive yield Identify best management practices; promote
farm diversification
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researchers (Fig. 3). During the meeting the stakeholders were invited to discuss
about the above-mentioned challenges highlighted by the questionnaire.

Stakeholders perceived that the management of agroforestry systems is more
complex than the conventional farming, but it certainly has lower environmental and
landscape impacts. For this reason, farmers claimed the need to be compensated
(i.e. with subsidies) for introducing and managing agroforestry systems in their
farmlands. Stakeholders also claimed that it is important to increase the awareness
about the massive use of chemical products in agriculture and the negative effects on
the environment and human health, as well. This would be possible by increasing the
adoption of organic management schemes at farm level. Climate change is

Table 2 Most relevant challenges that should be implemented in order to contrast bottlenecks

Challenges

Share information on optimal tree/crop/livestock combinations, in order to maximize productivity
and ecosystem services

Identify fodder trees and nutritional value of nuts and fruits for specific animal species

Assessment of the profitability of agroforestry systems in the short term

Informing consumers and society about agroforestry and its environmental and economic benefits

Promote the establishment of demonstrative farms managing agroforestry systems

Increase the knowledge on the costs and benefits of specific agroforestry systems

Better understanding of the value chain (supply, demand and marketing opportunities) of agro-
forestry products

Improvement of policy support tools to promote agroforestry systems at farm level

Reducing legislative uncertainty regarding the tree planting on agricultural land

Fig. 3 Type of the 39 stakeholders that participated at the second RAIN meeting in January 2018
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particularly perceived as a threat to agriculture since it is now a fact and can no
longer be considered as linked to exceptional events. Therefore, it is necessary to
redefine, through applied research and research transfer at all steps of the supply
chain, innovative cultivation models able to cope with the new climate patterns. In
order to increase consumers’ awareness about olive oil properties, stakeholders
suggested interacting with citizens, in particular students, to highlight sustainable
agricultural practices to manage olive orchards. Moreover, it would be appropriate
to play out promotion and dissemination actions in shopping centers with distribu-
tion and tasting of food obtained in agroforestry systems. Research centres should
deeply investigate how to optimize agroforestry systems establishment and manage-
ment as well as the evaluation of the relative supply chain impacts as compared to
conventional systems, on the basis, for example, of the Life Cycle Assessment
(LCA) and the Carbon Footprint Analysis.

According to such challenges and suggestions, the possible innovations that
should be taken into account are:

• Economical aspects and supply chain development and diversification: set up
new process methods and technologies to provide olive processing by-products
with added value while reducing oil mill waste.

• Communication and awareness raising: implement communication campaigns to
demonstrate agroforestry systems sustainability and educate students and
consumers.

• Policy and administration issues: identify innovative policy instruments to pro-
mote cooperation among farmers.

• Cultivation technical aspects: identify best management practices to be adopted in
the olive orchards.

6 Conclusions

During the last two decades, the consensus and interest on agroforestry systems have
been progressively increasing among public institutions at European level. Since the
beginning of the new century, agroforestry and related issues have been included in
the main European research programmes, and research projects, specifically focused
on agroforestry, were funded both within the 6th Framework (i.e. “Silvoarable
Agroforestry For Europe”, SAFE project, 2001–2005) and the 7th Framework
programme (i.e. “Agroforestry that Will Advance Rural Development”,
AGFORWARD project, 2014–2017). Those projects investigated and identified
the most interesting agroforestry practices that could be adopted in different envi-
ronments and socio-economic conditions in Europe.

At the same time, Common Agricultural Policy has included agroforestry as a
supporting practice within the Rural Development Plans. Furthermore, since 2012 a
European Agroforestry Federation has been constituted (EURAF, http://www.
eurafagroforestry.eu) with the aim to promote agroforestry by any communication
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means, including lobbying for agroforestry adapted policies at the European scale.
EURAF has about 280 members from 20 different European countries, and national
agroforestry associations have been also created in most of the European countries.

Despite these efforts, agroforestry is still poorly applied at European farm level
mainly because of a lack of knowledge among stakeholders. In the current EU
H2020 research programme, AFINET project aims to bridge such gaps disseminat-
ing knowledge on agroforestry at wide level among European stakeholders. Stake-
holders involved in the AFINET project acknowledge the high ecological value of
agroforestry systems in promoting farm diversification, biodiversity conservation,
landscape value and soil fertility. The most limiting factors to the adoption of such
practices are related to the economic uncertainty to produce agroforestry goods and
the management complexity of the systems. It is desirable that through AFINET
communication and dissemination channels, such barriers will be partially removed
favouring the increased adoption of agroforestry practices at European farm level.
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Epidemiological Investigation
of Pseudorabies in Greece
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and Spyridon K. Kritas

Abstract Pseudorabies is an acute, frequently fatal disease that mainly affects pigs
and incidentally other animals. Although pseudorabies virus (PRV) has been erad-
icated from many European countries, it is still endemic in East and Southeast parts
of Europe. Greece belongs to the countries where the disease is enzootic. In this
study, we investigated the presence of PRV in Greek farms. For that reason, 42 pig
farms were selected from the entire Greek territory. Blood samples from different
age groups had been collected from each farm and were tested by ELISA for the
presence of antibodies against wild strains of PRV. The results of our study showed
that 28.6% of the selected farms were positive for the presence of antibodies against
wild-type strains of PRV and that factors such as the non-implementation of
biosafety measures and the high density of pig farms in an area may affect the
probability of a farm to become PRV positive. This study provided some useful
information with regard to the presence of PRV in the domestic pigs in Greece. This
information may assist in designing and implementing measures in order to control
and eradicate the disease from the domestic pigs in Greece.
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1 Introduction

Aujeszky’s disease or pseudorabies is an acute, frequently fatal disease that mainly
affects pigs and incidentally other domestic and wild animals. The term
“pseudorabies” was used as a result of the disease’s clinical resemblance to rabies.
The disease was first described in 1813 in cattle, which were showing extreme
pruritus. Aladar Aujeszky was the Hungarian veterinarian who first described and
reproduced the disease in 1902, providing evidence that the etiologic agent was
filterable (e.g. not a bacterium but a virus) (Mettenleiter et al. 2012). PRV has been
classified in the genus Varicellovirus, subfamily Alphaherpesvirinae and family
Herpesviridae. The virus particles have the typical architecture of a herpes virion
(Mettenleiter 2000). The various strains of PRV differ in their infectivity and
virulence in pigs as well as in their ability to be shed during infection. Those
differences are associated with identified differences in their genome (Nauwynck
et al. 2007). PRV pathogenesis depends on the age of the pig, the dose, the route of
the inoculation and the virus strain. More specifically, the development and severity
of the clinical signs of the disease diminish with increasing age. Neuronal signs are
severe in pigs prior to weaning while fatteners are relatively resistant to nervous
disease, showing mainly respiratory symptoms. In boars and sows, PRV infection is
characterized by symptoms from respiratory and reproductive systems (Mettenleiter
2000; Papageorgiou et al. 2011a). Although swine is the only natural host of the
virus, PRV can also infect a large number of species including cattle, sheep, goats,
cats, dogs and wildlife (Pensaert and Kluge 1989; Banks et al. 1999; Bitsch and
Munch 1971; Glass et al. 1994). There are no published data for PRV infection in
humans (Tischer and Osterrieder 2010).

PRV is spread all over the world, particularly in regions with dense pig
populations, including Europe, Asia and America. In Europe, PRV has been erad-
icated in Germany, Cyprus, Austria, Sweden, The Netherlands, Denmark, Czech
Republic, Finland, France, Hungary, Luxemburg, Belgium, Switzerland, Slovakia
and the UK as a result of the implementation of eradication programmes, but it is still
endemic in East and Southeast of Europe (Hahn et al. 2010). PRV has also been
eradicated from Canada, New Zealand and the USA (MacDiarmid 2000). More
specifically, the USA has been classified as free of the disease since 2007. Although
PRV has been eradicated from many countries throughout the world, the virus is still
endemic in the populations of wild boar (Meng et al. 2009; Millicevic et al. 2016;
Verpoest et al. 2014; Muller et al. 2011). Therefore, these populations should be
considered as potential PRV source of infection for domestic pigs. In countries that
are free of PRV, vaccination is prohibited.

Greece belongs to the countries where the disease is still enzootic. Up to 1973,
only sporadic cases of Pseudorabies were diagnosed in bovine and sheep
populations. According to an old serological study in 1969 (Papatsas et al. 1995),
20.8% of the collected blood samples of domestic pigs from several regions of
Greece were positive to the presence of antibodies against PRV. But at that time,
there was no serious and organized pig farming in Greece. In addition, although two
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recent Greek studies (Touloudi et al. 2015; Marinou et al. 2015) evidence the
presence of PRV in 32% to 35% in wild boars, there is no recent data regarding
the presence of PRV in the population of Greek domestic pigs. Here, we conducted
an epidemiological study in order to investigate the presence of PRV in the Greek
pig farms.

2 Materials and Methods

2.1 Characteristics of the Study Population

The study was carried out in Greece from October 2010 to October 2011. Greece
produces up to 40% of the pork consumed within the country. The size of the country
is approximately 132,000 km2, 75% of which is covered by mountains. The pig
population of the country is estimated to be around 1.2 million, with at least 88% of
this population produced in 315 individually owned closed one-site system farrow-
to-finish (FTF) farms of sizes larger than 100 sows. The majority of these farms are
located in continental Greece and Crete, belong to individual persons, apply inten-
sive indoor housing and have their own feed mill. As such farms reflect the
commercial pig industry, the current study included FTF herds larger than 100 sows.

2.2 Selection of Herds

Forty-two (42) farrow-to-finish (FTF) pig herds were selected from the entire Greek
territory at random, based on geographical criteria, in order to obtain representative
data from the population herds. The sample represented more than 10% of the FTF
farms. The herds were divided according to their size in two categories: up to
300 sows (small farms) and larger than 301 sows (large farms) (Table 1). As a first
step, the selected farmers were contacted by phone in order to introduce the purpose
of the study. Consequently, an appointment was arranged for the team in order to
visit the farms, to collect data about the herds and the area where these holdings were
located and to obtain the samples.

2.3 Collection of Herd Information

The data were obtained through face-to-face interviews of the owners of the selected
farms and the following inspection of the pig units. The obtained information
pertained to:
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• Herd size, e.g. the number of sows on the premises. Farms with less than or equal
to 300 sows were considered as small, while those with more than 300 sows as
large.

• Pig herd area density, e.g. less dense (<20 farms per 1000 km2) or more dense
(�20 farms per 1000 km2) areas.

• Direct distance from the closest pig farm, e.g. short (<6 km) or longer (�6 km)
distance. All the selected farms did not include more than one neighbouring pig
farm within 6 km radius. No other pigs, except breeding animals, and no semen
were entering the farm.

• Purchase (or not) of breeding animals (gilts or/and boars) from genetic compa-
nies. No other pigs – except breeding animals – and no semen were entering the
farm. In the herds that did not purchase breeders, gilts were produced within the
farm by a grandparent stock of breeders.

• Practising (or not) of at least monthly quarantine in a distant building used
exclusively for the newly purchased breeding animals.

• Practising (or not) of certain hygienic/biosecurity measures at farm. More spe-
cifically, (a) regular cleaning followed by disinfection and a stand-empty period
of a minimum of 3 days between two production groups; (b) prevention of entry
of lorries carrying pigs, feed or manure; (c) fence and barrier at entrance; and
(d) prevention of entry of visitors, presence and use of a sanitary room to change
clothes and use of unit protective clothing (but not always downtime and
showering applicable).

• Practising (or not) of all-in/all-out (AIAO) flow in all production stages. A
compartment was defined as a subdivision of a building with its own ventilation
system. AIAO was considered to take place if the compartment (with its own

Table 1 Characteristics of commercial pig herds in Greece (>100 sows) and herd sampling for the
study

Territory
Area
(km2)

Density (# of farms/
1000 km2)

Number of farms sampled /number of
farms in territory
Herd-size category

Small Large Total
East Macedonia
and Thrace

19,000 1.4 4/16 1/10 5/26 (19.2)

Central and West
Macedonia

25,000 1.1 4/18 5/11 9/29 (31.0)

Thessalia 14,000 6.9 4/81 3/16 7/97 (7.2)

Epirus and West
Sterea Hellas

15,000 6.1 2/66 6/24 8/90 (8.9)

East Sterea Hellas 20,000 1.9 7/21 4/15 12/36 (30.6)

Peloponnesos and
Crete

30,000 0.9 1/25 1/12 2/37 (5.4)

Total 123,000 2.4 22/227
(9.7%)

20/88
(22.7%)

42/315 (13.3%)
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ventilation system) was filled up the same day, was emptied in one or two times
and when a complete depopulation had taken place prior to restocking.

• Practising (or not) of vaccination for PRV.
• Presence (or not) of substantial economic problems in the farm that frequently

interfere with routine management. Farmer’s psychology and motivation for
careful and extra work, as well as undisrupted supply of feed ingredient, medi-
cation and vaccines, were the immediate consequences of these economical
problems.

• Presence (or not) of certain systemic clinical manifestations at the time of
sampling, such as mortality, nervous, respiratory, gastrointestinal or/and repro-
ductive health problems in one or more production stages in the farm.

• Production stage at which important clinical manifestations were present (or not)
at the time of sampling (neonatal, nursery, grower and finishing stage).

2.4 Sampling and Laboratory Testing

A minimum of 8 blood samples from each out of 5 different age groups (i.e. 6-, 8-,
10-, 12- and 22-week old pigs) had been collected from each farm (in total 1723
blood samples). The blood samples for each age group were collected from pigs of
different pens and, ideally, of different rooms. Sera were individually tested by anti-
PRV-gB ELISA (IDEXX Laboratories, Westbrook, ME) for the presence of anti-
bodies against the PRV and by anti-PRV-gΕ ELISA (IDEXX Laboratories,
Westbrook, ME) for the differentiation of antibodies against the wild strains of PRV.

2.5 Statistical Analysis

Apparent prevalence of PRV-infected farms was estimated as the proportion of
farms rearing at least one pig presenting antibodies against PRV, while its
corresponding confidence interval (95% CI) was calculated around the estimated
apparent prevalence using the exact method. Multiple correspondence analysis
(MCA) has been used in order to investigate most profound interactions among
several variables, particularly categorical, in order to localize dominant and more
substantial trend in their structure. No prior precondition (e.g. distribution that
should follow the data or models that we assume that apply to the population) is
needed (Moschidis 2009, 2015; Moschidis and Chadjipadelis 2017).

The association of the herd and neighbourhood characteristics of the farms (pre-
dictors) with PRV status was investigated through the application of invariable
logistic regression models with robust standard errors. Subsequently, a multivariable
logistic regression model was built using as predictors the variables that presented a
strong invariable association with PRV status (p-value <0.10). Multicollinearity
between these latter predictors was estimated, selecting variables that exhibit
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tolerance greater than 0.4, following Lambert et al. (2012) methodological approach.
The Hosmer-Lemeshow goodness of fit was estimated for the assessment of the final
multivariable logistic regression model. The SPSS software (Version 22.0)
was used.

3 Results

The sample used in this study represented 13.3% of the total commercial FTF pig
herds larger than 100 sows in the country, including almost 10% of the small farms
and 23% of the large farms. The characteristics of the total sampled herds are
presented in Table 2. According to the data, 83.3% of the selected farms were
located in areas with fewer than 20 farms (low herd density areas), 66.7% were
located to close distance (<6 km) from other farms, 69.0% were purchasing gilts
or/and boars from an outside source, 78.0% were not applying quarantine, 66.7%
were suffering from substantial economic problems and 61.9% and 52.4% were
suffering from respiratory and reproductive problems, respectively, while the main
health problems in most of these herds were observed during nursery and grower
stage (69.0% and 61.9% of total herds, respectively). Moreover, of the total number
of selected herds (42), in 35 farms (83.3%), pigs were vaccinated against PRV.

Table 3 shows wild-type PRV-positive farms throughout the Greek territory.
More specifically, the exposure of the farms to wild-type PRV was 28.6% with
most of the positive holdings located in the region of East Macedonia and Thrace and
Central and West Macedonia (Fig. 1).

The proportion of positive PRV farms for the level of each predictor is indicated
in Table 2. More specifically, 53.8% of the PRV-positive herds were located in farm
low-density areas, 91.7% had a direct distance of less than 6 km from other herds,
83.3% were purchasing gilts or/and boars from an outside source, 100% were not
applying quarantine during the entrance of newly purchased pigs, 69.2% were
suffering from substantial economic problems and 83.3% and 58.3% were suffering
from respiratory and reproductive problems, respectively, while the main health
problems in 83.3% and 91.7% of these herds were observed during nursery and
grower stage, respectively.

The results of MCA are presented in Tables 4 and 5. Factorial axes F1 and F2
interpret 44.32% and 16.08% of inertia, respectively (e.g. both 60.4% of inertia)
(Fig. 2). Points with CTR larger than 20 (1000/48) were preserved in axes.

In the first tendency (F1 axis) (Table 4), two roughly opposite groups of farms
and characteristics were observed (denoted by opposite signs): (A) a group of farms
that were practising basic hygienic measures and quarantine and did not suffer from
major economic problems. These farms were not purchasing breeding animals from
other farms. In these farms, respiratory, reproductive and general health problems
were not issues, while nursery, growing and finishing phases were not affected.
(B) A group of farms with PRV that were mostly suffering from economic problems
and did not practise basic hygienic measures. In these farms, growing and finishing
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Table 2 Characteristics of the sampled breeding farms in Greece (42 farms) and descriptive
statistics for predictors tested for association with PRV-positive status

Predictors Category
Farms
(number) (%)

Number of
positive sites
(%)

Characteristic
within positive
herds (%)

Size (no sows) <300 22 52.4 6 (27.3) 50.0

�300 20 47.6 6 (30.0)

Density (farms/1000 km2) <20 35 83.3 7 (20) 53.8

�20 7 16.7 5 (71.4)

Distance (km) <6 28 66.7 11 (39.3) 91.7

�6 14 33.3 1 (7.1)

Gilt purchase No 13 31.0 2 (15.4)

Yes 29 69.0 10 (34.5) 83.3

Quarantine No 32 78.0 12 (37.5) 100.0

Yes 9 22.0 0 (0.0)

Biosecurity measures No 19 45.2 10 (52.6) 83.3

Yes 23 54.8 2 (8.7)

AIAO No 18 43.9 8 (44.4) 66.7

Yes 23 56.1 4 (17.4)

PRV vaccination No 7 16.7 3 (42.9)

Yes 35 83.3 9 (25.7) 75.0

Economic problems No 14 33.3 3 (21.4)

Yes 28 66.7 9 (32.1) 69.2

Mortality No 32 76.2 6 (18.8)

Yes 10 23.8 6 (60.0) 50.0

Nervous signs No 36 85.7 9 (25.0)

Yes 6 14.3 3 (50.0) 25.0

Respiratory signs No 16 38.1 2 (12.5)

Yes 26 61.9 10 (38.5) 83.3

Gastrointestinal signs No 27 64.3 7 (25.9)

Yes 15 35.7 5 (33.3) 41.7

Reproductive signs No 20 47.6 5 (25.0)

Yes 22 52.4 7 (31.8) 58.3

Neonatal stage problems No 39 92.9 9 (23.1)

Yes 3 7.1 2 (66.7) 16.7

Nursery stage problems No 13 31.0 2 (15.4)

Yes 29 69.0 10 (34.5) 83.3

Grower stage problems No 16 38.1 1 (6.3)

Yes 26 61.9 11 (42.3) 91.7

Finisher stage problems No 29 69.0 5 (17.2)

Yes 13 31.0 7 (53.8) 58.3
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Table 3 Exposure of Greek farms to wild-type PRV as detected by ELISA

PRV gE-ELISA antibody-positive farms /number of farms
sampled (%)
Herd-size category

Territory Small Large Total
East Macedonia and Thrace 1/4 1/1 2/5 (40.0%)

Central and West Macedonia 2/4 2/5 4/9 (44.4%)

Thessalia 1/4 1/3 2/7 (28.6%)

Epirus and West Sterea Hellas 1/2 2/6 3/8 (37.5%)

East Sterea Hellas 1/7 0/4 1/11 (9.1%)

Peloponnesos and Crete 0/1 0/1 0/2 (0.0%)

Total 6/22 (31.6%) 6/20 (27.3%) 12/42 (28.6%)

Fig. 1 The stars on the map indicate the location of the selected farms on the Greek territory. The
red and the green stars indicate the positive and negative farms, respectively, to the presence of
antibodies against the wild-type strains of PRV
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pigs were mostly affected, and increased mortality, respiratory, reproductive and
general health problems were mostly evident.

In the second tendency (F2 axis) (Table 5), two groups of farms and character-
istics had been formed: (A) A group of small farms, mostly located in East Sterea
Hellas, in which vaccination of sows against PRV and AIAO was not practised and

Table 4 Multiple correspondence analysis (MCA) results – F1 axis

Variable ID #F1 COR CTR

Absence of general health problems C11 638 802 73

Absence of problems in grower pigs D31 465 796 66

Absence of respiratory symptoms C41 438 771 58

Absence of major economic problems B51 420 672 47

Animal quarantine during entrance B72 487 564 38

Application of basic hygienic measures B82 260 646 29

Absence of problems in nursery (weaned) pigs D21 336 479 28

No purchase of breeding animal from outside B61 332 493 27

Absence of reproductive symptom C61 264 542 26

Absence of problems in finisher pigs D41 192 688 20

Presence of major economic problems B52 �211 672 23

Presence of general health problems C12 �200 802 24

Presence of reproductive symptom C62 �241 542 24

Presence of increased mortality C22 �441 517 34

No application of basic hygienic measures B81 �316 646 35

Presence of respiratory symptoms C42 �270 771 36

Problems in grower pigs D32 �287 796 41

PRV-infected A11 �456 658 44

Problems in finisher pigs D42 �430 688 46

CTR contributions, COR projections

Table 5 Multiple correspondence analysis (MCA) results – F2 axis

Variable ID #F2 COR CTR

Problems in neonates D12 679 398 68

No vaccination of sows for PRV B101 426 454 63

No application of AIAO system B91 219 364 47

East Sterea Hellas B15 259 296 36

Small farms B21 149 240 25

Presence of gastroenteric symptoms C52 �186 212 27

Large farms B22 �165 240 28

Application of AIAO flow system B92 �182 364 39

Vaccination of pigs for PRV B112 �424 391 62

High-density area B32 �496 467 85

Epirus and West Sterea Hellas B14 �578 801 132

CTR contributions, COR projections
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neonates were mostly affected. (B) A group of large farms located in high-density
areas (e.g. Epirus and West Sterea Hellas), practising vaccination of fatteners against
PRV as well as AIAO system, in which gastroenteric symptoms were most
often seen.

In logistic regression models, the variable that expresses the quarantine measures
had to be excluded from the regression analysis due to absence of variation in the
values for positive sites, i.e. the dependent variable (presence of virus) didn’t vary
within this variable. After excluding these variables, 17 predictors were used in the
logistic regression in order to investigate their association with PRV status. The
predictors that appear to have an invariable association with PRV status at signifi-
cance level of 0.10 (p-value �0.10) are presented in Table 6. Results indicate that
9 out of the 15 predictors were strongly related to PRRSV status in the farms;
however, two variables, namely, those that express respiratory health issues and
health issues at grower stage, were excluded from the multivariable logistic model
due to multicollinearity.

According to the results (Table 7), it appears that factors such as “pig herd area
density” and “hygienic/biosecurity measures” play a key role in the probability of a
farm to become PRV positive. More specifically, farms, which were located in
low-density areas and were applying hygienic/biosecurity measures, had a predicted
probability of being positive for PRV of 1.97%. However, their probability was
increased to 26.7% when farms were located in low-density areas but were not
applying hygienic/biosecurity measures. Farms that were located in high-density
areas, applying hygienic/biosecurity measures, had a predicted probability of being
positive for PRV of 30.8%. Finally, the probability of being positive for PRV was
increased to 88.9% when farms were located in high-density areas and were not
applying hygienic/biosecurity measures.
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87,07
89,66
91,62
93,53
95,07
96,08
96,89

16,08
10,95
5,87
5,45
4,41
2,59
1,96
1,91

1,01
0,81

1,54

0,0555556

Axis Inertia Sum Histogram of characteristic roots.%Interpretation

2 0,0201522
3 0,0137212
4 0,0073600
5 0,0068333
6 0,0055255
7 0,0032446
8 0,0024631
9 0,0023905

10 0,0019312
11 0,0012693
12 0,0010156

Total inertia 0.12536

Fig. 2 Table of inertia
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4 Discussion

Up to 1973, only sporadic cases of PRV in sheep, bovine and mink had been
diagnosed in Greece. The first clinical report, followed by virus isolation of PRV
in pigs, was on May 1974. Two more clinical cases with high mortality of suckling
piglets had been reported on January 1976 and February 1977. In 1983, the import of
breeding animals from other European countries caused outbreaks of the disease in
the whole country (Papadopoulos 1989; Papadopoulos et al. 1996; Papatsas et al.
1995). According to the previous published study of 1969, antibodies were found in
20.8% of the tested serum samples. It is necessary to point out that that study refers
to swine blood serum samples which were sporadically tested before the “industri-
alization” of pig farming and before the onset of vaccination programmes (the
vaccinations for PRV in Greece started in the mid-1980s but never applied in a
systematic way). In the present study, the majority of the positive farms (75%) was
practising a vaccination scheme against PRV. The latter finding indicates that
vaccination alone is not sufficient to eradicate the disease, unless it is accompanied
by other measures such as the removal of the animals, which are found positive to the
presence of antibodies against PRV. The aim of vaccination as a part of an eradica-
tion programme is not only to induce clinical protection but also to stop the
transmission of the virus within and between herds by inducing herd immunity.
Both attenuated and inactivated vaccines can be induced (Kritas 1994; Papageorgiou
et al. 2011b). The development of marker vaccines and the use of diagnostic tests
(differential ELISA) can play an important role in the eradication and control

Table 6 Predictors associated (p-value �0.10) with PRV-positive status using invariable logistic
regression assuming robust SE

Predictors Odds ratio 95% CI P-value

Farm size (� 300 sows per farm) 0.255 0.06–1.16 0.076

Density (�farms/1000 km2) 4.500 0.81–24.95 0.085

Distance from closest farm �6 km 0.119 0.01–1.07 0.057

Biosecurity measures 0.086 0.02–0.48 0.005

AIAO 0.263 0.06–1.11 0.069

Mortality 6.500 1.36–31.06 0.019

Grower stage problems 10.999 1.23–98.80 0.032

Finisher stage problems 5.600 1.28–24.42 0.022

Table 7 Predictors associated (p-value �0.05) with PRV-positive status using multivariable
logistic regression

Predictors b SE(b) Odds ratio 95% CI Wald test P-value

Intercept �1.010

Density 3.097 1.798 22.14 �0.42 – 6.62 1.72 0.085

Biosecurity measures �2.894 1.174 0.06 �5.19 – –0.59 �2.47 0.014

Hosmer-Lemeshow goodness-of-fit test, p-value ¼ 0.35
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campaigns, as it was determined in the PRV eradication programme in the USA
(Foley and Hill 2005; Papageorgiou et al. 2011b).

The proportion of positive PRV farms for the level of each predictor is indicated
in Table 2. Of the PRV-positive herds, 91.7% had a direct distance of less than 6 km
from other herds, 83.3% were purchasing breeding animals (gilts or/and boars) from
sources outside the farm, 83.3% were not practising certain biosecurity measures and
100% of the PRV-infected farms did not apply quarantine for the newly purchased
breeding animals! The analysis of the data also showed that 69.2% of the
PRV-infected farms were facing substantial economic problems. The factor “eco-
nomic problems” had been added to the questionnaire as a result of the crisis which
affects the Greek economy in the last 8 years. It had been addressed to the owner but
also to key personnel in a direct or indirect way. The reason was to include or detect
purposefully or latently missing “gaps” in routine management, biosecurity or
hygiene. For example, medication and vaccines may have been properly purchased
in the farm, but their application was not correct due to underpaid personnel or not
supervised closely due to bad psychology of the farmer. More specifically, among
other things, the crisis led some farmers to abandon vaccination against PRV. It is
important to keep in mind that although vaccination suppresses the manifestation of
typical clinical signs of the disease, it doesn’t eliminate the virus. One of the main
characteristics of herpes viruses is latency. Latency is specified as a condition in
which infectious virus is not produced, although viral DNA persists. For an
unknown reason, most probably associated with stress factors, the virus is
reactivated and subsequently may “come up” in the population. That was the reason
for the re-emergence of the virus in many farms.

By using MCA, all variables can be simultaneously included and can reveal their
most intense interactions, as well as dominant tendencies. Interpretation of the first
axis shows that farms lacking basic hygienic measures suffer from major health
problems (e.g. mortality, respiratory, reproductive and general health problems)
particularly during fattening period. This is something expected as it is widely
known that biosecurity measures prevent the entrance and circulation of pathogens
within a farm. Apparently this is the reason why PRV was presenting such farms,
where it may well contribute to all described symptomatology. As no detection of
other pathogens had been attempted at present, it is not known whether the same
applies for these as well, but it would be interesting to investigate it in the future by
this analysis. Major economic problems were also associated with this group of
farms, but it was not possible to distinguish whether they represented the result or the
cause of the health problems.

The interpretation of second axis had added some more information to those
derived by first axis. Thus, observations in small farms show that sow vaccination
against PRV and application of AIAO flow system may be necessary to secure good
health in neonates. In addition, observations in large farms show that fattener’s
vaccination against PRV and application of AIAO flow system may reduce
PRV-associated symptoms (gastrointestinal symptoms are not considered typical
for PRV) at least in high-density areas. It is known that specific maternal and active
immunity may sufficiently protect neonates and fatteners, respectively, against PRV
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symptoms (Kritas et al. 1997; Papageorgiou et al. 2011b). The fact that increased
mortality and neurological symptoms had not been observed in neonatal pigs and
respiratory and reproductive clinical signs had not been observed in older pigs of
these farms confirms the general good efficacy of vaccinations against PRV.

Furthermore, the results of the multivariable logistic regression analysis had end
up with a quantitation of the correlation of two variables that are “pig herd area
density” and “hygienic/biosecurity measures”. Therefore, the probability of being
PRV-infected can vary from 2% for a “clean farm” of a low herd density area to 89%
for a “dirty farm” of a high herd density area. Although PRV is transmitted primarily
between swine through nose-to-nose contact, under favourable conditions, the virus
may spread by aerosols (Vannier 1988; Christensen et al. 1990). Thus, it is obvious
that the higher the density of pig farms of an area, the more likely is that a farm will
become positive for PRV. Factors such as movement of wild and domestic animals
should also play a role in the spread of PRV in high-density areas.

This study provided some useful information with regard to the presence of PRV
in the domestic pigs in Greece. In addition, the statistical analysis of the collected
data shed light to the correlation of PRV-infected pig farms to factors such as pig
area density and the application of certain biosecurity/hygienic measures. The
ultimate objective of pseudorabies control is its eradication. Several PRV control
and eradication programmes have been implemented in Europe and the USA
(Andersson et al. 1997; Bech-Nielsen et al. 1995; Muller et al. 2003; Vannier
1988). Compared to other several European countries, which had already eradicated
PRV, Greece has many important advantages (Papadopoulos et al. 1996):

• The low density of the pig population (7 pigs/km2 in Greece, when in Holland it
is 400 pigs/km2, in Belgium 230 pigs/km2, in Germany 73 pigs/km2, in Italy,
Portugal, Spain and France between 20 and 30 pigs/km2).

• The type of the units is principally farrow-to-finish having their own feed mill.
Thus, entrance of virus in the farms can be better prevented when compared to the
fattening type of units.

• As a country that imports most of its breeding stock, a PRV-free status of animals
can be required from breeder countries.

• Vaccinations with live or inactivated gE-vaccines are regularly applied in the
majority of the organized farms.

In the case that farmers wish to quit PRV vaccination, this should be done not
based on clinical or post-mortem findings but on intense laboratory testing of the
current and incoming stock. A qualified herd health management specialist on
infectiology should direct such procedures plus all appropriate additional measures.

In conclusion, this study provides new information regarding the presence of
PRV in Greek pig farms. More specifically, it is the first well-organized scheduled
research for the epidemiological study of pseudorabies, a disease which causes
serious economic problems in the Greek pig industry. The use of the obtained
information may assist in the designation and implementation of measures in order
to control and eradicate the disease from Greece.
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Using the Multi-stakeholder Approach
to Match Potential Innovations
with Challenges Experienced by European
Sheep and Goat Farms

Ian Rose, Daniel Martin-Collado, Stefano Orsini, Rafaelle Zanoli,
David Yañez-Ruiz, Konstantinos Zaralis, and Georgios Arsenos

Abstract The decline in European sheep and goat farmers is a complicated agri-
cultural challenge that requires solutions and innovation to reverse. The complexity
of this challenge means that a multi-stakeholder approach is required to understand
how to prioritise each component of the challenge and find appropriate solutions.
The multi-stakeholder approach used in this research included semi-structured
interviews with 47 sheep and goat farmers. Additionally, a survey and 3 workshop
discussions were done with stakeholders from 28 research and industry
organisations.

All stakeholders agreed that improvement of the market for sheep and goat
products was the most important priority. Industry representatives and researchers,
however, suggested breeding programmes and availability of labour as important,
whilst farmers suggested cost of production, solutions for predators and animal
health were more important. Additionally, innovations that industry representatives
believe should be tested are for breeding, collection of farm data and reproduction
despite marketing and processing being the main priority. This mismatch is probably
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because these stakeholders do not have the capacity to test innovation or solutions
related to marketing and processing of products.

The multi-stakeholder approach was effective at identifying key priorities and
potential solutions that can be used to make sheep and goat farms more sustainable.
More solutions related to product marketing and processing could have been iden-
tified if the research included stakeholders specialising in these areas.

Keywords Multi-stakeholder · Sheep · Goats · Interviews · Workshops · Innovation

1 Introduction

The European sheep and goat farmers experience many challenges with many
farmers currently becoming discouraged and leaving the sector because of a combi-
nation of socio-economic reasons. Additionally, it is likely that sheep and goat
farmers will be affected very differently by mounting pressure over land use and
increasing pressure towards intensification compared to other livestock sectors,
which have already overcome an intensification process. Overcoming these chal-
lenges is important because extensive and semi-extensive sheep and goat production
systems are an exceptional way of utilising environmental resources which do not
compete with other land uses such as production of crops for human consumption
and maintain animal and plant diversity. Finding solutions to keep the sheep and
goat industries sustainable, competitive and resilient first requires consensus across
the sector stakeholders about the most important challenges and the strategies with
highest probability of success.

The challenges facing European sheep and goat farms have various interacting
technological, social-cultural, economic, institutional and political dimensions that
make them complex (Schut et al. 2014). Additionally, there are interactions across
levels that include diverse stakeholders adding more complexity (Funtowicz and
Ravetz 1993). These diverse stakeholders include anyone related directly or indi-
rectly to the challenge or are interested in finding a solution (McNie 2007). The
participation in key stakeholders is critical to finding solutions to complex agricul-
tural challenges (Giller et al. 2011).

Additionally, European sheep and goat farms are diverse in production aims, size,
breeds and levels of intensification. This diversity also includes many environmental
and socio-economic conditions with local, regional, national or international impor-
tance and can vary in sustainability and their needs for innovation. Therefore, the
diversity of farms and their production aims makes selecting appropriate indicators
to assess sustainability difficult.

Furthermore, identifying challenges and potential solutions cannot be based on
the old top-down model but on partnership and co-development with all stakeholders
(Dubeuf 2011). There are also many types of innovations available as solutions to
challenges. Innovation is the development, introduction and application of a new or
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significantly improved product (good or service), a new marketing method or a new
organisational method in business practice, workplace organisation or external
relations where an economic or social benefit is assumed for individuals, groups or
entire organisations (OECD/Eurostat 2005). These innovations can be technology or
knowledge with different physical forms and processors (Sunding and Zilberman
2001). The relevance of potential innovations may not be the same across the diverse
farm types in Europe (Dubeuf and Sayadi 2014). Therefore, inputs from stakeholders
that represent the diversity of farms in Europe are required.

Getting consensus about what should be the focus now and in the future requires
input from key industry stakeholders. Including key stakeholders into research and
analysis using a multi-stakeholder approach aims to foster cooperation between
researchers with next and end users of the research results. These next and end
users include farmers and farmers’ groups, advisers and government agencies that
closely cooperate throughout the whole research project period. The multi-
stakeholder approach aims to find the most relevant research, which outcomes are
applicable and deal with the main threats that farmers are facing at farm level and
market level. This paper describes how the multi-stakeholder approach was used to
identify the challenges for sheep and goat farmer in Europe and possible solutions to
these challenges.

2 Materials and Methods

This research is part of the Horizon 2020 project Innovation for Sustainable Sheep
and Goats in Europe (www.isage.eu). The multi-stakeholder network included
farmers, farmer groups, researchers and industry organisations that work directly
with farmers or farmer groups. These stakeholders identified the key challenges that
they believe are the most important for sheep and goat sectors in Europe. Addition-
ally, potential solutions that could make sheep and goat industries resilient to these
challenges in the future were identified. The challenges and potential solutions were
recorded using semi-structured interviews, discussion groups and surveys. These
surveys and interviews were done in the United Kingdom, France, Spain, Italy,
Finland, Greece and Turkey.

2.1 Challenges and Priorities

The challenges and priorities for sheep and goat farmers were identified using
reviews and interviews with sheep and goat farmers.

Review of challenges and priorities: Researchers and industry representatives
from 12 organisations in the United Kingdom, France, Spain, Italy, Finland, Greece
and Turkey identified the most important challenges and priorities in each country.
The challenges and priorities in each country were identified using a review of
literature, national documents and surveys of stakeholders.
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Interviews with farmers: Sheep and goat farmers were interviewed using semi-
structured interviews in Finland, France, Greece, Italy, Spain and the United King-
dom (Table 1). Farmers were asked about the importance of farm management,
environmental conditions, animal productivity, health, nutrition, pasture manage-
ment, social issues, succession, future plans and policy support measures. These
questions were included in an interview guide used to help structure the interviews.
The interviewers were explorative, and these questions were covered within four
main topics:

(i) How changes in local area/environment have affected farms and their
management

(ii) Constraints for the development of farms and how they will change farming in
the future

(iii) Opportunities and threats for farmers
(iv) Priorities for sheep/goat farming that should be improved or studied

Interviewed farmers were selected from the following farm typologies:

(i) Intensive dairy farms (e.g. high input of purchased feedstuff)
(ii) Semi-extensive or extensive dairy farms (e.g. normally pasture-fed animals)
(iii) Intensive meat farms (e.g. high input of purchased feedstuff)
(iv) Semi-extensive or extensive meat farms (e.g. normally pasture-fed animals)
(v) Dual-purpose farms (farms where the farmer sees value in two or more different

products, e.g. meat and wool, meat and dairy)

The results of the semi-structured interviews were organised into the following
topics: farm structure, environment, farm/livestock management, technical issues,
socio-economics, market and supply chain and policy. From these topics, strengths,
weaknesses, opportunities and threats (SWOT analysis) were identified.

2.2 Identification of Potential Solutions to Challenges

Stakeholders including farmers, farmer organisations, industry groups and govern-
ment and nongovernment research organisations (Table 2) identified potential inno-
vative solutions to the identified challenges, following a participatory process

Table 1 Number of sheep
and goat farmers interviewed
in each country

Interviews

Country Sheep farmers Goat farmers

Finland 5 0

France 4 2

Greece 4 3

Italy 5 2

Spain 10 6

United Kingdom 5 1

Total 33 14
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consisting of three workshops and one survey. Stakeholder organisations were from
Greece, the United Kingdom, France, Italy, Spain, Finland and Turkey.

Firstly, an initial workshop was held in which 22 stakeholders from 18 of the
organisations (Table 2) discussed and identified all potential innovation they thought
could improve the sustainability of sheep and goat farms. The discussion included
defining what innovation is and how it can be used across the sector. Secondly, after
2 months, stakeholders were surveyed to identify more potential innovations using
an online survey using the Qualtrics survey platform (Qualtrics 2016). A total of
35 responses were received from 69 potential participants covering 95% of the
participating stakeholders’ organisations. Then, in a third stage of the participatory
process, a revision workshop discussion including eight stakeholders from six
organisations discussed and revised the list of innovations in a 1-day workshop.
The organisations included a breeder group, farm, industry representative, public
research, university and farmer research. These stakeholders grouped the list of
innovations as either farm management, farm technology or product processing
and marketing innovation. The stakeholders’ description of the innovations from the
initial workshop was used as the base to describe potential benefits and constraints of
each innovation and included examples of how the innovation was already been
used. The benefits of the innovation included a description of how they could be
used to improve the environmental, economic and social sustainability of farms and
sectors.

Finally, the list of grouped innovation including descriptions of benefits, con-
straints and potential benefits for sustainability was sent to the industry and research
stakeholders previously to the final workshop event. The final stakeholder workshop
was organised to discuss which innovations they believe are more urgent to inves-
tigate because they have the highest potential to improve sector sustainability. The
stakeholders also discussed what they would measure to assess how these innova-
tions improve the sustainability of sheep and goat farms and the sectors in Europe.
The workshop discussion included 27 stakeholders from 15 of the organisations. The
stakeholders were split into 3 groups of 6–11 participants. The groups were formed
based on regions:

Table 2 Sheep and goat sector stakeholder organisations

Stakeholder
type Description Number

Farmer/breeder
group

Co-operative that assists and works with farmers or breeders
directly, i.e. manages breeding programme, records data and advises
on farm management

10

Farm Commercial farms or breeders that work with research institutions 3

Industry Large organisation that represents the commercial interest of
farmers, including promotion and dissemination

4

University Research group from a university that specialises in sheep and goats 5

Public research Research group from a public organisation that specialises in sheep
and goats

5

Farmer
research

Non-profit, non-governmental research organisation funded by
farmer levies

3
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(i) Greece, Italy and Turkey
(ii) Spain
(iii) France and the United Kingdom

3 Results

3.1 Challenges and Priorities

Among the challenges and priorities, all countries identified better market access as a
priority (Table 3). Suggested improvements included export opportunities, under-
standing public preferences and how to increase consumer awareness, development
of niche markets, localised production and local supply chains and more balanced
power relationships between market players, for example, through cooperation or
market agreements. Additionally, all countries identified efficient breeding
programmes focused on functional traits, genomic selection and autochthonous
breeds as strategic priorities for the development of the sector. Meanwhile, innova-
tive production practices and improved human capital in rural areas were reported as
priorities in six countries. Product quality, hygiene and food safety were priorities in
five countries. Environmental sustainability and improvement of the structural
characteristics of the sector were mentioned only twice.

The interviewed farmers also identified that improvement of the market for sheep
and goat products was the most common priority (Table 4). Although farmers
identified many opportunities for alternative food chains and more consumption of
sheep and goat products, they also identified that low margins in supply chains were
a weakness and lower lamb consumption was a threat.

On-farm diversification, in particular processing and direct selling, represents a
valuable source of income for most farmers, helping them to continue the agricul-
tural production activity. Interestingly, many farmers considered increased training
opportunities for post-production operations, including processing and marketing a

Table 3 Strategic priorities identified by each country

Priority GR IT ES FR TR UK FI Total

Market access and economic performance X X X X X X X 7

Genetic improvement X X X X X X X 7

Innovation in farming practices to improve
productivity

X X X X X X 6

Improvement of human and social capital X X X X X X 6

Product quality, hygiene and food safety X X X X X 5

Environmental sustainability X X 2

System structure and exogenous factors X X 2

Total 6 6 6 5 5 5 2 35

GR Greece, IT Italy, ES Spain, FR France, TR Turkey, UK United Kingdom, FI Finland
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higher priority than for livestock and farm management. Also, many farmers
suggested more investment in the wool sector as a response to the decrease in
lamb meat consumption which is occurring in most of the countries involved.

Extensive and organic farmers identified for farm and livestock low production
costs and good animal health as the main priorities. A number of intensive sheep
farmers who used to manage farm extensively in the past switched to intensive
production mainly due to a lack of available land for outdoor grazing. Overall there
were no strong patterns between farm types (extensive/intensive systems) and the
other themes discussed by the interviewed farmers.

The farmers identified environmental issues mainly related with predators and
climate change as weak points. Predators seem to represent a problem for farmers in
all the countries although with differences: farmers in the United Kingdom stated
that their flocks have been suffering from an increase in dog attacks and they are not
particularly worried about other predators, whereas wolves, foxes, bears, badgers,
buzzards, ravens and crows represent a real problem for farmers located in Finland,
France, Italy and Greece. This sometimes has implications on farm management, for
example, some interviewed Finnish farmers have started keeping their flock inside
during the summer and/or building fences.

The interviewed farmers discussed climate change in different ways. Farmers
relate climate change with a number of different environmental management prob-
lems, especially water scarcity, flooding, increased animal diseases and manure

Table 4 Results from the SWOT analysis

Strengths Weaknesses

Good technical and veterinary services
Good animal health and welfare (extensive and
semi-extensive farms, local breeds)
Low production costs (extensive farms)
Farmers’ livestock management skills
Product quality, related with sustainable man-
agement practices such as grazing (especially
extensive farms, organic farms)

High labour requirements
Low margins from a supply chain perspective
High production costs (intensive farms)
Low farmers’ marketing skills/knowledge
Lack of available land for grazing and new
entrants
Predators (dogs, wolves, bears, badgers, buz-
zards, ravens, crows)
Climate change for some farmers (especially
water scarcity and flooding)

Opportunities Threats

Alternative food chains and food labelling
Farm diversification (e.g. tourism)
Good market opportunities for the dairy sector
Valorisation of wool production
Being part of cooperatives and associations
Contribution to local development and to envi-
ronmental conservation
Genetic improvement
Training
Increased farm self-sufficiency through on-farm
production of inputs
Migrants: increase in labour availability and
meat consumption

Lack of generational turnover
Environmental campaigns and misconceptions
from the public about sheep/goat farming
Urban encroachment/land being used for lei-
sure activities
Decrease in lamb meat consumption
Decrease in farm subsidies
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management issues. A few interviewees believed that research could have a key role,
but none of them mentioned any specific adaptive or mitigation measures that could
be adopted on farm. Other farmers do not have a clear idea about climate change
effects, as they either believe that climate goes in cycles or have not observed any
significant change over time.

3.2 Solutions to Challenges

The potential innovations that can be implemented to make the industry resilient
were grouped in three categories: farm management, farm technology and product
processing and marketing (Table 5). The stakeholders identified potential solutions
to improve marketing of sheep and goat products to increase consumption. Addi-
tionally, many innovations were related to farm management or technology that
can be introduced to farms. These innovations were selected because they poten-
tially make the industry more resilient by making it more profitable, reducing
environmental impacts, improving the quality of life of farmers or improving the
welfare of animals.

Table 5 Innovation that can be used to in response to industry challenges and priorities

Innovation
category Innovation

Farm management

Pasture Improve grazing practices, pasture and forage quality; by-products;
matching animal requirements with supply

Health Antibiotic alternatives; identification test (faecal/saliva); regionally inte-
grated plans; welfare sensor in RFID ear tags; cortisol hair analysis

Reproduction Improve frozen semen use; assisted reproduction techniques; reproduction
plans

Breeding Recording programmes; elite flocks; resilience traits; DNA collection and
use

Farm technology

Information and
training

Integrated and easy to use data collection tools; access to abattoir feedback
about carcass quality and health; tools to monitor body condition score and
pasture availability; training on breeding programmes

Gadgets/apps GPS; drones; temporary electric fencing; electronic identification systems;
data collection; electronic microchip readers

Product processing and marketing

Product processing Low-fat/omega-3-enriched products; freeze drying for longer storage; veg-
etable rennet; new products (yoghurt, pudding); new, smarter packaging;
new cuts for young consumers; innovation to increase halal slaughtering;
animal welfare recommendations to improve product quality

Product marketing Promote fresh sheep and goat products; improve use of environmental and
social aspects of sheep farming in marketing; branding and provenance of
products; attractive branding to differentiate products; certification; new
recipe books; alternative markets; Reko-market
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Most of the stakeholders chose priority innovations based on how they can
improve economic sustainability of the European sheep and goat farms (Table 6).
The most important innovations were related to farm management with reproduc-
tion, breeding and genetics and individual recording the most popular selections.
Only two innovations were selected related to marketing and new products.
Although many of the innovations were chosen for economic benefits, many of
the innovations may have environmental, social or animal welfare benefits.

4 Discussion

The multi-stakeholder approach used input from key stakeholders about how to
make sheep and goat farms more sustainable. Farmers, industry representatives and
researchers all reported that improvement of the market for sheep and goat products
is the most important priority. Industry representatives and researchers, however,
suggested breeding programmes and availability of labour as important, whilst
farmers suggested the cost of production reduction, solutions for predators and
animal health as more important priorities. These differences in priorities could be
related to the role that each stakeholder has in the industry. Priorities for farmers
tended to be related to the management of the farm whilst industry representatives
and researchers tended to be related to the processing process. There was, however, a
partial overlap between farmers and industry representatives and researchers about
the priorities of the sheep and goat industries.

Stakeholders selected most of the innovation for their potential capability to
improve farm economic performance. However, many innovations also have poten-
tial social, economic or animal welfare benefits, but these were not seen as the most
important indicators. The focus on one dimension of the challenge, such as econ-
omy, is a common problem in multi-stakeholder research (Beintema et al. 2012).
Despite including researchers specialised in social, environmental and animal wel-
fare as stakeholders, the economic component was the end focus of most industry

Table 6 Relation of priority innovations to sustainability

Relation to sustainability

Innovation type (n) Economic Environmental Social Welfare

Breeding and genetics (6) 6 1 2 2

Forage and feeds (4) 4 1 – 1

Handling technology (1) 1 – – –

Health and welfare (2) – – – 2

Individual recording (6) 6 2 2 3

Training (3) 2 1 1 1

Pastures and grazing (2) 2 1 – –

Products and marketing (2) 2 – 1 –

Reproduction (9) 9 – – 4
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partners. This situation is similar to the “tragedy of the commons” dilemma (Hardin
1968) where people act according to their own interests, although at the common
scale. In the sheep and goat sector, it would make sense to focus on sectorial
challenges. Farmers will make the most logical decision based on their private
interest, which in the time of crisis is to improve the profitability of their farm.

This mismatch highlights the difficulty of finding common targets across stake-
holders with different interests. Although stakeholder participation is critical for
collecting insights about different dimensions of the challenge (Faysse 2006), in
practice this may be difficult because each stakeholder group may pursue their own
interests rather than the interest of the whole sector (Leeuwis 2000). This also means
that if innovations and solutions to sector challenges imply a decrease in farm
productivity or additional costs, farmers will be less willing to implement the
innovation or participate in research projects unless they are paid for their time
and investments. Therefore, more discussion between these stakeholders may be
required to come to a common consensus about what are the key sustainability issues
that need to be measured when testing solutions.

Additionally, despite identifying many innovations that improve the marketabil-
ity and processing of sheep and goat products, most of the priority innovations were
related to the farm management because stakeholders either work with farmers to
find solutions to improve farm management. These stakeholders, therefore, do not
have the expertise or resources to test innovation related to marketing and processing
of animal products. This requires more input from stakeholders related to this part of
the sector.

The multi-stakeholder approach used in this study included many different
stakeholders and adopted different methods. Semi-structured interviews were the
most successful at getting in-depth information about priorities and challenges. The
workshop discussions were successful at getting diverse ideas about all topics, but
the input from participants was not always equal. Additionally, during the work-
shops, it was difficult to record in-depth information about the reason for the
feedback. The online survey was the least successful at getting diverse opinions.

Successful multi-stakeholder research requires diverse methods including quali-
tative and qualitative data to be robust (Spielman 2005). Therefore the workshop
surveys and semi-structured interviews could be complemented with more quanti-
tative data about the problem faced by each stakeholder. Also, input from farmers
was collected separately from those of researchers and industry representatives.
Perhaps including all stakeholders together would have encouraged more interaction
between the groups, potentially producing a deeper analysis of the challenge and
solutions (Schut et al. 2015).

Farmers were interviewed separately from researchers and industry representa-
tives to ensure that their responses were not influenced. The mixing of stakeholders
needs to ensure that everyone is comfortable to contribute without feeling social
pressure from others (International Institute for Sustainable Development 2014).
Despite this, including farmers in discussions with industry and research represen-
tatives would improve the approach. Additionally including stakeholders related to
the marketing and processing of sheep and goat products may have helped tease out
more innovations that can be tested on farms to increase product consumption.
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The workshop discussions were part of a larger meeting, and each discussion was
between 2 and 2.5 h. Schut et al. (2015) suggest full-day meetings for complex
agricultural issues to ensure that the appropriate themes are identified and discussed
in full. Schut et al. (2015) also suggest that workshops, surveys and interviews
should be used together across stakeholders to collect an exhaustive list. Therefore, a
strongest involvement of farmers in the discussions with industry representatives and
researchers could facilitate the identification of innovations.

5 Conclusions

Stakeholders of sheep and goat sectors in Europe reported that improvement of the
market for sheep and goat products is the most important priority. Apart from this
priority, there were different priorities for farmers compared to researchers and other
industry stakeholders. Additionally, despite identifying improved markets as the
biggest priority, the most important innovations that industry representatives believe
should be tested are for breeding, collection of farm data and reproduction. This
mismatch is probably because these stakeholders do not have the capacity to test
innovation or solutions related to marketing and processing of products and therefore
believe it is the biggest priority.
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Effects of High Stocking Grazing Density
of Diverse Swards on Forage Production,
Animal Performance and Soil Organic
Matter: A Case Study

Konstantinos Zaralis and Susanne Padel

Abstract Mob grazing is regarded as a grazing management practice to increase
soil organic matter, pasture productivity and nutrient cycling. There are different
perspectives in the literature regarding the definition of mob grazing, but it is
generally accepted that mob grazing is characterised by high stocking densities of
livestock which are moved frequently from paddock to paddock (e.g. with the aid of
electric fences), trampling forage into the soil as they graze. It has also been
recognised that biodiverse pastures have the potential to build up carbon levels in
the soil much more effectively than conventional (usually monocultures) or less
diverse pastures; in turn all can enhance animal productivity and maintain good herd
health. This paper reviews the concept of mob grazing and the benefits of diverse
swards and provides evidence whether high stocking density as a grazing strategy
can increase soil organic matter and enhance overall animal performance. The
grazing rotation applied in the farm during the study year was rather short to fulfil
the expectations of a mob-grazing system, but stocking density was high (115 t LW
ha�1). The results show that high stocking grazing density of biodiverse pastures has
a remarkable effect on the build-up of the soil organic matter and that biodiverse
pastures serve as a viable alternative to conventional pastures as they can maintain
animal productivity at high levels.
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1 Introduction

Over the last 60 years, the drive for high levels of production had led many farmers
to overlook the importance of maintaining soil organic matter and the potential
benefits associated with the use of herbal leys and mixed swards in their pastures
(Foster 1988). Soil organic matter serves as a reservoir of nutrients for plants,
provides soil aggregation, increases nutrient exchange, retains moisture, reduces
compaction, reduces surface crusting and increases water infiltration into soil, which
in turn all can improve animal productivity and maintain good herd health. The
build-up of soil organic matter can be influenced by the way in which the sward is
managed in terms of grazing (Wright et al. 2004; Wang et al. 2014) but also by the
diversity of the plant species of the swards (Döring et al. 2013). The “Holistic
Resource Management” (or the Savory Grazing Method; SGM) that was introduced
in the 1980s by Allan Savory (1983) has renewed farmers’ interest in increasing soil
organic matter on farm land through grazing techniques. According to Savory, SGM
is a management technique that has been developed to overcome the desertification
problem for America and should not be seen or should not be used as a name for any
particular grazing/stocking method (Allen et al. 2011). However, since its introduc-
tion, SGM has been altered and intensified by producers until it has given rise to a
method of grazing known as ultrahigh stocking density grazing or mob grazing
(Redden 2014). Mob grazing in the UK is usually applied in diverse swards as these
leys are known to promote microbial activity resulting in increased soil carbon levels
and building of humus in the soil. The objectives of this study were to (a) provide an
insight to the concept of mob grazing and the beneficial effects of diverse swards on
animal performance and soil organic matter and (b) quantify the effects of a
mob-grazing technique on forage productivity, species diversity, forage utilisation
as well as animal performance and soil quality on a case study farm.

1.1 Mob Grazing and Claimed Benefits

Literature appears to be scarce when it comes to scientific publications related to
mob grazing as grazing management technique and its associated claimed benefits.
The Forage and Grazing Terminology Committee (FGTC 1991) defines mob grazing
as “In the management of a grazing unit, grazing by a relatively large number of
animals at a high stocking density for a short time period”, while Allen et al. (2011)
in an extensive categorisation of grazing methods use the term “mob stocking”
instead of “mob grazing” and refer to it as “a method of stocking at a high grazing
pressure for a short time to remove forage rapidly as a management strategy”. While
both definitions aim to describe this grazing technique, they lack the specifics needed
to adequately define mob grazing in terms of “stocking density” (i.e. heads/ha) or
“short time period” (Anderson 2015). Among farmers, other terms are also used such
as “short duration grazing” or “tall grass grazing” (R. Richmond, personal
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communication, 2014). Redden (2014) reports that stocking densities in mob grazing
(i.e. ultrahigh stocking density grazing) often exceed that of 200.000 kg of LW/ha up
to 1.000.000 kg of LW/ha, but there is not an international standard on this nor on the
frequency by which animals should move to a new paddock within a day. Typically,
in a mob-grazing system as applied in the USA or Americas, each paddock is grazed
only once per growing season (Redden 2014). However, in the European continent,
the available grazing rangeland of typical dairy/beef farm is much smaller in size and
therefore is not possible for a farmer to apply one grazing rotation over the growing
season. The inconsistency or inadequacy in the terminology being used to describe
the concept could reflect the fact that mob grazing has emerged from Allan Savory’s
Holistic Resource Management under similar, but not identical, concepts from
different practitioners around the world. This inconsistency could have also led to
different techniques being researched from those being used by farmers as proposed
by McCosker (2000) for the cell grazing technique.

It is generally accepted that the overall goal of mob grazing is to improve soil
organic matter and diversification of the vegetation composition in the long-term
(Clatworthy 1984; Savory and Butterfield 1999; Redden 2014; Bartimus et al.
2016). Restricting grazing animals to very small paddocks in order to achieve high
stock densities results in even distribution of grazing pressure, hoof action and
excreta across a pasture forcing animals to graze the entire area of the pasture they
are allotted (Peterson 2014; Peterson and Gerrish 1995). It is regarded that even
distribution of excreta can potentially reduce the need for artificial fertilisers,
reducing production costs, while nutrients become readily available for use by
the soil and plants (Peterson and Gerrish 1995). In addition, there is a growing
notion that trampling of significant quantities of forage onto the soil surface by
intensified hood action incorporates plant litter, live plant material and excreta into
the soil increasing soil organic matter inputs and nutrient cycle efficiency (Savory
1983). This reportedly results in increased utilisation and increased harvest effi-
ciency which can increase pastures carrying capacity by 25–100% (Savory and
Parsons 1980; Stuth et al. 1981; Gompert 2010). Moreover, the advocates of mob
grazing claim that as animals are moved from paddock to paddock multiple times
each day or at least once per day often results in that much of the vegetation
remains ungrazed (or not fully grazed) allowing the whole host of plant species to
grow taller and form large, complex and deep root systems which in turn contribute
to the increased organic matter in the soil (Savory and Butterfield 1999). Practi-
tioners in the USA and UK suggest a wide variety of benefits from mob grazing
including increased forage production, improved distribution of livestock grazing
and increased soil function and plant diversity (Gompert 2010; Peterson 2010;
Richmond 2011; Chapman 2012). Uneaten plant stems are trodden onto the soil
surface, and these stalks act both as mulch and as a feed source for the soil
microorganisms, building new soil in the process. It is regarded that the long
recovery time leads to high volumes of above-ground forage, a mixture of leaf,
seed and stem. It is also claimed that the high stocking density results in more than
50% of the plant being trampled into the ground by the animals (Chapman 2012;
Richmond 2011). Practitioners who use mob-grazing methods report increases in
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vegetation production of 100–300% as well as improved plant diversity which they
believe to be a result of improved soil function and fertility (Gompert 2010).

Published work on such grazing systems to date has mainly been carried out in
arid areas. According to Savory and Butterfield (1999), this management has been
shown to provide environmental improvements on previously overgrazed areas in
Africa, Australia and America, through the return of organic matter to the soil.
Clatworthy (1984) was the earliest publication which reported that planned grazing
under mob stocking principles in Rhodesia doubled the number of animals which an
arid area could carry, compared with a government grazing system (not defined),
with no deterioration of the plant community. In another arid region, South Idaho,
Weber and Gokhale (2011) demonstrated a statistically significant increase in soil
moisture retention under “holistic planned grazing” (i.e. 3-day grazing at high
stocking density) compared with both total rest of land and with a 30-day grazing
with a lower stocking density.

The claimed benefits of mob grazing on soil organic matter and animal perfor-
mance have not been studied in scientifically robust experiments, and this gap in
scientific knowledge is reflected in the literature. While research has shown that
grazing increases productivity of grasslands compared to non-grazed grasslands
(Wright et al. 2004; Patton et al. 2007; Wang et al. 2014), none of the published
work so far has used stocking densities in trials as high as those used in the
mob-grazing technique. In addition, research conducted on the effects of grazing
at lower densities among varied grazing systems has produced varied results, not all
of which support the purported benefits of mob grazing (Redden 2014). In the UK,
there is a small but growing interest in the mob-grazing technique especially because
it is claimed to increase soil organic matter, but no quantitative has ever been carried
out to date; there is therefore some uncertainty about the levels of production that
may be achieved.

1.2 Benefits of Diverse Swards

There is ample of evidence in the literature showing the potential of diverse pastures
to meeting the dual goal of reducing the environmental impact and the financial
performance of sheep, dairy and beef farms (Andueza et al. 2013; Roca-Fernández
et al. 2016; Romera et al. 2017; Vogeler et al. 2017). In a comprehensive review on
the potential use of legume-based grasslands for livestock production in Europe,
Lüscher et al. (2014) point out that such grasslands undoubtedly constitute a major
element for more sustainable and competitive ruminant production systems. Seither
et al. (2012) showed that diverse swards generally produce biomass of higher
nutritive value than dominated grass swards.

In the UK, information about the performance of diverse swards and the benefits
of mixing species comes from the relatively recent research project (Döring et al.
2013). In replicated field experiments in multiple locations across the UK, the
performance of 12 legume and 4 grass species that were sown in monocultures or
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as a mixture was compared to farmer-chosen ley mixtures. The project provided
evidence that species-rich legume-based leys can maximise pasture productivity and
other ecosystem services, while functional diverse plant species can be optimised
and fine-tuned to farm-specific needs (Döring et al. 2013). Specifically, diverse
swards had increased above-ground biomass and greater stability of biomass pro-
duction compared to monocultures, while productivity increased over time. In
addition, they had greater resilience to adverse weather, climate and management
conditions. According to Döring et al. (2013), mixes with high agronomic produc-
tivity contain both lucerne (Medicago sativa) and white clover (Trifolium repens),
while the overall performance of a mix ley improves by including a third or fourth
legume species. The three best multifunctional mixtures all contained black medic
(Medicago lupulina), red clover (Trifolium pratense) and lucerne (Döring et al.
2013). Red clover is generally more productive than white clover, but less persistent
and less tolerant to high grazing pressure than white clover (Gaudin et al. 2013). Due
to its long roots, red clover is regarded as drought tolerant (Knight et al. 2008).
Lucerne also produces high-quality feed, when dried or ensiled, although it appears
to be relatively sensitive during establishment; thus rerepeated grazing or grazing at
early stages of development should be avoided (Rochon et al. 2004; Blanco et al.
2010). In terms of grass species, ryegrass (Lolium perenne) and Italian ryegrass
(Lolium multiflorum) are recommended for high yield, while festulolium, which is a
cross between a fescue (Festuca) and ryegrass, provides a combination of high-
quality forage with good winter hardiness, persistence and stress tolerance (Döring
et al. 2013).

Milk production in dairy cows fed forage from legumes is often equal to, if not
greater than, in cows fed diets that do not contain legumes (Rouille et al. 2016).
Higher milk production (+0.8 kg/day), milk solids production (+0.04 kg/day) and
pasture DM intake (+1.5 kg DM/day) were observed in trails with dairy cows
grazing multispecies swards than mixed swards particularly during summer where
herb proportion was the highest (Roca-Fernández et al. 2016); the authors attribute
these outcomes to the cumulative effect of improved pasture nutritive value and
increased pasture DM intake. Lindström et al. (2013) have shown that legumes and
herbs (i.e. red clover, white clover and chicory) can provide considerable higher
amounts of minerals per kg DM of grazed forage compared to grasses, which is
particularly important for pasture-fed animals especially in organic or low-input
conventional farms. Other studies have shown that feeding dairy cows on
multispecies swards containing forbs presents an opportunity to reduce N losses
without compromising milk yield (Bryant et al. 2017). The use of diverse swards
appears therefore to be a cost-effective way to reduce nitrogen leaching, which is
relevant for a dairy sector facing regulatory constraints (Romera et al. 2017). In
in vivo digestibility trials with sheep, Andueza et al. (2013) have found that swards
rich in forbs are of higher digestibility in early season compared to swards rich in
grasses, indicating nutritional advantages of mixed swards. Most of the mixed leys
used on farms also include herbs which are a good source for minerals (Pirhofer-
Walzl et al. 2012), while other plants have medicinal properties. For example,
chicory and sainfoin are known to have anthelmintic properties and can help to
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reduce drug use for internal parasitic control at a farm level, while species with high
tannin content can enhance the rumen bypass protein intake in ruminants (Hoste
et al. 2015). In this study we assessed the establishment and the productivity of
diverse swards compared with ryegrass-white clover mixtures on a commercial dairy
farm and to determine how the evolution of the species mix varies with grazing
conditions and soil type.

2 Materials and Methods

2.1 Selection of the Case Study Farm

Because mob grazing involves high stocking density for a short period of time with
long recovery times between consequent grazing, there is some uncertainty as to
how applicable is this grazing management approach under UK conditions. To
evaluate the effect of mob grazing on soil organic matter and animal performance,
this study collected soil, forage and animal production data from a case farm in
which mob grazing on diverse swards is being used since 2007 as a method to
increase the organic matter of soil. The particular farm was selected for the case
study because the farmer has studied in the USA (scholar of Nuffield Farming
Scholarships Trust) practical aspects of management relevant to the issue of increas-
ing soil carbon by using mob grazing as an approach to address this. The farmer
believed that longer intervals between rotational grazing are likely to be best suited
to the diverse swards that are established in his farm than to those based on ryegrass
which are currently typical of UK dairy farms. According to the farmer, mob grazing
holds the key to improving and maintaining soil fertility and forage productivity in
his organic system. The farmer notes: “The best way to rebuild soil carbon levels is
by the rotational grazing of bio-diverse pastures. The stable environment under the
ley allows the biology to establish in the soil, whilst promoting the plant’s ability to
exude large amounts of sugars through its roots (up to 70% of what it produces). This
provides a ready food source for the microbes, resulting in the ability to increase soil
carbon levels by one per cent every three years (20t carbon/ha/yr). From my studies I
have determined that the fertility of a soil is its ability to hold and recycle nutrients
and water in a plant available form. To do this, a soil needs to be biologically active
and fed a range of foodstuffs – a combination of rapidly digestible green plant
material/animal slurries and slower digestible crop residues and farm yard manure.
The biology in the soil is responsible for breaking down this material, releasing the
nutrients from it, and building humus”.

The farm is located in the Cotswolds, near Gloucestershire, UK, and it is a 220 ha
mixed dairy/arable farm at approximately 260 m above sea level. The farm has a
long history of arable use in many fields and was converted to organic production in
2005. The herd consists of 189 Friesian-Shorthorn cross dairy cows that are spring
calving, with a lactation period of 300–310 days. Full-time housing of the cows is
limited to 2 months (i.e. December and January). Kale (Brassica oleracea) and
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fodder beet (Beta vulgaris) are grown for additional winter grazing. The farmer
introduced a mob-grazing approach on diverse swards with the aim of increasing soil
organic matter. Leys were reseeded as part of the rotation every 5 years with a
diverse sward mixture that includes ten different grass species, six species of
legumes and five herb species (Table 1). The best method for establishing the
long-term diverse ley in the farm was found to be sowing under a spring cereal crop.

2.2 Data Collection and Sampling

Data were collected from April to September during the study year, while prelim-
inary assessments were also carried out the year before.

Table 1 Seed mixture
composition (% w/w) used in
the study farm

Plant species % weight

Grasses

Cocksfoot (Dactylis glomerata) 7.8

Creeping red fescue (Festuca rubra) 5.4

Crested dogstail (Cynosurus cristatus) 1.6

Italian ryegrass (Lolium multiflorum) 7.7

Meadow fescue (Phleum pratense) 7.0

Perennial ryegrass (Lolium perenne) 7.8

Meadow grass (Poa pratensis) 1.6

Tall fescue (Festuca pratensis) 3.9

Timothy (Festuca arundinacea) 5.3

Yellow oatgrass (Trisetum flavescens) 1.6

Legumes

Alsike clover (Trifolium hybridum) 1.6

Sainfoin (Onobrychis viciifolia) 20.2

Sweet clover (Melilotus officinalis) 5.4

Birdsfoot trefoil (Lotus corniculatus) 2.3

Red clover (Trifolium pratense) 2.3

White clover (Trifolium repens) 2.3

Herbs

Burnet (Sanguisorba minor) 6.2

Chicory (Cichorium intybus) 5.4

Ribgrass (Plantago lanceolata) 0.8

Sheep’s parsley (Petroselinum crispum) 2.3

Yarrow (Achillea millefolium) 1.5
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Determination of Pasture Productivity, Forage Composition and Feed
Intake Estimation

Herbage yield and composition of the diverse swards were assessed on a monthly
basis in the same field, which was representative of the type and the phenological
stage of the swards across the farm. The square-metre quadrat method was used to
determine the productivity of the grazed pasture and thus allowed estimates of dry
matter (DM) intake of the grazing cows. Briefly, a one-square-metre quadrat was
placed randomly three times across the ungrazed plot (i.e. this was the next plot to be
grazed by the animals within the next 12 h). All the vegetation within the quadrat
area was cut to approximately 5 cm height, and the cut of above-ground biomass
from each quadrat was collected in separate bags; fresh weight was recorded. The
same procedure was followed also in the residual forage in the grazed plot (i.e. this
was the plot the animals had just grazed).

Dry matter content of the herbage production both in the ungrazed and grazed
plots was determined in house using a forced air oven for drying samples for 16 h
(or overnight) at 100 �C. Differences in DM productivity between ungrazed and
grazed plots were used to estimate forage DM intake of the grazing cows. Sub-
samples of the harvested forage were separated into four categories as follows:
(a) grass, (b) clover, (c) other legumes and broadleaves and (d) senescent material
for determination of sward composition. Additional herbage subsamples were
analysed by wet chemistry for metabolisable energy (ME) and crude protein
(CP) content by Sciantec Analytical Services, Stockbridge Technology Centre,
Bishopdyke Rd, Selby YO8 3SD, UK.

Monitoring of Farm Records and Additional Calculations

At the end of the monitoring period, the farmer provided data on milk production and
milk composition, grazing records (i.e. area and livestock numbers grazed daily over
the monitoring period) as well as information on supplementary feeding records such
as forage and concentrate supplementation, amounts and periods fed. These data in
addition to chemical analysis data were used to estimate the ME intake of the cows
over the monitoring season from the given field. Calculated data from the sampled
field were extrapolated to provide an estimate of the total forage production in the
whole farm for the study period.

Soil Samples

Historic data on the organic matter content of soil from three different fields are
available from 2007 to 2012. Soil samples were taken again in autumn of 2013 and
2014 and in spring of 2015 from the same fields to assess the differences in soil organic
matter. As changes in soil organic matter are likely to be slow, maximising the time
between consecutive samplings may increase the likelihood of detecting a change.
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3 Results and Discussion

3.1 Pasture Productivity and Herbage Composition

The productivity of the swards during the monitoring period averaged 10.3 tonnes
per ha. Herbage composition and monthly productivity of the diverse swards grazed
by the cows from April to September are presented in Fig. 1. Herbage production
increased from April to August, while the composition of the herbage in summer
months remained relatively constant as shown in Fig. 1. Clover production
accounted for about 24%, while grass production accounted for 71% of the total
herbage production. The productivity of other legumes and “broad leaves”
represented 6% of the total production, and senescent material remained below 3%
of the total production. Preliminary data collected in 2013 indicated a similar
productivity of the grazed sward, but herbage composition fluctuated between
months (data not shown).

Forage samples, representative of the whole filed, which were collected at farm
visits during April–September 2014 were analysed for chemical composition. The
grazing diverse sward had an average of 19.1% DM, 10.8 MJ of ME, 21.3% of CP
and 376 g of NDF indicating a good-quality forage. The average ME content was
marginal as normal values for this type of forage are 11–13 MJ of ME per kg DM,
but CP content was high and NDF within the expected levels.

Fig. 1 Monthly above-ground biomass production (DM t*ha�1) and vegetation composition in the
study area
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3.2 Grazing Data, Feed Intake and Cow Productivity

Grazing data from the 3rd of April to the 25th of September 2014 are presented in
Table 2. On average 181 milking cows grazed a diverse sward field of total area of
12.5 ha for a total of 43 days in monthly rotation intervals. The duration of the
grazing varied from 6 to 10 days based on herbage availability. The cows were
moved on twice a day after each milking, grazing two adjacent plots of an average
size of 0.9 ha delimited by electric fences. The average stocking density over the
grazing period was 115 tonnes of livestock per hectare. The resting period of the
diverse sward between consecutive grazing averaged about 21 days with 16 and
25 days the shortest and the longest, respectively. These resting periods do not
coincide with the principles of “mob grazing” where resting periods are of long
duration (i.e. more than 50 days) but the stocking density was relatively high
(Table 2). In year 2013 the farmer was applying a 40–50-day rotation management
allowing the pastures to recover for longer, but the total forage productivity was
similar to 2014.

Daily ME requirements were calculated for an average LW of 550 kg and include
ME requirements for maintenance (i.e. 65 MJ ME), reproduction (i.e. 26 MJ ME)
and monthly milk yield based on monthly average milk fat and milk protein content.
The estimated grazed intake per cow per day in each month and the calculated ME
intake are presented in Table 3. Over the period the average daily grazed intake per
cow was 17� 1.9 kg DM, but it fluctuated from as little as 10.9 kg DM in July up to
23.8 kg DM in August. The average daily concentrate supplementation per cow was
2.9� 0.29 kg DM ranging from 4.3 kg DM in April to 2.2 kg DM in September. The
estimated ME intake from the forage in addition to the ME intake from the supple-
mentary feed (i.e. Natural Organic Green HDF 18 Nuts (BOCM PAUL LTD), 862 g
DM, 18% CP, 13 MJ ME) covered the daily ME requirements of the cows in most
months, but there was a nutritional shortfall in ME intake during the grazing periods
in June and July as shown in Fig. 2a. This is explained by the relatively low forage
DM intake that is estimated for these periods (Table 4). The low DM intake is likely

Table 2 Summary of the grazing data during the monitoring period (i.e. April to September)

Grazing period Grazing
duration
(days)

Number
of cows

ha grazed
per daya

Total LW of
grazing cows (t)b

Stocking
density
(t LW/ha)From To

03 Apr 09 Apr 6 150 2.08 82.5 79.2

05 May 12 May 6 180 2.08 99.0 95.0

02 Jun 11 Jun 8 189 1.56 104.0 133.1

05 Jul 23 Jun 10 189 1.25 104.0 166.3

09 Aug 19 Aug 6 189 2.08 104.0 99.8

12 Sep 25 Sep 7 189 1.79 104.0 116.4

On average 7 181 1.81 99.6 115.0
aThe total area was not grazed at once but it was divided into two plots
bAssuming a cow LW of 550 kg
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Table 3 Average monthly milk production and composition during April to September 2014 and
calculated ME requirements per cow

Month Milk fat % Milk protein % Milk yield kg ME req for milk

April 3.47 3.15 24 113

May 3.40 3.22 26 122

June 3.53 3.21 25 119

July 3.49 3.19 22 104

August 3.69 3.27 20 97

September 3.98 3.43 17 87

Fig. 2 Monthly estimated ME intake balance of the cows from April to September 2014 (Panel a);
relationship between dry matter intake and daily milk yield (Panel b; Source: AHDB, UK feed into
Milk 2005)
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attributed to the low forage availability (see Fig. 1) which in turn is attributed to the
fact that the farmer applied a relatively short grazing rotation scheme and the pasture
was not allowed to recover fully. Nevertheless, milk yield did not seem to have been
compromised (Table 4) by the relatively low intakes estimated for these days which
suggests that subsequent grazing in the next field in rotation allowed for good DM
intakes. It is well established that milk production has a linear positive relationship
with DM intake as cows produce more milk at higher intakes (see Fig. 2b). Over the
monitoring period, the daily DM intake per cow averaged 19.6 kg DM, while the
daily milk yield averaged 22.3 kg. These intake and productivity data are consistent
with each other and are in accordance with the predictions postulated by the
literature and illustrated in Fig. 2b.

3.3 Effects of Mob Grazing on Soil Organic Matter

It is well recognised that grassland soils with low organic matter content are
characterised by poor fertility, are prone to compaction and flooding and are
droughty and lacking soil microorganisms. As the organic matter rises and the soil
becomes more fertile, the land grows more forage, and the capacity of the land to
carry higher stocking rates increases. It has been suggested that rotational grazing of
biodiverse pastures has the potential to build up carbon levels in the soil. The
underlying hypothesis is that the stable environment under a diverse ley promotes
the plant’s ability to exude large amounts of sugars through its roots which in turn
provides a food source for microbial activity resulting in increased soil carbon levels
and building humus. The advocates of mob grazing suggest that this grazing system,
by allowing plants to grow taller, results in the formation of large, complex and deep

Table 4 Estimated feed (kg DM) and energy intake (MJ) per cow per day during the grazing period
from April to September 2014

Month

Estimated grazed
intake

Supplementary
feed intakea

Total
ME
intake

Total ME
requirements

Energy
balance

DM
intake
(kg)

ME
intake
(MJ)

Kg
DM

ME
intake
(MJ)

03–09 April 14.0 152 4.3 56 208 204 4

05–12 May 22.6 244 3.0 39 283 213 70

02–11 June 13.9 150 3.0 39 189 210 �21

05–23 July 10.9 118 3.0 39 157 195 �37

09–19 August 23.8 257 2.2 28 285 188 96

12–25 September 14.8 160 2.2 28 188 178 11
aNatural Organic Green HDF 18 Nuts (BOCM PAUL LTD), 862 g DM, 18% CP, 13 MJ ME
bAssuming a cow LW of 550 kg
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root systems and when they die off, they leave high amounts of organic matter in the
soil. It is also advocated that trampling of significant quantities of forage onto the soil
surface provides a better environment for the microorganisms and other soil life and
increasing the soil organic matter.

In the case study farm, the mob-grazing approach on diverse swards was intro-
duced with the aim of increasing soil organic matter. Despite the fact that monitoring

Table 5 Soil analysis results in three different fields (i.e. Big Aero, Lanes Estate, Pinchins)

Analysis
factora

Field Big Aero Lanes Estate Pinchins

Year 2007 2015 2012 2015 2012 2015

Standard soil analysis

Soil pH 7.2 6.9 7.9 7.9 7.7 7.8

Phosphate (mg/l) 13 7 16 15 6 10

Potash (mg/l) 123 131 247 180 107 154

Magnesium (mg/l) 107 138 106 101 123 124

Physical soil structure (%)

Sand (%) 7 15 21 17 15 20

Silt (%) 55 39 46 41 43 36

Clay (%) 38 46 33 42 42 44

Macronutrients

Organic matter % 4.4 9.8 5.3 7.8 5.7 8
Microbial activity 13 25 33 22 27 23

Sulphate (mg/l) 35 56 37 29 49 58

Total phosphorus 906 901 1025 1244 841 1069

Chemical

CEC (meq/100) 41.2 36.0 28 30.5 32.9 30.7

Calcium (%) 84.7 78.9 88.1 88.2 87.7 86.1

Magnesium (%) 1.6 3.8 3.6 4 3.1 4.9

Ca/Mg ratio 53 21 24 22 28 18

Potassium (%) 0.8 1.2 1.8 1.9 1.1 1.6

Sodium (%) 0.2 0.4 0.5 0.3 0.4 0.7

Hydrogen (%) 0.0 0.0

Others (%) 11.5 15.7 8.1 5.6 8.7 6.7

Trace elements (mg/l)

Iron 33 64 40 57 49 65

Molybdenum 0.4 0.40 0.10 0.3 0.3 0.4

Copper 1.2 1.90 1.7 2.3 1.6 1.6

Selenium 0.68 0.68 0.39 0.38 0.53 0.46

Zinc 1.9 2.0 2.3 2.7 1.4 1.7

Manganese 11.5 22.8 11.8 14.1 16.6 24.6

Cobalt 0.3 0.3 0.2 0.2 0.3 0.4

Boron 1.10 1.60 1.5 1.4 1.3 1.3

Conductivity 2029 1913 2099 1977 2046 2056
aSamples were analysed by Kingshay Analysis Services, Kingshay, Bridge Farm, West Bradley,
Glastonbury, Somerset BA6 8 LU
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of the performance of the diverse swards was conducted only in one field (i.e. Big
Aero), soil samples were collected in 2015 from three different fields (i.e. Big Aero,
Lanes Estate, Pinchins) and compared with earlier results from 2007 to 2012. The
results of the soil analyses in these fields are shown in Table 5.

Soil organic matter increased by 122.7%, 47.2% and 40.4% in Big Aero, Lanes
Estate and Pinchins fields, respectively. The relative higher increase in soil organic
matter in the Big Aero is attributed to the fact that samples collected in 2015 are
compared with those collected in 2007 (i.e. 8 years earlier) and not in 2012, which is
the case in the other fields (i.e. 3 years earlier). Yet, this is a marked improvement
with more than double the levels of organic matter reserve. The build-up of the soil
organic matter is also remarkable in the other fields as well. The overall soil analysis
data suggest that soil improvement management through rotational high stocking
grazing of biodiverse pastures appears to have a beneficial impact on soil organic
matter. Microbial activity in the soil does not seem to have been improved consid-
erably over the years, but it can be accelerated by biotreatment of slurry or farmyard
manure in short term. In all fields tested, soil trace element status is generally low
which may indicate a potential need for zinc and copper supplementation in the
ration of the herd.

4 Conclusions

The results of this case study show that biodiverse pastures are sufficiently produc-
tive to serve as a viable alternative to conventional pastures (i.e. grass/clover
pastures) as they can maintain animal productivity at high levels. Although the
farmer claims that the grazing system he applies in his farm falls within the
principles of “mob grazing”, the average 21-day rotation he applied during the
study period is regarded as rather short to allow plants to grow to a desired height
that fulfils the expectations of mob grazing. However, it should be acknowledged
that grazing rotations were longer in the previous years, while stocking density
always remains high. This study indicated that the build-up of the soil organic matter
is remarkable and suggests that soil improvement can be achieved through high
stocking rotational grazing of biodiverse pastures.
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Cloud Computing for IoT Applications
in Climate-Smart Agriculture: A Review
on the Trends and Challenges Toward
Sustainability

Eleni G. Symeonaki, Konstantinos G. Arvanitis, and Dimitrios D. Piromalis

Abstract Climate-smart agriculture is an approach for guiding actions required to
make agricultural activities more productive and sustainable with regard to resource
sharing, cost saving, and efficient agro-system construction. Agricultural
informatization, through the adoption of new technological trends such as cloud
computing and Internet of Things (IoT), is an extensive prospect to realize sophis-
ticated applications aiming in the development of services in rural areas for the
benefit of climate-smart agriculture. Especially the integration of cloud computing
and IoT technologies for applications in agriculture, through the automation and
digital management of the entire agricultural production and food chain, is an
innovative research field of significant concern. In this paper an attempt is made to
survey the technological background of these technologies, as well as to review the
main trends and identify the challenges regarding the adoption of cloud-based IoT
applications in the agricultural sector for the benefit of sustainability in climate-smart
agriculture.
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1 Introduction

Agriculture is, beyond any doubt, one of the most important sectors of primary
industry, yet it is characterized as sensitive, unstable, complex, dynamic, and highly
competitive. In the twenty-first century, the sector of agriculture is going to face
great challenges as, according to the Food and Agriculture Organization (FAO) of
the United Nations, agricultural productivity should be increased by 60% in order to
ensure a safe food supply which would adequately satisfy the nutritional needs of the
constantly growing world population (Fig. 1). This goal has to be achieved despite
the fact that the required resources are already stretched, as the amount of available
agricultural land is declining due to increasing urbanization, soil erosion, and high
salinity levels, while 70% of the world’s freshwater supplies is consumed for
agricultural purposes. In addition, it is required for agriculture to address the issues
which arise from the global climate change, concerning the reduction of its green-
house gas emissions (the agricultural sector generates about one-quarter of global
GHGs), as well as the adjustment to extreme weather conditions which impact the
quantity and quality of the crops (FAO 2013). To successfully encounter the
increased global nutritional needs as well as the climate change issues, the sector
of agriculture has to become “climate-smart.”

Climate-smart agriculture (CSA) was defined by Lipper et al. as “an approach for
transforming and reorienting agricultural development under the new realities of
climate change” (Lipper et al. 2014). Yet, the definition which is most commonly
used was presented by FAO at the Hague Conference on Agriculture, Food Security
and Climate Change in 2010 and describes CSA as “agriculture that sustainably

Fig. 1 Global population growth according to UΝ Secretariat (2007)
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increases productivity, enhances resilience (adaptation), reduces/ removes GHGs
(mitigation) where possible, and enhances achievement of national food security and
development goals.” According this definition, the main goal of CSA is food
development and security, while productivity, adaptation, and mitigation may be
characterized as the interlinked pillars which are required in order to achieve this
goal (FAO 2013).

CSA provides the means to relate actions both on-farm and beyond the farm, by
incorporating elements concerning policies, institutions, investments, and technolo-
gies as follows (FAO 2013):

• Farm, cultivation, and livestock management for handling resources efficiently as
well as increasing production and resilience

• Ecosystem and landscape management in conserving ecosystem services that are
essential in order to increase resource efficiency and resilience at the same time

• Services for farmers and land managers so as to enable them to implement
changes which are necessary for the efficient management of climate risks/
impacts and mitigation actions

• Changes which enhance the benefits of CSA in the wider food system, including
value chain interventions as well as demand-side measures

One way of addressing these issues and increasing the quantity together with the
quality of agricultural production is by using cutting-edge technologies in order to
establish more “intelligent” and interconnected farms through agricultural
informatization.

The implementation of information communication technology (ICT) is a major
asset for the sustainable growth in agriculture. Until the recent past decades, the
research focused on agricultural infrastructure development and information ser-
vices. In order for this situation to be changed and promote a rapid development of
agricultural informatization, it is essential to apply technologies which provide
reliable, cheaper, and user-friendly ICT tools in agriculture.

Cloud computing, as a trend of future information technology applied in various
fields, may play a significant role in agricultural informatization by bringing some
new prospects to information management and services. Evolving cloud computing
technology in agriculture is an extensive opportunity to carry out industry agricul-
tural applications aiming in the sustainable development in rural areas.

Meanwhile, the innovative technology of the Internet of Things (IoT) is highly
related to cloud computing as IoT acquires compelling computing tools through
cloud computing and cloud computing encounters the optimum channel of practice
based on IoT. Thus, the integration of these technologies, using radio-frequency
identification (RFID) and wireless sensor networks (WSN), for data acquisition and
monitoring corresponding to cultivations, as well as cloud computing applications
for transferring, storing, and processing these data using the Internet, is predicted to
bring revolutionary changes to agriculture, through the automation of agricultural
production.

The theoretical and applied study of cloud computing for IoT agricultural appli-
cations in terms of sustainability appears to be of high significance. In this paper an
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attempt is made to review the technological background of cloud computing and IoT
with emphasis in the most important approaches, regarding their application in the
agricultural sector for the benefit of climate-smart agriculture toward the sustainable
development in rural areas.

2 Conceptual Framework

2.1 Cloud Computing Technology Overview

Cloud computing, often called simply “the cloud,” has been characterized as “the
fifth utility service,” for it provides readily available on-demand services, similar to
any other utility which is available in modern society (Buyya et al. 2009).

Although the popularity of the term “cloud computing” was launched in 2006 by
Amazon.com, it has emerged as a concept since the 1960s (Kleinrock 2005;
Armbrust et al. 2009; Wheeler and Waggener 2009). As it appears from literature,
there are various perspectives concerning the definition of “cloud computing”
(Buyya et al. 2009; Armbrust et al. 2009; Vouk 2008; Vaquero et al. 2011; Mell
and Grance 2010), among which the most recognized and generally accepted is the
one stated by Mell and Grance (2010) on behalf of the US National Institute of
Standards and Technology (NIST). In particular, according to NIST, cloud comput-
ing is defined as “a model for enabling ubiquitous, convenient, on-demand network
access to a shared pool of configurable computing resources (e.g., networks, servers,

Fig. 2 Anatomy of cloud computing according to NIST
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storage, applications, and services) that can be rapidly provisioned and released with
minimal management effort or service provider interaction.”

Furthermore, NIST suggests that the anatomy of cloud computing consists of
five essential characteristics, three service layers, and four deployment models as
shown in Fig. 2 (Mell and Grance 2010; Craig Wood 2010). Preferably, a cloud
should involve all of the five essential characteristics, while as far it concerns the
four deployment models, public cloud is the one that “cloud computing” has been
initially referred to and is most commonly used. The other deployment models
constitute variations of the public cloud, sharing similar characteristics and service
layers (Rountree and Castrillo 2014). The three service layers refer to the services
offered by the cloud providers and are described, depending on user requirements,
as follows:

(a) Infrastructure as a Service (IaaS): Due to recent developments in network
management and virtualization, cloud infrastructure provides processing, stor-
age, traffic monitoring, and redirecting, as well as other forms of lower-level
hardware and network resources in a virtual way via the Internet network. These
resources are offered upon the demand of the end user and are charged per use,
differentiating from traditional hosting services in which physical servers or
parts of them are offered and charged on a periodical basis (Rountree and
Castrillo 2014; Leavitt 2009). Moreover, end users have control over operating
systems, deployed applications, storage, and in some cases limited control over
selected network components (e.g., host firewalls), without the need of manag-
ing or controlling the underlying cloud infrastructure (Mell and Grance 2010).
Some researchers suggest to further divide IaaS into hardware as a service
(HaaS) and data as a service (DaaS) (Wang et al. 2008), but it is more common
for IaaS to be regarded as a whole concept.

(b) Platform as a Service (PaaS): This service layer is more advanced than the IaaS
one, for it acts as an integrated design, development, testing, and deployment
platform and provides the end user with programming and execution environ-
ments such as operating systems, programming languages, databases, and web
servers. End users are given the ability to develop their own applications directly
onto the cloud infrastructure, after creating them by using programming lan-
guages and APIs supported by the provider. In addition, end users have total
control over their deployed applications without being responsible for the
management or control of the underlying cloud infrastructure such as network,
servers, operating systems, or storage (Mell and Grance 2010). This approach
reduces most of the system administrative responsibilities that are traditionally
assigned to the developers, enabling them to concentrate on more productive
issues (Lawton 2008). Finally PaaS carries some other appealing features
including embedded instruments for measuring the deployed application usage
as well as established online communities for cooperation, interaction, and
problem-solving purposes (Rountree and Castrillo 2014).

(c) Software as a Service (SaaS): Through this service, end users are provided, upon
their demand, with complete turnkey solutions of software applications or even

Cloud Computing for IoT Applications in Climate-Smart Agriculture. . . 151



more of sophisticated systems, such as CRM or ERP, directly via the Internet
network (Leavitt 2009). These kinds of solutions are hosted as services in the
cloud and are delivered via browsers, correspondingly to user subscriptions.
SaaS is also characterized by a multi-tenant architecture, according to which all
users share a single codebase maintained by the provider. Authorization and
authentication security policies are employed in order to guarantee the partition
of user data. Due to this sharing mechanism, the cost of the services provided is
far more appealing compared to the traditional off-the-shelf and bespoke ones
(Wang et al. 2008). Such an approach eliminates the workload of installing,
running, as well as maintaining applications on local computers and reduces the
cost of software purchases due to on-demand pricing policies.

Summing up, cloud computing is designed to integrate a perfect system, which is
able of distributing high computing power to the end users by combining computer,
storage, and network technologies with regard to load balance and reutilization.

2.2 Internet of Things Technology Overview

The Internet is considered to be one of the most significant technological achieve-
ments, having a strong impact on all aspects of humanity (Ezechina et al. 2015). The
Internet of Things (IoT), sometimes called “Internet of Objects,” is a new concept
which is related to the interoperability of objects and their capacity to access and
exchange information about themselves via the Internet.

The term “Internet of Things” was initially used about 15 years ago, by the Auto-
ID Labs of the Massachusetts Institute of Technology (MIT) during their research
regarding on-networked radio-frequency identification (RFID) infrastructures
(Atzori et al. 2010; Mattern and Floerkemeier 2010). Although, since then, the
concept of IoT has extended beyond the purposes of RFID technologies and
nowadays the term “Internet of Things” is widely used, the research in literature
cannot result in a unique definition but in several alternative ones, some of which
focus on the things which become connected, while others emphasize on Internet-
related aspects or semantic challenges in the IoT (Atzori et al. 2010). Nevertheless,
what all of these definitions have in common is the perception that while the original
Internet version was concerning data created by people, its consequent version is
related to data created by things. According to this aspect, Internet of Things could
be best defined as “a world-wide network of interconnected objects uniquely
addressable, based on standard communication protocols” (DG Infso, EPoSS
2008). In Fig. 3 the concept of IoT is presented in terms of interconnection,
suggesting that it enables anything to be connected anytime, at anyplace, with
anything and anyone ideally using any networks and any services (Saranya and
Nitha 2015).
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The innovative technology of IoT has already found numerous and diverse
applications, which are continuously extending, to virtualize all aspects of everyday
life. Up to date about 5 billion objects are “smartly” interconnected, while pre-
dictions indicate that this number will increase at approximately 50–100 billion by
the year 2020 (Gubbia et al. 2013).

The future success of IoT is depending on standardization, which will provide
reliability, compatibility, and interoperability for the efficient deployment of smart
environments in a global scale (Grandinetti et al. 2013). The concept of network
convergence using IP-based technologies for the IoT is essential and relates to the
usage of a common multiservice IP network which supports a variety of applications
and services. Using IP for the intercommunication and control of sensors and small
devices enables the convergence of extensive, IT-oriented networks with specialized
real-time networked applications. Several companies and organizations of leading
technologies in energy and communications are working so as to specify the
standards for the new IP-based technologies for the IoT. In this context the funda-
mental characteristics of the IoT as defined by the European Research Cluster on the
Internet of Things (IERC) are as follows (Vermesan and Friess 2014):

Fig. 3 The concept of the Internet of Things (IoT)
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• Interconnectivity: Anything can be globally interconnected with any information
and communication infrastructure.

• Things-related services: All services are provided within the constraints of phys-
ical and virtual things, such as semantic consistency and security.

• Heterogeneity: The devices are heterogeneous as they are based on various
hardware platforms and networks.

• Dynamic interactions: The number and state (e.g., connected and/or discon-
nected) of devices as well as their context (e.g., location, speed) can change
dynamically at any time and any place.

• Extensive scale: The number of devices to be handled and interconnected is at
least an order of magnitude larger than the number of the devices connected to the
Internet. In addition the device-triggered communication ratio as compared to
human-triggered communication is noticeably greater. Even more essential are
the efficient data management and their semantics for the purposes of each
application.

3 Integration of Cloud Computing and IoT in Agriculture

Since present, the complementary technologies of cloud computing and IoT have
developed in separate; however there is an innovative IT argument in which they are
combined, offering in this way several advantages. On the one hand, cloud comput-
ing may benefit from the IoT by extending its ability to delivering new services for a
large number of real-world scenarios in a dynamically distributed way, while on the
other hand, IoT can benefit from cloud computing with regard to its unlimited virtual
resources and capabilities in order to compensate any technological constraints such
as storage, processing, or energy. The complementary characteristics of cloud
computing and IoT, as arising from literature, are reported in Table 1 (Dash et al.
2010; Fox et al. 2012; Parwekar 2011; Rao et al. 2012).

Essentially, the integration of cloud computing and IoT is a cutting-edge tech-
nology which may have great positive impact in agriculture as it can provide efficient
management of resources and higher production by facilitating the storage, manage-
ment, access, and dissemination of information. In particular cloud computing acts

Table 1 Characteristics of cloud computing and IoT

Cloud computing Internet of Things (IoT)

Ubiquitous
(resources usable from everywhere)

Diffusive
(things placed everywhere)

Virtual resources Real-world things

Virtually unlimited computational capabilities Limited computational capabilities

Virtually unlimited storage Limited storage

Internet as a service Internet as a point of convergence

Big data management Big data source
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as an intermediate layer between the things and the applications, eliminating any
functionalities and complexities which could arise from the implementation of the
latter. Furthermore, a primary reason for adopting this framework in agriculture is to
support farmers in making decisions and drawing strategies related to new chal-
lenges about cultivations in terms of sustainability.

Α brief overview of the features provided in agriculture through the integration of
cloud computing for IoT is presented as follows:

• Data acquisition and remote storage: Several of the available data acquisition
tools, such as radio-frequency identification (RFID) sensors and wireless sensor
networks (WSN), can be effectively integrated with cloud computing applications
for temperature humidity, luminosity, soil moisture monitoring, etc. (Hori et al.
2010). Moreover cloud computing provides high storage capacity suitable for the
backup of such large scale of data and information relevant to cultivations,
offering in addition a suitable infrastructure for decision support as well as mutual
information and experience sharing among the worldwide agricultural commu-
nity (Feng 2010).

• Low-cost access to ICT resources: Provisioning of access to extensive ICT
resources which are offered upon the demand of the user and are charged per
use. In this way farmers can access the required resources on-demand from the
cloud, instead of investing in owning expensive ICT hardware infrastructure
(Prasad et al. 2013).

• Online agriculture expert consultation: In the situations when farmers are not able
to solve any occasional problems they may face at the different stages of
agricultural production, the integration of cloud computing for IoT offers a
sufficient alternative, as online expert advice could be found in the repository
of the cloud databases. Therefore, farmers could face any problem instantly, as
they receive immediate and accurate response (Wenshun 2011).

• Land record automation: Due to the accessibility of large-scale storage infrastruc-
ture, land records are being digitized worldwidely. Cloud computing storage
facility offers a feature of entering and storing a land record along with any
descriptions which are relative to that particular region, such as production
history, soil analysis result, etc. Various public or private operators are respon-
sible of the data accuracy after the proper verification of facts and figures (Hori
et al. 2010).

• Weather forecasting: Weather forecast and analytics for specific time periods may
be provided to farmers so that they can take decisions related to cultivations
(TongKe 2013).

A typical framework of cloud computing for IoT in smart agriculture is shown in
Fig. 4. According to this framework, the management platform is the “core” of cloud
computing and data storage. It involves the management of access to the application
interface by the users, the computing and processing that are involved in the
customization services, as well as the organization and coordination of the service
nodes in the data center. The essential networking services are provided so as the
acquired object information data to be efficiently and securely transferred. The
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communication is established between RFID or wireless sensor networks (WSNs)
and gateways or cloud proxy machines, interconnected to the network by applying
protocols and standards based on Zigbee, LoRaWAN, LPWA, Bluetooth, Wi-Fi, as
well as GPRS/3G/4G technologies. Any remaining communication required may be
established in a service-oriented approach via electronic XML/EDI messages. The
application includes also optical cable and other wire communication protocols and
technologies (Ken 2012).

4 Paradigms of IoT Agricultural Applications Based
on Cloud Computing

The integration of cloud computing for IoT applications in agriculture, through the
automation and digital management of the entire agricultural production and food
chain, is an innovative research field of significant concern for the scientific
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Fig. 4 Typical framework of cloud computing for IoT in smart agriculture
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community. This cutting-edge technology can not only transform the methods of the
agricultural production management in terms of sustainability but also strengthen the
safety of the agricultural products quality.

Although several techniques regarding cloud-based IoT applications, especially
designed to meet the needs of agricultural sector, have been introduced during the
last years, these are mostly used fragmentary by a small number of innovative
farmers, while their wide adaptation by the total of the agricultural community is
still rather limited. Some of the most noteworthy applications, found in literature, are
briefly overviewed as follows:

(a) Agriculture cloud based on MAD-Cloud architecture: It offers specialized
services to farmers regarding crop cultivation, fertilizer usage, pest control,
etc. In addition, researchers in the field of agriculture can access the cultivation
history of multiple regions and add their suggestions regarding innovative
agricultural techniques. Last but not least, existing cloud infrastructures like
networks, servers, etc. can be used, and various services are supported regarding
the interaction with the cloud by using IoT features such as sensors, mobile
devices, GPS, etc. MAD-cloud framework as shown in Fig. 5 is based on a
layered architecture consisting of three layers (Chandraul and Singh 2013):

• MAD-Data Acquisition Layer (MDAL): This layer is deployed as SaaS,
providing a variety of interface services to several types of users with diverse
devices. It adopts Internet and IoT technologies which provide a number of
services required by farmers, agriculture experts, or state officials. The addi-
tion or acquisition of data is performed via the applications or the device
service interfaces.

• MAD-Data Processing Layer (MDPL): This layer is deployed as PaaS includ-
ing library platforms which store all data acquired from various devices into a
uniform format, performs computations on large data sets, and provides reports
to the end users. The layer is subdivided into four modules which perform
services of data security, data processing, expert decision supporting, and data
reporting.

• MAD-Data Storage Service Layer (MDSSL): This layer is deployed as IaaS,
providing database infrastructure facilities for the storage of the large amounts
of data which is essential in agriculture sector. Additionally this layer supports
the sharing and usage of the stored data depending on the needs of the users.

(b) Cloud Agro System: It is a cloud computing-based system designed to monitor
the overall information related to agricultural activities. Up to date IT tools
provide online language translation mechanisms in order to overcome language
and tradition limitations in worldwide agricultural community. As a result, any
type of information stored on the cloud is presented to the user’s language of
choice, supporting any decisions related to crop production. Furthermore,
through sophisticated features, such as online questionnaires, researchers can
exploit the experience of farmers worldwide in the development of new agricul-
tural tools and techniques (Patel and Patel 2013).
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Fig. 5 MAD framework architecture
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(c) Agricultural mobile cloud-based platform: It is a concept model of Mobile
Cloud Computing (MCC) technology aiming to provide the users with extended
and seamless functionality despite any probable limitations of mobile device
resources, by using simple handheld devices such as laptops, tablets, and
smartphones which support Wi-Fi, GPRS, 3G, or 4G technologies. In particular
MCC allows the end user devices to maintain a very thin layer architecture for a
minimum number of applications, while it forwards all computational processing
workloads to the virtual machines on the cloud, overcoming in this way any
mobile processing power and data storage limitations, extending the battery life,
as well as increasing the security levels.

In this specific platform, a mobile server is established including application
service providers (ASPs) which offer to farmers on-demand software services
via a network architecture. The developer is connected to the ASP, while the end
users are connected to the mobile infrastructure which provides application
features and services designed to be user-friendly. An important asset in this
platform is the image processing feature which supports the process and analysis
of the field status just by capturing the leaf images (Prasad 2013).

The mobile cloud framework proposed in Fig. 6 is focusing on the farmers’
needs and assists them to achieve relatively better cultivation and marketing
through expert decision support.

(d) WSAN linked to agricultural cloud computing system: This approach integrates
wireless sensor actor networks (WSANs) with cloud computing services to assist
farmers optimize the usage of available resources in agricultural production.

Fig. 6 Mobile cloud computing (a) system model and (b) proposed services
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Environmental data from the fields are acquired by the sensors and process with
the help of a decision support unit for actuating the process. Sensor nodes which
acquire environmental data and a group of actor nodes which operate according
to the decision taken by the decision support system are interconnected with
wireless medium. The layered architecture shown in Fig. 7 consists of three
groups (Mahesh et al. 2014):

• Sensing Group: It consists of various sensors placed in the fields for acquiring
real-time data about temperature, humidity, weather, soil conditions, etc. The
sensed data are forwarded at first to the sensor data storage unit and then to
the cloud for further processing.

• Cloud Service Group: This group consists of layers for data acquisition, data
processing, and data storage. These layers support database infrastructure
facilities, library modules, and interface services for decision support through
expert knowledge in order to be used for building high-level agricultural
applications

• Actuator Group: It consists of actor node sets which operate in the environ-
ment according to the action commands received by the decision unit. In
particular the action commands which are generated by the actor node
controllers according to the digital data deriving from the cloud result in
analog signals that are sent to the hardware devices in order to perform the
intended actions.

(e) PDCA cycle-based agricultural cloud services: According to this perspective,
the process of agriculture production is regarded as a PDCA (plan-do-check-act)
cycle as shown in Fig. 8.

• Plan: Making operation plans about agricultural production activities such as
planting, cultivation, fertilizing, irrigation, human and material resources,
yield, etc.

• Do: Gathering information which has been acquired by agricultural activities
relating to farming equipment, insect pests, fertilizers, agricultural
chemicals, etc.

• Check: Performing progress management by monitoring the conditions
affecting the cultivated plots via sensors or cameras

• Act: Modifying the plans according to the data acquired in order to improve
the cultivation results

Based on this process, primary sensing and knowledge management techniques
are principally used to provide cloud services. Production data related to weather and
soil, crop images, farming observations, and cultivated plots of land are routinely
collected. In addition analysis engines, such as data miners, are employed for
analyzing the stored data and provide advice as well as suggestions concerning the
agricultural production. Moreover, maintenance actions are performed via software
updates and service amendments on a single system in the cloud center resulting in
the elimination of disparities in the software versions used by different users (Hori
et al. 2010).

160 E. G. Symeonaki et al.



Fig. 7 Agricultural WSAN cloud-based IoT application
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5 Challenges of IoT Agricultural Applications Based
in Cloud Computing

Agriculture, and especially climate-smart agriculture, is a field which may highly
benefit from the technologies of IoT applications based in cloud computing with
regard to resource sharing, cost saving, and efficient agro-system construction.
Moreover, the integration of agricultural processes with such cutting-edge technol-
ogies can give a significant impetus to production, marketing, and sales of agricul-
tural goods. In particular, the implementation of cloud-based IoT technologies in
agriculture presents the following advantages (Prasad et al. 2013; Gao et al. 2011):

• Data management is performed by the service provider guarantying better and
efficiently organized information resources.

• Stakeholders can access information at any time or location from the e-data bank
databases.

Fig. 8 PDCA cycle and cloud services in agriculture
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• Communication and interaction among users worldwide are expeditive, effort-
less, and of sufficient security.

• Maintenance infrastructure requirements are drastically reduced as service pro-
viders are responsible for all technical issues.

• Farmers and researchers are motivated to get more involved into the field of
climate-smart agriculture as all communication attempts are result oriented.

• The problem of rural-urban migration can be reduced as cloud computing ser-
vices are provided remotely at any time. This aspect might also aid in unemploy-
ment control.

• Due to the mass involvement of different stakeholders, cloud-based IoT applica-
tions in agriculture can boost sustainable growth and economic development.

Despite the fact that the adoption of cloud-based IoT technologies in the agricul-
tural sector presents several advantages, their actual implementation seems to be
premature and lacks consistent integration, as more sophisticated solutions are still in
experimental stage, while on the other hand, operational usage is mostly focusing on
basic applications. Taking into consideration the present conditions, certain concerns
and challenges are to be encountered regarding the efficient usage of cloud-based
IoT applications in agriculture.

At first security and privacy vulnerabilities consist a critical barrier to the large-
scale deployment of cloud-based IoT applications in agriculture. Since the integra-
tion of communication and computing with the rapidly increasing interconnected
things provides the ability to remotely control their operations, several security
issues arise regarding the interactions between the physical and cyber domains. A
presumptive extension of the already applied IT security frameworks to the IoT is
going to lack in efficiency as contrary to present networks, where assets are regularly
protected inside firewalls with access control devices and several objects employed
in the agricultural cloud-based IoT applications operate in highly vulnerable and
unprotected environments where sensitive data might be compromised to eventual
hacking attacks (e.g., sensors, tractors, drones, and other devices used in the open
fields). The necessity of protecting these objects and ensuring their long lifespan
increases the necessity of providing cloud-based security solutions with resource-
efficient, thing-to-cloud interactions which will be suitable for the complex dynamic
networks in agriculture (Medaglia and Serbanati 2010; Ashktorab and Taghizadeh
2012).

Secondly, the majority of agricultural cloud-based IoT applications, in order to be
suitable for the open fields, especially in distant rural areas, require mobility support
and widespread geographical distribution through an extended number of nodes, in
addition to location tracking with the minimum margin of error as possible. Fur-
thermore the strong need of real-time data processing imposes constant and high-
speed network connectivity for the support of unobstructed streaming. In this
context, micro-cloud or fog computing, as an evolved version of cloud computing
technology, may enable new IoT applications and services which meet the afore-
mentioned constraints of the agricultural environment, by applying new
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sophisticated data management as well as analytics services and taking advantage of
the network features to their full extent (Yi et al. 2015).

Finally, generalizing the scope of the Internet-connected things beyond the
sensing services, it is not hard to imagine the transformation of the entire agricultural
sector into a smart web of context-sensitive remotely identified, sensed, and con-
trolled virtual objects that will be shared and reused in different contexts, projecting
the vision of climate-smart agriculture for the global sustainable development. In
order for this vision to be realized, some more challenges to be faced include:

• Enhancing the implementation of IoT technologies in the agricultural sector by
simplifying the usage of existing applications and making them more cost-
effective in order to be turned into user-friendly and affordable for the majority
of farmers

• Overcoming the lack of homogeneity of object data and IoT devices by
establishing among them a certain degree of interoperability through open tech-
nologies for standards, applications, and platforms, specially addressing to the
agricultural sector

• Providing broad, reliable, constant, high-speed, and low-cost network coverage
for wireless communication in rural areas in order to ensure that the majority of
farmers can benefit of cloud-based IoT technologies

• Establishing interaction with third-party databases containing information rang-
ing from soil, water, and air analytics, insects and pest control, meteorological
history, and forecast satellite imagery to logistics and retail

• Establishing training centers for offering guidance concerning computer skills
and cloud computing services usage in order to minimize the high extent of
computer illiteracy in rural areas as most farmers are not able to understand the
functions of software and the Internet or complete tasks and solve problems on a
computer without assistance

6 Conclusions

Since the first appearance of the concept in the 1960s, cloud computing has been
established as one of the major trends of the future Internet technologies, enabling
the provisioning of new services through the reduction of ownership cost and
resources management. With the virtualization of objects being the next trend in
the context of Internet of Things (IoT), the convergence of these two technologies is
providing a flexible environment for services and innovations in climate-smart
agriculture for the benefit of sustainability.

In this paper, an attempt was made to survey the most important trends regarding
cloud-based IoT technologies and their applications in the agricultural sector with
emphasis on the current situation as well as on the issues which require further
attention.
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The research in literature came up with findings about techniques and paradigms
which indicate that cloud-based IoT technology provides sophisticated agricultural
equipment, weather observation and forecasting applications, as well as cultivation
control methods. Furthermore, it enables a “smart” interconnection with and among
objects, leading in this way to the vision of “anytime, at anyplace, with anything and
anyone” communications and enhancing the exchange of knowledge and experience
through communication and information sharing. Modernization of agriculture by
communicating rapidly the knowledge about new techniques improves the utiliza-
tion of natural resources, reduces climate dependency, assists in environment and
ecosystem protection, and promotes sustainable development.

Nonetheless, although cloud-based IoT technologies for agriculture receive an
increasingly high level of attention by scientists and researchers, their operational
implementation in the open fields seems to be mostly experimental and fragmentary.
As, given the interest shown, more feasible and affordable solutions which address
the challenges of cloud-based IoT technologies implementation in agriculture are
expected to be widely available, transforming the entire sector into a smart web of
context-sensitive interconnected objects that will be remotely identified, sensed, and
controlled, eventually, farms are about to be transformed into self-adaptive autono-
mous systems involving smart interconnected objects that will be able to operate,
make decisions, or even more “learn” without the need of on spot or distant
interventions by farmers.

Consequently, it is strongly believed that the future growth of agriculture is
depended on the adaptation of new technologies with a focus on farmer needs.
The wide implementation of cloud-based IoT technologies in the agricultural sector
is essential, so as to drastically enhance climate-smart agriculture activities for the
benefit of sustainability.

Acknowledgment Authors would like to thank the Agricultural University of Athens as well as
the University of West Attica, for providing the required resources and funds in order to undertake
this research project.

References

Armbrust M, Fox A, Griffith R, Joseph AD, Katz R, Konwinski A et al (2009) Above the clouds: a
Berkeley view of cloud computing, University of California at Berkeley, Tech. Report No.UCB/
EECS-2009-28 Online at: www.eecs.berkeley.edu/Pubs/TechRpts/2009/EECS-2009-28.pdf.
1 Apr Accessed 2018

Ashktorab V, Taghizadeh SR (2012) Security threats and countermeasures in cloud computing. Int J
Appl Innov Eng Manag (IJAIEM) 1(2):234–245

Atzori L, Iera A, Morabito G (2010) The internet of things: a survey. Comput Netw J, Elsevier,
Amsterdam 54(15):2787–2805

Buyya R, Yeo CS, Venugopal S, Broberg J, Brandic I (2009) Cloud computing and emerging IT
platforms: vision, hype, and reality for delivering computing as the 5th utility. Fut Gener
Comput Syst (25)6. Elsevier, Amsterdam, pp 599–616

Cloud Computing for IoT Applications in Climate-Smart Agriculture. . . 165

http://www.eecs.berkeley.edu/Pubs/TechRpts/2009/EECS-2009-28.pdf


Chandraul K, Singh A (2013) An agriculture application research on cloud computing. Int J Curr
Eng Technol, INPRESSCO 3(5):2084–2087

Craig Wood K (2010) Definition of cloud computing, incorporating NIST and G-Cloud views,
online at http://www.katescomment.com/definition-of-cloud-computing-nistg-cloud. Accessed
1 Apr 2018

Dash SK, Mohapatra S, Pattnaik PK (2010) A survey on application of wireless sensor network
using cloud computing. Int J Comput Sci Eng Technol 1(4):50–55

DG Infso, EPoSS (2008) Internet of things in 2020: a roadmap for the future, European Commis-
sion DG Infso & European Technology platform on smart systems integration, p 32

Ezechina MA, Okwara KK, Ugboaja CAU (2015) The internet of things (Iot): a scalable approach
to connecting everything. Int J Eng Sci, Elsevier, Amsterdam 4(1):09–12

FAO (2013) Climate-smart agriculture sourcebook, online at: http://www.fao.org/docrep/018/
i3325e/i3325e.pdf. Accessed 1 Apr 2018

Feng D (2010) Innovative research on rural information service mode based on cloud computing.
Sci Technol Inf 18:214–217

Fox GC, Kamburugamuve S, Hartman RD (2012) Architecture and measured characteristics of a
cloud based internet of things. In: International Conference in Collaboration Technologies and
Systems (CTS), IEEE, pp 6–12

Gao J, Bai X, Tsai W (2011) Cloud testing-issues, challenges, needs and practice. Softw Eng Int J 1
(1):9–23

Grandinetti L, Pisacane O, Sheikhalishahi M (2013) Pervasive cloud computing technologies:
future outlooks and interdisciplinary perspectives: future outlooks and interdisciplinary per-
spectives. IGI Global, Hershey

Gubbia J, Buyyab R, Marusic S, Palaniswami M (2013) Internet of things (IoT): a vision,
architectural elements, and future directions. Futur Gener Comput Syst 29:1645–1660

Hori M, Kawashima E, Yamazaki T (2010) Application of cloud computing to agriculture and
prospects in other fields. Fujitsu Sci Tech J, Fujitsu Global, Japan 46(4):446–454

Ken C (2012) Internet of things technology applied in field information monitoring. Adv Inf Sci
Serv Sci AISS 4(12):405–414

Kleinrock L (2005) A vision of the internet. ST J Res 1(2):4–5
Lawton G (2008) Developing software online with platform-as-a-service technology. IEEE Comput

Soc 41(6):13–15
Leavitt N (2009) Is cloud computing really ready for prime time? Comput, IEEE Comput Soc 42

(1):15–20
Lipper L et al (2014) Climate-smart agriculture for food security. Nat Clim Chang J 4:1068–1072
Mahesh DS, Savitha S, Anvekar DK (2014) A cloud computing architecture with wireless sensor

networks for agricultural applications. Int J Comput Netw Commun Secur 2(1):34–38
Mattern F, Floerkemeier C (2010) From the internet of computers to the internet of things.

Informatik-Spektrum, Springer Berlin Heidelberg 33(2):107–121
Medaglia CM, Serbanati A (2010) An overview of privacy and security issues in the internet of

things, the internet of things. Springer, New York, pp 389–395
Mell P, Grance T (2010) The NIST definition of cloud computing, communications of the ACM,

Special Publication 800–145, NIST, US
Parwekar P (2011) From internet of things towards cloud of things. In: 2nd International Confer-

ence in Computer and Communication Technology (ICCCT), IEEE, pp 329–333
Patel R, Patel M (2013) Application of cloud computing in agricultural development of rural India.

Int J Comput Sci Inf Technol 4(6):922–926
Prasad S (2013) AgroMobile: a cloud-based framework for agriculturists on mobile platform. Int J

Adv Sci Technol 59:41–52
Prasad MSVKV, Kumar GJ, Naidu VVS, Nagaraju GJ (2013) Use of cloud computing in agricul-

ture sector, a myth or reality. Int J Eng Res Technol (IJERT) 2(10):38–42

166 E. G. Symeonaki et al.

http://www.katescomment.com/definition-of-cloud-computing-nistg-cloud
http://www.fao.org/docrep/018/i3325e/i3325e.pdf
http://www.fao.org/docrep/018/i3325e/i3325e.pdf


Rao BP, Saluia P, Sharma N, Mittal A, Sharma SV (2012) Cloud computing for internet of things &
sensing based applications. In: 6th International Conf. in Sensing Technology (ICST), IEEE, pp
74–380

Rountree D, Castrillo I (2014) The basics of cloud computing. Elsevier, Amsterdam, pp 123–149
Saranya CM, Nitha KP (2015) Analysis of security methods in internet of things. Int J Recent Innov

Trends Comput Commun 3(4):1970–1974
TongKe F (2013) Smart agriculture based on cloud computing and IOT. J Converg Inf Technol 8

(2):210–216
Vaquero L, Rodero-Merino L, Morán D (2011) Locking the sky: a survey on IaaS cloud security,

computing. Arch Inf Numer Comput 91(1):93
Vermesan O, Friess P (2014) IERC cluster SRIA 2014 – internet of things – from research and

innovation to market deployment. River Publishers Series in Communication, Denmark/
Netherlands

Vouk MA (2008) Cloud computing-issues, research and implementations. CIT J Comput Inf
Technol, University of Zagreb, Croatia 4:235–246

Wang L, Tao J, Kunze M, Castellanos AC, Kramer D, Karl W (2008) Scientific cloud computing:
early definition and experience. In: High Performance Computing and Communications,
HPCC’08, 10th IEEE International Conf., Dalian, China

Wenshun C (2011) Application and developing prospect of cloud computation in the agricultural
informationization. Agric Eng 2(1):40–43

Wheeler B, Waggener S (2009) Above campus services: shaping the promise of cloud computing
for higher education. Educ Rev 44(6):52–53

Yi S, Hao Z, Qin Z, Li Q (2015) Fog computing: platform and applications. In: IEEE Workshop on
Hot Topics in Web Systems and Technologies (HotWeb), Washington, DC, USA, pp 73–78

Cloud Computing for IoT Applications in Climate-Smart Agriculture. . . 167



User-Technological Index of Precision
Agriculture: Data Collection
and Visualization

Jan Masner, Jan Jarolímek, Michal Stočes, Pavel Šimek, Jiří Vaněk,
and Vladimír Očenášek

Abstract User-Technological Index of Precision Agriculture (UTIPA) is a compre-
hensive system based on mutual sharing of opinions and experience within commu-
nity of people related to precision agriculture – farmers, technology suppliers, and
researchers. The main goal of UTIPA is to present the calculated index level for a
particular technology (method) for precision agriculture and compare it to the
indexes of other technologies. The index is based on evaluation of technological
advancement and applicability for agricultural practice. The paper discusses
methods for collecting data from questionnaires in general and elaborates on the
technical solution developed specifically for data collection for UTIPA. The system
also allows all participants who filled in the entry questionnaire to access the results.
There are various visualizations and data views available.

Keywords Precision farming · Survey · Questionnaire · Farmers · Web ·
Technologies

1 Introduction

Besides precision agriculture, several terms are used for the same concept among the
professional society nowadays. It includes precision farming, smart agriculture,
smart farming, and agriculture 4.0. The concept of precision agriculture has been in
the interest of the professional public since the 1990s. It generalizes the effort to
identify solutions, tools, and processes that can improve productivity and profitabil-
ity while protecting the environment (Cambouris et al. 2014). Precision agriculture
plays a vital role in increasing production and is seen as part of the agricultural
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process efficiency and environment-friendliness. The adoption of GPS guidance
systems for tractors has been part of precision agriculture since its conception.
Currently, precision agriculture encompasses many advanced modern technologies
and approaches such as high-precision positioning systems (like GPS), automated
steering systems, geomapping, sensors and remote sensing, integrated electronic
communications, and variable rate technology (CEMA 2018). ICT technologies in
general are one of the most important enablers (Kai and Perumal 2010).

The precision agriculture approaches are spreading through all areas of agricul-
tural production (Morota et al. 2018), and crop production is no longer the only
domain. The current efforts are trying to manage the resources of the whole farms
from crops to the final product. On the other side, the utilization of precision
agriculture and its operations and technologies in terms of widespread implementa-
tion is still under development (Paustian and Theuvsen 2017).

In summary, the concept of precision agriculture is based on observations and
measurements followed by the appropriate responses – for example, through the
introduction of new technology or by changing manufacturing processes. Precision
agriculture technologies allow farmers to identify problems and opportunities and
apply solutions with far greater accuracy (Lindblom et al. 2016).

A key factor in deciding whether a particular technology should be incorporated
to practice is the understanding of agricultural production processes as well as the
technology itself. Workers in agriculture management must choose among various
options for applied research and technology, and in this decision-making process,
there is a necessity to merge previous experience of the staff and the introduction of
new technologies and procedures (Kumhala et al. 2003).

The question of implementation of the particular technology is partly an eco-
nomic decision. The most important factors are profitability and investment rate of
return. Therefore, it is important to inform farmers about economic benefits of
precision agriculture technologies (Katalin et al. 2014).

Another factor that affects the decision process is usability. Technologies evolve
very fast nowadays. More and more nontechnical users use them. Therefore, preci-
sion agriculture technology development needs to also focus on the field of human-
computer interaction (Lindblom et al. 2016). Usability in association with precision
agriculture is an area that is neglected within scientific literature. The usability is
partly subjective attribute and needs evaluation from the user’s perspective (Benda
et al. 2015).

It is vital to establish effective decision models and support resources for the
process of decision-making between particular technologies. The basic premise for
appropriate decision-making is quick availability of quality data (Schimmelpfennig
and Ebel 2016). To sum up, there are many factors that affect the decision-making
process, i.e., economic profitability, investment rate of return, technological
advancement, reliability, functionality, and usability. Farmers need information,
whether particular technologies or methods are worth exploring.

This paper presents a User-Technological Index of Precision Agriculture. It is a
complex system for evaluation of technologies and methods. Its objective is to
provide users (farmers, suppliers, and researchers) with knowledge on the use of
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modern technologies in agriculture. Primarily, it is based on a point assessment of
selected technologies (methods) of precision agriculture from the viewpoints of
technological sophistication and usability for agricultural practice. It evaluates the
principles of a given technology and not specific products and manufacturers.

The data for evaluation is collected from farmers, technology suppliers,
researchers, and general public. The optimal way to get the data is to run a survey.
Therefore, there is a need to spread questionnaires and get them back. Question-
naires can be disseminated in two major forms – printed on paper or electronically
via the Internet. As Gordon and McNew (2008) suggest, it is important to make
informed decisions as to which technology is the best one to implement. Many
authors and studies suggest the Internet as the best carrying medium (Andrews et al.
2003; Lumsden 2005; Van Selm and Jankowski 2006). On the other side, web-based
surveys generally exhibit a lower response rate (Fan and Yan 2010; Hamilton 2009).

2 Materials and Methods

The questionnaire for UTIPA is compiled from three general questions (email,
country, and background) and ratings for several technologies. The rating is based
on individual knowledge and experience. Each technology is evaluated in two
individual criteria: technological advancement and applicability in practice. Both
criteria consist of five-point scales where higher mark means the technology is better
for a given criterion. The general principles of technologies are evaluated. Specific
products, brands, or manufacturers are not reflected (Jarolímek et al. 2017).

The technological advancement criterion represents mainly a level of develop-
ment and sophistication. It is evaluated whether the technology is in an experimental
phase or in active use by farmers, whether it is mass produced by several manufac-
tures or it is a technology of one individual producer. The criterion of applicability in
practice includes evaluation of economic efficiency, quality, quantity of production,
and ease of use. The technology needs to have well-proven economic benefits. The
usability is evaluated based on experiences of the respondents.

The example for the evaluation can be the “Use of UAVs (drones) for crop
imaging.” The technology is well developed and proven to work (Pavlíček et al.
2018). So, it is very likely to score high in the technological advancement criterion.
On the other side, the batteries do not last for a long period of time and need frequent
recharging. Besides, drones are not cheap and need expertise to be operated.
Therefore, the score in the applicability in practice is expected to be lower.

An important characteristic of the evaluated technology is also its unfamiliarity
among the respondents. The survey provides also an option called “cannot judge.”

The survey is disseminated in both major ways. The printed version is spread
during conferences and seminars and periodically sent to Czech farmers. The
web-based version of the questionnaire is shown in Fig. 1.

The Department of Information Technologies runs in cooperation with the Min-
istry of Agriculture of the Czech Republic a survey among Czech farmers about their
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ICT equipment every 1 or 2 years since 2008. Questionnaires are primarily spread
over the Internet via emails. Aside from that, some of the questionnaires are sent in
printed form via classic post. The UTIPA questionnaire was included within last
year’s dissemination. The return rate of the printed questionnaires is still on a
significantly higher level. In addition, the level of ICT equipment among Czech
farmers is lower than a national average. The level of knowledge is significantly low
in long term as well (Šimek et al. 2014). As mentioned above, the return rate of the
printed form of questionnaire is higher than the electronic form. Therefore, the
questionnaire for UTIPA is spread in printed form besides the electronic as well.
The data gathered this way is inserted into the system manually later.

The process of survey dissemination is monitored, and various data are gathered.
The online version of questionnaire as well as the whole application uses Google
Analytics. It allows to analyze users’ behavior on a website. All links that are used in

Fig. 1 The online version of the questionnaire – general questions and example of a technology
evaluation
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promoting the questionnaire have a special URL attribute. This attribute helps to
precisely identify the source of a user’s visit. We can monitor various sources and
campaigns such as emailing, QR codes, articles, etc. The monitoring of users
continues during filling in the questionnaire and whole usage of the application.

One of the objectives of the UTIPA system is to form a community of people
related to precision agriculture. Data are not collected via the entry questionnaire
exclusively. There are too many technologies to be included in it. Respondents need
to be motivated to sign in and evaluate more technologies. Another goal of the
UTIPA is to track a development of the technologies over time. Therefore, the
users should be motivated to come back to the application in the future and rate
them again.

3 Results

The User-Technological Index of Precision Agriculture is a complex system that
includes a methodology for collection, processing, and presentation of data and
software which is available via a web interface. The software is also optimized for
mobile devices. The user interface is designed using responsive web technologies,
which allows the use of the website on different devices (mobile, tablet, desktop) via
a web browser. It is also available as a native application for Android operating
system. The data collection system for the questionnaire was maximally simplified.

3.1 Data Collection and the Entry Questionnaire

The system of data collection for UTIPA works on a simple principle. Each
participant fills the email address, the basic information, and the ratings for selected
technologies (approximately 10, based on the current occasion). To validate the
contribution, an email with a confirmation link is sent to the given address. Once
the provided link is clicked, the data and user are verified; and the participant can
create a password. The user is automatically signed in and can immediately access
the collected data in a given format. The whole process from the users’ point of
view, including the collection from the printed version of the questionnaire, is
shown in Fig. 2.

Many surveys usually only spread a questionnaire and collect data. Results are
delivered to the participants only occasionally. On the contrary, UTIPA works on the
principle of “what data I provide is the type of data I gain access to.” Therefore, each
participant who filled the questionnaire has access to the results and can benefit
from them.

We have observed that many questionnaires are left unfinished. Therefore, while
the user is filling the form, all data are continuously saved on background via AJAX.
This approach allows us to monitor the user’s behavior and investigate the reasons
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Fig. 2 The process of
filling questionnaire and
access to the data
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behind incompletion. Furthermore, we have the data even though the participants did
not finish the questionnaire for whatever reason. Moreover, users can continue filling
it in later. We save a special hash using browser cookies. The same hash is saved in
the application’s database on a server side. So, when a user comes back using the
same computer (and a same browser), they can continue to fill in the same ques-
tionnaire. The data they have already filled are automatically loaded. On top of that,
the user can come back to the questionnaire using a different computer or browser.
After the email is filled, the system recognizes that it is already known. The user is
then offered with a possibility to receive a special activation link to continue filling
the previously saved questionnaire. The whole process is shown in Fig. 3.

3.2 The UTIPA Index

The main contribution of the whole system is a calculation of the UTIPA index.
Primarily, it is calculated for each technology and serves for various comparisons.
The index consists of two parts, the numeric value and an additional character. The
numeric part of the index has values between 0 and 5 and reflects the degree of
usefulness and sophistication of the technology. The numeric value can be
supplemented with the character which can be either “u” or “t” and expresses better
ranking in favor of applicability in practice or technological advancement – the
location of the point in the chart compared to the diagonal line (see Fig. 5). The
methodology for calculation of the index was published by (Jarolímek et al. 2017).
There is also a supplementary G-UTIPA index. It is calculated across a certain group
of respondents including all technologies.

3.3 Data Visualizations

After successful email confirmation, all participants have access to the results and
various data visualizations. There are currently six possible views on the data: basic
statistics, technology comparison, country comparison, comparison according to
respondent characteristics, unfamiliarity of technologies, and particular technology
overview. Each view can visualize the data in a different way and follows the
principle of “what data I provide is the type of data I gain access to.” Therefore,
users can only see results for the technologies that they have already rated.

Basic Statistics

The statistics view offers basic results in a form of table. The data can be filtered and
ordered. Each technology is linked to its separate page with the overview. The view
is shown in Fig. 4.
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Technology Comparison

The technology comparison view shows comparison of technologies between each
other. As shown in the figure, the X-axis indicates applicability in agricultural

Fig. 3 The process of filling in the questionnaire with the return possibilities
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practice, and the Y-axis indicates technological advancement. Each point in the
chart represents a certain technology. When the number is hovered over, additional
information is displayed. It contains name of the technology, exact values for both
evaluation criteria, and the computed UTIPA index. In addition, users can compare
own evaluation with the calculated values. It is indicated by a red circle as shown in
Fig. 5. Users can additionally adjust the index calculation by setting specific filters.
The view can be limited to certain countries (origin of respondents), characteristics
of respondents, and particular technologies. The technology on the chart can be
included in one of the fundamental segments: potential, practice, vision, and need.
This is indicated by the background of the chart with an appropriate coloring.

Country Comparison

The country comparison view is based on the technology comparison. The main goal
of the view is to compare the technologies according to the respondents’ countries of
origin. Within the view, each numbered circle represents the technology, as in the
original view, and in addition, it is multiplied in the chart for each selected country.

Fig. 4 Basic statistics view
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This view is illustrated in the figure. In the chart there is a circle labeled with the G
character. It stands for the G-UTIPA index and represents all technologies rated by
all respondents from the given country (Fig. 6).

Comparison According to Respondent Characteristics

Another view represents comparison according to respondent characteristics. The
main goal of this view is to compare the technologies according to the characteristic

Fig. 5 Technology comparison view
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of respondents. It is mostly identical to the country comparison mentioned in the
previous chapter. As shown in the figure, the difference is the primary viewpoint for
the comparison. The G-UTIPA index represents all technologies rated by a certain
group of respondents (according to the characteristic) (Fig. 7).

Unfamiliarity of Technologies

Participants of the survey have also an option to indicate the unfamiliarity with a
certain technology. It is an important characteristic for the results and represents the
lack of knowledge about a certain technology. The output is then a comparison of

Fig. 6 Country comparison view
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unfamiliarity of technologies as shown in Fig. 8. The red bars on the chart indicate
that the current user marked the “Cannot judge” option for the given technology.

List of Technologies and Technology Overview

The UTIPA web application has a section called Technologies. It displays a simple
list of all the technologies with selected results (calculated values) for each one. It
shows the UTIPA index, both criteria values, and technology annotation. If the user
has not evaluated the technology, the rating option is shown.

Fig. 7 Comparison according to respondent characteristics view
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Each technology has a detail page with the results’ overview. There are tables of
basic statistics data, charts for country, characteristics’ comparison, and a heat map.
The heat map chart, shown in Fig. 9, provides a graphical presentation for scatter of
all the ratings. Users have also the possibility to change their ratings when the
technology evolves, their opinion changes, or their level of knowledge increases.

4 Conclusion

User-Technological Index of Precision Agriculture is a complex system for the
international community of people related to precision agriculture; it is accessible
to anyone who respects the terms of use. The fundamental function and contribution
of the system is a calculation of a special index called UTIPA. The index serves for
various comparisons of precision agriculture technologies.

Fig. 8 Unfamiliarity of technologies view
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The proposed system for collecting questionnaire data was designed primarily
as a web application gathering data online. It is also simultaneously spread in a
printed form. It is disseminated in batches at certain occasions. The printed form
has significantly higher return rate. On the other side, it requires financial input as
well as additional labor to process incoming paper questionnaires. The online form
of the survey needs significantly less resources. On the other side, its return rate is
on a very low level.

The whole process of the data collection is monitored. For example, data are
continuously saved during the filling of the online form. Therefore, users can
continue to fill unfinished questionnaires even from a different computer. All data
are continuously evaluated, and parts of the system are improved accordingly.

The system provides access to the visualizations of collected data for all partic-
ipants. It works on the principle of “what data I provide is the type of data I gain
access to.” There are several views of the results: basic statistics, technology
comparison, country comparison, comparison according to respondent characteris-
tics, unfamiliarity of technologies, and particular technology overview.

The UTIPA index benefits all the stakeholders. Farmers can find out whether a
given technology is useful and has real importance. Suppliers need to know what
their customers (farmers) want or expect but also how they perceive their products.

Fig. 9 Heat map visualization of the scatter of ratings by individual respondents
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For academia it can be a source of data for science and research. The importance and
significance of the index grows with the number of respondents.

Future research and development is going to focus on several areas. The data
about the collection process are going to be continuously monitored and evaluated.
The visualization of the obtained data is going to be enhanced according to user
needs. New types of views and comparisons will be introduced. To attract new
participants, there is an encyclopedia of precision agriculture technologies under
active development.

UTIPA system is freely available as a web application at https://www.utipa.info/.
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Supplier Selection and Evaluation Using
Multicriteria Decision Analysis

Stratos Kartsonakis, Evangelos Grigoroudis, and Michalis Neofytou

Abstract The selection and evaluation of suppliers is a very sensitive and crucial
process for all companies and organizations, since the quality of the overall supplier
management system may affect the quality of the final product. Suppliers nowadays
are considered as partners of any business organization having mutual trust as the
core of the relationship with them. In contrast to traditional approaches for selecting/
evaluating a supplier, which are mainly based on cost, neglecting other important
factors, new research efforts have highlighted the importance of multicriteria deci-
sion analysis in this problem. The aim of this paper is to propose an integrated
framework for supplier selection and evaluation giving emphasis on the dynamic
nature of the problem. The proposed framework is based on the UTA-II method,
which is a preference disaggregation approach from the field of multicriteria decision
analysis, and its applicability is demonstrated through a real-world application in a
food company. The major results of the case study show the importance of quality,
cost, delivery, and collaboration in the relationship between companies and
suppliers.

Keywords Supplier selection · Supplier evaluation · Multicriteria decision
analysis · UTA-II method · Food industry

1 Introduction

One of the most common and at the same time most crucial issue that modern
business organizations face is the selection and evaluation of suppliers. This process
plays a key role to the supply chain and is related with evaluating, ranking, and
selecting supplies over a pool of potential suppliers, taking into account multiple
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criteria (Shemshadi et al. 2011). Supplier selection and evaluation can affect the
overall performance of any industry, not only from the aspect of cost but also for the
final product and the reputation of the company (Koufteros et al. 2012).

The importance of supplier-related decisions has been highlighted by numerous
scholars, given their ability to affect the organizations’ strategic processes (see, e.g.,
González et al. 2004). In addition, purchasing decisions are an important determi-
nant of profitability, since in several cases a large part of production costs refers to
raw materials. As many industries have established their supplying sources, it would
be more efficient to create evaluation systems that could filter the performances of
the suppliers (Mummalaneni et al. 1996).

In general, the supplier selection and evaluation problem is part of an overall
supplier management process, which mainly involves nine distinct areas (González
et al. 2004): (1) supplier selection process, (2) materials quality control, (3) supplier
process control, (4) supplier documentation system, (5) supplier management sys-
tem, (6) supplier availability, (7) supplier quality policies, (8) supplier quality
system, and (9) material specification accomplishment.

The importance of supplier management is also emphasized in quality manage-
ment systems. For example, the ISO 9001 quality management standard considers
suppliers as critical partners of the organization. The standard requires that all
suppliers should be evaluated, without, however, describing a detailed process or a
set of evaluation criteria.

Business organizations with close partnership relationships with important sup-
pliers can produce managerial, technological, and financial benefits (Ellram 1991),
while developing a healthy buyer-supplier relationship may, in addition, improve the
supplier performance. This relationship must be built with mutual trust and cooper-
ation and demands from the buyer to work with a small number of suppliers. But
when it comes to the final decision, the purchase manager has to consider many
factors that shape the profile of a proper supplier. Some of the most common criteria,
widely used in this respect, include price, quality, and delivery time, fact that justifies
the multidimensional nature of the supplier selection and evaluation problem.

In order to have successful buyer-supplier relationships, a regular examination
of supplier’s performance is necessary. The evaluation of supplier performance has
also an essential role in today’s industries. It does not involve stakeholders of the
supply chain but also improves the supply chain performance (Dey et al. 2015).
However, despite the fact that several supplier selection and supplier evaluation
systems have been proposed, there is no alignment between them. There is no point
in organizing a process for the selection of a supplier without including a well-
based evaluation system. This not only helps the buyer to keep track of the
suppliers’ performance but also motivates the supplier to improve the products
and services delivered.

From a decision-making perspective, the supplier selection and the supplier
evaluation are different problems, although this is not clear in several studies (see,
e.g., Chen 2011). This is because the establishment of a permanent partner relation-
ship between the firm and the supplier is often neglected, while these two problems
have similar decision-making characteristics, like similar evaluation criteria or
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decision-makers (i.e., supply manager). In addition, the terminology used is often
rather confusing: supplier selection is sometimes mentioned as supplier evaluation,
while supplier evaluation is referred as supplier rating (see, e.g., Agarwal et al.
2011). However, these two decision-making problems have important differences.
First, supplier selection is a pre-purchase process, while supplier evaluation is a post-
purchase decision-making problem. As a result, although similar, these two prob-
lems have, in principle, different evaluation criteria. Moreover, supplier selection
aims to identify the best supplier from a set of alternative suppliers, while supplier
evaluation is mainly focused in providing a score that quantifies supplier perfor-
mance. Despite their differences, however, the two problems are not independent;
the evaluation of a supplier may affect the supplier’s selection in future purchase
decisions. On the other hand, the evaluation of a single supply is focused on a
specific transaction.

In the aforementioned context, the main aim of the paper is to present a dynamic
and holistic supplier selection and evaluation framework that will be able to consider
the distinctive characteristics of the problem. Besides its dynamic nature, an addi-
tional contribution of the proposed framework is that the different evaluation
problems are considered separately while integrated in an overall supplier manage-
ment system. The proposed approach is based on the UTA-II method, which is a
multicriteria decision analysis approach in the area of preference disaggregation
models. UTA-II method can overcome several limitations of alternative multicriteria
models by handling both quantitative and qualitative attributes, and modeling the
preferences and priorities of the business organization regarding suppliers, while
requiring limited inputs that can be easily provided by supplier managers. The
aforementioned three dynamic systems (i.e., supply evaluation, supplier evaluation,
and new supplier evaluation) are integrated together and function as a powerful tool
that enables to have up-to-date information over the whole supply base and simul-
taneously indicate the best suppliers for the next order. The applicability of the
proposed model is illustrated through a real-world application in a food industry
having a large number of very diverse suppliers.

The paper is organized in five more sections. Section 2 presents briefly a literature
review of the supplier selection and evaluation problem with emphasis on the
applied quantitative tools. The theoretical background (UTA-II method) is given in
Sect. 3, while Sect. 4 describes the proposed evaluation framework. Section 5 pre-
sents and discusses the results of a real-world application of the framework in a food
industry. Finally, Sect. 6 summarizes concluding remarks and discusses potential
extensions of the research.

2 Literature Review

Supplier selection is a process directly linked with the firms’ overall performance
and competitive advantage. Over the last decades, a shift has been made with respect
to the buyer-supplier relationship. It has moved from a simple transaction-oriented
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relationship to a partnership-oriented relationship. Due to its great importance, the
supplier selection problem comes with high complexity, as both qualitative and
quantitative factors must be taken into consideration in order to better describe the
overall capabilities of the supplier. For each firm, these factors are different, and each
factor has a different importance. For this reason, multicriteria decision analysis has
become the most popular tool for the supplier selection and evaluation problem.

Ho et al. (2010) reviewed 78 journal papers in 2000–2008, where all of them used
multicriteria decision analysis. Other similar researches include Weber et al. (1991)
who focused their research on the 23 criteria that Dickson (1966) first introduced and
De Boer et al. (2001) who separated the supplier selection process into the
pre-qualification of suitable suppliers’ methods and the final-phase methods.

Generally, as mentioned by Dotoli et al. (2016), the analytic methods for the
supplier selection problem may be categorized into three main domains:

1. Mathematical or operational research models: This category includes approaches
like analytical hierarchy process (AHP), linear programming (LP), multi-
objective programming (MOP), total cost of ownership (TCO), goal program-
ming (GP), data envelopment analysis (DEA), simulation, and heuristics.

2. Statistical models: It mainly covers statistical-based and data analysis approaches,
like cluster analysis, multiple regression, discriminant analysis, conjoint analysis,
and principal component analysis.

3. Artificial intelligence models: This category comprises approaches like neural
networks, software agents, case-based reasoning, expert systems, and fuzzy set
theory (FST).

Dotoli et al. (2016) identify additional approaches that combine some of the
aforementioned methods (e.g., AHP and GP, AHP and LP, AHP and FST, DEA and
MOP). However, it should be emphasized that the previous approaches have differ-
ent decision-making objectives, contexts, and orientations.

AHP and its extension ANP are the most widely applied methods in the supplier
selection and evaluation problem. AHP was introduced by Saaty (1977, 1980) and
uses pairwise comparisons, along with expert judgments to handle the measurement
of qualitative or intangible attributes (Chai et al. 2013). The advantage of this
method is its ability to structure a complex and multi-attribute problem hierarchically
and then examine each level separately as the analysis progresses (Liu and Hai
2005). On the other hand, AHP can be highly subjective as it requires intense
involvement from the decision-maker (DM). It can also be time-consuming, espe-
cially when there are many levels, due to the pairwise comparisons. Indicative AHP
applications in this context include the work of Muraldiharan et al. (2002) who
suggest a five-step AHP-based model incorporating nine evaluating criteria and
multiple decision-makers involved in the process. Chan and Chan (2004)
constructed an AHP model with 6 evaluating factors and 20 sub-factors and tested
their model in an advanced technology industry. Other applications include the work
of Liu and Hai (2005) who used Noguchi’s voting ranking method instead of AHP’s
pairwise comparisons.
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In the same context, the analytic network process (ANP) has been also widely
used in the supplier selection and evaluation problem. ANP was developed by Saaty
(1996), and its main difference compared to AHP is that it takes into consideration
possible dependencies/influences between and within clusters/alternatives, without
making any assumption on the interdependencies in the hierarchy (Gencer and
Gürpinar 2007). In the examined problem, Sarkis and Talluri (2002) suggest that
the evaluating criteria influence each other, and these criteria should consider not
only operational attributes but also organizational and performance factors. More-
over, Gencer and Gürpinar (2007) applied ANP to an electronic company, where
they classified the evaluating criteria into three clusters and examined their interre-
lationships. A drawback of this method is that the complexity increases with the
increase in the number of factors and their relationships, and as a result more effort is
demanded from both the DMs and the analysts (Sarkis and Talluri 2002).

Other approaches based on the multiple attributes of the problem include the
Simple Multi-attribute Rating Technique (SMART), which is a simple additive
weighting method to obtain total values as a ranking index (Chai et al. 2013) by
using both qualitative and quantitative criteria. Indicative applications of this method
may be found in Barla (2003) and Huang and Keskar (2007). Other multi-attribute/
multicriteria techniques include the Decision-Making Trial and Evaluation Labora-
tory (DEMATEL) (Chang et al. 2011) and the ELECTRE method (Sevkli 2010).

Data envelopment analysis (DEA) is a well-known technique that has been
widely used for estimating the efficiency of suppliers by considering multiple
input and output factors (Talluri et al. 2006). The efficiency of each supplier is
expressed as the ratio of the weighted sum of the outputs (i.e., the supplier
performance) to the weighted sum of the inputs (i.e., costs of using the supplier)
(De Boer et al. 2001). DEA tries to find the best set of weights that maximize the
efficiency and then categorizes the supplies to either efficient or inefficient. The
main disadvantage of this method is that there is no distinction of the criteria to
indicate the different importance of the suppliers. However, DEA has been widely
applied in the supplier selection process (Narasimhan et al. 2001; Talluri and Baker
2002; Talluri et al. 2006).

Multiobjective programming (MOP) is another approach that has been used in the
supplier selection and evaluation problem. It is a technique that considers multiple
objective functions that can be optimized over a set of feasible solutions (Chai et al.
2013). Related research efforts in this field include the works of Narasimhan et al.
(2006), Ozkok and Tiryaki (2011), and Wadhwa and Ravindran (2007), who
suggested a set of three objective functions referring to the minimization of price,
delivery time, and rejects. In the same context, several scholars applied other
mathematical programming techniques, like linear programming (Talluri and
Narasimhan 2003; Ng 2008), integer linear programming (Talluri 2002), integer
nonlinear programming (Ghodsypour and O’Brien 2001), and goal programming
(Karpak et al. 2001). Considering the supplier selection problem as a resource
allocation problem, the main goal of these studies is to estimate the optimum
solution based on a mathematical model under various constraints, which can be
linear or nonlinear.
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Another important part of the relevant literature refers to supplier selection and
evaluation criteria. Identifying the right criteria may give a strategic advantage to the
focal firm and should be related to the business process and the stakeholder’s
requirements (Dey et al. 2015). Dickson (1966) was the first to identify over
20 criteria that have been used in the supplier selection process. Over the years
more and more criteria have been considered; still however, quality, delivery, and
price/cost remain the most used ones (Ho et al. 2010). Additional criteria that have
been widely used include service, flexibility, technology, and finance (see Table 1
for a summary of supplier selection criteria).

Most companies have established supplier bases. What is thus needed is a
comprehensive system that allows them to monitor their suppliers in a sufficient
way and keep track of their performance. Such a system may also be used to provide
feedback to suppliers, thus helping them to improve their capabilities. However the
criteria of the performance evaluation should be distinct and focus more on the
operational capabilities of the supplier. In the literature there is no such a system that
integrates both the supplier selection and performance evaluation. Table 2 presents
an indicative list of supplier evaluation criteria.

Table 1 Supplier selection criteria

Criteria Method Authors

Quality; responsiveness; discipline; delivery; finance; manage-
ment; technical capability; facility

AHP Liu and Hai
(2005)

Culture; technology; relationship; cost; quality; time; flexibility ANP Sarkis and
Talluri (2002)

Outputs (quality, delivery); inputs (price) DEA Talluri et al.
(2006)

Direct cost; indirect-coordination cost; quality; delivery reliability;
complexity of supply arrangement

MOP Narasimhan
et al. (2006)

Supply variety; quality; distance; delivery; price LP Ng (2008)

Table 2 Supplier evaluation criteria

Criteria Authors

On-time delivery; quality; price; professionalism of salesperson; respon-
siveness to customer needs; quality of relationship with the supplier

Mummalaneni et al.
(1996)

Quality; price; delivery; cost reduction performance Narasimhan et al.
(2001)

Quality performance: compliance with quality; quality accreditation and
audit; continuous quality improvement
Delivery performance: compliance with due date; order to delivery lead
time; delivery flexibility
Costing performance: cost reduction capability; competitiveness of cost;
appropriateness of the material price to the market price

Dey et al. (2015)

Manufacturing capability; supply chain capability; innovation capability;
financial capability; human resource capability; service quality capability

Sun (2010)
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3 The UTA-II Method

The UTA-II method belongs to the family of UTA methods (UTA, UTASTAR,
UTADIS, etc.) that adopt the aggregation-disaggregation principles and are consid-
ered as the most representative example of preference disaggregation theory. Con-
trary to the traditional aggregation paradigm, where the criteria aggregation model is
known a priori and the global preference is unknown, the philosophy of disaggre-
gation involves the inference of preference models from given global preferences.
The disaggregation-aggregation approach (Jacquet-Lagrèze and Siskos 1982, 2001;
Siskos 1980; Siskos and Yannacopoulos 1985; Siskos et al. 1993) aims at analyzing
the behavior and the cognitive style of the DM. Special iterative interactive pro-
cedures are used, where the components of the problem and the DM’s global
judgment policy are analyzed and then they are aggregated into a value system
(see Fig. 1). The goal of this approach is to aid the DM to improve his/her knowledge
about the decision situation and his/her way of preferring that entails a consistent
decision to be achieved. A detailed overview of the UTA methods is given by Siskos
et al. (2016).

In the UTA method, the criteria aggregation model is assumed to be an additive
value function of the following form (Jacquet-Lagrèze and Siskos 1982):

u gð Þ ¼
Xn

i¼1

piui gið Þ ð1Þ

subject to normalization constraints:

Xn

i¼1

pi ¼ 1

ui gi∗ð Þ ¼ 0, ui g∗i
� � ¼ 1 8i ¼ 1, 2, . . . , n

8
><
>:

ð2Þ

Fig. 1 The disaggregation-aggregation approach (Siskos et al. 2016)
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where ui(gi) is the marginal value function of criterion gi, pi is the weight of criterion
gi, u(g) is the overall value of an alternative, n is the number of criteria, and gi∗ and
g∗i are the worst and the best value of criterion gi, respectively. It should be noted that
ui are non-decreasing real valued functions (marginal value or utility functions)
normalized in the range [0, 1].

UTA-II is an extension of the UTA method that focuses on the estimation of
weighting factors (scaling constants of criteria) pi, assuming that ui are known. As
mentioned by Siskos et al. (2016), the ui functions may be constructed using several
techniques, such as multi-attribute utility theory (Keeney and Raiffa 1976; Klein
et al. 1985), MACBETH method (Bana e Costa and Vansnick 1994, 1997), Quasi-
UTA method (Beuthe et al. 2000), or the MIIDAS system (Siskos et al. 1999). The
UTA-II algorithm follows a four-step procedure:

Step 1: The DM gives a preference ranking in a set of reference actions AR ¼ {a1,
a2, . . ., am} where a1 is the head and am is the tail of the ranking. For every pair of
consecutive actions (am, am+1), either a preference condition am � am+1 (am is
preferred to am+1) or an indifference condition am � am+1 (am is indifferent to am
+1) holds. Using formula (1), the value of each alternative is given by:

u g amð Þ½ � ¼
Xn

i¼1

piui gi amð Þ½ � ð3Þ

where ui[gi(am)] and u[g(am)] are the marginal and the overall value of the alternative
am, respectively.

Step 2: For each alternative two potential errors are insertedσþm andσ�m , which are the
overestimation and the underestimation errors of u[g(am)], respectively. Using
these errors, the following differences are assessed for each pair of consecutive
alternatives:

Δ am; amþ1ð Þ ¼ u g amð Þ½ � � σþm þ σ�m � u g amþ1ð Þ½ � þ σþmþ1 � σ�mþ1 ð4Þ

Step 3: The following LP model is formulated and solved:

min½ �F ¼
X

ak2AR

σþk þ σ�k
� �

subject to
Δ am; amþ1ð Þ � δ if am � amþ1

Δ am; amþ1ð Þ ¼ 0 if am � amþ1
Xn

i¼1

pi ¼ 1

pi, σ
þ
k , σ

�
k � 0 8i, k

8
>>>>>>>>>><
>>>>>>>>>>:

ð5Þ

where δ is a very small positive number.
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Step 4: A stability analysis is performed for the weights calculated from the solution
of the LP model of step 3. This step can be described as a post-optimality analysis
problem. Possible other optimal or near-optimal solutions can be found in order to
lead to a perfect representation of the ranking of alternatives. The post-optimal
analysis is described by a polyhedron (Fig. 2), which is defined by the constraints
of the LP in step 3 and the following additional constraint:

X

ak2AR

σþk þ σ�k
� � � F∗ þ ε ð6Þ

where F∗ is the optimal solution of the LP model solved in step 3 and ε is a very
small positive number.

The final solution is calculated as the average of 2n solutions, provided by a set of
linear programs, which maximize/minimize pi subject to the constraints (5)–(6). In
case of instability, the variation of the provided solutions is large, indicating that the
average solution is less representative. In any case, the solutions of the above LPs
give the internal variation of the weight of all criteria and consequently give an idea
of the importance of these criteria in the DM’s preference system.

The original development of the UTA-II method is presented in Siskos (1980),
while applications of the UTA-II method may be found in Spyridakos et al. (2001)
who combined the UTA-II method with the Cook and Seiford voting technique in
order to handle the collaborative decision-making process with the construction of
an additive value preference model for job evaluation and Androulaki and Psarras
(2016) who developed a framework for assessing a large number of onshore and

Fig. 2 Post-optimality analysis (Siskos et al. 2016)
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offshore gas supply pipeline corridors for Greece. The application of the UTA-II
method in collaborative group decision-making problems is also discussed in
Spyridakos and Yannacopoulos (2018).

4 Proposed Approach

The first step to develop the proposed model was to categorize all the products and
services that the company is being supplied. Given that in several cases the number
of different supplies is huge, such an approach may decrease the complexity of the
evaluation problem, as different sets of evaluation criteria may be assessed for a
limited number of supply categories. The next step concerns the development of
three discrete but related evaluation systems.

The first system refers to the evaluation of a single supply. For every product/
service that the company buys, the supplier manager should rate the supply based on
a predefined set of criteria. By implementing the UTA-II method, the weights of each
criterion are estimated; therefore the total score of a supply is estimated using a
simple weighted sum formula as follows:

Uik ¼
Xn

j¼1

p juikj ð7Þ

whereUik is the score of the i-th supply of the k-th supplier, pj is the weight of the j-th
supply evaluation criterion ( j ¼ 1, 2, . . ., n) as estimated by the UTA-II algorithm,
and uikj is the score of the i-th supply of the k-th supplier on the j-th criterion.

The second evaluation system refers to the annual supplier evaluation. In this
context, every supplier is rated by the supplier manager using a predefined set of
criteria. The annual supplier evaluation score is calculated similarly to the previous
case:

Uyear
k ¼

Xm

l¼1

plukl ð8Þ

whereUyear
k is the annual score of the k-th supplier, pl is the weight of the l-th supplier

evaluation criterion (l¼ 1, 2, . . .,m) as estimated by the UTA-II algorithm, and ukl is
the score of the k-th supplier on the l-th criterion.

It should be noted that in the aforementioned formulas, a 10-point scale is used for
uikj and ukl. Since pj andpl are normalized so that ∑pj ¼ ∑ pl ¼ 1, the resulting Uik

and Uyear
k are also normalized in [0, 10].

Based on (7) and (8), the overall supplier evaluation may be calculated as the
weighted sum of the average score of the supplies that a vendor made with the score
of the vendor’s annual evaluation:
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Uglobal
k ¼ aUk þ 1� að ÞUyear

k ð9Þ

where Uglobal
k is the overall score of the k-th supplier, Uk is the average score of the

annual supplies made by the k-th supplier, Uyear
k is the annual score of the k-th

supplier, and a is a weighting factor that aggregates the supplier annual evaluation
and the average scores of supplies.

Depending on the previous overall score Uglobal
k , each supplier is enlisted in a

different category. Although alternative categorizations may be adopted, for the
purpose of this study, three categories are used:

• Authorized suppliers
• Suppliers under examination
• Unauthorized suppliers

As the score is dynamically updated, it is possible for a supplier to enter in
different categories during such time. However, if it becomes an unauthorized
supplier, then it will not be selected again.

The final evaluation system refers to new suppliers. Again the supplier manager
rates the new supplier in each of the evaluation criteria defined for this case. This
time also a threshold is assigned to each criterion. If the score exceeds the respective
threshold, then the examined supplier is approved; otherwise it is not selected and
becomes inadequate. In other words, a new supplier is approved only if ukr � br 8 r,
where ukr is the score of the k-th supplier on the r-th new supplier evaluation criterion
and br is the minimum acceptance score (threshold) of the r-th criterion (r ¼ 1,2,. . .,
t). As it can be observed, the new supplier evaluation system does not apply the
UTA-II algorithm.

Figure 3 summarizes how the aforementioned three evaluation systems are
integrated together, offering a dynamic tool that may be used in the overall supplier
management system of a business organization.

For each one of the previous evaluation systems, a set of criteria has been
selected. The assessment of these evaluation criteria has been based on the literature
review presented in Sect. 2 and the collaboration with the quality manager of the
examined food industry. Table 3 presents the criteria for the evaluation of supplies,
the annual evaluation of suppliers, and the evaluation of new suppliers.

The criteria were selected in a way that could express the strengths and weak-
nesses of each supplier. As a result, the company would have an overall better view
of their performance, given that the evaluation criteria are important to fulfill
company’s requirements. Some of the selected criteria such as cost, quality, and
delivery time have been applied in numerous previous studies, while others like
cooperation (Chan et al. 2007) and quality accreditation and audit (Karpak et al.
2001) have been found in more specialized works. Furthermore, some criteria
proposed in this study have not been considered in previous researches, but they
are very important for the examined food industry. These criteria include guarantee
that expresses the prerequisites that a supplier should have if a problemwith the order
occurs, as well as reliability that expresses the image of the supplier in the market.
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5 Application to a Food Industry

The proposed framework has been applied in a food industry which needed an
improved supplier evaluation system. The company is a mill industry certified
according to the ISO 9001 standard for quality management. The company produces
a wide range of flour products for home use, professional, as well as for animal

Fig. 3 Integrated supplier evaluation approach

Table 3 Evaluation criteria in the proposed approach

Supply evaluation Annual supplier evaluation New supplier

Price
Quality of product/service
Cooperation
Responsiveness to customer
needs
Delivery time

Cost
Cost reduction perfor-
mance
Quality
Cooperation
Reliability
Delivery time
Guarantee

Reliability
Cooperation
Free products for trial
Quality accreditation and
audit
Payment
Guarantees
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feeding. The supplies include a very large number of different materials: raw
materials for flour and animal feed, auxiliary materials for flour and animal feed,
packaging materials, services, consumables, etc.

Having chosen the evaluation criteria, the proposed approach was applied and
tested considering all the supplies that the company made within a 1-year period. In
order to facilitate the whole process, a database using MS Excel was developed.
Table 4 presents some indicative results for the evaluation of a supply where the
company cooperated with three different suppliers. More specifically, the evaluation
of a supply takes place in the following way:

• The assessor (person that made the order) opens the database where all the
suppliers and the products that the company purchased are recorded.

• As soon as the product and the supplier that he/she wants to evaluate is chosen,
he/she gets immediately information of the supplier’s overall score, its annual
evaluation score, and the average score of its past supplies.

• Then he/she simply rates the product currently received in the set of defined
evaluation criteria, in order to automatically evaluate the score and also the state
of the supply.

As shown in Table 4, the food industry is not satisfied with the price it got for
the purchased laptops from all the three suppliers. It is also dissatisfied by supplier
3 who got a poor evaluation in all criteria. Moreover, supplier 2 did not receive a
good score at the criteria of cooperation and delivery time. At this point it should
be mentioned that if a supply receives a score 5 or lower, the company may not
accept it and ask for a refund.

The results of the UTA-II method reveal that quality, collaboration, and delivery
are the most important criteria for the examined food industry. More specifically, the
estimated criteria weights are the following: price (0.1462), quality (0.2134), coop-
eration (0.2590), responsiveness (0.1221), and delivery time (0.2592).

Table 4 Example for the evaluation of different supplies of the same product

Supply 1 Supply 2 Supply 3

Category Office supplies Office supplies Office supplies

Product Laptops Laptops Laptops

Supplier Supplier 1 Supplier 2 Supplier 3

Overall score 8.07 7.17 5.02

Annual evaluation 8.12 8.08 5.04

Average score of supplies 8.02 6.26 5.00

Score of the supply 8.02 6.26 5.00

State of the supply Authorized Under examination Unauthorized

Price 6 4 5

Quality 9 9 5

Cooperation 9 6 5

Responsiveness 9 9 5

Delivery time 9 5 5
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As already described, the annual supplier evaluation process is held once a year.
The supplier manager evaluates all the suppliers that cooperated with the company
over the past year, giving a score based on the assessed evaluation criteria. As soon
as he/she gives these individual ratings, the annual evaluation score is calculated,
and the overall supplier score is estimated accordingly. In all of these cases, the
supplier database is updated. In the example of Table 5, two suppliers received good
scores in all the criteria, while the other two underperformed. Their low score
classify them as unauthorized suppliers. More importantly, this classification is the
result of both the annual supplier evaluation and the supply evaluation. If the
company did not use an integrated supplier evaluation system and was based only
on the annual supplier evaluation, then supplier 4 would not be characterized as an
anauthorized supplier. Instead he would be considered as an under examination
supplier which could lead to an undesirable collaboration in the future.

Similar to the previous case, the results of the UTA-II regarding the annual
supplier evaluation show the importance of cost and quality. More specifically, the
estimated criteria weights are the following: cost (0.2684), cost reduction (0.1365),
quality (0.1318), cooperation (0.12), reliability (0.1167), delivery time (0.1156), and
guarantee (0.1111).

Regarding the new supplier selection process, when there is a new supplier that
wants to cooperate with the firm (or the opposite), the supplier manager evaluates the
candidate based on the previously described set of criteria. In the proposed approach,
a threshold is set for each criterion, and therefore if the candidate supplier receives a
score equal or higher of the threshold, then it is classified as approved; otherwise it is
rejected. Based on the examples of Table 6, supplier 1 receives a score lower than the
threshold to the criteria of reliability and cooperation and thus is categorized as
rejected. On the other hand, supplier 2 receives scores above the threshold in all of
the criteria, and for that reason he is being approved. The approved suppliers of the
new supplier selection model are then being classified as suppliers under
examination.

Table 5 Example of annual supplier evaluation

Supplier 1 Supplier 2 Supplier 3 Supplier 4

Category Animal feed Animal feed Animal feed Animal feed

Product Corn Corn Corn Corn

Overall score 8.34 8.80 7.81 4.93

State Authorized Authorized Unauthorized Unauthorized

Annual evaluation 8.41 8.80 4.81 5.76

Cost 9 9 5 5

Cost reduction 7 7 5 5

Quality 9 9 3 4

Cooperation 9 9 5 5

Reliability 9 9 5 5

Delivery time 7 9 5 5

Guarantee 7 9 5 5
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Concluding, the process described in the previous examples may be applied in all
products. The food industry in this way can have all the necessary and constantly
updated information regarding suppliers and keep track of their detailed
performances.

6 Conclusions and Future Research

The dynamic nature of the proposed framework is its main advantage compared to
other alternative approaches, given its ability to provide a valuable tool to business
organizations of all types, where supplier evaluation information is being constantly
updated. The process of a continuous evaluation of a supply offers to the supplier
manager the capability to keep track of a vendor’s performance through the year. In
addition, the proposed model functions not only as a performance measurement tool
for the supplier, but it helps the supply manager to find the best supplier for the next
order. As the scores are updated, he/she can check who has the best overall score at a
specific time and pick the best one. Moreover, the assessment of an appropriate set of
evaluation criteria gives the ability to the buyer to track the weaknesses of a supplier.
For instance, a vendor may have a good score in delivery time and a poor one in
quality. So the company will have the ability to take the right measures next time; it
will trust the same supplier.

The presented case study shows the applicability of the proposed approach in the
case of a food company. The major results of the UTA-II method show that the most
important evaluation criteria are related to quality, cost, delivery, and collaboration,
although all criteria are somehow important to the food industry. In general, this is
consistent with several studies in the field (see, e.g., Ho et al. 2010; Dickson 1966).
However, some differences may be found comparing the criteria weights between
the evaluation of supplies and the evaluation of suppliers. In the first case, greater
importance is given to fundamental attributes or attributes that affect a particular
transaction (e.g., cost, quality, and cooperation), while in the second case, cost-
related criteria seem to have the most important role.

Table 6 Example of new supplier selection of the same product

Threshold Supplier 1 Supplier 2

Category Animal feed Animal feed

Product Soda Soda

Reliability 7 6 8

Cooperation 7 6 9

Free products for trial 7 8 8

Quality accreditation and audit 7 7 9

Payment 8 7 8

Guarantee 7 7 8

Approval Rejected Approved
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Although the proposed supplier evaluation/selection framework uses the UTA-II
method, other alternative preference disaggregation approaches may also be applied
in this problem. UTA-II has been chosen mainly because of its simplicity and our
intention to focus on the weighting factors (scaling constants of criteria) of the
evaluation process. In addition, as noted in Sect. 3, several techniques for
constructing the criteria value functions may be incorporated in the proposed
approach (multi-attribute utility theory, MACBETH MIIDAS, etc.).

The proposed framework has some limitations, which may provide opportunities
for future research. One such issue is who will be responsible for the supply and the
supplier evaluation. Optimally, the evaluations should be given by the department
that made the order. For instance, for raw materials the responsible personnel for the
evaluation is the production manager. However, due to the fact that multiple criteria
have been applied and the raw materials may affect different aspects of the company,
more departments should be involved in the evaluation process. The production
manager should first be informed by the quality department that the product meets
the requirements. In this context, the quality department is responsible for evaluating
the supply in the criterion of quality. Such issues can be time-consuming and
demand a very good coordination.

Furthermore, the database developed for the purpose of the study is relatively
friendly, but it comes also with some limitations. As the supplier selection and
evaluation systems are already complex, it should be adopted to more advanced
software or even be incorporated to other software that business organizations
already use, like SAP. This way, the supplier management processes can be incor-
porated in the company’s procedures, affecting the overall organizational culture.

Finally, a limitation of the proposed approach refers to criteria weights. The
products are classified into eight large categories, so that the appropriate criteria
may be identified more easily. However, for each product category, the same set of
criteria weights is applied. Although this may increase the complexity of the
problem, future research may examine different weighting schemes for the product
categories.

Conclusively, the supplier selection and evaluation problem are one of the most
critical strategic processes of modern business organizations, offering numerous
research opportunities for developing and implementing new multicriteria decision
analysis methods.
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Competitive Advantage Establishment
Through Sustainable Environmental
Management and Green Entrepreneurship:
A Proposed Differential Equations
Framework

Michalis Skordoulis, Miltiadis Chalikias, Spyros Galatsidas,
and Garyfallos Arabatzis

Abstract Worrying phenomena connected to climate change need to be treated
effectively as they can lead to negative consequences in peoples’ lives. At the same
time, as businesses are dominant forms of social organization, it can contribute to the
forming of the natural environment. This interaction has led businesses to face a set
of new challenges concerning environmental management. However, the effective
response to these challenges is not just only an obligation for businesses; it can also
lead them to the development of a competitive advantage as many researchers state.
The aim of this paper is to propose the framework of applying operational research
models in the creation of competitive advantage based on green entrepreneurship
principles and the sustainable management of the environment. Such mathematical
models are based on differential equations and were originally used to predict the
outcome of battles. However, the similarity of business competition to battlefields
has led to several applications of such models in business cases.

Keywords Environmental sustainability · Competitive advantage · Competitive
strategy · Operations research · Green entrepreneurship

1 Introduction

The main goal of any kind of business is to obtain a sustainable competitive
advantage (Wheelen and Hunger 2012). There are two main trends: the first one
defines competitive advantage as a business’s ability to impose conditions favorable
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in commercial transactions, while the second trend defines competitive advantage as
any cause or factor leading a business to superior performance compared with its
competitors (Sigalas et al. 2013).

In this context, various theoretical models have been developed over time.
According to Black and Boal (1994), searching for business opportunities, focusing
on strengths, improving weaknesses, and avoiding risks have been a key framework
for developing a competitive advantage. Porter (1980, 1985) states that businesses
can gain a competitive edge either by recognizing opportunities in existing markets
or by recognizing new markets. Furthermore, he developed a framework for exam-
ining competition in a market, whereby the environment of each business is deter-
mined by the threat of new businesses entry, the negotiating power of the business’s
suppliers, the negotiating power of the business’s customers, the threat of substitute
products, as well as the intensification of competition among existing businesses
(Porter 1991).

All the traditional theoretical models for business competition analysis like the
aforementioned ones have a static character. On the contrary, the current environ-
ment in which businesses operate is very dynamic, similar to the environment during
a war clash (Chalikias and Skordoulis 2014, 2016). For the analysis of such an
environment, operations research models have been developed and can be applied to
business competition cases (Chalikias and Skordoulis 2014, 2016).

At the same time, businesses have been faced with a set of new challenges in
environmental management. Worrying phenomena such as the climate change, the
increase in average temperatures, and the greenhouse gas emissions lead to increas-
ingly negative environmental and economic impacts, which need to be treated
effectively (Melville 2010; Papageorgiou et al. 2015; Ntanos et al. 2018a, b). In
addition, the need for environmentally friendly products is increasingly imperative
(Chalikias et al. 2010a, b; Kolovos et al. 2011; Kyriakopoulos et al. 2010a, b).

Thus, since the early 1990s, the goal is to create a sustainable future (Hutchinson
1992). A number of researchers (Nidumolu et al. 2009; Arabatzis et al. 2015; Ojo et al.
2015) note that the integration of sustainable environmental management into a busi-
ness strategy can be a new important source for developing a competitive advantage.

The aim of this paper is to propose a theoretical framework to establish compet-
itive advantage based on differential equations models. This will be achieved by
using operations research models in order to analyze business competition based on
sustainable environmental management and green entrepreneurship principles.

2 Sustainable Environmental Management
and Competitive Advantage Establishment

In recent years, more and more businesses are turning to practices that take into
account environmental protection and sustainable management. On the one hand,
this trend stems from increasing pressure from so-called business stakeholders such
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as environmental organizations, consumers, and regulators (Orlitzky et al. 2011). In
this sense, sustainability of the environment could be the most important challenge
of corporate social responsibility for business (DesJardins 2007). On the other hand,
the trend toward integrating sustainable environmental management into business
strategy has to do with contributing to the creation of a competitive advantage.

Corporate social responsibility is inseparably linked to environmental protection.
The main benefits a business can gain from the adoption and implementation of
corporate social responsibility practices linked to environmental sustainability deal
primarily with the enhancement of corporate reputation, improved taxation,
improved relations with the local community, and better risk management and
security (Urip 2010). Consequently, actions related to environmental protection
which can be expressed through a framework of corporate social responsibility
have the potential to lead to higher economic return and profitability; thus, they
can lead to the establishment of a competitive advantage (Urip 2010; Skordoulis
et al. 2013; Ntanos et al. 2014).

According to Danjelico and Pujari (2010), sustainable environmental manage-
ment is linked to a business’s competitive advantage by reducing energy and raw
material usage as well as pollutant production. Furthermore, they state that the
production of green products, i.e., products produced by methods that minimize
the burden on the environment (Ottman et al. 2006), leads to a competitive advan-
tage through the agreement with the established legal framework for the environ-
ment, corporate social responsibility, and competitiveness.

Wu and Lin (2016) report that the production of green products contributes to
minimizing the environmental impact of products throughout their lifetime, includ-
ing the purchase of raw materials, manufacture, sale, consumption, and disposal
after use.

According to Rohm andMontgomery (2010), revenue growth, risk reduction, and
cost reduction will increase a business’s profitability and lead to an advantage over
its competitors.

In particular, a strong emphasis on environmental sustainability leads to the
development of more eco-efficient products, strengthens cooperation with environ-
mental regulators more effectively, and reduces the environmental impact of busi-
ness operations (Rohm and Montgomery 2010).

In addition, new technology capabilities are created to support more effectively
environmental impact analysis. By producing more eco-efficient products, a busi-
ness can provide value to an increasing number of green consumers, which will lead
to increased sales. It will also be possible for better and more efficient cooperation
with regulators. This will reduce business risk, since eco-friendly and safe products
will reduce the potential risk of environmental liability and consumers. This reduced
risk will have a positive impact on the cost of capital. In turn, actions to reduce the
impact of productive activity on the environment will in turn lead to immediate cost
savings for fuel, water, electricity, and waste disposal (Rohm and Montgomery
2010).

Similarly, Ambec and Lanoie (2008) connect environmental sustainability with
the competitive advantage by quoting the following four main points:
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• Lower cost of raw materials, energy, and services
• Lower production costs through improved efficiency
• Lower capital costs
• Improved risk management and stakeholder relations

Based on the aforementioned data, a successful environmental management can
be closely linked to the development of a competitive advantage. This concerns both
large businesses and small- and medium-sized enterprises (SMEs). Many
researchers have dealt with the correlation between environmental management
and SMEs’ financial performance using variables such as return on equity (ROE),
return on assets (ROA) and earnings before interest, tax, depreciation, and amorti-
zation (EBITDA) (King and Lenox 2001; Ong et al. 2014; Jayeola 2015; Malesios
et al. 2018).

A useful guide for any businesses on the road to reorganization aiming to focus on
environmental sustainability is the certification through appropriate standards. In
particular, certification with an environmental standard such as ISO 14001 clearly
defines business procedures and processes that lead to cost savings, improved and
more efficient management, customer satisfaction and regulatory requirements, and
improved environmental performance (Rondinelli and Vastag 2000; Zhang et al.
2000; Lawrence et al. 2002; Soerger Zaro et al. 2015). ISO implementation, in most
of the cases, may need bilateral agreements between customers and suppliers in B2B
transactions. These agreements may lead to a wider implementation of sustainable
environmental management principles.

Finally, we cannot forget that that the cost of organizing a business focusing on
sustainable environmental management can be considered quite high. However,
businesses should not have to perceive the adoption of sustainable environmental
management practices as unnecessary costs but as long-term investments that even-
tually lead to the development of a competitive advantage (Becker-Olsen et al. 2006;
Porter and Kromer 2006).

3 Business Competition Analysis and Strategy Development
Based on Differential Equations Research Models

3.1 Differential Equations Model Development

During the two world wars, mathematical models were widely used in various
combat cases. These models were designed to solve various optimization problems
related to the ongoing war operations. By the end of these wars, it was argued that
after the appropriate modifications, such models could be applied to business cases.
The main concept was that business competition is very similar to armies’ operation
in the battlefields (Chalikias and Skordoulis 2014, 2016). The developement and use
of optimization problems’ solving models are one of the greatest advances in
mathematics and science from the 1930s (Naidu et al. 2007).
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Optimization models which are basically based on differential equations have
been used in a wide range of business-related issues such as marketing strategy
analysis (Taoka 1997), oligopoly competition strategies (Fruchter and Kalish 1997),
product development based on customers’ needs (Fehlmann 2008), advertising costs
(Chintagunta and Vilcassim 1992; Chalikias and Skordoulis 2014; Chalikias et al.
2016a, b), and supply chains (Chalikias and Skordoulis 2016).

Unlike traditional static models that can only explain competition in a market,
combat models based on differential equations such as these of Lanchester (1916,
1956) can not only be applied in a market’s multidimensional analysis but also are
able to predict the future sizes of it based on the established competition (Fehlmann
2008).

In this case, the competition between two businesses could be analyzed by a
system of differential equations as the following one:

dx

dt
¼ �ayþ f tð Þ

dy

dt
¼ �bxþ g tð Þ

8><
>: ð1Þ

where x(t) and y(t) would be the operating revenues of the two competitors and f(t)
and g(t) the rate at which they are increased or decreased. This rate is affected by one
or more variables in each model. Such variables could be advertising costs
(Chalikias and Skordoulis 2014), sales at points of sale (Chalikias and Skordoulis
2016), or environmental investments.

Operational research models like the above one have been successfully
implemented in various business cases. Chalikias and Skordoulis (2016) applied
Lanchester’s combat models in the oligopoly of Coca-Cola and Pepsi Cola
concerning their logistics. Specifically, they have used a differential equations
model where x(t) and y(t) are the number of available product units for sale at a
specified time (t). During the operation of the two competitors, the rate of change of
the quantities x(t) and y(t) is equal to the rate of growth of refueling at the points of
sale, minus the rate of sales.

If f(t) and g(t) are the rates of product units sold which are increasing and
decreasing and ay(t) and bx(t) are the rates of the available for sale product (a and
b positive constants), the differential equations model, according Lanchester’s
combat model, is this of Eq. 1.

The solution of the above system for x ¼ 0 and y ¼ 0 is:
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In the case where f(t) ¼ 0 and g(t) ¼ 0, which means that sales don’t change, the
differential equations system (1) is now:

dx
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¼ �ay

dy

dt
¼ �bx

8><
>: ð4Þ

The above model’s solution is:

x tð Þ ¼ 1
2
c1e

� ffiffi
a

p ffiffi
b

p
t e2

ffiffi
a

p ffiffi
b

p
t þ 1

� �
þ

ffiffiffi
a

p
c2e�

ffiffi
a

p ffiffi
b

p
t e2

ffiffi
a

p ffiffi
b

p
t � 1

� �
2

ffiffiffi
λ

p ð5Þ

y tð Þ ¼ 1
2
c2e

� ffiffi
a

p ffiffi
b

p
t e2

ffiffi
a

p ffiffi
b

p
t þ 1

� �
�

ffiffiffi
a

p
c1e�

ffiffi
a

p ffiffi
b

p
t e2

ffiffi
a

p ffiffi
b

p
t � 1

� �
2

ffiffiffi
a

p ð6Þ

The solution results in c1 and c2. These coefficients are equal to x(t) and y(t).
When t ¼ 0 then c1 ¼ x(0) and c2 ¼ y(0).

The differential equation system’s (4) trajectories are the solutions of the follow-
ing differential equation:

dy

dx
¼ bx

ay

From the above equation, we can have the following relationship which is called
Lanchester’s square type, because of squares that appear in this.

ay2 � bx2 ¼ ay20 � bx20 ¼ k ð7Þ

Chintagunta and Vilcassim (1992) have used Lanchester’s combat model to
examine the investments in advertising of a duopoly. A similar model using data
of Coca-Cola and Pepsi advertising expenditures was used by Erickson (1992), in
order to analyze the advertising strategies of the two firms. Fruchter and Kalish
(1997) have used Lanchester’s model to describe the dynamics of a duopoly market.
They proved that the model solution is a global Nash equilibrium. In their work,
Chalikias and Scordoulis (2016) use data concerning the abovementioned firms’
revenues from sales between 2003 and 2007, and they estimated the model’s
coefficients. The statistical analyses they carried showed a good fitting of the
model’s predictions compared to the real data.
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In order to expand the usage of Lanchester’s combat model, Chalikias et al.
(2016a, b) applied a 3 � 3 differential equations model in order to describe the
advertising expenditures in the mobile communications market in Greece. This
market consists of three firms, namely, Cosmote, Vodafone, and Wind. The model
was:

dx

dt
¼ b

a
yþ c

a
z

dy

dt
¼ a

b
xþ c

b
z

dz

dt
¼ a

c
xþ b

c
y

8>>>>><
>>>>>:

ð8Þ

The variables x, y, and z represent the advertising expenditures of the three firms,
and the parameters a, b, and c are the quotas of the three firms in Greek market.

In the following solution, parameter t represents the time:

x tð Þ ¼ �c1
c

a
e�t � c2

b

a
e�t þ c3

c

a
e2t

y tð Þ ¼ c2e�t þ c3e2t
c

b
z tð Þ ¼ c1e�t þ c3e2t

8>><
>>:

ð9Þ

In order to measure the time with a good fitting and representative way, a function
t(i) where iE[0,1] was assumed. At the beginning i ¼ 0, and at the end of the
examined time (iє[0,1]), i ¼ 1. It was made the correspondence i ¼ 0 for 2000,
i ¼ 1/6 for 2001, i ¼ 2/6 for 2002, etc. After the iterative method, where all the
functions of the form t(i) ¼ ici cє[0,1] were examined, it was concluded that the t
(i) ¼ i0.4i gives very good fitting results.

For the examination of the model’s good fit on the real data, proper statistical
analyses have been carried out, such as parametric (paired sample T-test) and
nonparametric (Wilcoxon signed-rank test) tests.

The Lanchester models are not limited here. Generalized Lanchester model
describes the evolution of the battle conducted between homogeneous regular
military forces (they hold the same weapons such as planes, tanks, etc.), when
there is no aid or operating loss, and:

• Each side sprinkles targeted fires.
• The rate of loss of each side is proportional to the number of remaining units of

weapon of the opponent side.

An example of such a battle is the battle between scheduled conventional (not
rebel) forces targeted fire. For the definition of the model, we have the following
(Daras 2001).

Let us consider two rival armed military forces, 1 and 2. We assume that the force
1 has M1 different types of weapons:
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ΟΣ 1ð Þ
1 , ΟΣ 2ð Þ

1 , ΟΣ 3ð Þ
1 , . . . ,ΟΣ M1ð Þ

1 ,

with respective cardinality (congeners) weapon units for each type of weapon
system at the time t from the start of the battle:

Χ 1ð Þ
1 ¼ Χ 1ð Þ

1 tð Þ,Χ 2ð Þ
1 ¼ Χ 2ð Þ

1 tð Þ, . . . ,Χ M1ð Þ
1 ¼ Χ M1ð Þ

1 tð Þ ð10Þ

Similarly, we assume that force 2 has M2 different types of weapons:

ΟΣ 1ð Þ
2 , ΟΣ 2ð Þ

2 , ΟΣ 3ð Þ
2 , . . . ,ΟΣ M2ð Þ

2 ,

with respective cardinality (congeners) weapon units for each type of weapon system
at the time t from the start of the battle:

Χ 1ð Þ
2 ¼ Χ 1ð Þ

2 tð Þ,Χ 2ð Þ
2 ¼ Χ 2ð Þ

2 tð Þ, . . . ,Χ M2ð Þ
2 ¼ Χ M2ð Þ

2 tð Þ ð11Þ

We denote as Χ1 ¼ Χ1 tð Þ the matrix – column:

Χ1 ¼ Χ1 tð Þ ¼ Χ 1ð Þ
1 Χ 2ð Þ

1 . . . Χ M1ð Þ
1

h iΤ
¼ Χ 1ð Þ

1 tð Þ Χ 2ð Þ
1 tð Þ . . . Χ M1ð Þ

1 tð Þ
h iΤ

and Χ2 ¼ Χ2(t) the matrix – column:

Χ2 ¼ Χ2 tð Þ ¼ Χ 1ð Þ
2 Χ 2ð Þ

2 . . . Χ M1ð Þ
2

h iΤ
¼ Χ 1ð Þ

2 tð Þ Χ 2ð Þ
2 tð Þ . . . Χ M1ð Þ

2 tð Þ
h iΤ

For every i ¼ 1,2,. . .,M1 and j ¼ 1,2,. . .,M2, we define: (i ! j)� Coefficient
Military Efficacy of force 1 against the force 2:

θ i!jð Þ
1 ¼ θ i!jð Þ

1 t;X1;X2ð Þ � 0

as the rate of the overall wear causing all (similar) weapon units of the weapon
system force 1ΟΣ ið Þ

1 against (congeners) weapon units of the power 2ΟΣ jð Þ
2 .

Similarly, for every j ¼ 1,2,. . .,M2 and i ¼ 1,2,. . .,M1, we define: ( j ! i)�
Coefficient Military Efficacy of force 2 against the force 1:

θ j!ið Þ
2 ¼ θ j!ið Þ

2 t;X1;X2ð Þ � 0

as the rate of the overall wear causing all (similar) weapon units of the weapon
system force 2 ΟΣ jð Þ

2 against (congeners) weapon units of the power 1 ΟΣ ið Þ
1 .

The coefficient of Total Military Efficacy of force 1 against force 2 is defined as
the (M2 � M1) matrix:
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Θ1≔ θ i!jð Þ
1

� �
j, i
¼

θ 1!1ð Þ
1 θ 2!1ð Þ

1 � � � θ M1!1ð Þ
1

θ 1!2ð Þ
1 θ 2!2ð Þ

1
� � � θ M1!2ð Þ

1

⋮ ⋮
θ 1!M2ð Þ
1 θ 2!M2ð Þ

1

⋱
� � �

⋮
θ M1!M2ð Þ
1

0
BBB@

1
CCCA

Similarly, the coefficient of Total Military Efficacy of force 2 against force 1 is
defined as the (M1 � M2) matrix:

Θ2≔ θ j!ið Þ
2

� �
i, j
¼

θ 1!1ð Þ
2 θ 2!1ð Þ

2
� � � θ M2!1ð Þ

2

θ 1!2ð Þ
2 θ 2!2ð Þ

2
� � � θ M2!2ð Þ

2

⋮ ⋮
θ 1!M1ð Þ
2 θ 2!M1ð Þ

2

⋱
� � �

⋮
θ M2!M1ð Þ
2

0
BBB@

1
CCCA

We are now able to give the deterministic Lanchester model that describes every
battle between the armed military forces with targeted shots:

_X 1 ¼ �Θ2Χ2
_X 2 ¼ �Θ1Χ1

�

More analytical, we may have:

dX 1ð Þ
1

dt
¼ �θ 1!1ð Þ

2 X 1ð Þ
2 � θ 2!1ð Þ

2 X 2ð Þ
2 � . . .� θ M2!1ð Þ

2 X M2ð Þ
2

dX 2ð Þ
1

dt
¼ �θ 1!1ð Þ

2 X 1ð Þ
2 � θ 2!1ð Þ

2 X 2ð Þ
2 � . . .� θ M2!1ð Þ

2 X M2ð Þ
2

⋮
dX M1ð Þ

1

dt
¼ �θ 1!M1ð Þ

2 X 1ð Þ
2 � θ 2!M1ð Þ

2 X 2ð Þ
2 � . . .� θ M2!M1ð Þ

2 X M2ð Þ
2

dX 1ð Þ
2

dt
¼ �θ 1!1ð Þ

1 X 1ð Þ
1 � θ 2!1ð Þ

1 X 2ð Þ
1 � . . .� θ M1!1ð Þ

1 X M1ð Þ
1

dX 2ð Þ
2

dt
¼ �θ 1!2ð Þ

1 X 1ð Þ
1 � θ 2!2ð Þ

1 X 2ð Þ
1 � . . .� θ M1!2ð Þ

1 X M1ð Þ
1

⋮
dX M2ð Þ

2

dt
¼ �θ 1!M2ð Þ

1 X 1ð Þ
1 � θ 2!M2ð Þ

1 X 2ð Þ
1 � . . .� θ M1!M2ð Þ

1 X M1ð Þ
1

Therefore, we have the following:

_X ¼ Θ X ð12Þ

where:
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X≔ X1X2½ �T

and Θ is the coefficient of Total Military Efficacy of the two forces, hence the
(M1+M2) � (M1+M2) matrix:

Θ≔
Ο �Θ2

�Θ1 Ο

� �

For the numerical solution of differential system (9), there are various numerical
methods known. The simplest is derived from the formula:

1
Δt

Xnþ1 � Xnð Þ ¼ Θ Xn

which leads directly to the following linear system:

Xnþ1 ¼ In þ Δtn Θð ÞXn n ¼ 0; 1; 2; . . . ;Nð Þ ð13Þ

where:

• Xn and Xn+1 are the values of the matrix – column: X ≔ [ X1X2]
T at times tn and tn

+1, respectively.
• Δtn ≔ tn+1 � tn is the length of time of the numerical integration.
• N is the number of repetitions.

Furthermore, it is worthy investigating the case where one of the armies accepts
enhancement. In this case, it is very difficult to find the analytical solution, but the
numerical solution is possible. If during the time [tn, tn+1], one of the forces receives
aid or withdrawal of some weapon units from battle, then relation 10 takes the form:

Xnþ1 ¼ In þ Δtn Θð ÞXn þ Εn n ¼ 0; 1; 2; . . . ;Nð Þ ð14Þ

where En is the matrix:

En ¼

E 1ð Þ
1 Δtnð Þ

E 2ð Þ
1 Δtnð Þ
⋮

E M1ð Þ
1 Δtnð Þ
E 1ð Þ
2 Δtnð Þ

E 2ð Þ
2 Δtnð Þ
⋮

E M2ð Þ
2 Δtnð Þ

0
BBBBBBBBBBBB@

1
CCCCCCCCCCCCA

214 M. Skordoulis et al.



which at the firstM1 rows represent the unit number of enhancements or withdrawal
for every ΟΣ ið Þ

1 i ¼ 1, 2, 3, . . . ,M1 of force 1 during time [tn, tn+1], and at next M2

rows represent the units number of enhancements or withdrawal for every ΟΣ jð Þ
2 i

¼ 1, 2, 3, . . . ,M2 of force 1 during time [tn, tn+1].
In the above differential equations models, the regular variables related to military

operations can be replaced by business variables as in all the examined cases. Such
variables could concern green entrepreneurship components such as investments for
environmental sustainability, corporate social responsibility investments, energy
consumption reduction, gas emissions reduction, or raw materials usage reduction.

3.2 Business Strategy Development

Using differential equations models like the above ones, the competition between
two or more businesses can be analyzed based on specified variables. In this way, it
is possible to capture the strong and weak points of each business in the competition
analysis; in this way, the dimensions that need to be improved can be pointed out
(Fehlmann 2008).

Once the strong and weak points have been recorded, the next step will be to
formulate the appropriate business strategy. For this purpose, tools of modern
business management can be used.

Such a tool is the quality function deployment (QFD) which aims to integrate
customer needs and requirements at all stages of the development of a business
strategy (Felhmann 2008; Chaudha et al. 2011). The QFD method can indicate a
business where and how to focus in order to gain a competitive advantage (Hwarng
and Teo 2001).

Based on the QFD framework, an environmentally friendly business should
operate in environmentally responsible way (Sakao 2007; Lam and Lai 2015).
Therefore, it should translate environmental requirements into processes resulting
in the possible development of a competitive advantage as already
discussed (Oudrihiri, 2005; Yazdani et al., 2016).

Another tool that could be used to achieve environmental sustainability is the
balanced scorecard (BSC). BSC concept is that the effective use of investment funds
is no longer the sole determinant of developing a competitive advantage. On the
contrary, there are other components such as human capital, knowledge creation, and
customer orientation that could contribute to a competitive advantage development
(Kaplan and Norton 2005).

In order to apply BSC to a business’s environmental sustainability strategy, the
proper business units should be selected, the environmental aspects should be
identified, and the relationship between the environmental aspects and the business’s
strategy should be analyzed (Figgie et al. 2002). By adding the environmental
dimension to BSC, in addition to its default dimensions, a business can translate
its environmental strategy into a set of performance and business requirements
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criteria (Sidiropoulos et al. 2004). Based on this framework, the environmental
dimension of BSC can be used to model different events and provide the ability to
develop and evaluate different scenarios (Sidiropoulos et al. 2004).

A very useful method to support the above tools’ implementation is this of 5 R’s
concept, namely, refuse, reduce, reuse, repurpose, and recycle. “Refuse” refers to
stop using products or ways of production harmful to the environment; “reduce”
means less usage of raw materials, energy, and services; “reuse” is about to use
materials over and over again; “repurpose” is about taking materials and using them
for something else; and “recycle” is the final step and a way to support the
abovementioned dimensions (De Souza et al. 2016; Sear 2016).

In any case, government policies could strengthen and support business initiatives
for adopting sustainable environmental management. Such policies could concern
the increase of green business practices and initiative funding; the provision of
proper infrastructure, information and technical assistance; as well as the populari-
zation of sustainable environmental management (Lee 2008).

4 Conclusions

Developing an environmental sustainability strategy through operations research
models and business management tools is more effective than traditional ways,
since it takes into account all possible variables and it is possible to predict the
results by creating, running, and evaluating different scenarios (White and Lee 2009;
Paucar-Caceres and Espinosa 2011).

From the above analysis, it is obvious that integrating environmental require-
ments into business strategy leads to a sustainability framework that can be reflected
by the development of a competitive advantage (Skordoulis et al., 2017). This can be
achieved by improving efficiency, reducing costs and risks, and increasing compat-
ibility with customers’ and regulations’ requirements.

Therefore, a business strategy that includes environmental sustainability will be
more effective when it is based on operations research model and business tools such
as the QFD method, as this will provide a better understanding of the competition
and the requirements (Skordoulis et al., 2017). Moreover, the analysis of as many
scenarios as possible including different variables will become feasible.

A strategic approach as described above will result in significant changes in the
structure, the mission, the vision, and the purpose of any business that will adopt
it. Such a strategy can ultimately enhance the reputation and results of a business in a
constantly changing market that creates new challenges (Skordoulis et al., 2017).
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Food System and Sustainability: The Role
of Crowd-Funding

Rosa Misso, Monica Varlese, and Gian Paolo Cesaretti

Abstract Financial support for companies that pursue ethically and responsibly
goals that we could call “off-market” is very important for the company’s sustain-
ability. On the other side, food and sustainability are now an inseparable binomial
for the development of our society or rather an inevitable strategic priority in the
pursuit of a socio-economic and environmental well-being, both individually and
collectively, to be projected in time and space. In this context, support for entrepre-
neurial projects aimed at achieving this goal represents a crucial leverage not only
for the enterprise but for the entire society. In the light of these considerations, this
paper aims to clarify the important role that crowd-funding platforms can play
because not only they allow the sustainability-oriented agrifood enterprise to
“finance its vocation” but above all to potentiate in the society the culture of
sustainability in the food field.

Keywords Food sustainability · Sustainable finance · Financing instrument · Well-
being sustainability · Sustainable Development Goals

1 Introduction

The starting point of this paper is the recognition of sustainability as an inevitable
perspective for the development of the agrifood system. The development strategies
of this last are in fact correlated to every form and size of sustainability and are
evaluated with respect to the construction and maintenance of well-being in time and
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space. This orientation, today a compulsory goal for the food system, is the result of
internal and external variables to the system itself, and, at institutional level, it is due
to the indications of Agenda 2030, to the programming guidelines of the European
Union, and to the actions of different states aimed at implementing economic, social,
and environmental sustainability in each territory. At the sectoral level, instead, it is
due to the propensity of businesses to pursue their mission to meet a need for well-
being in the broadest sense, to an increasingly informed, skilled, and aware con-
sumer of food choice importance.

More precisely, in September 2015, the 193 United Nations member countries
adopted a new global development framework, the “2030 Agenda for Sustainable
Development.” Among the 17 Sustainable Development Goals (SDGs), Goal
2 made a step forward in fighting hunger by adopting a “zero hunger” target to
“achieve food security and improved nutrition and promote sustainable agriculture”
by 2030.

To meet this goal, agriculture is the key element even if the new faces of food
insecurity, such as the urban malnutrition, must be addressed (Sassi 2018).

In this context, agrifood businesses become part of a larger socioeconomic and
environmental project that goes beyond the core business of the company itself.

Specifically, they are an active part of this project for well-being sustainability
and use various tools in full respect of this role. In financial terms, in particular, the
crowd-funding is widely used, and it is made possible by platforms on the Internet,
which, on the one hand, allow the company to find an economic response to its
design interest; on the other, they trigger a process informative directed to the growth
of the culture of sustainability.

Taken into consideration the results of the project funded by the University of
Naples “Parthenope” (Italy) on the theme “Sustainability Practices in Food system
and Financial Instruments” (Scientific Director, Prof. Rosa Misso), this chapter
provides, first of all, an overview on the sustainability goals in the food sector, and
then it focuses on the role that crowd-funding platforms can play as a multiplicator of
the vocation of the food system to the individual and collective well-being
sustainability.

2 Food System and Sustainability

The pursuit of well-being sustainability is now a universal aim or, rather, the goal
toward which all businesses operating in the agrifood sector should aim in order to
give new value to their core business. This theme, more precisely, represents a topic
of great interest for each productive sector as well as for any level of society.

Analyzed no longer exclusively in its environmental dimension, sustainability is
increasingly understood as an extension in the future, or as a strengthening, of the
economic, social, and cultural (in addition to environmental) patrimony currently held
by an individual, community, or territory (Misso et al. 2013). After all the action plan
signed in September 2015 by the Governments of the 193 UN member countries,
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“Agenda 2030 for Sustainable Development,” is a clear signal that no one is
excluded, nor should it be left behind on the road to bring the world on a sustainable
path. The signatory countries have pledged to achieve by 2030 the Development
Goals (which act on the results of the Millennium Development Goals that preceded
them) representing common goals on a set of important issues for development: the
fight against poverty, the elimination of hunger, and fighting climate change, to name
just a few. In agriculture, of course, the goal of greater environmental sustainability
led to the definition of the concept of integrated control of harmful organisms in the
principles of integrated production, the concepts and practices of which were the
subject of general and specific documents for individual crops. On this basis, numer-
ous private and public guidelines have been proposed on the integrated production in
order to meet the growing demand for healthy products by producers and consumers,
products that require processing processes with minimal environmental impact (FAO
2013, 2017; FAO, IFAD, UNICEF, WFP, WHO 2017).

While at an international level, Agenda 2030 is marking the transition to a new
sustainable society; at European level, undoubtedly, the principles of sustainable
development are an integral part of the Common Agricultural Policy (CAP). From
the Treaty of Rome to date, this policy has evolved in line with the needs that
emerged on the European Horizon from time to time in order to be always current
and meeting the expectations of its members’ agriculture. Today, the CAP, in more
apparent way than in the past, has to overcome the existing conflicts between the
market, society, and the environment and to synthesize in its action the needs arising
from these three spheres in order to ensure the sustainability of its agriculture, both at
global and at European level (Table 1).

So, if at institutional level, international and European programming has outlined
new pathways for sustainable development; at the sectoral level, an increasingly
informed consumer stimulates businesses to pursue their mission to meet a need for
well-being in the broadest sense.

Consumers are, in fact, increasingly sensitive to issues related to the improvement
of information on agrifood products but also to the production processes used. New
consumer trends are heavily influenced by changes in social work organization and
demographic changes (macroeconomic variables). Such dynamics of consumption
greatly affect the behavior of the operators and the economic system, and, on the
other hand, this then affects the consumption of food, in a logic of circular evolution
of the phenomenon (Arcese et al. 2015; Sidali et al. 2016).

In this context, the ability of a food system to develop over the long term depends
on the ability to set strategies that ensure the sustainability of production factors. The
presence of an intact environment and social capital and, more generally, the
existence of all those factors that guarantee economic, social, environmental, terri-
torial, and generational sustainability are, in fact, necessary elements for the survival
of the sector. Therefore, an enterprise strategy oriented to ensure the sustainability of
factors and production processes focuses on a responsible and equitable manage-
ment of the workforce, the preservation and enhancement of environment, and the
introduction of sustainable innovations capable of balancing sustainability and
competitiveness goals (Weitz et al. 2014).
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3 Crowd-Funding

With the evolution of social media, crowd-funding has been increasingly emerging
as a new funding method for entrepreneurial projects where the investors may
support an idea and contribute to its realization. Crowd-funding fundamentally
affects how our economic and social system functions as it changes how, why,
and which products and services are brought into existence (Gerber and Hui 2013;
Agrawal et al. 2014).

Financial support for companies that pursue ethically and responsibly goals that
we could call “off-market” is very important for the company’s sustainability. A
bottom-up microfinance practice that mobilizes people and resources to support
sustainability-oriented businesses is crowd-funding. It is a relatively new and evolv-
ing method of using the Internet to raise capital to support a wide range of ideas and
ventures. An enterprise raising funds through crowd-funding typically seeks small
individual contributions from a large number of people. Individuals interested in the
crowd-funding campaign – members of the “crowd” – may share information about
the project, cause, idea, or business with each other and use the information to decide
whether to fund the campaign based on the collective “wisdom of the crowd”
(Bartenberger et al. 2013).

The recent rise in crowd-funding activity is due to different reasons: firstly,
matching funders with creators is now more efficient and effective due to lower

Table 1 The CAP between market, society, and environment

Market Society Environment

Internal
dimension

Simplify access to
credit and favor a
widespread diffusion

Increase farmers’
income

Management of landscaping
and natural resources
(biodiversity)

Growth of the sector Fight the aging of the
rural population

Attenuating vulnerability to
climate change and green-
house gas emissionsIncrease the contrac-

tual power of farmers
Repopulate the coun-
try sides

Quality standards Occupation

Investments in
human capital

International
dimension

Sustainable competi-
tiveness on markets

Attract young people
toward rural areas and
activities

Preserving the identities of
European territories

Volatility of prices Support the role of
farmers as providers
of public goods

Promote eco-friendly prac-
tices and green energy
production

Quick action tools for
any crisis

Guaranteeing healthy
products

Environmental standards

Food security of
emerging countries

Adapt the CAP to the global
fight against climate change

Food standards

Source: Misso (2010)
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search costs online. Secondly, risk exposure is reduced because funding in small
increments is economically feasible online. Finally, low communication costs facil-
itate better information gathering and progress monitoring for distant funders and
also better enable funders to participate in the development of the idea.

Indeed, there are several crowd-funding models that differ for the reward that is
recognized in favor of the supporters. A type of crowd-funding is based on
donation, so, it does not offer any reward to its funders. But there are also crowd-
funding schemes that could recognize economic rewards to the funders or various
other kinds of not economic reward as participation to the results of the project or
simply symbolic acknowledgments (Stemler 2013; Giudici et al. 2017; OECD
2015).

More in particular, Agrawal et al. (2014) make a difference between equity and
non-equity crowd-funding. The most critical differences between equity and
non-equity crowd-funding will arise due to the amplification of information
asymmetries. Whereas the asymmetry problem currently concerns the feasibility of
the creator’s ability to deliver the product, in the equity setting, the asymmetry
problem includes the above as well as the creator’s ability to generate equity value
by building a company rather than just delivering a product (Agrawal et al. 2014).

Hemer (2011) identifies five types of crowd-funding according to the type of
reward offered, crowd donations, crowd sponsoring, crowd pre-selling, crowd
lending, and crowd equity, and ranked by process complexity:

Crowd donations: Although a donation is – in essence – an altruistic act without any
obligation for the recipient to give the donor anything in return, one feature of
crowd-funding is for donors to be given some “reward” for their support.

Crowd sponsoring: In the case of sponsoring, the project initiator and the sponsor
agree on a defined reward which the initiator is obligated to give. Often these
rewards take the form of services like PR or marketing for the sponsor.

Crowd pre-selling: Very often the donation takes the form of pre-selling or
pre-ordering. The donation is meant to help produce something (a book, a film,
a music album, a theater performance, software, some new technical product, an
agricultural product, a service concept, etc.), and the promised return is the
delivery of an early version of the product or service. In such a case, crowd-
funding is basically an advance order of a product and represents a purchasing act
which is subject to turnover tax.

Crowd lending: Here the rewards are normally the interest and the payback after the
lending period. One alternative to this is long-term lending based on the revenue
sharing principle. Here, the creditor gives a risk-bearing loan. He does not get
interest but receives, at the defined end of the lending period, an amount including
an agreed share of the earnings of the venture, which could be a multiple of the
original loan but could – in the case of bad performance – also be nothing.

Crowd equity: This variant of micro-investments is – in administrative terms – the
most complicated alternative in the spectrum of crowd-funding instruments.
Crowd funders invest equity; the rewards are either shares of the venture,
dividends, or voting rights.
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The different forms of crowd-funding referred to above show differences in user
groups, risks, complexity, and purpose, which warrant a distinction among these
various forms and, importantly, a distinction between financial and nonfinancial
return models. Crowd-funding with financial returns is slightly less well-known and
is considered to carry higher risks for contributors who take the position of investors.
The main issues EU legislation addresses with regard to all types of crowd-funding
include anti-money laundering, advertising, consumer protection, and – where
relevant – intellectual property protection. Financial returns campaigns and plat-
forms may be subject to further rules at both EU and national level, again depending
on the specific business model used (European Commission 2014).

4 Crowd-Funding and Food Sustainability

Most crowd-funding platforms allow you to invest in projects related to different
sectors: art, comics, crafts, dance, design, fashion, film and video, music, food, etc.
This is the case of the most renowned international platforms, Kick starter and
Indiegogo, which include a generic food category. Many other platforms do not
distinguish projects by sector, but they include food projects with big platforms as
AngelList, Crunchbase, or Crowdcube.

Instead, the most important crowd-funding platforms entirely dedicated to the
food industry are Barnaiser, WoopFood, and PieShell. The first two platform are
dedicated to sustainable agriculture and are aimed at promoting small, organic,
sustainable farms and projects related to proper and healthy nutrition. In fact, there
is a specific section dedicated to sustainability. In particular, on the Barnaiser
platform, created in the United States in 2014, the categories of projects that are
sponsored are very different from one another, with a single denominator: the one of
quality food production. In “farm,” from the urban farming, you go to young
peasants, from bio-farms to exchange markets; in “community” we find initiatives
related to food-related justice, community gardens, cooperative kitchens, and more.
Food includes projects related to accommodation facilities (restaurants, bars, and
clubs), handicrafts, and distribution; the section “education” deals with workshops
and didactic farms; food media focus on books, TV shows, cellular applications, and
creative projects dedicated to sustainable food.

WoopFood is the first reward microfinance platform for small businesses in the
Italian agricultural industry. Companies that aim to expand their business or to new
agrifood products can launch a bottom-up funding campaign, collecting sums of
between 5 and 2 thousand euros. The prize varies according to the generosity of the
donors, according to the scheme already experienced by giants like Indiegogo and
Kickstarter. The selection filter for the projects is twofold: the eco-sustainable impact
of the activity or a certain rate of innovation, in the form of technologies applied to
the production.

PieShell, instead, is more than just a crowd-funding platform. It can be defined as
a community of people passionate about food, innovation, and donations. Based on
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the incubation approach, this crowd-funding platform prepares projects for the
launch and increases their chances of success and through the stepping-stone
model lets set realistic and obtainable goals on your way to funding the complete
project. In this way it gives the projects a better chance to achieve their goals.

In general, crowd-funding in agrifood field appears in many different shapes.
There are many different cases of projects such as funding for making a community
farm, foundation of small business, presale for something (cooking equipment, farm
products, processed farm products, garden equipment, and so on), farm operation
cost, facility cost, farming education management cost, supporting events (market,
party), and publishing a cookbook. We can classify crowd-funding projects on
agrifood into three types: presale, event, and funds for operation cost. Presale type
is funding projects before the production stage of food. Event type is a funding for
the events related to agrifood, such as opening a market, launching a festival, or
making educational event. Two cases succeeded in funding by providing enjoyable
opportunities which people can’t normally experience. Funds for operation cost are
supporting essential operation expenses such as cost for setting up company, equip-
ment, research, and development. Mainly these projects have social benefit or can
help to produce healthy food (Yoo et al. 2014).

In particular, numerous sustainable agrifood projects, internationally, have been
financed through the platforms mentioned above, to preserve endangered food
products, to produce health food, and to encourage food education. For example,
through the Barnraiser platform, in California, an organic farmer has financed the
project “Eureka! Help Save Heirloom Fruit & Nut Trees of California’s Gold Rush”
in order to plant an “orchard” of organic fruit relics and walnut trees from specimens
that had survived the era of gold fever in the mountains of the Sierra Nevada; three
young women who have studied the healing properties of bone broths have raised
funds for the project “Kitchen Witch Broth – Nourish Your Soul” in order to buy a
60-gallon kettle and other equipment to increase production in their small startup
“Kitchen Witch Bone Broth,” which sells six different types of broth, made from
different types of animal bones and packed in glass jars; in New York, an educator
for the project “The Green Bronx Machine CAN!” has raised funds to convert an old
school library into a national health center, an indoor urban farm, and a cooking and
education program for school children in the Bronx (www.barnraiser.us). Instead,
through the PieShell platform, a family-owned producer of high-quality plant pow-
ders that use organic, biodynamic, and wild vegetables has raised funds in order to
make biodiversity more accessible to the average consumer and therefore in order to
expand in retail stores so that more people can appreciate their products. The main
objective of this project, which is titled “Launch Dr. Cowan’s Garden into Retail!!,”
is to transform agriculture by creating a better demand for organic products and by
improving the environment (www.pieshell.com).

From this point of view, these projects are relevant for sustainability, as well as
for the pursuit of the objectives of Agenda 2030, in particular of Goal 2 that places
food and nutrition issues at center stage (the correlations between targets of Goal
2 and crowd-funding projects mentioned above are illustrated in Table 2).
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Table 2 Targets of Goal 2 of the SDGs and crowd-funding projects

Targets Crowd-funding projects

2.1. By 2030, end hunger and ensure access by all people,
particularly the poor and people in vulnerable situations,
including infants, to safe, nutritious and sufficient food all
year round

“Kitchen Witch Broth – Nourish
Your Soul”

2.2. By 2030, end all forms of malnutrition, including
achieving, by 2025, the internationally agreed targets on
stunting and wasting in children under 5 years of age, and
address the nutritional needs of adolescent girls, pregnant
and lactating women, and older persons

“The Green Bronx Machine CAN!”

2.3. By 2030, double the agricultural productivity and
incomes of small-scale food producers, in particular
women, indigenous peoples, family farmers, pastoralists,
and fishers, including through secure and equal access to
land, other productive resources and inputs, knowledge,
financial services, markets, and opportunities for value
addition and nonfarm employment

“Kitchen Witch Broth – Nourish
Your Soul”

“Launch Dr. Cowan’s Garden into
Retail!!”

2.4. By 2030, ensure sustainable food production systems,
and implement resilient agricultural practices that increase
productivity and production; that help maintain ecosys-
tems; that strengthen capacity for adaptation to climate
change, extreme weather, drought, flooding, and other
disasters; and that progressively improve land and soil
quality

“Eureka! Help Save Heirloom Fruit
& Nut Trees of California’s Gold
Rush”
“Launch Dr. Cowan’s Garden into
Retail!!”

2.5. By 2030, maintain the genetic diversity of seeds,
cultivated plants, and farmed and domesticated animals
and their related wild species, for instance, through
soundly managed and diversified seed and plant banks at
the national, regional, and international levels, and pro-
mote access to and fair and equitable sharing of benefits
arising from the utilization of genetic resources and asso-
ciated traditional knowledge per international agreements

“Eureka! Help Save Heirloom Fruit
& Nut Trees of California’s Gold
Rush”

“Launch Dr. Cowan’s Garden into
Retail!!”

2.A. Increase investment, for instance, through enhanced
international cooperation, in rural infrastructure, agricul-
tural research and extension services, technology devel-
opment, and plant and livestock gene banks to enhance
agricultural productive capacity in developing countries,
particularly the least developed countries

“The Green Bronx Machine CAN!”

2.B. Correct and prevent trade restrictions and distortions
in world agricultural markets, for instance, through the
parallel elimination of all forms of agricultural export
subsidies and all export measures with equivalent effects,
in accordance with the mandate of the Doha development
round

2.C. Adopt measures to ensure the proper functioning of
food commodity markets and their derivatives and facili-
tate timely access to market information, including on
food reserves, to help limit extreme food price volatility

Source: Our elaboration on https://sustainabledevelopment.un.org/sdg2
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The push from the Internet can lead both to supporting small business and to
providing a more showcase for niche productions, fixed on zero KM or local
distribution. Like all reward-based crowd-funding systems, the company generates
its revenue with the collected fees at the end of the campaign. The sum is borne by
the project proposer, with a share that may vary depending on the amount reached
(Magnani 2016).

The benefits of this crowd-funding web-based platform are:

• The creation of a new demand
• The reduction in investment risk for producers
• The establishment of direct relations with consumers
• The sponsorship of a product
• The valorization and protection of the traditional ecosystem made in Italy
• The promotion and dissemination of the concept of environmental sustainability
• The strengthening of food security and quality assurance

In a food system, a variety of fairly large-scale ICT-enabled projects demonstrate
economic viability and provide significant social and economic value. Such projects
are directly linked to income-generating activities (e.g., providing better selling
opportunities for agro-products), making their value easily visible for end users.
At the same time, these projects collect individuals around a topic that allow them to
improve their knowledge on a product or on an activity in terms of sustainability
(Bargain et al. 2016; Carvalho et al. 2012).

Surely, crowd-funding can be a good tool to connect the producers and con-
sumers of food. But above all it can promote the achievement of the company’s
sustainability goals through the launch of projects geared toward this (European
Commission 2014).

Application of crowd-funding in agrifood sector can provide a huge help in
foundation of small businesses and stabilizing cash flow of small farmers. Because
it reduces pressure on financing and sales, the producer can make their products in
the way he wants without anxiety. Also, unlike other agrifood transactions, relation-
ship between producers and consumers grows up during the funding process. This
leads to interest and active participation of consumer which can result additional
purchases and popularity. Through the proceeding of crowd-funding, project creator
can get not only funds but also various helpful effects for the success of the project.
The project creator can check point for improvement through this. Also, participants
sometimes form a supporting community and play a role as a co-producer. In case of
presale type, it can help the pricing of products or services. For the success of crowd-
funding, active participation of friends and fans in early funding, promotion through
social media, and communication effort of a creator such as information provision
are important.

In some ways, crowd-funding almost always benefits the public, and in this case,
it has constructed rollover bars provided to poverty-stricken farmers through the
local agricultural education program. The public is able to view campaigns and
donate a small amount of money to be used toward the project.
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Oftentimes, projects with clear goals, specific needs, and a defined end date are
more successful at raising money than projects without clear objectives. Most often,
family members and friends of project creators who are involved in the project are
the most likely to donate. Crowd-funding is less about raising large amounts of
money from a few investors and, rather, more about raising small donations from a
large group of people, “the crowd.” One reason crowd-funding is so successful is
due to the “feel good” or philanthropy attached to donating (Morgan et al. 2016;
Servato et al. 2013; Lehner 2013). Belleflamme et al. (2014) states that crowd-
funding produces the same amount of funds as if you were to seek funds from a
bank, but what compels the public to donate to a crowd funded project is the
perceived benefit to what is being created.

The financial support for entrepreneurial projects aimed to achieving the sustain-
ability goal represents a crucial leverage not only for the enterprise but for the entire
society. In this context, crowd-funding web-based platforms can play an important
role because they not only allow the sustainability-oriented agrifood enterprise to
“finance its vocation” but above all to potentiate in the society the culture of
sustainability in the food field.

Moreover it needs to consider that sustainability-oriented ventures are especially
constrained as their social and environmental goals cause them to be perceived as
less attractive investments compared to traditional entrepreneurial ventures focused
on marked needs and economic returns (Choi and Gray 2008).

However, academic contributions on the role of crowd-funding in moving toward
a sustainable society are mainly conceptual. As underlined by Nielsen and Reisch
(2016), in the current literature remain arguably difficult to detangle cause and effect
relationships between crowd-funding and orientation to sustainability.

Some conceptual and empirical works like Vasileiadou et al. (2015) or Calic and
Mosakowxki (2016) suggest a positive relationship between environmental or sus-
tainability orientation and the likelihood of success of crowd-funding projects (Lam
and Law 2016; Mollick 2014).

Conversely, in line with part of the crowd-funding literature claiming that crowd
funders are likely to act similar to conventional financiers (Moss et al. 2015),
Hörisch (2015) does not observe in his investigation any positive connection
between environmental sustainability and crowd-funding success. For example, as
stated by Ordanini et al. (2011), other elements than sustainability orientation are
determinant for the projects’ funding success, such as prospect of financial return.

From the point of view of its concrete application, crowd-funding transcends
simple financial support to business projects trough credit and is a powerful business
accelerator capable of enhancing sustainable projects by halting the weaker ones.

This is because crowd-funding platforms – from the past – use a new paradigm to
select the worthy financing projects, which consists of an estimate “market test” that
can provide valuable indications and projections of business success.

Crowd-funding platforms initially show the idea-project and its goal to reach:
afterward, they give users the ability to decide whether and how to finance the
projects and also identify the economic commitment they intend to sign up. Projects
that reach the finish line will be realized, and lenders will get the agreed interest.
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Projects that otherwise will not reach the minimum amount of funding will not be
realized, and the sums eventually paid will be fully refunded to the lender, without
any loss. This process allows an extremely effective selection of “profitable” pro-
jects, starting with the design phase of the business, thanks to the impact that the
project produces on consumer-investors (Servato et al. 2013; Manning and
Bejarano 2016).

Crowd-funding platforms also have an incentive to attract projects that can
generate a disproportionate share of media attention because they both expand the
existing community of funders (further increasing network effects) and allow the
platform to expand into new categories (Agrawal et al. 2014).

5 Conclusion

In recent years, the integration of sustainability criteria by investors is constantly
increasing all over the world. In this regard, crowd-funding is considered today a
financing option particularly suited to entrepreneurs of sustainability projects
because the lenders themselves are attracted by the ideas and fundamental values
of projects funded by crowd-funding (Lehner 2013). In other words, lenders, even if
they do not derive economic benefits, have prosocial reasons to support projects
funded by crowd-funding (Hörisch 2015).

In this context, crowd-funding platforms specialized in social and environmental
projects contribute to increasing the financing of sustainable projects. In particular,
in the agrifood sector, there were numerous projects funded through crowd-funding
and based on a sustainable way of eating, farming, and distributing food products,
respecting the people and the planet we live on. With this in mind, the crowd-
funding provides an important contribution to sustainability.
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Evaluation of Innovative Tools
for the Trade Enhancement of Fresh
Agrifood Products

Luisa Sturiale and Alessandro Scuderi

Abstract The e-Marketplaces have become the global platform for exchange,
which have modified social and economic behavior. The digital revolution has
opened the doors of the global village to industries, services, cities, and territories.
Information and communications technology (ICT) can be a tool for the develop-
ment of rural and agricultural areas, as demonstrated by real experiences reported in
the literature. The advent of new technologies has also led to major changes in
consumer buying processes and market relationships. The interest in shopping places
is shifting from large shopping malls to “zero-km” shopping and e-commerce.

The new e-commerce frontier is represented by logistics adaptations for zero-km
sale of fresh produce and same-day delivery.

The objectives of this study were to contribute to the knowledge of the phenom-
enon of e-marketplaces in the Italian agrifood economy and to analyze the new
e-commerce models for fresh fruit and vegetables in Italy.

Keywords Digital economy, e-marketplaces · Trading platform · e-commerce
models · Zero-km sale · Online-to-offline commerce (O2O)

1 Introduction

The information society is changing every aspect of daily life, and the digital
revolution has radically changed the concepts of space, time, and mass (Kotler
et al. 2010). Cyberspace allows us to transform purchases and sales into ever faster,
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more automated operations without costs or barriers related to space and time limits.
The digital revolution has opened the doors of the global village to newly established
companies, to niche companies, and to small or very small businesses. The strong
development of information and communications technology (ICT) is at the base of
what has been defined for many years as the "net economy," an economic system
based on online activities through the use of networks (Sturiale 2000),

In the ICT sector, innovations follow each other swiftly, as it is a very dynamic
market, where Web 4.0 represents the latest phenomenon after Web 3.0, which
followed Web 2.0, which revolutionized the global world of information, following
the initial stage of Web 1.01 (Pitt et al. 2012; Neilson et al. 2010; Sturiale and Scuderi
2015). There has been an evolution of sites and services on the web, such as wiki
sites and social networks, where interaction and sharing of content by users are
fundamental. The web has become a “web ecosystem” in which users create value by
sharing and creating experiences on the web (through e-mail, blogs, networking,
forums, communities, chat, etc.). The internet has become the global platform for
exchange—the space where an economic force of global dimensions operates, which
has radically modified social and economic behavior (Brush and McIntosh 2010;
Kumar and Rajan 2012; Sturiale 2000; Wang and Zhang 2012).

The development of digital technology and spreading of computer networks have
transformed production processes and access to, transfer of, and use of information.
Communication technologies allow the easiest access to knowledge and the easiest
way to create it by simple sharing of information, from e-mails to forums to social
networks, with the consequent reduction of space–time barriers (Busalim and Che
Hussin, 2016; Sturiale and Scuderi 2011).

The digital economy is growing at a rate seven times faster than the real economy.
Much of this growth has been fueled by broadband internet. Today, high-speed
broadband networks are having an impact equally important to those of electricity
and transport a century ago. They are also paving the way for innovative services
such as online healthcare (e-health), smart cities, and data-based production.

The 2030 Agenda for Sustainable Development recognizes that the spread of ICT
and global interconnectedness have great potential to accelerate human progress, to
bridge the digital divide, and to develop knowledge societies.

The new technologies are offering a platform supporting businesses in rural
regions, in both the agricultural sector and other sectors, to innovate production
processes and management functions, to support direct online interaction with
customers, to search for new market opportunities, etc. The adoption of digital

1In particular, the initial stage of the internet, Web 1.0, was represented by static sites; in 2004 we
moved on to Web 2.0, with the introduction of dynamic programming languages that allowed users
to interact with the content of websites, with the possibility of using online applications such as
blogs, wikis, forums, and social networks. In 2006 we moved on to Web 3.0, characterized by the
possibility of using the network as huge web data—semantic, enhanced, and three-dimensional.
The next step, already under way, is Web 4.0, a network of very intelligent interactions where the
interconnection and communication between things and people will generate the decision-making
process.
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models is increasing the potential competitiveness of rural areas in the new frame-
work of the net economy. Research in the literature on applications of ICT in rural
and agricultural areas, in Italy and several other European countries, highlights
continuous developments and innovative approaches (Bruckmaier and Tovey
2009; Fountas et al. 2015; FAO 2005; Galati et al. 2013; Hammond and Paul
2006; Stratigea 2011; Warren 2002). The most important applications for rural
regions in the business sector are e-commerce, e-marketing, e-training, and
e-marketplaces.

ICT has opened up new lands to economic competition, which is deeply affecting
trade in different sectors and in some cases also altering the very rules of competition
themselves. Cultural aspects, safety, and the health of products represent obstacles to
the diffusion of ICT and web tools within the agrifood sectors, as do the lack of
quality of websites and the scarce attention paid to interactivity with web consumers,
which is fundamental for web marketing. Besides, there is a poor level of standard-
ization of these sector products and several difficulties in managing the quality of
e-commerce. Among the relevant works of literature, we must mention (in order of
the year of publication) a few concerning farms and agrifood small-to-medium
enterprises (SMEs) in Italy and elsewhere: Sturiale (2000), Sturiale and Scuderi
(2001, 2011, 2013, 2015), Fritz et al. (2004), Bucca et al. (2006), Brush and
McIntosh (2010), Neilson et al. (2010), Lehmann et al. (2012), Rapisarda et al.
(2015), and Scuderi et al. (2015).

The advent of new technologies has also led to major changes in consumer
buying processes and market relationships. In fact, the interest in shopping places
is shifting from large shopping malls to “zero-km” shopping and to online shopping.

ICT provides the consumer with more information, compares products and prices
across sites, and verifies greater convenience, meeting the need to know the global
scenario. However, there are several critical issues in the new online shopping
models, primarily the inability to examine the purchased product—an action that
still remains primary for consumers, through use of the five senses. Virtual purchas-
ing also limits opportunities for conviviality and socialization, which are character-
istic of offline purchases.

These limits are felt to be most important in the case of fresh agricultural produce,
for which e-commerce in Italy still lags behind other commodity sectors and other
countries, although there have recently been some interesting developments in
e-food. In fact, there is interest in both international marketplaces (AmazonFresh)
and retailers who have developed new online sales channels for fresh produce,
creating online-to-offline (O2O) models, virtual platforms, marketplaces, etc., and
improving logistics services to facilitate zero-km delivery and same-day delivery
(or even delivery within an hour in some cases).

These new dynamics in the agrifood sector in general—and in fresh produce in
particular—still appear to be underestimated in the literature. This study aimed to
build a framework, even if concise, of the evolution of the digital economy and of the
innovations that characterize the new e-commerce models for fresh agrifood prod-
ucts, typical of rural areas and strategic for their sustainable development. Given the
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growing importance of e-marketplaces, the phenomenon of their diffusion and the
opportunities offered for agrifood products will be broadened.

In addition, a specific survey on Italian web consumers of fresh agrifood prod-
ucts, structured as two complementary phases, allowed us to highlight willingness to
buy these products online and the variables that affected this choice.

2 The Global Evolution of the Digital Economy and the New
Models of e-Business for Agrifood Products

Society is experiencing the "fourth industrial revolution," characterized by a fusion
of technologies that blurs the boundaries between the physical, digital, and biolog-
ical spheres. Further innovations in areas such as artificial intelligence, robotics, the
"internet of things," three-dimensional (3D) printing, and autonomous vehicles will
further accelerate this technological revolution.

Increasing connectivity has led to a fundamental change in the business world:
digital has enabled it to expand both online and offline, and is already influencing
various industries. The current consumer seeks and buys goods and services differ-
ently from previous generations.

In the world, 1.3 billion people buy online (with a total of 2.8 billion people
connected to the internet), making 7.0% of all retail purchases (8.0% in Europe,
5.0% in Italy) (Fig. 1).

Fig. 1 Stastistics on e-commercee-commerce in the world (in 2016)
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In 2016, online sales of products and services accounted for 7.0% of the total
retail market on a global level—a total near US$2.7 billion. By 2019, this value will
have more than doubled to reach US$3.578 billion, while continuing to represent
only a fraction (13.0%) of total retail purchases. In the business-to-consumer (B2C)
market, the USA and China remain the most important markets; the major players in
the market are global giants such as Amazon and, for the Chinese market, Alibaba.

Considering the European Union (EU), ICT accounts for almost 5.0% of the EU
economy and generates a quarter of total business spending. Investments in this
sector are responsible for 50.0% of productivity growth across the EU.

In 2016 the value of e-commerce in Europe (Fig. 2) was estimated to be US$600-
billion, with the UK, Germany, and France accounting for around two thirds of total
sales. Italy ranked seventh after Russia, Spain, and the Netherlands. Online sales
represented 8.0% of all European retail sales, exceeding (albeit only slightly) the US
percentage of 7.0%, but in southern Europe, online sales barely reached 2.0%
(Ecommerce Europe 2016).

ICT has profoundly changed consumers’ attitudes toward purchasing. In fact,
consumers now browse the web to compare offers and services, moving toward the
so-called info-commerce, and 65.0% of web surfers show a multichannel-purchase
attitude, where social media play a more and more important role.

There has been an evolution of sites and services on the web, such as wiki sites
and social networks, where interaction and sharing of content by users are funda-
mental. The web has become a web ecosystem in which users create value by sharing
and creating experiences on the web (through e-mail, blogs, networking, forums,
communities, chat, etc.) (Hanna et al. 2011; Sturiale and Scuderi 2015). The internet
has become the global platform for exchange—the space where an economic force
of global dimensions operates—which has radically modified social and economic

Fig. 2 Statistics on e-commerce in Europe (in 2015 and forecast for 2016)
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behavior and models of online sales (Brush and McIntosh 2010; Fritz et al. 2004;
Kumar and Rajan 2012; Sturiale and Scuderi 2013, 2016; Sturiale et al. 2017; Wang
and Zhang 2012).

Shoppers are certainly changing, but some aspects of shopping remain the same.
People enjoy it as a social activity, and this is particularly true of the younger age
group. The social nature of shopping has changed and is linked to the phenomenon
of online socialization (Verdouw et al. 2013; Ecommerce Europe 2016).

In a 2017 survey of over 1200 US internet users who qualified as primary
household shoppers, they preferred to do most of their shopping in-store or via
digital channels; only the oldest respondents in the study—those aged 60 years and
older—said they preferred in-store shopping. For all other age groups, digital
channels were preferred for shopping, and for those aged 21–29 years, mobile was
the preferred shopping channel.

As Amazon and other e-commerce players increasingly cut into the market share
of traditional retailers, now seems like the perfect time to give the O2O model and
pickup services a second look.

The grocery landscape is changing quickly. Amazon has opened physical super-
markets, Walmart is heavily investing in e-commerce, and many regional players
now offer either curbside pickup or delivery.

The internet has significantly changed the commercial playing field for B2C
sales. Many retailers and product brands already sell their products through (inter-
national) online marketplaces, present in different typologies (Groothuist and
Gabriner 2016). International examples of these e-marketplaces are Amazon,
Zalando, Alibaba's TMall, and Mercado Libre. Most countries also have strong
national players such as Bol.com (in the Netherlands) and Allegro (in Poland).

Fig. 3 The most important e-marketplaces and e-retailers in world e-commerce in 2016 (in single
major countries)
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These marketplaces are growing very rapidly, with Amazon and Alibaba taking the
lead (Fig. 3).

There are different definitions of e-marketplaces, such as that provided by
Wikipedia:

An online marketplace (or online e-commerce marketplace) is a type of e-commerce site
where product or service information is provided by multiple third parties, whereas trans-
actions are processed by the marketplace operator. Online marketplaces are the primary type
of multichannel e-commerce and can be a way to streamline the production process.

The terms “trading platform” and “marketplace” are used interchangeably.
According to another definition, a trading platform or marketplace can be defined
as a website where multiple B2C sellers can sell their products and where the
commercial transaction (with the consumer) takes place on the platform. It can
also be a website on which the consumer is directly linked to the product sales
page of the related webshop (Groothuist and Gabriner 2016).

There are different types of trading platforms, varying from platforms that started
as a webshop and later opened up to other sellers, to platforms that have been
initiated to bundle the forces of local players in the online market. Besides compar-
ison sites, search engines and social media platforms such as Pinterest and Facebook
increasingly offer the possibility to instantly buy products. These websites can also
be considered marketplaces. The following types of different trading platforms can
be distinguished:

• Comparison websites (with a buy button): Examples are Kelkoo (in France),
Kieskeurig.nl (in the Netherlands), and Allegro (in Poland).

• Search engines with a buy option: Google Shopping or Bing Shopping are
examples of these.

• Open platforms: These are platforms that used to be webshops but nowadays also
allow third-party sellers to offer their products through their webshop. Examples
of these are Bol.com, Zalando, and Amazon.

• Local platforms: There are more and more platforms that let a local neighborhood
form their own online community. Nine Streets in Amsterdam is an example,
where visitors can virtually shop on the platform. Also, smaller players such as
boutiques, which would be too small to open their own webshops, can bundle
their forces this way. Examples are Locals United and Miinto.

• Marketplaces: Two examples are eBay and AliExpress.
• Auctions: Usually, these are websites that often change their assortment,

depending on remaining parties of vendors. Examples are iBood and Groupon.
• Theme portals: More and more consumers and small businesses are setting up

sites offering product reviews (e.g., of clothes), where the consumer is forwarded
to a vendor’s webshop. Fashionchik and Asos are prime examples of this type of
marketplace (Groothuist and Gabriner 2016).

Marketplaces and aggregators of various kinds carry about 30.0% of online
transactions and will play a key role in the e-commerce market in the near future.
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The planning and operation of marketplaces can also be found in rural areas, as
marketing and transaction platforms that are based on local enterprises and local
products. Several interesting examples of marketplaces have been developed in rural
regions, both in advanced economies and in developing countries.2

With regard to the fresh agrifood sector, there has been increasing interest in the
most important e-marketplaces in recent years to widen the supply range with fresh
produce with very short delivery times. First of all, Amazon launched AmazonFresh,
but others are now being added, as well as special platforms being created for the
marketing of fresh agrifood products.

According to specific research, it is possible to identify different business models
of fresh produce e-commerce (Lo and Lam 2015):

• Integrated B2C e-commerce marketplace: Food brands and fresh produce man-
ufacturers are invited to be online sellers in the marketplace (Amazon); the
categories of products are fresh food (seafood, and fruit and vegetables), grains
and oils, and organic food; the organization of the logistics is based on providing
minimal logistics support, or logistics and distribution are handled by the online
sellers; the expected revenue model is the registration fee or the commission.

• Vertical B2C e-commerce platforms: The focus is on online selling of food and
fresh produce, with full control of the entire cold-chain logistics from farm to
fork; the categories of products are fresh food (seafood, and fruit and vegetables)
and organic food; the logistics involve a hybrid model of self-operation and use of
third-party logistics companies; the expected revenue model is the product
markup.

• e-Commerce platform operated by a logistics company: The features of this
model are strength in entire cold-chain logistics and last-mile delivery; the
categories of products are fresh food (seafood, and fruit and vegetables); it is
expected self operated logistics and last-mile delivery of the goods sold by the
platform; the expected revenue model is the product markup.

• O2O model operated by a supermarket: This is a new model of e-commerce for
fresh produce, with O2O integration; it includes an increasing number of offline
stores that are creating a specific network in different countries in the world and
development of the O2O model of e-commerce; the categories of products are
fresh food (seafood, and fruit and vegetables) and grains and oils; the logistics
include a hybrid model of self-operation and use of express delivery companies
but also a self-pickup service at offline stores; the expected revenue model is the
product markup.

• Community O2O model: The features of this model, based on the creation of a
community of offline stores and supermarkets, are specific targets (the white-
collar market or university students), direct sourcing, pickup of goods from the
nearest supermarket/convenience store/mom-and-pop store on the basis of

2Examples in developing countries are B2Bpricenow.com in the Philippines and Agriwatch in India
(Hammond and Paul 2006). Such markets also exist in small urban settlements; an example is a
business-to-consumer marketplace in Trikala, Greece (Stratigea 2011).
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location-based service (LBS) positioning of the online shopper, and delivery of
the goods to the designated location within 1 hour; the categories of fresh produce
are cooked food, fresh food, and fresh fruit; the expected revenue model is the
product markup or the commission.

Growing connectivity is transforming the business experience, and firms have
also introduced new and engaging ways of marketing that have changed consumer
behavior and broken long-established business models. Marketplaces are claiming to
be the dominant players in e-commerce.

In more mature markets such as the UK, the first three players (Amazon, eBay,
and Tesco) manage one third of the turnover of physical products sold online. In the
market that is positioning itself as the main market in the world—China—market-
places already manage over half of all online transactions. The reasons for this
market dominance lie in their ability to invest in service and in the relationship with
customers (who always look for an infinite range to avoid having to search on
multiple sites), and to continuously innovate customer service, thanks to global
economies of scale. The formula of service on e-commerce sites means that there
is also a propensity on the part of merchants to exploit the visibility and services
provided by the marketplaces (Eng 2004; Rask and Kragh 2004).

It is foreseeable that in Italy we will also witness sustained growth of these actors
over the next few years. The marketplaces that are placed in the Italian market are
mainly Amazon (used by 63.0% of dealers in the marketplace) and eBay (used by
57.0%) (Casaleggio Associati 2016). There are, however, new players such as
Pixplace (used by 4.0%), which is part of Pixmania and allows sales throughout
Europe; Etsy (used by 2.0%), which is perhaps the easiest way to enter the US
market for craft products; Alibaba (used by 2.0%), which is now a global initiative
aimed not only at business-to-business (B2B); and local initiatives such as BuyMe
(used by 4.0%). Time-based sales sites are also entering this sector; in the future it
may also include comparator and ad sites, which currently do not allow conclusion
of purchases, as customers are sent back to the merchants’ sites.

Operators who use marketplaces to sell their products are mainly interested in
integrating the sales made by direct e-commerce through their presence in the
marketplace and use of the related services offered by the marketplaces themselves
(payments and profiled advertising), and in developing their own brands and their
own online sales, since in any case these sites are also a showcase with millions of
potential customers. In addition, the marketplaces make it possible to sell interna-
tionally, which is mainly offered to other European countries but in some cases also
to countries such as the USA (e.g., Etsy), China (e.g., Tmall), South America (e.g.,
Mercado Libre), Africa (e.g., Jumia), or worldwide, with the best-known competi-
tors being Amazon, eBay, and Rakuten (in Japan) (Casaleggio Associati 2016).
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3 The New Frontier for e-Commerce of Fresh Agrifood
Products in Italy: e-Marketplaces and Other Physical
Versus Virtual Models

The value of Italian e-commerce had an average annual growth rate of 14.0%
between 2010 and 2016, but in the same period the value more than doubled
(from €8.012 billion in 2010 to €19.282 billion in 2016). The digital economy
thus grew at a considerably faster rate than the real one. Italian internet users seem
to be web users with maturity and more confidence in the characteristics of the
channel. In 2016, the number of Italian web shoppers (i.e., consumers who made at
least one online purchase during the year) grew by 7.0% and reached 19 million,
equal to about 60.0% of internet users.

There are differences between different product sectors. In Italian e-commerce,
tourism and consumer products have been predesigned, respectively, on services and
products. But now there are many product categories that make up the online
shopping basket, and in 2016 the composition was as follows: tourism 44.0%,
computers and electronics 14.0%, clothing 9.0%, insurance 7.0%, publishing
4.0%, furnishings and home living 3.0%, food and groceries 3.0%, and other
purchases 16.0%.

The contribution of emerging sectors (food and groceries, furniture and home
living, beauty, and toys) is increasingly important, with over €1.5 billion in value
and growth rates ranging between 30.0% and 50.0%. These sectors are expected to
record the highest growth rates in the future.

In 2016, online sales in Italy represented 5.0% of total retail; in the services
category they represented 9.0%, while in the products category they accounted for
3.0%. If we consider the online penetration rates of the different product sectors,
unfortunately the food and grocery trade is still lagging behind with 0.3%, versus
30.0% in the tourism sector.

The food and grocery trade is one of the sectors that today arouses more interest in
the B2C e-commerce landscape in Italy, both because of the enormous potential that
is still unfulfilled and because of the vivacity shown by the offer in the last 2 years.

In 2016 the e-commerce market in food and groceries purchased by Italian
consumers on both Italian and foreign sites was worth €575 million, an increase of
30.0% in comparison with 2015. Although food and groceries represent one of the
main areas of Italian spending, their online distribution has been limited so far; their
share of online purchases was only 0.35% of total retail purchases.

Food products represent 90.0% of the market. Health and care products account
for 10.0% but show a significantly higher growth rate. In the food category, over
90.0% of purchases are food products and fewer than 10.0% are wine.3

3In particular, the breakdown of expenditure for online food in Italy is as follows: dry food 55.0%,
fresh produce 29.0%, wine 8.0%, drinks 6.0%, and frozen foods 2.0% (www.osservatori.net).
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The most important limitation in the development of the fresh meat market is the
lack of opportunity for customers to see and choose the product before buying
(according to 49.0% of the sample), followed by inadequate quality and freshness
(according to 32.0%) and lack of confidence in the mode of transport (according to
25.0%) (Monitor Ortofrutta 2016; Ecommerce Europe 2016).

On the one hand, these data point to the still-limited use of e-commerce in the
Italian agrifood sector; on the other hand, are well-deserved, as broad growth areas
are foreseen on the basis of what is already happening in other European countries
(such as France, the UK, and Germany), in the USA (where it is a fast-growing
phenomenon), and in Japan.

In summary, consumers prefer to resort to e-commerce (through the use of
computers, tablets, and smartphones) for the following advantages: convenience,
availability of information in real time, availability of products and services, lower
cost, and time efficiency. On the other hand, the main reasons for not using
e-commerce are unsecured payment, slowness of transportation, receipt of unwanted
products, circulation of spam or viruses, receipt of boring e-mails, and annoying
technological issues.

Traditional operators (retailers and producers) are the protagonists of the sector,
but dot-coms are growing at a faster rate. Amazon's entry into the sector, the growing
contribution of flash-sales players, and the development of the ready-to-eat food
segment—dominated by aggregators—are the main causes of this trend.

Italy is trying to fill the gap in the agrifood sector and especially in the fresh
produce sector. Indeed, in recent years there has been a proliferation of online
initiatives. The offerings have increased in all areas, from supermarket products to
gastronomic products, and from food and wine to fresh agricultural produce, for
which innovative marketing methods are also developing, very often linked to the
initiative of producers and territories.4

Italy is trying to bridge the gap in the agrifood sector, especially in fresh produce.
Very active platforms set up by large distribution chains (Esselunga, Carrefour,
Unes, Naturasì, etc.) provide access to specific online supermarkets offering the
same assortment as retail outlets, with customer advantages of a loyalty card scheme
and a choice of delivery times (a commission is provided).

4One of various initiatives is “The Beehive That Says Yes!” (alvearechedicesi.it), an online network
of farmers and consumers who periodically meet at a set point to exchange local and seasonal
agricultural produce. The project, launched in 2015, has more than 100 collection sites in Italy and
over 600 in France (where the initiative originated in 2011 as “La Ruche qui Dit Oui”) .The website
serves as a meeting tool between supply and demand. Consumers can register for free on the web
and discover the produce (fruit, vegetables, bread, meat, beer, etc.) made available by small and
medium-sized regional companies (currently around 400 in Italy). They are always online and the
products are available for pickup at a collection point, which is a real temporary market with a short
supply chain. Consumers can consume local foods and support the economy in their territory, while
the producers perceive that their remuneration is “equitable” and share emotions and values (www.
italiafruit.net, 02/12/2016).
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"Subscription models" are being launched. Subscription sales models are based
on repeated purchases and low risk perception, according to a logic that transforms
customers into subscribers. In Italy, Cortilia is an example of a marketplace based on
the subscription model in the food sector (like Good Eggs in the USA). Even single
producers and distributors (Agrispesa, Zolle, Almaverde Bio, and others) are making
use of this new e-commerce model.

The new frontier of e-commerce for agrifood products, and especially for fresh
produce, is represented by integration between the physical and the virtual, with
marketplace examples that in recent years have been developing new forms of
integration and multichannels, where physical stores are integrated into the digital
ecosystem.

According to Netcomm (2016), physical stores have entered the digital market;
in fact, according to a survey involving 30,000 Italian direct sales points, in 8.6%
of them it is possible to pick up online purchases in the shop; moreover, in half
of them, online booking is available to reserve products that will be bought in
the shop.

In fact, the presence of a physical store offers value in terms of the ability for the
customer to touch the product, or collect an order placed online, complementing the
online experience. Logistics has become more efficient in terms of the services
offered, with shorter delivery times; consequently, the value of deliveries of products
purchased online doubled in value from €6 million to €12 million in the period from
2012 to 2016.

According to a survey conducted by Milan Polytechnic (2016), the investment
priorities in online sales channels for Italian retailers are as follows (in descending
order of importance): an e-commerce website controlled by the company, mobile
commerce through a mobile app controlled by the company, an e-commerce website
controlled by an intermediary/retailer, and mobile commerce through a mobile app
controlled by an intermediary. The first two channels listed above register the
greatest preferences on the part of Italian companies.

The traditional physical sales space and the space dedicated to customer care
(which represent most of the current cases) are expected to shrink, to the advantage
of physical space dedicated to delivering products purchased online (according to
the “pick and collect” model) and the “experimental” physical space, aimed at
creating a relationship with the client (such as an “experiential room”). In the near
future, they will also be able to take on other physical space functions, including the
creation of online showroom products/services and “temporary experimental
spaces” (Spiller 2016).

The delivery of products purchased online is one of the most interesting chal-
lenges for the future of e-commerce, especially for fresh agricultural produce: the
possibility of pickup from collection points (which may be automated, such as
lockers, or manned by human personnel) that are open 24 hours a day and where
customers can go when the e-commerce store advises them that their goods are ready
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for collection. At present, 94.0% of deliveries take place at home or in the office,
while only 6.0% are collected from a designated place.

The new e-commerce frontier is represented by logistics adaptations for zero-km
sale of fresh produce and same-day delivery. Amazon Prime Now, which provides
delivery within an hour in some urban areas of the USA, is the most prominent
example, but there are other examples of such marketplaces in several European
countries. In France and Spain, Amazon has launched the grocery version of its
service, AmazonFresh—a division that markets and delivers even fresh food such as
fruit and vegetables. The website offers many items (30,000), divided into 25 cate-
gories, including known brands, local products, and specific lines such as gluten-free
products. Also, in Madrid, the capital of Spain, Now, in Madrid, capital of Spain, the
Prime service distributes fresh products, with online purchase and home delivery of
fruit and vegetables (UNATA 2017).

In Italy, 16,000 companies participated in e-commerce in 2016, and this number
is projected to reach 50,000 by 2025. With regard to food, e-commerce in Italy is
slowly beginning to close the gap with other European countries, thanks to the
growth of local players, but especially the arrival of international players that have
entered the market through acquisitions; for example, Just Eat (a London-based
company) has acquired Click and Eat in Milan, DeliveRex in Rome, HelloFood, and
PizzaBo (Casaleggio Associati 2016)5.

Also, in the agrifood industry, 2015 was the year in which Amazon Prime Now
was launched for delivery of shopping in Milan and in 34 municipalities in its
hinterland. Launched in Italy in November 2015, it allows purchase of more than
20,000 grocery items and other types of products; in February 2016 the service was
also expanded to include more than 30 types of fresh fruit and vegetables. Purchase
is possible only via the mobile app, with home delivery from 8 am to midnight every
day of the week, within an hour of purchase in certain areas and in the customer’s
preferred time slot in other areas (Sturiale et al. 2017).

Coop Italia has responded to Amazon with the launch of the Easy Coop service
for online shopping and home delivery of food products. Customers can place orders
on a dedicated website (www.easycoop.com) for 10,000 different foods, of which
about 3000 are different types of fresh fruit and vegetables, meat, fish, salami, dairy
products, bread, and pastry. Delivery takes place at home the day after the order date,
at the customer’s preferred time.

So, we are developing e-commerce models in Italy where virtual and physical
space is integrated, even for fresh agricultural produce. In particular, it is about the

5Even for wholesale fruit and vegetable markets, the web offers interesting online sales potential.
Cesena's Fruit Market has been operating for a couple of years and has reached an agreement with
the Tippest platform for sale on the web; also, the one in Florence operates online through
MaxFruit.
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O2O (online-to-offline)6 channel, alongside the well-known "click-and-mortar"
model.7

In these multichannel and customer-centric approaches, mobile will become
increasingly crucial. Mobile has generated an ecosystem that enables increasingly
large portions of the economy and helps to break down the digital divide. The funds
available from companies and Public Administration (PA) for the development of
mobile solutions to support business processes grew by 24.0% and those oriented to
marketing and communication on smartphones and tablet grew by 41.0% in the last
five years. The development of mobile commerce and mobile payment brought the
total value of the mobile economy to over € 37 billion in 2017 (2.3% of the gross
domestic product (GDP)).

Agrifood enterprises will have to consider the mobile channel as a potentiator and
amplifier at other points of contact throughout all stages of the buying process. All of
this requires a transformation of business models into a logic of multichannel
transformation, mobile marketing and mobile service.

4 Methodology

As was confirmed in the previous chapter, studies of e-commerce have shown the
influence of the interaction between consumers in the buying process, especially if
the latter has to buy a new product. Therefore, it is interesting to highlight in this
survey the salient differences between traditional and online purchases—as the
difference in the impact is not well distinguished in the literature—but also to clarify
the transmission of messages from the consumer to other consumers in the two
contexts, both traditional and virtual. We interviewed 1000 consumers in 2017,

6Online-to-offline (O2O) commerce is a business strategy that draws potential customers from
online channels to physical stores. It identifies customers in the online space (e.g., through e-mails
and internet advertising) and then uses a variety of tools and approaches to entice the customer to
leave the online space. This type of strategy incorporates techniques used in online marketing with
those used in brick-and-mortar marketing. Some companies that have both an online presence and
an offline presence (physical stores) treat the two different channels as complements rather than
competitors. The goal of O2O commerce is to create product and service awareness online, allowing
potential customers to research different offerings and then visit a local brick-and-mortar store to
make a purchase (www.investopedia.com).
7
“Click-and-mortar” is a type of business model that includes both online and offline operations,
which typically include a website and a physical store. A click-and-mortar company can offer
customers the benefits of fast online transactions or traditional face-to-face service. This model is
also referred to as “clicks-and-bricks.” An increasing number of big-brand retail stores such as
Walmart, Best Buy, and Nordstrom follow the click-and-mortar business model. Also referred to as
an omnichannel strategy, the merging of online and offline channels provides customers with an
enhanced shopping experience with more choices, greater flexibility, more convenience, and more
services (www.investopedia.com).
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through the ModulesGoogle.com platform, through a semistructured questionnaire
with multiple-choice and Likert scale questions.

The first phase of the research aimed to evaluate, through a consumer preference
scale8, what the strengths and weaknesses of online purchase of fruit and vegetables
were, and the role of a physical point of contact for the logistics service of an online
store to orient the consumer of fruit and vegetables to e-commerce.

The analysis was continued to assess the consumer's intention to report to third
parties their intention to purchase a product on the basis of suggestions from other
consumers (such as the phenomenon of “e-wom” (e-word of mouth) (Brown et al.
2007; Scuderi and Sturiale 2014)). In particular, the study—called "demand side"—
was analyzed to focus attention on the figure of the consumer as a recipient of a
message and as a decision maker in the buying process. The survey therefore aimed
to identify the structure of buying intent as a result of influences in the two
environments: offline and online. The main purpose of the second phase was
therefore to precisely determine the influence of inputs from the two different
environments, and the assumption on which the research was based was the belief
that the individual experiences different purchasing intentions in relation to different
sources of information (offline or online). We investigated the possibility that this
intention to buy a given product (which, in our experiment, was 1 kg of oranges)
may differ depending on whether the comment comes from a friend in a traditional/
offline environment rather than from a user in a virtual environment such as an
online community.

The parameter estimation process was done by a process of minimizing the
distances between the data produced by the model and the observed data. The
available estimation functions were different, and we used a linear model (LM) to
study the relationship between a dependent variable (y) and a set of independent
variables (x1, x2, ... xn) To understand the impact these variables had on the object
of study, we used the following equation:

buy probi ¼ β0þ β1BUY off þ β2BUY onþ β3POSTiþ β4WHYi
þ β5GENDERþ β6AGEiþ β7EDU þ εt

5 Results

This research analyzed and aimed to understand, for the consumers who were
interviewed, the evolving trends in the purchase of online agrifood products and
the decisive factors influencing the buying process.

8In particular, a Likert scale (1¼ not influential, 2¼ not very influential, 3¼moderately influential,
4 ¼ very influential, 5 ¼ determinant) was used.
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The results of the first part showed that an element that could lead to the online
channel (Fig. 4) was the current price, which was a discriminating element in the
choice of purchase. However, another discriminating element was the ease of
purchase (defined as “satisfaction”) as a sum of services related to the comfort of
payment, purchase, and delivery of the product. Less influence was attributed to
quality and origin, as the first factor was assumed to be in compliance with the
standards, and secondly, it was a discriminating factor in the choice factors from the
beginning.

We asked consumers which shopping channel they preferred for the same quality,
price, origin, and packaging of fruit. It turned out that 84.0% of consumers we
interviewed always preferred the traditional channel; in relation to their normal
shopping habits, they saw buying of fruit and vegetables as being included in the
act of daily expenditure for food through the traditional channels (supermarkets,
local shops, and local markets). However, the percentage of consumers who did not
always prefer the traditional channel (16%) was significant rate, which showed that
current behavioral barriers are being pulled down and confirmed that there are
growing spaces for there are very interesting growth spaces for fruit and vegetables.

Finally, consumers were asked whether they preferred an online store to also have
a physical point of sale in their area, to orient their purchase and what their reasons
were. The results (Fig. 5) showed that a physical point of sale and collection for the
e-commerce channel is a major strength for the consumer, as it represents a transition
from offline to online, a material element of the purchase act, and the possibility to
collect the product, as well as a contact point to enable customers to verify the
quality of products and to have access to the products of a farmers market (direct
sale, zero-km).

Satisfaction

Origin

Quality

Price

10 2 3 41,5 2,5 3,5 4,50,5

Fig. 4 The driving factors consumers to online shopping
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The series of regression models inherent in the part of the experiment called the
demand side focused on some models (Table 1) that relate views from the traditional
offline environment and from the online context and the potential impact those views
have on the intention to buy of the consumer who receives such information. Table 1
shows the coefficients of the different variables chosen to observe a possible
influence of the same on the dependent variable (i.e., the willingness to purchase a
product, which in our experiment was 1 kg of oranges) measured in percentage
terms.

The opinions of other consumers regarding a product have a different impact on
the consumer's intention to buy, depending on whether they come from the online
environment or the offline environment. The impact of information from the online
and offline environments on the intention to buy varies according to the value of
such opinions (positive, negative, neutral) and is significant only if both opinions
(online and offline) about a product are positive. In the case of negative opinions, the
offline channel prevails, even in the presence of positive online opinions. The results
show that the impact on purchase intent comes mainly from the offline channel, but

0

Check the quality

Possibility to withdraw the product

Purchase material act

Evolution of direct sales

Intermediate transition from the off-line
channel to the online channel

1 2 3 4 5

Fig 5 The presence of a traditional shop alongside an online site can guide consumer choices

Table 1 Estimated structural
parameters of opinions
derived from the traditional
environment (of_med, of_pos)
and the virtual environment
(on_med, on_pos) and how
they affect consumers in their
intention to buy (buy_prob)

Estimate Std. Error t value Pr (>|t|)

(Intercept) 18.352 9.125 2.087 0,039258

med off 3.987 4.687 1.025 0,325874

pos off 14.259 3.257 2.253 0,016587

med_on 5.312 4.851 1.214 0,278957

pos_on 11.257 3.458 3.508 0,000258

no.rev 6.981 3.625 1.258 0,235784

post 6.235 1.259 3.398 0,000768
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online comments have meaning as a source of information although they are not
decisive in the final purchase choices.

On the basis of the results that were collected and the recent actions of interna-
tional players (Amazon, Alibaba, etc.), it is reasonable to assume that in the coming
years there will be a growing online demand for fresh fruit and vegetables.

According to some research, the success factors are:

• Shopper convenience: Online shopping saves time and reduces the need to make
a trip to the store and carry heavy loads.

• Growth in click-and-collect: This will increase consumer participation in the
online sales channel.

• Omnichannel growth: This is the complete integration of stores, e-commerce,
mobile apps, and social media, which will deepen consumer experiences.

• Increased internet usage: This also includes increased usage of mobile and tablet
devices for online shopping.

• Changes in purchase behavior: This refers to consumers making bulk purchases
online and using offline stores to “top up” on a daily basis.

• Demand for organic products through online channels (Sturiale et al. 2017).

6 Discussion and Conclusion

ICT is at the base of the net economy, an economic web system based on online
activities through the use of networks that have changed the way consumers shop
and the way consumers wish to receive their purchases. The adoption of digital
models is increasing the potential competitiveness of rural areas in the new frame-
work of the net economy.

The current consumer seeks and buys goods and services differently from
previous generations: consumers may start to shop for an item online, but they
may well finish their purchase in-store, deciding they want to touch and feel the item
just to be sure or because they want immediate gratification. But they could also spot
something in-store and then go online to complete the transaction. The experience
needs to be seamless and connected. Consumers need to be able to see where their
purchases are and when they can get their hands on them.

The internet has significantly changed the commercial playing field for B2C
sales. Many retailers and product brands already sell their products through (inter-
national) e-marketplaces, present in different typologies, which will play a key role
in the e-commerce market in the near future.

With regard to the fresh agrifood sector, there has been increasing interest in the
most important e-marketplaces in recent years to widen the supply range with fresh
produce with very short delivery times. The new e-commerce frontier is represented
by logistics adaptations for zero-km sale of fresh produce and same-day delivery.
Stores are creating an opportunity to enhance the customer experience and delight
shoppers into coming back time and time again (Ecommerce Europe 2016).
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Food is a key sector for e-commerce, and the market in fruit and vegetables has
the potential to grow. According to various surveys, food is expected to become the
most important part of e-commerce worldwide over the next 10 years. Italy has
become an interesting laboratory for alternative food experiences, with the spread of
phenomena such as delivery of food ordered online.

There is, however, a delay with regard to e-grocery, although almost all large
retailers are developing e-commerce projects, which see a synergy between offline
and online.

Our research aimed to evaluate what the strengths and weaknesses of online
purchase of fresh fruit and vegetables were, and the role of a physical point in the
service of logistics of an online store to orient the consumer of fresh fruit and
vegetables to e-commerce. In the agrifood economy there are new e-commerce
models for fresh agrifood products; the presence of e-marketplaces is increasingly
important, and their numbers continues to grow in Italy and in other European
countries. On the basis of the results that were collected and the recent actions of
international players (Amazon, Alibaba, etc.), it is reasonable to assume that in the
coming years there will be a growing online demand for fresh fruit and vegetables.
The success factors are shopper convenience, growth in click-and-collect,
omnichannel growth, increased internet usage, changes in purchase behavior, and
growth of demand for organic products through online channels.

The research shows that consumers of fruit and vegetables still base their acqui-
sitions on the values of the traditional market but observe with interest what is
happening in the online market. The role of fresh agrifood products in the online
channel will depend on the evolution of ICT consumption models and technology
platforms in the years to come.
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Evaluation of Farmer’s e-Shops
with an Emphasis on Services

Vladimír Očenášek, Jiří Vaněk, Pavel Šimek, Michal Stočes, Jan Jarolímek,
and Jan Masner

Abstract The evaluation of websites at the Department of Information Technolo-
gies has so far been largely focused on the websites of towns, municipalities, or
regional Internet portals. In the submitted article, we focused on evaluation of food
and farmers’ e-shops. As the new generation grows in the digital age and it is
accustomed to search for and buy goods in this environment, we have decided to
focus on this issue. To ensure that the user repeatedly returns, you need to recognize
what services he requires. For the purposes of evaluation, we determined 25 param-
eters, in which 12 are new parameters focused on the service category and used them
for evaluation of nine food and farmers’ e-shops: 5 Czech, 2 British, and 2 Greek. It
turned out that comparing Czech and foreign e-shops with the same parameters is not
entirely appropriate. Some parameters can only be applied in the Czech environment
(like cash on delivery), which was not even offered in evaluated foreign e-shops.
Similarly, the option for free pickup at the designated place was also not available. If
we would evaluate Czech and foreign e-shops separately, kosik.cz would be the
winner among Czech e-shops and yolenis.com among foreign e-shops.
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1 Introduction

The Czech Republic has the highest number of e-shops per capita in Europe. Last
year, the number of e-shops increased by 3900 to the total of 40,100. Since 2013, the
number has stagnated. More and more brick and mortar stores are starting to sell
online. In 2017, the income of e-shops increased by 18% to 115 billion Czech crowns.

The Czech Republic is a world leader in online sales; more than 43% of nonfood-
related goods are sold via online stores. It is followed by the Netherlands (35%),
Slovakia (34%), the United Kingdom (33%), and Germany (29%) according to data
from GfK (Growth from Knowledge). The average of percentage of online sales in
Europe is 24%. The average share of online sales in Europe is 24%. The most of the
goods sold online in the Czech Republic fall within categories of information
technology and cameras. The biggest year-on-year growth in online sales was in
household appliances (24.5%) and consumer electronics (21.6%).

The interest in buying commodities online, which was so far only at a marginal
interest of our consumers, is rising in Czech Republic. These include groceries and
special farmers’ products. Several specialized food e-shops operate in Czech Repub-
lic, and all of them report a significant increase in the number of customers. Ordered
purchases are distributed mainly in cities and surrounding areas. Groceries can be
delivered in 90 min, and shipping can be free on orders over certain price. These
e-shops offer the same range of goods as supermarkets, but also specialized and
gourmet goods – for example, products for vegetarians, gluten- or lactose-free food,
etc. e-Shops also cooperates with farmers, which results in special offers of meat,
sausages, cheese, bio-products, wine, etc.

In the literature, e-shopping has been around since the turn of the century. In 2001,
Lee (2001) proposed a four-factor model of customer satisfaction, including after-
sales service, customer service, commodity prices, and service quality. Srinivasan
et al. (2002) identified from data from 1211 customers eight factors that potentially
impact e-loyalty (customization, contact interactivity, care, community, convenience,
cultivation, choice, and character). In 2002, Schubert and Dettling (2002) presented
an evaluating tool EWAM (Extended Web Assessment Method) that included a set
of possible criteria for assessing the quality and success of existing commercial
websites. In 2003, van der Merwe and Bekker (2003) published an article in which
they introduced the concept of evaluating commercial websites. They determined
five categories for which they define criteria groups. For example, for the Content
category, they defined these criteria: product-/service-related information, company
and contact information, information quality, and interactivity. Gounaris et al. (2010)
examined a sample of 1052 customers to determine the impact of service quality and
customer satisfaction on behavior of online customers, namely, word of mouth, site
revisit, and purchase intentions in the context of Internet shopping. In 2015 (Lin
2015), the index system of customer satisfaction was put together based on 19 indi-
cators from five categories in e-shopping. In 2015 we evaluated regional Internet
portals (Očenášek et al., 2015) and used as an inspiration for the choice of parameters
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the best known rating of web portals of capitals of the world’s largest countries –
digital governance in municipalities worldwide (Holzer et al. 2014).

2 Materials and Methods

Literature, especially recent (Lin 2015), shows that customer satisfaction is increas-
ingly influenced, in addition to the quality of the commodity itself, by
non-commodity elements. From the digital governance in municipalities Worldwide
(Holzer et al. 2014), we have selected parameters for the security/privatization,
usability, and content categories.

In the Service category, we have identified 12 most nonprofit parameters that, in
our opinion, influence the e-shop customer satisfaction the most.

We newly included 12 parameters to the service category and checked whether
they provide those information and services:

List of distribution points
Special offers via emails
Nutritional values of food
Minimal order price
Cash on delivery
Credit card payment on delivery
Free pickup (of the purchased food) at the designated place
e-Shop app
Optional registration
Order tracking
Social networks
FAQ

Individual parameters are evaluated on two scales. We score zero or one point in
yes or no questions; for nine parameters up to three points were assigned. We
evaluated five food e-shops offering special farmers’ products from the Czech
Republic and four foreign e-shops, two English e-shops and two Greek e-shops.
The overall overview of parameters is shown in Tables 1, 2, 3, and 4.

3 Results

Whenever the consumer visits an e-shop, he expects a well-arranged product catalog
with complete information and easy ordering, where it is clear what and why it has to
be filled in. The consumer further expects a competitive price; standard payment
options; fast, reliable, and cheap delivery; and constant control over the order.
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The proposed evaluation methodology was verified on nine representatives of
food and farmers’ e-shops. From Czech representatives, we chose:

• nakupzfarmy.cz (motto: Direct sale and e-shop without middleman)
• svetbedynek.cz (motto: Farmers’ products to your home)
• kosik.cz (motto: Bio fruits and Bio vegetables – taste it)
• sklizeno.cz (motto: Groceries at your doorstep)
• farmanemcova.cz (motto: Without chemicals and preservatives)

From foreign e-shops, we chose for comparison:

• jimmysfarm.com (motto: Free range produce fresh from the farm!) (Fig. 1)
• yolenis.com (motto: Carefully selected products from all over Greece) (Fig. 2)
• riverford.co.uk (motto: From one man and a wheelbarrow to an award-winning

organic delivery company)
• trofos.com (motto: Greek Organic & Traditional Delicatessen e-Marketplace)

Parameters, score scale, and evaluation for Czech and foreign e-shops are shown
in Tables 1, 2, 3, and 4.

Fig. 1 jimmysfarm.com – the butchery
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4 Security/Privacy

The Security/Privacy category deals with, e.g., if privacy policy determines which
data are collected or whether the site allows access to nonpublic information. This
category becomes significant with regard to the EU’s General Data Protection
Regulation.

5 Usability

The Usability category focuses on accessibility of e-shops for users with specific
needs. For instance, in the category Usability of public administrations websites, the
Czech Decree No. 64/2008 sb. defines the individual rules for the form of published
information. The form of published information has to be adapted so that informa-
tion is also available to the disabled users.

For the purposes of our evaluation, the following eight parameters were chosen:

Fig. 2 yolenis.com – product offerings
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6 Security/Privacy

1. Does the site have a privacy or security statement/policy?
2. Does the privacy policy identify the intended use of the data collected?
3. Does the privacy policy address the option to have personal information used to

send unsolicited materials (e.g., mailing lists or another marketing that is targeted
back to the consumer)?

4. Does the privacy policy address the use of digital signatures to authenticate users?

7 Usability

5. Does the site provide the date (month and year) of the last update of the website?
6. Does every page contain the link to the homepage?
7. Is it easy to navigate the content of the website?
8. Are language versions available?

The rating of this category is listed in Table 1.
Issues related to the use of digital signature for user authentication (question

no. 4) are absolutely unnoticed not only on Czech but also on foreign e-shops.
Similarly, the date of the last update of the website (question no. 5) is neglected.
Website administrators have approached quite differently the problem of homepage
link on every page of the website as well as seamless organization of information on
the website (question nos. 6 and 7). More language variations are available only on
Greek e-shop yolenis.com (English, German). The winners in those categories are
Greek e-shop yolenis.com and Czech e-shop svetbedynek.cz.

8 Content

The Content category deals with contact information; online offering of documents,
books and recipes, and calendar of additional events; and also the ability to view
websites on different devices.

For the purposes of our evaluation, the following five parameters were chosen:

9. Does the site offer contact information (address, phone, email)?
10. Does the site offer documents, reports, books, or recipes online?
11. Does the site allow users to purchase or order documents, reports, books, or

recipes?
12. Does the site offer a calendar of events?
13. Does the site have a responsive web design or is it accessed via smartphone

(iOS, Android, Symbian)?

The rating of this category is shown in Table 2.
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In this category all e-shops have met the condition of offering contact information
(question no. 9). Question nos. 10 and 11 deal with the possibility of ordering
documents, such as cooking books and recipes, or reading them online. This is
possible online only on riverford.co.uk and svetbedynek.cz, while kosik.cz allows
ordering documents, but not reading them online. Event calendar (question no. 12) is
available only on jimmysfarm.com. All e-shops have websites that react on different
screen sizes. However, only some offer specialized variation for smartphones with
different operating systems (question no. 13).

Four e-shops have shared the victory in this category; all scored seven points –
jimmysfarm.com, kosik.cz, riverford.co.uk, and svetbedynek.cz.

9 Service

We determined 12 new parameters from the services category:

14. List of distribution points
15. Special offers via emails
16. Nutritional values of food
17. Minimal order price
18. Cash on delivery
19. Credit card payment on delivery
20. Free pickup at the designated place
21. e-Shop app
22. Optional registration

23. Order tracking
24. Social networks
25. FAQ

Question no. 15 – sending special offers via email is available on every e-shop,
with exception of trofos.com, and we can see similar results in question no. 17.
Mobile app, question no. 21, is available only at kosik.cz as well as optional
registration (question no. 22). Order tracking is possible only on yolenis.com
(question no. 23). The link to social media (question no. 24) is missing solely on
nakupzfarmy.cz. Every e-shop offers answers to frequently asked questions (ques-
tion no. 25) (Table 3).

In this category, e-shop sklizeno.cz, which received 13 points, claimed the victory
followed by e-shop kosik.cz with 11 points and e-shop farmanemcova.cz with
9 points.
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10 Conclusion

A number of studies show that up to 30% of customers do not complete their order at
an e-shop for various reasons. It is therefore very important to find out how e-shop
works, whether it provides convenient purchase, easy payment for ordered goods,
and convenient delivery of the purchase to the customer.

We focused on food and farmers’ e-shops. We have evaluated nine e-shops, five
of which were Czech and four foreign (two British and two Greek). The evaluation is
based on the experience of evaluating the web portals of capitals of the world’s
largest countries – digital governance in municipalities worldwide (Holzer et al.
2014) – as well as evaluations of regional web portals. The original score is divided
into four groups (privacy, usability, content, services). In our article, we focused on
the service group most and created 12 new parameters due to the problematics of
e-shops differing in many aspects from the original rating of cities or regional web
portals. The original intention was to compare Czech and foreign e-shops. After
evaluating e-shops, it can be said that this original intention cannot be fulfilled. The
reason is simple. It turned out that the customs of Czech and foreign customers are
somewhat different. For example, parameter 18 – cash on delivery – which is still
expected in the Czech Republic, is not offered abroad. Just like parameter 20 – free
pick up at the designated place – this option is also not offered abroad.

From evaluation of separate categories, we can state that category Security and
privacy won the Greek e-shop yolenis.com and categories Usability won the Czech
e-shop svetbedynek.cz.

In the Content category, the victory was shared between four e-shops with the
same amount of points (Očenášek et al. 2015) – jimmysfarm.com, kosik.cz,
riverford.co.uk, and svetbedynek.cz.

The Service category won e-shop Sklizeno.cz, which received 13 points,
followed by e-shop kosik.cz with 11 points. The best foreign e-shop in this category
was yolenis.com, which received eight points.

If we evaluate the Czech and foreign e-shops separately, we can announce the
e-shop kosik.cz (23 points) as the winner of the Czech e-shops, followed closely by
harvest.cz (22 points) and the svetbedynek.cz (20 points). Foreign e-shops won the
Greek yolenis.com, which received 18 points.

The final results are in Table 4 and test winner in Fig. 3.
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ICT Tools by Farmers of Lucania Region
in Italy

Gianluigi De Pascale, Piermichele La Sala, Nicola Faccilongo,
and Claudio Zaza

Abstract This study aimed to investigate how farms in the Lucania region of Italy
cluster according to the level of innovation adopted. It used a questionnaire to ask if
farms adopted information and communications technology (ICT) tools and, if so,
what types were involved in management and/or production processes. A cluster
analysis was done on the collected data. The results showed that using a k-means
clustering method, two clusters appeared: innovators and the remaining group.
Using boxplot representation, there were three groups: innovators, early adopters,
and laggards. These results will be used to identify good practices in terms of smart
devices adopted, within the H2020 project titled Short Supply Chain Knowledge and
Innovation Network (SKIN).

Keywords ICT · Clustering analysis · Lucania · Farms

1 Introduction

Agriculture is a field suffering from low efficiency of the processes undertaken to
carry out related activities, for many reasons coming from quick changes of the
surrounding scenario. Such changes have been fostered by new digital technologies.
They appear in an integrated system named the Farm Management Information
System (FMIS). Nowadays, the general directions to foster growth in Europe
come from the European Commission (EC). In fact, being able to cope with daily
problems means being able to engage synergies among tangible and intangible
resources inspired by studies performed on such issues. They set out that smart
growth can be put into practice by sharing knowledge and adopting innovations
(Contò et al. 2015). Reducing distances among the available resources accelerates
access to them. In addition, it has been stated that it is necessary to be in conformity
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with the needs of the ecosystem. To this end, information and communications
technology (ICT) tools play an important role in achieving the aforementioned goals.
Since the ecosystem is very dynamic and changes frequently occur, it is complex to
manage all data emerging from daily activities and to take control of evolving
scenarios. Such problems are much more evident in small-to-medium enterprises
(SMEs), where information flows are often stressed by lack of capability to access
ICT innovations (Contò et al. 2015). These tools allow farmers to reduce asymmet-
rical information, which is the main cause of moral hazard and adverse selection,
mostly affecting firms operating in international markets. Information management,
in turn, influences internal and external actions. Hence, the greatest concern has to be
that of making accessible tools useful to reduce the information gap. The benefits
will affect transactional costs. In fact, it is possible to find many farms that have
obtained economic improvements by adopting such technologies. The demonstra-
tion of such claims comes from developing countries that show high levels of
growth. To this end, the World Bank has included these data in their yearly reports
since 2016. The reports show that firms in poor countries that adopt digital technol-
ogies get to be much more competitive but maintain a low profile in international
markets because of lack of appropriate skills and infrastructure (World Bank 2016).

Researchers have devised complex management systems that bring together all
elements that make up farms. The hardest challenge is to guarantee the right resource
coordination and employment over a long period in order to attain the general goal of
adding sustainable value for stakeholders. For these reasons, the study described in
this chapter is aimed at investigating the degree of ICT adoption in a southern Italian
region tackling important issues in terms of economic development. The study
implies the necessity of investigating the features of agricultural enterprises that
adopt ICT tools in undertaking their activities, from plantation to harvesting. Spe-
cifically, it puts forward a double analysis: firstly to group the sample according to
ICT adoption; and secondly to provide insights into the determinants of income by
highlighting the role of ICT.

Another perspective to lead the analysis for understanding of the determinants of
the outline of a farm organization, according to the degree of the propensity to
innovate and/or the reasons that increase that propensity, is explored through
multivariate regression, assuming that income is a dependent variable, through use
of a semi-log model to implement data method analysis.

This study has been undertaken as part of the research activities of the H2020
project titled Short Supply Chain Knowledge and Innovation Network (SKIN; grant
agreement no. 728055), financed in 2016. The project aims to identify good practices
adopted by organizations operating in a short food supply chain (SFSC). From the
perspective of the project, good practices are those enabling economic players in the
agro-food domain to reduce the distances along the supply chain, mainly between
producers and consumers. In an SFSC, most operators are small farmers, constantly
seeking to improve their efficiency. It has been shown that ICT adoption signifi-
cantly improves efficiency, as well as connecting things and people, giving benefits
even to those farmers who are struggling with tackling the pressures of market
competition with large-scale operators embedded in longer food supply chains.
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This chapter is structured into different sections, as follows: Sect. 2 describes the
literature review; Sect. 3 gives an outline of the questionnaire used for collecting data
from farms; and Sect. 4 explains the analytical method used for processing the data
to extract information. Finally, the results are summarized and discussed, then the
conclusions are presented.

2 Literature Review

Over the years, many changes have occurred with the advent of ICT, affecting, in
particular, the efficiency of farms. Researchers have taken this opportunity to study
the impacts of such extraordinary evolutions in depth. The first step to better
understanding of the effects of ICT farming tools is related to the reasons that
make it necessary to implement innovation of processes and knowledge uptake:
they are based on the trend of costs level shown by farms so far. Nowadays,
European and national policies direct organizations to realize cost reductions
through the adoption of smart devices, in line with Industry 4.0 topics. To this
extent, international organizations such as the World Bank have issued data analyses
showing how costs decrease (World Bank 2016) with introduction of ICT tools for
managing the growing complexity of activities due to the complexity of the compe-
tition, and vice versa. Have explained what type of problems prevent digital device
adoption in developing countries. Obviously, many countries are divided into
different areas; some demonstrate prominent growth, while others suffer lack of
capability to stimulate growth. Many factors are involved. The significant ones relate
to slowness in reforming business regulations and skills development systems. It is
emphasized that building efficient information systems is the key to triggering
sustainable growth for long periods. A signal of farms’ (and, more generally,
firms’) efficiency is related to the impact of smart tools on the volume of production,
which measure the total factor productivity growth. With regard to farming dynam-
ics, Diederen et al. (2003) have distinguished between innovators, early adopters,
and laggards. These three categories can represent the farmer profiles observed in
European areas. Measurement of the degree of innovation within farms has been
done using different assessment methods. One classification uses a matrix that
differentiates between innovations as major, intermediate, or minor on the basis of
their technological advancement. The matrix shows an innovation numerical index
that represents the innovation level of each farm (Ariza et al. 2013). Other studies
have explained agricultural income through multivariate regression analysis, con-
sidering income as a dependent variable (Ugwumba et al. 2010). On the other hand,
their study issued that structural characteristics such as farm size, utilized agricul-
tural area (UAA), and the farmer’s age reflected the attitude and the willingness to
choose to undertake and pursue innovation processes. According to these assump-
tions, they distinguished between innovators and the remaining group. The literature
breakdown also includes a study using a more complex index. This index does not
consider the adoption of a single technology; instead, it focuses on combined factors
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defining the innovations. The complexity is due to the variables that are taken into
account, which do not focus only on tools and equipment (Chen et al. 2014; Esmeijer
et al. 2015) for carrying out farm activities (e.g., ICT tools or tractors), but also on
primary productive factors (e.g., seeds). Therefore, the index brings together differ-
ent elements, combining their effects on the farming results and showing the benefits
from emerging synergies. However, the latter is not the focus of this chapter.

3 Data Collection Methods

The questionnaire consists of 22 questions (Qs) in total. The survey is divided into
two parts. The first part, dedicated to General Information, includes Q1 to Q7 and
captures information on the general aspects of the farms involved in the survey.
Depending on the response to Q7, regarding the use of ICT tools, the questionnaire
either proceeds to the second part, dedicated to Farms Using ICT (from Q8 to Q22),
or it ends in the case of a negative answer. In the second part there is a set of
questions dedicated to analyzing what the most used ICT tools applied to farm
management are, and the impact these technologies could have in decreasing
agronomic input and manpower, and in increasing production.

The survey questions are as follows:

(Q1) Legal status. Possible answers: partnership; capital company; other.
(Q2) Time of constitution. Possible answers: less than 5 years; between 5 and

10 years; more than 10 years.
(Q3) Farmer’s age. Possible answers: less than 35 years; between 35 and 50 years;

more than 50 years.
(Q4) Utilized agricultural area (UAA). Possible answers: less than 10 hectares;

between 10 and 50 hectares; more than 50 hectares.
(Q5) Crop type. Possible answers: tree crops, herbaceous crops, mixed crops.
(Q6) Income. Possible answers: between €0 and €50,000; between €50,001 and

€120,000; between €120,001 and €250,000; between €250,001 and €500,000;
between €500,001 and €1,000,000; more than €1,000,000.

(Q7) Do you use ICT tools? Possible answers: yes; no. (If the reply is positive, the
farmer answers Q8 to Q22, otherwise the questionnaire ends here.)

(Q8) What type of management tools do you use? Possible answers: none; tools for
the farm’s notebook; tools for warehouse management; tools for management of
the balance sheet; tools for management of invoicing; enterprise resource man-
agement; other. (Multiple answers are allowed.)

(Q9) What type of software for data management do you use? Possible answers:
none; software for data storage; software for market analysis; decision support
system software; software to analyze costs; other. (Multiple answers are allowed.)

(Q10) Do you use tools for precision agriculture? Possible answers: yes; no. (If the
reply is positive, the farmer answers Q11, otherwise Q17.)
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(Q11) Do you use environmental sensors? Possible answers: yes; no. (If the reply is
positive, the farmer answers Q12, otherwise Q13.)

(Q12) Why do you use environmental sensors? Possible answers: fertilization;
phytosanitary treatments; weeding; irrigation; sowing; soil management. (Multi-
ple answers are allowed.)

(Q13) Do you use an unmanned aerial vehicle (UAV) or drone? Possible answers:
yes; no. (If the reply is positive, the farmer answers Q14, otherwise Q15.)

(Q14) Why do you use a UAV? Possible answers: fertilization; phytosanitary
treatments; weeding; irrigation; sowing; soil management. (Multiple answers
are allowed.)

(Q15) Do you use satellite data? Possible answers: yes; no. (If the reply is positive,
the farmer answers Q16, otherwise Q17.)

(Q16) Why do you use satellite data? Possible answers: fertilization; phytosanitary
treatments; weeding; irrigation; sowing; soil management. (Multiple answers are
allowed.)

(Q17) Do you use external data sources? Possible answers: yes; no. (If the reply is
positive, the farmer answers Q18, otherwise Q19.)

(Q18) What types of data do you research? Possible answers: agrometeorological;
market; legal aspects; phytosanitary bulletin; other. (Multiple answers are
allowed.)

(Q19) What type of tool do you think is the most useful? Possible answers: external
data sources; enterprise resource planning; software for data management; preci-
sion agricultural tools.

(Q20) Since you started to use ICT tools, have you detected a reduction in the use of
agronomic inputs (pesticides, fertilizers, water, etc.)? To what extent? Possible
answers: none; between 0% and 5%; between 6% and 10%; between 11% and
20%; more than 20%.

(Q21) Since you started to use ICT tools, have you detected a reduction in employed
manpower? To what extent? Possible answers: none; between 0% and 5%;
between 6% and 10%; between 11% and 20%; more than 20%.

(Q22) Since you started to use ICT tools, have you detected an increment in
production? To what extent? Possible answers: none; between 0% and 5%;
between 6% and 10%; between 11% and 20%; more than 20%.

For the cluster analysis presented in the next section, a subset of the total variables
was taken into account (Table 1).

Further analysis of income was performed, as shown in Table 2.
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4 Data Analysis Methods

In this study, the collected data were analyzed using clustering analysis. For
obtaining groups featured by homogeneous parameters, a k-means cluster method
was used. The analysis returned acceptable results, setting two clusters. The choice
of selecting two clusters was possible because:

• The k-means clustering method can be applied with both supervised and
unsupervised methodology (Wagstaff et al. 2001).

• The use of three clusters did not return acceptable results.

In general, k-means is a method that is unsupervised. Therefore, the processing
machine automatically calculates the smallest distances, respecting the set threshold
between features (Zhang et al. 1997). The goal is to evaluate if the distances are such
to consider the minimum sum of the squared error (SSE) within each group (Likas
et al. 2003). The formula for the SSE is as follows:

Table 1 Variables used in the cluster analysis; the code is associated with a single answer in the
analysis

Question
number Variable name and abbreviation Answer Code

Q1 Legal status Partnership 1

Capital company 2

Q3 Farmer’s age (age) Less than 35 years 1

Between 35 and 50 years 2

More than 50 years 3

Q4 Utilized agricultural area
(UAA)

Less than 10 hectares 1

Between 10 and 50 hectares 2

More than 50 hectares 3

Q5 Crop type Tree crops 1

Herbaceous crops 2

Mixed crops 3

Q6 Income Between €0 and €50,000 1

Between €50,001 and €120,000 2

Between €120,001 and €250,000 3

Between €250,001 and €500,000 4

Between €500,001 and
€1,000,000

5

Q7 Do you use ICT tools? (ICT) Yes 1

No 0

ICT information and communications technology
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SSE ¼
XK

k¼1

X

8xi2Ck

xik � μkk2 ð1Þ

where Ck is the set of grouped data in cluster k, and μk is the vector mean of cluster k.
Using an unsupervised method, it was found that there were two clusters. Neverthe-
less, to be in line with Diederen et al. (2003), the scope was to find three groups to be
labeled as innovators, early adopters, and laggards. The test did not achieve this goal,
so a supervised method was used to try and set three clusters. In turn, this test did not
succeed, because clusters two and three presented identical features (this was the
reason why the unsupervised method returned two clusters). Hence, it was chosen to
apply a supervised method, selecting two clusters. At this stage, the test succeeded
and the results were accepted to fulfill the two-groups theory (innovators and the
remaining group) described by. The additional analysis, implemented with the
multivariate regression model, was performed by considering the income variable
as independent and the other variables, showed in Table 2, as dependent (Easterlin
2005). The multivariate model chosen was a log-linear one because of an assumption
that income grows with a decreasing margin and the logarithmic trend aims to fulfill
that purpose (Hastie 2017). On the other hand, the independent variables were

Table 2 Variables used in the regression analysis; the code is associated with a single answer in the
analysis

Question
number

Variable name and
abbreviation Answer Code

Q2 Time of constitution Less than 5 years 1

Between 5 and 10 years 2

More than 10 years 3

Q3 Farmer’s age (age) Less than 35 years 1

Between 35 and 50 years 0

More than 50 years 0

Q4 Utilized agricultural area
(UAA)

Less than 10 hectares 1

Between 10 and 50 hectares 2

More than 50 hectares 3

Q5 Crop type Tree crops 1

Herbaceous crops 2

Mixed crops 3

Q6 Income Between €0 and €50,000 25,000

Between €50,001 and €120,000 85,000

Between €120,001 and €250,000 185,000

Between €250,001 and €500,000 375,000

Between €500,001 and
€1,000,000

750,000

Q7 Do you use ICT tools? (ICT) Yes 1

No 0

ICT information and communications technology
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supposed to have a linear evolution. The evaluation was conducted by first checking
the R-squared value and the p value of the whole model and, after verification, the
goodness of the method to consider at least one independent variable as fitting to
explain the income, it was proceeded with checking of the distribution of the
residuals, using a Breusch–Pagan test for a heteroscedasticity check. In addition, a
further consideration upon the complexity of the phenomenon was taken into
account. Indeed, the authors had a specific objective to check the influence of the
aforementioned variables on the income, starting from the awareness that income is
surely a result of more complex events than those represented by the regression
hereby proposed, as will be shown hereafter (Press and Wilson 1978).The model,
after transformation of the “income” variable into “ln income”, is presented as
follows (Wasserman 2004):

ln income ¼ β0 time of constitutionþ β1 ageþ β3 uaaþ β4 crop typeþ β5 ict

ð2Þ

This study used several simple methods for evaluating the results in terms of the
innovation level. The first stage identified the groups through a clustering analysis,
and such analysis revealed the existence of two main groups. The next step shed light
on a multiple regression log-linear analysis. This examination highlighted that there
were three groups, complying with the insights.

5 Results and Discussion

The questionnaire shows the answers from a sample within a producer organization
(PO) in the Lucania region of Italy. There were 59 respondents. They represented an
outline of the region in terms of the typology of farms and, in terms of scale, the
composition of the farming population in the Lucania region.

In this section we present the results from the frequency distribution of Q20, Q21,
and Q22, and the cluster analysis and boxplot. The section concludes with a
discussion of the results, emphasizing the differences of the marks, based on insights
from the literature mentioned in Sect. 2. The frequencies of the relevant selected
variables and pertinent comments are also presented. The discussion provides
insights to explain potential barriers that obstruct adoption of ICT tools, to be
investigated in further studies. There are delivered considerations on what the
farmers not ICTs skilled and, in consequence, not adopter, while oriented and
inclined to adopting.

Figure 1 shows the frequency distributions related to Q20 (Fig. 1a), Q21
(Fig. 1b), and Q22 (Fig. 1c), regarding the 29 farms that used ICT tools. Q20 and
Q21 focus on the reduction of agronomic inputs (such as fertilizers, pesticides, and
water) and employed manpower, respectively, observed by the farmers since they
started to adopt ICT tools. Analyzing the answers to Q20, 5 respondents (17.2%) did
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not notice a difference in the application of agronomic inputs, while a small (0–5%)
reduction was detected by 6 respondents (20.7%). The modal value, with
11 responses (37.9%) was the range of 6–10%, and the last two intervals (11–20%
and >20%) accounted for 5 responses (17.2%) and 2 responses (6.9%), respectively.
Taking into account the answers to Q21, 6 farmers (20.7%) did not notice any
reduction in employed manpower related to the use of ICT tools, while a small
decrease (0–5%) was perceived by 7 farmers (24.1%). Even in this case, the range
6–10% represented the modal value, with 10 answers representing 34.5% of the
total, with the last two intervals (11–20% and >20%) each attracting 3 responses
(10.3%). Finally, the modal value of the frequency distribution for Q22 was
represented by the first class, with 10 farmers (34.5%) noticing no production
increment associated with the use of ICT tools. The other ranges (0–5%, 6–10%,
11–20%, and >20%) accounted for 6 responses (20.7%), 7 responses (24.1%),
2 responses (6.9%), and 4 responses (13.8%), respectively.

As indicated in Sect. 3, the queries aimed to evaluate the number of farms that had
adopted ICT tools and associated evidence on farm structure and the farmer’s age.
The cluster analysis showed two main clusters, characterized as shown in Table 3.

The resulting clusters presented different features concerning just three variables:
crop type, income, and ICT. In general, both clusters appeared to consist of farms
established as partnerships, with the median farmer age being 35–50 years and the
UAA being between 10 and 50 hectares. The differences came from:

• Crop type: Cluster 1 featured herbaceous crops, while cluster 2 featured mixed
crops (herbaceous and tree crops).

Fig. 1 Frequency distribution of answers related to (a) Q20 (“Since you started to use ICT tools,
have you detected a reduction in the use of agronomic inputs (pesticides, fertilizers, water, etc.)? To
what extent?”); (b) Q21 (“Since you started to use ICT tools, have you detected a reduction in
employed manpower? To what extent?”); and (c) Q22 (“Since you started to use ICT tools, have
you detected an increment in production? To what extent?”). None ¼ none; 0–5% ¼ between 0%
and 5%; 6–10% ¼ between 6% and 10%; 11–20% ¼ between 11% and 20%; >20% ¼ more than
20%. ICT information and communications technology; Q20 question 20, Q21 question 21,
Q22 question 22
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• Incomes: The income in cluster 1 was between €50,000 and €120,000, whereas
the income in cluster 2 was between €250,000 and €500,000.

• ICT: Cluster 1 was characterized by farms that did not adopt ICT tools, whereas
cluster 2 featured farms that did adopt such tools.

Table 4 shows the frequencies within each cluster. The first cluster included
38 farms (Ariza et al. 2013) and the second cluster included 21 farms (Chen et al.
2014).

The majority of farms were concentrated in the first cluster. Although this
evidence, the cluster analysis demonstrated—in accordance with what asserted—
that there were two groups: innovators and remaining groups. Cluster 2, populated
by innovators, registered much higher income (between €250,000 and €500,000)
than cluster 1 (between €50,000 and €120,000). Furthermore, the farms in cluster 1
that adopted ICT were characterized by mixed crops. In this regard, crop diversifi-
cation was associated with higher incomes (Di Falco and Zoupanidou 2017). Taking
into consideration that the farmers in cluster 2 adopted ICT tools, the result in terms
of incomes were significant. When farms adopt ICT, it seems to improve their
performance. On the other hand, there is a dependency between those two variables,
though the direction of it has not been defined; at this stage it is not clear what kinds
of factors push farms to innovate with ICT. In fact, it can depend on the achievement
of excessive dimension and, in view of the increasing complexity, farms need to
improve their data collection and management phases; otherwise, it can depend on
the need to improve revenue performance, and so the adoption of ICT tools results in
an increase in income. To make this point even clearer, another analysis was done,
assuming that the crop type variable was excluded because it was decided to conduct
an analysis without considering such a qualitative agronomic variable. The focus

Table 3 Two emerging
clusters after data processing;
the results concern a selected
number of variables from the
survey

Variable

Cluster

1 2

Legal status 1 1

Crop type 2 3

Farmer’s age 2 2

UAA 2 2

Incomes 2 4

ICT 0 1

ICT information and communications technology, UAA utilized
agricultural area

Table 4 Number of cases in
each cluster

Cluster number Cases

1 38

2 21

Valid 59

Missing 0
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remained on the economic aspects, exploring relations with economic parameters
(Figs. 2, 3, 4, and 5).

Regression analysis was carried out, as shown in Table 5.
As shown in Table 5, the multiple regression assumed that the income variable,

derived from Q6, was a dependent variable. For this analysis the variables included
in the data set were transformed as described in Table 2. The farmer’s age variable
was discretized as young ¼ 1 (less than 35 years) or old ¼ 0 (between 35 and
50 years, or more than 50 years) to underline the difference between the young
farmers and the others. Moreover, the income variable was transformed according to
a semilogarithmic model (log-lin). As highlighted by the results of the model
(R-squared ¼ 0.6166), least one of the independent variables analyzed explain the

Fig. 2 Frequency of the perception of the redunction of manpower after adopting ICTs tools

Fig. 3 Increment of production by adopting ICTs tools
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dependent variable. In particular, the p values for UAA and ICT adoption were
significant. This meant that the income variability was explained by these two
variables.

The results excluding several variables (considering only UAA and ICT) were
checked by use of a Breusch–Pagan test to check whether the distribution of the
residuals was homogeneous or heterogeneous. The results are presented in Table 5.

Source SS MS Number of obs  =

F(    5,        53)  =

Prob  >  F

R- squared

Adj  R-squared  =

Root MSE

=

=

=

59

17.04

0.0000

0.6166

0.5804

.60436

[95% Conf. Interval]

Residual

Model 31.1270881

19.358169

50.4852571

Inincome Coef.

-.0776958 .1102546 -0.70 0.484 -.2988384 .1434468

.6457789

.9903937

.3812812

.8279532

10.5381

-.3835809

.4753127

-.0190372

.1416308

9.214501

0.612

0.000

0.075

0.006

0.000

0.51

5.71

1.81

2.83

29.93

.2566027

.1284014

.0997929

.1710891

.3299521

.131099

.7328532

.181122

.484792

9.876301

Std. Err. t P>| t |

time of constitution

age

uaa

croptype

ict

_cons

6.225417625

53

58

.365248472

.870435467Total

df

Fig. 4 Multiregression analysis

Breusch - Pagan  /  Cook-Weisberg test for heteroskedasticity 

Variables : fitted values of Inincome

Ho : Constant variance

chi2 (1)

Prob   >   chi2

=

=

1.46

0.2265

Fig. 5 Heteroskedasticity
test
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6 Conclusions

The study described in this chapter mapped the profiles of farms in the Lucania
region of Italy, highlighting good practices in terms of smart devices used for
improving the efficacy and efficiency of the farmers’ decisions and daily actions.
Practitioners can improve their processes, which can be considered good practices
when they reduce inputs and improve outputs, increasing revenue. In addition to
other reasons that inspired this study, our survey also aimed to show good practices
adopted by Lucania farmers. This goal fits with the objectives of the H2020
(EC 2015) project titled Short Supply Chain Knowledge and Innovation Network
(SKIN), approved by the European Commission and started on November 1, 2016.
The project consists of collection of information on good practices operating in a
short food supply chain for involvement in building a European network to boost
and facilitate knowledge transfer and real innovation uptake. The metrics indicators
referenced within the project activities for collecting information on good practices
show that farms also attain good practice if they adopt smart tools, such as infor-
mation and communications technology (ICT) tools, to improve their economic,
environmental, and/or social sustainability. Grouping of the collected data in clusters
allows identification of the most significant features qualifying smart organizations.
Innovators and early innovators are ready to get into the network to provide their
experiences and gain from other farms’ experiences. On the other hand, laggards can

Table 5 Coefficients in the multiple regression analysis

Source SS df MS Number of
obs = 59
F( 5, 53) =
17.04

Model 31.1270881 3 6.22541762 Prob > F =
0.0000

Residual 19.358169 53 .365248472 R-squared =
0.6166

.870435467 Adj R-
squared =
0.5804

Total 50.4852571 58 .870435467 Root MSE =
.60436

lncome Coef. Std. Err. t p > t [95% Conf. Interval]
time of
Constitution

�.0776958 .1102546 �0.70 0.484 �.2988384 .1434468

age .131099 .2566027 0.51 0.612 �.3835809 .6457789

uaa .7328532 .1284014 5.71 0.000 .4753127 .9903937

croptype .181122 .0997929 1.81 0.075 �.0190372 .3812812

ict .484792 .1710891 2.83 0.006 .1416308 .8279532

_cons 9.876301 .3299521 29.93 0.000 9.214501 10.5381
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benefit after the network is built and synergies are engaged. They can align their
profile to that of the smarter ones. Innovators in terms of ICT adoption are those who
are able to promptly fit their farm’s activities to the environmental complexity, and
thus ICT tools play an important role in enabling farms to move into that category
because they result in efficiency and efficacy (if they are implemented correctly). In
contrast, despite growing environmental complexity (external factors that deflect
implementation of the right activities if not correctly managed), laggards do not
adopt solutions to simplify processes. However, innovations are needed in rural
settings and in the agro-food transition to allow farms to become economically
sustainable. Such a necessity is implied in the farm size, which is mainly small-to-
medium and reduces competitiveness in finding profitable markets. Agricultural
shocks are going to become increasingly frequent because of market uncertainty.
Use of ICT tools facilitates information management and control of such shocks.

In addition, this chapter proposes another perspective of the proposed survey.
Indeed, considering the income variable transformed logarithmically, it emerges that
the significant variables in Lucania are represented by the utilized agricultural area
(UAA) and use of ICT. This means that innovation through use of ICT should surely
boost outputs.

In this way, the next step in this perspective of the study is aimed at finding out
whether increases in income result from increasing throughput or from decreasing
costs due to more efficient practices underlying ICT adoption. Additionally, crossing
the results of both analyses, it emerges that ICT adoption plays a role in boosting
income (on multiple regression analysis), and adoption of ICTs tools increases
income significantly when the UAA is kept the same for both clusters.

Finally, further studies are recommended to investigate additional variables, such
as the turnover index and the specific type of ICT tools adopted.
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Unlocking the Potential of the Internet
of Things to Improve Resource Efficiency
in Food Supply Chains

Sandeep Jagtap and Shahin Rahimifard

Abstract The food sector is under tremendous pressure to make its supply chains
more resource efficient. In this context, the focus is on the reduction of the three
nexus components which are food waste, energy and water. One of the key chal-
lenges identified in improving resource efficiency is the low availability of real-time
data to all the actors of the food supply chain (FSC) which inhibits better decision-
making capability. Having such an ability would increase the productivity of the
supply chain. The Internet of things (IoT) concept, which has been around for a few
years now, provides the possibility of monitoring, bringing in transparency and
efficiency to supply chain activities. This paper investigates the practicability of
utilising IoT concepts to improve the resource efficiency of FSCs. An IoT-based
framework and methodology are proposed to integrate suitable data into supply
chain decision-making processes for the reduction of nexus components.

Keywords Internet of things · IoT · Food supply chain · Resource efficiency ·
Energy · Water · Food waste

1 Introduction

The food supply chain (FSC) frequently faces the concerns such as resource scarcity,
food wastage, non-consistent productivity and from time to time a lack of resilience
(Parfitt et al. 2010). Consumer demand for fresh, high-quality and low-priced food
products (Rahimifard et al. 2017) has increased the intricacies of global food supply
chains (FSCs). On top of that, changes in consumption patterns and growing
population, which is estimated to cross 9 billion by 2050, are adding pressure to
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the already strained supply chain (European Commission 2011). These issues are
forcing FSCs to be more resource efficient.

One of the ways to overcome the resource constraint issue is by making the
efficient use of resources and reducing the adverse environmental impact. Sustain-
able food production and consumption need consideration of all the stages of food
production up until consumption. It is necessary to focus on sustainable lifestyles,
sustainable diets, food losses and food waste management and recycling, sustain-
ability standards and environmentally friendly actions and techniques to reduce
resource consumption and adverse environmental impacts (FAO n.d.). Sustainable
FSCs attempt to achieve high standards of environmental performance by reducing
energy consumption and minimising resource inputs (DEFRA 2002). Some
researchers have deduced that FSCs suffer due to unawareness of resource con-
sumption and food losses and wastage could be avoided by using novel monitoring
technologies (Jedermann et al. 2014). There are other benefits of implementing
monitoring technologies such as financial savings, adhering to environmental regu-
lations set by governments and fulfilling consumer demand for sustainable food
products through sustainable production and consumption (Haight and Park 2015).

Access to real-time resource consumption data offers a new prospect of making
the FSC more resource efficient. The Internet of things (IoT), which is a network of
interconnected elements embedded with sensors, network connectivity, software and
other electronics, has the capability of collecting real-time resource consumption
data on behaviours and patterns. It can monitor, communicate and interact with
various things almost 24/7 in real time. Currently, within the FSC, IoT applications
play a crucial role in food safety and traceability solutions (Wang and Zhang 2014).
They have been deployed to some extent in reducing food loss and waste (Jedermann
et al. 2014), water (Kim et al. 2008) and energy (Haller et al. 2008) consumption
(Combaneyre 2015).

This paper considers the benefits of adopting IoT to support and improve the
resource efficiency of FSCs. It proposes an IoT-based framework and methodology
for incorporating resource consumption data in the FSC decisions. The framework
and methodology are expected to facilitate an improvement in supply chain practices
by minimising water and energy use as well as a reduction in food wastage. Due to
the significant range and type of activities of FSC actors, the scope of work reported
in this paper is restricted to post-farm gate to retailer’s shelf as depicted in Fig. 1
(highlighted in yellow).

2 Review of Resource Efficiency in FSCs

Prevailing FSC systems and methods are not sustainable in the face of continuously
growing demand for important resources such as food ingredients, energy and water.
Therefore, researchers and FSC practitioners are trying to develop a resource-
efficient, sustainable FSC without harming overall supply chain productivity (Koh

288 S. Jagtap and S. Rahimifard



2014). Managing resource consumption in FSCs can be a tough task because of the
complexity involved arising from how the resources are consumed across various
processes, with each process having individual resource consumption characteris-
tics. Hence, at Nestle (like many other larger companies), an integrated and holistic
approach is taken towards resource efficiency by considering energy, greenhouse gas
emissions, water and materials (Brabeck-Letmathe 2016). There are significant
opportunities for desirable, sustainable production through the improvement of
communication between producers, retailers and consumers (Henningsson et al.
2004). But the absence of reliable and easily accessible data is reported as one of
the major obstacles in achieving a high level of resource efficiency in FSCs (Lee
et al. 2013). Another issue is that food actors are not fully aware of their resource
consumption. For example, they are well informed of the total water consumed and
water released in the form of effluent but usually oblivious of water consumed by the
individual machine or process level (Webb 2016) which is also relevant to energy
consumption (Thollander and Ottosson 2010).

A better understanding of nexus components can lead to a reduction in consump-
tion as they are interlinked in such a way that changes to one component can impact
one or both the components (Villamayor-Tomas et al. 2015). But then it is necessary
to have access to meaningful, accurate and real-time data in order to reduce waste
and inefficiencies in the FSC (Shahrokni et al. 2014) with regard to energy and water
consumption and food waste produced by supply chain practices. Therefore, to make
supply chains resource efficient, the first step is to be resource aware (Matopoulos
et al. 2015), and for that real-time data is crucial as it optimises resource efficiency
(Pitarch et al. 2017). The conventional methods of obtaining data using pen and
paper are non-productive, slow and arduous. Hence, IoT-based applications can
address those issues successfully as they can make the whole process transparent,
fast and reliable. For example, IoT-based smart water metres are vital to water users
as they can present real-time data on water usage, leakages and quality and, in some
circumstances, could make water-efficient decisions by understanding their sur-
rounding environment (Iotsens 2017).

Fig. 1 Research scope (Jagtap and Rahimifard 2017)
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3 Internet of Things (IoT)-Based FSCs

The rise of the IoT is rapidly changing and affecting all areas of businesses by
increasing the benefits for all actors within the supply chain. It has been successfully
adopted in the logistics, manufacturing, retailing and healthcare sectors. The IoT
offers a platform for the network of sensors and actuators that can exchange
information and communicate conveniently through an integrated framework. It
can execute various functions such as ubiquitous sensing, data analytics and cloud
computing to develop a seamless operation for enabling state-of-the-art applications
(Gubbi et al. 2013). It offers the opportunity to continuously gather information and
send it to cloud-based software tools to store, visualise and analyse data in real-time
and enables better decision-making. The IoT usually relies on radio-frequency
identification (RFID) and wireless sensor networks (WSN) technology to collect
real-time data from various hotspots within the supply chain (Verdouw et al. 2016).
It allows provision for continuous and massive data collection about machine
availability, stock levels, traceability of products and resource consumption through
multiple sensors and smart metres. RFID tags are widely used in logistics, pharma-
ceuticals, retailing and supply chain management for identifying, tracking and
monitoring products and things (Amendola et al. 2014). WSN technology uses
interconnected intelligent sensors to sense and track and finds wider applications
in the area of environmental conditions, healthcare and industrial monitoring (Akkas
2016). Table 1 shows a list of companies adopting IoT technologies to improve
resource efficiency in FSCs.

The application of the IoT concept for monitoring and tracking of resources in
FSCs is at a relatively early stage when compared to the other manufacturing sectors
(Verdouw et al. 2016). Few actors within FSCs from food producers to food retailers
have adopted IoT to optimise a section or the entire process as shown in Fig. 2. Some
of the pioneers have even implemented it for monitoring energy and water con-
sumption and food waste management at equipment level as illustrated in Table 1.

The application of the IoT in FSCs has resulted in some benefits, namely, three
areas which have been recognised as follows:

1. Operational efficiency – Some of the food companies have recognised the
benefits of investing in the IoT and big data solutions. Utilising data analytics
can help to ensure sustainable and profitable growth for the entire FSC. Data
analytics provides insight into machine performance, predictive maintenance
requirements and real-time inventory tracking (Satyavolu et al. 2014). It can
help to identify inefficiencies and low productivity on the production shop floor
and suggest real-time actionable solutions. For example, it supports the continu-
ous improvement of FSCs’ operational activities through decentralisation of the
decision-making process by the generation of resource-oriented key performance
indicators. Availability of 24/7 resource consumption patterns in real time enables
stakeholders to plan and prioritise the efficient use of resources (Pang et al. 2012).
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Table 1 IoT adoption by companies and its benefits (Jagtap and Rahimifard 2017)

Companies
Resource
Monitoring

Parameters
being checked
for

Benefits of IoT
adoption (resource
efficiency related)

Practices enabled by IoT
which lead to those benefits

Rova Energy Operation
efficiency

Optimising truck
routes and bin
collection times

Provides vehicle location,
traffic congestion and bin
volumes

Siemens Energy Production
and mainte-
nance
effectiveness

Increasing
productivity

Provide alerts and schedules
about machine maintenance
to avoid future breakdowns.

Martec Water Cleaning
process

Maintaining
hygiene standards

Avoids over-cleaning and
microbial contamination

2 Sisters Water Washing raw
material

Water consump-
tion, reduction in
the effluent

Control system to deliver
exact quantity needed

MyFresh Water Washing raw
produce

Water consump-
tion, reduced
effluents

Reduced incoming water
pressure, installation of effi-
cient pumps

LeanPath Food Food waste Reduction in food
waste

Reasons for food waste,
changing the production
process

Winnow
Solutions

Food Food waste Reduction in food
waste

Reasons for food waste, rec-
ipe change, production
planning

Fig. 2 IoT applications in FSC
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2. Food safety – In 2017, a chicken safety scandal at a 2 Sisters factory in the UK
prompted the need to focus on compliance, prevention and a proactive approach
when it comes to food safety. Strengthening of food safety and food traceability
throughout the FSC, i.e. from farm to fork, is necessary to reduce food-borne-
related illnesses. The use of real-time tracking can support monitoring of food
safety data points to enable compliance with local and global regulations. By
implementing IoT-based automated hazard analysis and critical control point
(HACCP) specifications during various food operation activities, supply chain
actors have access to consistent, reliable, meaningful data that allow them to
devise food safety solutions.

3. Transparency – The horsemeat scandal of 2013 severely damaged the consumer
confidence in processed foods, and they now expect more openness from supply
chain actors. Implementing full transparency and visibility along the complex
global supply chain will aid the food sector to drive consumer trust back into food
products. Combining blockchain with IoT technologies can secure the data so that
it makes tough for anyone to forge the records (Jesus et al. 2018). Thus, bringing
transparency to support FSC actors with added benefits such as greater trust, cost
savings, better inventory management and better lead times.

4 IoT Architecture for Resource Efficiency in FSCs

The application of the IoT for resource efficiency consists of four layers: the sensing
layer, the network layer, the service layer and the application layer (Ray 2016) as
shown in Fig. 3. These layers form the IoT architecture and are designed in such a
way that the system can meet the requirements of FSCs to minimise energy and
water consumption and reduce food waste.

The functions of the four layers are described as follows:

• Sensing layer – In this layer data is collected for energy, water and food waste
using various sensing technologies such as load cells, smart metres, sensors,
cameras and RFID tags (Akyildiz et al. 2002; Li and Xu 2017). For measuring
energy and water consumption, corresponding smart metres are needed (Hancke
et al. 2012), while solid food waste can be measured using load cells and image
processing technology and liquid food waste with the respective smart metre.

• Network layer – In this layer the collected data from the sensing layer is made
available to the service layer for further analysis and storage, using a variety of
modern technologies such as Wi-Fi, Bluetooth and other electronic devices or
hardware (Arduino, Raspberry Pi, etc.) (Sethi and Sarangi 2017).

• Service layer – In this layer, the collected data is stored in the cloud or on a local
server (Akyildiz et al. 2002). The collected data is analysed using data analytics
platforms to extract meaningful information (Li and Xu 2017).

• Application layer – This layer provides user-friendly applications or services to
stakeholders or users (Sethi and Sarangi 2017) with accurate data to manage
projects on minimising resource consumption or waste.
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5 IoT-Based Framework for Resource Efficiency in FSCs

Our literature review highlighted the urgent need for an IoT-based framework to be
implemented in FSCs. Therefore, a four-stage IoT-based framework for resource
efficiency in FSCs is developed and presented in Fig. 4. The four stages are
described as follows:

1. Establishing impactful resources – In this stage, it is important to determine
impactful resources. The literature review focused on three key nexus compo-
nents to be addressed: food waste, energy and water. Other necessary criteria are
to assess and interpret the resource-use impact on the environmental sustainabil-
ity of FSCs and the strategies implemented by various actors in FSCs concerning
resources.

2. Supply chain process – In this stage, it is essential to realise how resources flow
within various actors of the supply chain. For example, if we consider resource
flow at the factory level, it will be vital to learn the resource flow within different
departments of the company, which may be further narrowed down to the
machine level. These would help in interpreting the consumption behaviours
and wastage of resources at various levels.

Fig. 3 IoT architecture for resource efficiency in FSCs (Jagtap and Rahimifard 2017)
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3. IoT modelling – The third stage will be to build an IoT model. In this stage, it is
essential to identify what kinds of hardware, sensors, electronics, software or
technology are needed to collect resource consumption or wastage data. Also, it is
necessary to know from where within the supply chain network the data can be
extracted and how this data will be filtered to get meaningful information to
support supply chain decisions concerning resource efficiency.

4. Generate recommendation or solution – In this stage, the valuable information
generated through the IoT concepts will be used to produce reports for better
planning of resources in FSCs and the improvement of supply chain activities.

6 Methodology for IoT-Based Incorporation of Data into
FSC Decisions

By integrating the four stages of the framework as shown in Fig. 4 into the FSC,
resource efficiency can be improved. The real-time data produced using IoT con-
cepts with the aid of smart metres, sensors and cameras will be used to increase the
resource awareness of each FSC activity and will create a set of new standards. It will
enable energy and water consumption and food waste to be considered during
planning activities leading to the optimisation of resources, flexibility in production
planning and control and better communication and decision-making at all actor
levels. The three nexus components can be minimised through stepwise implemen-
tation of the IoT framework. Establishing what information needs to be collected
regarding these resources is described below.

1. Water –Water used in food manufacturing can be categorised as production water
and non-production water.

• Production water – The water used directly by food production processes.
Production water is further divided into two categories, process water and
system water.

Fig. 4 IoT framework for resource efficiency in FSCs
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Process water – The water required to convert raw ingredients into finished
food products (e.g. washing fruits and vegetables, boiling, cooking)

System water – The water used to run production machines, tools and
environment (e.g. cleaning of equipment, heat exchangers).

• Non-production water – The water used by facilities or infrastructures to
support production activities such as heating and sanitation (Sachidananda
2013).

Therefore, separate metres are required to record accurate data on water
consumption.

2. Energy – Energy can be distinguished in two ways: direct and indirect energy.

• Direct energy – The energy required by various processes within FSCs to
make a finished food product available at the retailer’s shelf (e.g. cleaning,
washing, chopping, packing, chilling, transporting)

• Indirect energy – The energy utilised by surroundings in which food produc-
tion processes are carried out or food is stored and transported (e.g. lighting,
ventilation, heating) (Seow 2011). It is crucial for the supply chain actors to
install energy smart metres to track both types of energies in order to get a
better understanding of energy consumption.

3. Food waste – Food waste is of three kinds: avoidable, unavoidable and possibly
unavoidable waste.

• Avoidable waste – Food and drink that is binned and which at some stage
before its disposal was edible (e.g. bread loaves, meat, cheese, etc.)

• Unavoidable waste – Waste generated from food and drink production that is
non-edible under normal circumstances (e.g. bones, banana skins, egg shells,
etc.)

• Possibly avoidable waste – Food and drink that some people may consume
and others cannot (e.g. bread crumbs, potato skins, etc.) (WRAP 2009)

Measuring solid food waste is a complex process since it is a mixture of
avoidable, unavoidable or possibly avoidable waste. Therefore, to overcome this
issue, food waste smart metres to monitor and measure different types of solid
food wastes with minimal human input can be deployed at various hotspots
within FSC.

The data on the three nexus components collected by smart metres in real time is
stored in the cloud or on a server and analysed to extract useful information as shown
in Fig. 5. Data analytics techniques can be utilised to understand the consumption
pattern and wastage behaviour of the three nexus components. In the next stage, the
meaningful information created can be merged into FSC management systems and
tools that support improvement in resource efficiencies, such as decision support
systems (DSSs), key performance indicators (KPI) and real-time consumption
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dashboards. The useful information obtained from the data analytics would support
high-level choices with regard to the strategic, operational and control decisions in
the FSC’s management systems.

In the future, the ability of IoT applications to provide on-time data will play a
decisive role in creating production plans, updating production line status, tracking
the current status of resource consumption, the wastage during each activity and
monitoring production activities throughout the FSCs. The IoT can be integrated into
IT planning systems to visualise real-time data on stock levels, stock movements,
machine and labour availability, etc. enabling stakeholders to make better decisions
(Satyavolu et al. 2014).

Fig. 5 Methodology for IoT-based incorporation of data into FSC decisions
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6.1 Data Storage and Analysis

To be resource aware with regard to resource consumption and waste, it is important
to select the right sensors and smart metres and to install them at the right locations
(e.g. production area or section, machine). The information collected via sensors and
smart metres is stored and analysed at the actor level or stored in the cloud. The
results through analysis of data are sent to the actors continuously in the real time or
if there is an abnormal consumption or waste of resources. In short, data is
summarised online, stored and audited for online or offline analysis.

6.2 Incorporating Data into IT Infrastructure

Resource consumption, as well as food waste data, should be incorporated into
planning systems, to allow better decisions with regard to production planning,
scheduling, storing, ordering and other resource management practices. Although
the communication between sensors or smart metres and existing planning systems
could be complicated, sensors can return results in different file formats such as
XML, JSON and CSV files (Solaredge 2016). The planning system providers
(enterprise resource planning (ERP) vendors) such as Epicor (Solarsoft), SAP and
Sage X3 are upgrading their existing planning systems to accommodate resource
management know-how (Compare Business Products n.d.). These solutions allow
resources as well as waste data monitoring, a breakdown of resource usage and the
generation of detailed reports. Hence, it can be seen that planning systems will play a
significant role in resolving data incorporation problems.

6.3 Tools for Supporting Resource Efficiency

To be resource efficient, we need to be resource aware regarding what we measure
and control. There are various tools to supplement resource-aware decision-making,
such as water, food waste and energy KPIs (WFE KPIs), improvement tools, real-
time resource consumption and decision support systems (DSSs). For instance,
water, energy and food waste smart metres provide detailed information on water
and energy consumption and the amount of food waste created, which can help in
structuring a new set of WFE KPIs, to improve the performance of individual
machines, sub-actors and actors.

The incorporation of improvement tools can play a significant role in enhancing
resource efficiency. In many cases, resource usage and food waste are currently
estimated, fixed or inaccurate. For example, food waste is hard to measure since it is
hard to distinguish low-value food waste from high-value food waste when they are
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binned together. Traditional ways of tracking food waste such as pen and paper are
not good enough as they are prone to errors and often estimated. But with the use of
food waste smart metres, it is possible to identify different categories of waste,
record their exact weights and establish a better high-value solution for the waste
generated.

Real-time water and energy consumption and food waste data are essential since
they enable stakeholders, operators and other management staff to understand
consumption and wastage behaviour and patterns. Incorporating resource consump-
tion and wastage data into FSC management decisions requires a decision support
system (DSS) to support decision making with regard to resource usage and wastage.
The function of a DSS is to equip stakeholders to support the efficient use of
resources in FSCs and to provide solutions to operational needs, such as quicker
response to external events (price changes, shortages, etc.).

6.4 Incorporation of Resource Data into FSC Management
Decisions

At the top level, the framework supports FSC management decisions such as
strategic, operating and control decisions that can be made more resource efficient
when incorporated with water, energy and food waste data.

At the strategic level, decisions relating to products, processes and facilities are
undertaken such as developing long-range production plans, process design,
selecting and managing production technology, planning the arrangement of ser-
vices and planning for the optimal distribution of scarce resources among product
lines, sub-actors or actors and long-term production capacity. The improvement of
resource efficiency can be achieved through techniques for efficient food processing
and the redesigning of food manufacturing processes to reduce time.

The focus of operational management is on food production and meeting demand.
It involves, inter alia, aggregate planning, production scheduling, planning and
controlling finished goods inventories, planning materials and capacity require-
ments, short-range decisions about what to produce and when to produce and
managing all facets of the material system. Knowledge of resources required by a
particular food processing machine at various settings and configurations will enable
the stakeholder to understand the most effective, efficient and economic setting for
the machine. This information, when fed into the production scheduling systems, can
reduce water and energy consumption as well as reduce food wastes.

In control decisions, there is more focus on planning and managing operations
such as planning for the effective and efficient usage of human resources in opera-
tions, planning and controlling the quality of products and services, projects and
maintaining the machines and facilities. Techniques such as line balancing,
i.e. having the right number of people for a particular task and getting it right the
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first time, avoid recycling. The predictive maintenance of machines prevents
unwanted breakdowns. All these techniques will ultimately lead to less consumption
of water and energy and reduce food waste.

7 Conclusions and Further Work

In this paper, we have addressed the issue that stakeholders need to reflect upon
while they are planning to improve resource efficiency in FSCs using IoT technol-
ogies. Although the IoT has brought a high level of visibility, transparency, aware-
ness, flexibility and the ability to collect and process a large amount of data in the
real-time, failure to properly implement it may result in financial disaster. Conse-
quently, for this reason, it becomes essential to develop a strategy beforehand on
how to integrate IoT resource monitoring system in the FSC initiatives to attain
environmental sustainability. It focuses on the technology needed to gather and
analyse IoT data and on tools that are required to support the system to achieve
resource efficiency. It further illustrates an IoT-based framework and a methodology
which provides a new perspective on incorporating water, energy and food waste
data into FSC management and decision-making. Incorporating real-time data into
supply chain planning systems such as SAP, APS (advanced planning system), MRP
(material resource planning) and ERP will help stakeholders with better decision-
making to optimise resource consumption and reduce wastage.

This paper has clearly added value that a well-implemented IoT-based resource
monitoring system provides detailed insights into supply chain activities. And, the
supply chain individuals do not have to spend enormous time gathering the essential
data. It readily offers them with the available information needed to swiftly address
resource-inefficient activities within FSC, as well as determining the root cause and
fixing them resulting in cost savings. It provides the chance to monitor all existing
supply chain activities and the data related to three nexus components so that
analysis can be carried out in the context of the whole supply chain. Detailed
information leads to better decision making – decisions that result in resource-
efficient supply chains. More research is needed to explore and develop other IoT
concepts for improving the resource efficiency of FSCs and embedding them in
supply chain planning and control to support decision-making processes. However,
the methodology presented in this paper will be utilised in future prototype devel-
opment to address the issues outlined and recommendations suggested in this work.
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Molecular Detection of Resistance to Biotic
Stress Conditions in Spring Bread Wheat
Cultivars

Anatolii Karelov, Natalia Kozub, Igor Sozinov, Oksana Sozinova,
Athanasios G. Mavromatis, and Ioannis N. Xynias

Abstract Biotic stress conditions are the most serious obstacle in bread wheat
cultivation resulting in yield reduction and safety problems (toxin production) for
consumers. For this reason, identification of resistant cultivars and their respective
genes is a main prerequisite in most breeding programs. Into this study and in order
to exploit the benefits of molecular technology, 9 Hellenic and 93 Ukrainian bread
wheat cultivars were analyzed to determine the responsible alleles for some impor-
tant diseases in wheat. Among the Hellenic cultivars, carriers of resistance-
associated alleles of the Lr34/Yr18/Pm38/Sr57/Bdv1 (a rare gene among the
European bread wheat cultivars), Tsn1, Tsc2, and TDF_076_2D genes were identi-
fied. Four of the studied Hellenic cultivars carry the 1BL.1RS wheat-rye chromo-
some translocation of the ‘Kavkaz’ type proved to be resistant to the stem rust and
especially to the dangerous Sicilian race TTTTF due mainly to the presence of the
Sr31 gene. Among the Ukrainian cultivars, the toxin A insensitivity allele of the
Tsn1 gene is predominant. Οf the nine Ukrainian spring cultivars containing wheat-
rye translocations, seven were found to possess the 1BL.1RS and two the
‘Amigo’-type 1AL.1RS translocation. The previous two cultivars carry the gene
Sr1RSAmigo conferring resistance to dangerous stem rust Ug99 biotypes. One
cultivar (‘Vyshyvanka’) was found to carry a 1BL.1RS translocation distinct from
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1BL.1RS of the ‘Kavkaz’ type and may carry novel rye disease resistance genes. The
results of the examined germplasm regarding disease resistance gene alleles could be
helpful for breeders who are looking for sources of disease resistance genes.

Keywords Fungal diseases · Bread wheat · Resistance genes · Wheat-rye
translocations

List of Abbreviations

ATP Adenosine triphosphate
AFLP Amplified fragment length polymorphism
ABC ATP-binding cassette
APR Adult plant resistance
KASP Competitive allele-specific PCR
MAS Marker-assisted selection
NAAS National Academy of Agrarian Sciences
PCR Polymerase chain reaction
PDR Pleiotropic drug resistance
RFLP Restriction fragment length polymorphism
RAPD Random amplified polymorphic DNA
QTL Quantitative trait locus
SCAR Sequence characterized amplified region
SSR Short sequence repeat

1 Introduction

Methods of studying the genetics of bread wheat (Triticum aestivum L.) have
undergone significant changes in the past few decades (Sears 1969; Langridge
et al. 2001; Kiszonas and Morris 2018). The first attempts to understand population
genetics of wheat involved the use of electrophoresis of storage proteins and iso-
zymes (Nevo and Payne 1987). Τhe scientists were afterwards moved on to DNA
analysis through RLFP markers to proceed with the polymerase chain reaction
(PCR) methods using RAPD, ALFP, SSR, or SCAR markers (Tanksley et al.
1989; Devos and Gale 1992; Tian et al. 2015). Nowadays powerful techniques as
next-generation sequencing (Jia et al. 2018), SNP genotyping (Ganal and Röder
2007), and KASP markers (Rasheed et al. 2016) based on whole-genome sequenc-
ing (Gill et al. 2004; Muthamilarasan and Prasad 2014) provide a huge amount of
data for statistical analysis for understanding basic principles of population genetics
as well as tools for marker-assisted selection (MAS) of wheat (Gupta et al. 2010).
Breeders use markers localized in target genes or closely linked to genes controlling
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important traits, to accumulate (“pyramid”) them in particular lines and cultivars in a
comparatively small period of time with considerable effectiveness (Aktar-Uz-
Zaman et al. 2017). The majority of genes used for MAS confer resistance in biotic
stress factors (Yadav et al. 2015).

The biotic stress factors of the plants are represented by a wide range of patho-
gens, including viruses, nematodes, fungi, pests and even other plants (Duveiller
et al. 2007; Figueroa et al. 2017). Among them, fungal pathogens are the most
widespread and dangerous: they can move across significant distances and survive
through unfavorable weather conditions as spores, cause significant yield losses, and
even result in poisoning humans by their toxins (Goyal and Prasad 2010). According
to the type of nutrition, all plant pathogens are commonly divided into two general
groups, namely, biotrophs and necrotrophs (Glazebrook 2005). Biotrophs are obli-
gate parasites of plants which have developed the ability to penetrate host cells and
obtain their nutrition without killing them (Tang et al. 2018). Necrotrophic patho-
gens, on the other hand, cause in one or another way the death of a target cell to
obtain nutrition (Glazebrook 2005; Zhang et al. 2013). Plants therefore developed
different mechanisms to protect or avoid different types of pathogens (Glazebrook
2005).

Resistance to biotrophic pathogens is provided by several signal cascades, which
include the production of reactive oxygen, programmed death of infected cells, cell
wall decomposition, and synthesis of proteins related to pathogenesis (Martin et al.
2003; Glazebrook 2005; Bent and Mackey 2009). The so-called R proteins play a
key role in the detection of plant pathogens and induction of resistance to biotrophs
in plants (Bent and Mackey 2009; Glowacki et al. 2010). The resistance conferred by
this gene family is referred to as gene-for-gene interaction and belongs to the
“strong” type, which is easily recognized in the field (Ellis et al. 2014). Among
the most widespread biotrophic pathogens of wheat are the leaf rust pathogen
Puccinia recondita Dietel & Holw), Puccinia graminis Pers. f. sp. tritici causing
stem rust, Puccinia striiformis var. tritici Westend. causing stripe rust, and the
powdery mildew pathogen Blumeria graminis (DC.) Speer (Figueroa et al. 2017).
Nowadays the list of identified disease resistance genes (R-genes) in wheat includes
more than 71 leaf rust resistance (Lr) genes, 78 stripe rust (Yr) resistance genes,
77 stem rust (Sr) resistance genes, and 58 powdery mildew (Pm) resistance genes,
many of which were introgressed from wild and cultivated relatives (McIntosh 2013;
McIntosh et al. 2017).

However, the effectiveness of R-genes is commonly lost through the time, due to
the appearance of new virulent races of pathogens (Glazebrook 2005). Another group
of resistance genes includes race-nonspecific resistance genes providing moderate
but more stable and durable resistance. Their effects are associated with the
prolonged latent period for development of the disease. In particular, race-
nonspecific rust resistance genes of wheat provide partial resistance and show slow
rusting: the longer the latent period, the smaller the number and sizes of uredinia in
the first 2 weeks after the infection in comparison with susceptible plants (Kolmer
1996). Such genes are referred to as adult plant resistance (APR) genes and com-
monly express resistance phenotypes only in adult plants (Kolmer 1996; Lagudah
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2011; Ellis et al. 2014). Another benefit of APR genes is the fact that some of them
provide multiple resistance against different pathogens (Lagudah 2011). Because of
their low level of expression and inability to withstand the artificially created
infectious background, APR genes are perfect targets for MAS (Yadav et al. 2015).
The most well-known APR gene is Lr34 conferring moderate leaf rust resistance
(Dyck 1977; Krattinger et al. 2009). In addition, Lr34 was found to be pleiotropic to
the APR gene Yr18 providing moderate resistance to stripe rust (McIntosh 1992;
Singh 1992). It also co-segregates with the Pm38 gene providing tolerance to
powdery mildew (Dyck 1993). The locus is also associated with tolerance to barley
yellow dwarf virus as Bdv1 (Singh 1993). It was also found to confer race-
nonspecific moderate resistance to stem rust as the Sr57 gene (Dyck 1987).

Mechanisms of wheat resistance to necrotrophic fungal pathogens might be
divided into two groups. The first one is based on the ability to avoid the effect of
toxins to cause changes in physiological processes eventually to provoke forced cell
death (Glazebrook 2005; Lemmens et al. 2005; Mesterhazy et al. 2008). The second
group avoids the forced cell death which is stimulated by necrotrophs at the key
stages of triggering by additional regulation, cell wall decomposition, and other
mechanisms somehow similar to APR against biotrophic pathogens (Diethelm et al.
2012, 2014; Glazebrook 2005; Han et al. 2005; Golkari et al. 2009; Schweiger et al.
2013). Among widespread necrotrophic pathogens of wheat are Fusarium species
(F. graminearum, F. sambucinum, F. culmorum, F. avenaceum, F. sporotrichiella,
and F. moniliforme) (Summerell et al. 2010), Pyrenophora tritici-repentis (Died.)
Drech., and Parastagonospora nodorum (Berk.) Quaedvlieg, Verkley & Crous
(Figueroa et al. 2017).

In addition to yield losses due to Fusarium head blight, fungi of this genus are
able to produce mycotoxins zearalenone, fumonisins, moniliformin, and trichothe-
cenes, which are harmful for humans and animals (Nesic et al. 2014). Factors of
resistance against Fusarium fungi are considered to show additive effects providing
the measured level of resistance in comparison to plants lacking such factors (Kollers
et al. 2013). It was discovered that certain alleles of the homoeologous NPR1-like
genes on wheat chromosomes 2D and 2A (TDF_076_2D та TDF_076_2A) con-
ferred type II resistance (resistance against symptom spread in the head) against
F. graminearum та F. culmorum on a level of 14.2% and 3%, respectively (Diethelm
et al. 2014).

P. tritici-repentis causing tan spot may be responsible for yield losses of about
5–10% and more than 50% under favorable conditions among susceptible cultivars
and significantly affects yield quality (Shabeer and Bockus 1988; Fernandez et al.
1998). There are three main host-selective toxins produced by P. tritici-repentis,
namely, PtrToxA (causes necrosis in plants of the wheat cultivar ‘Glenlea’),
PtrToxB (causes chlorosis in plants of the wheat line ‘6B662’), and PtrToxC (causes
chlorosis in plants of the wheat line ‘6B365’) (Lamari et al. 2003).

P. nodorum fungi produce their own toxin A (SnToxA), which is functionally
identical to PtrToxA and lends half or less of P. nodorum virulence (Faris and
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Friesen 2009). PtrToxA and SnToxA sensitivity in wheat plants is governed by a
single dominant gene (Tsn1) mapped on the long arm of wheat chromosome 5B
(Faris et al. 1996, 2010). Another single gene localized on the short arm of wheat
chromosome 2B named Tsc2 is responsible for the sensitivity to PtrToxB (Friesen
and Faris 2004).

It was previously shown that resistance-associated alleles of the Lr34/Yr18/Pm38/
Sr57/Bdv1, Tsn1, Tsc2, TDF_076_2D genes, as well as the wheat-rye translocations
1BL.1RS and 1AL.1RS with respective resistance genes, are common in Ukrainian
winter bread wheat cultivars (Karelov et al. 2011; Kozub et al. 2017). Spring wheat
cultivars originating from Ukraine and Hellas have not yet been studied for the
resistance gene markers. Thus, the purpose of this research was to study Ukrainian as
well as Hellenic spring bread wheat germplasm using the same set of molecular
genetic markers of the genes conferring resistance against different biotic stress
factors.

2 Material and Methods

2.1 Plant Material

The Hellenic commercial spring bread wheat cultivars produced at the Cereal
Institute of Thessaloniki, ‘Yecora E’, ‘Elissavet’, ‘Xenia’, ‘Acheron’, ‘Strymonas’,
‘Louros’, and ‘Lydia’, the experimental cultivar ‘Chios’ which was developed at the
Aristotle University of Thessaloniki, and the Russian-derived cultivar ‘KVZ/Cgn’
were used as the genetic material for this study. Spring bread wheat cultivars from
Ukrainian breeding program (93 in total), developed in different climatic zones for
different periods of time, were also studied with the same molecular genetic
approach. The cultivar ‘Chinese Spring’ was used as the control for the tr allele of
the marker Xfcp623 for the Tsn1 gene (associated with ToxA insensitivity) (Faris
et al. 2010), the tsr allele of the marker XBE444541 for the Tsc2 gene (associated
with PtrToxB insensitivity) (Abeysekara et al. 2010), and the allele R of the Lr34
gene (the presence of resistance) (Lagudah et al. 2009). The cultivar ‘Katepwa’ was
used as the control for the Тs allele of the marker Xfcp623 (associated with the ToxA
toxin sensitivity), the Tss allele of the marker XBE444541 (associated with PtrToxB
toxin sensitivity), and the allele S of the Lr34 gene (the absence of resistance). For
the TDF_076_2D gene, the cultivar ‘Mironovskaya 808’ was used as the control for
the allele R (associated with moderate resistance to Fusarium head blight) and the
cultivar ‘Chinese Spring’ – as the control for the sensitivity-associated allele
S (Diethelm et al. 2014). The collection of Ukrainian cultivars and the cultivars
used as controls was kindly provided by the National Center for Plant Genetic
Resources of Ukraine of NAAS (Kharkiv).
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2.2 Molecular Methods

DNA was extracted from a sample of 25–30 mg obtained from grinding 5–7 seeds
with a Diatom™ DNA Prep100 DNA isolation kit (the sales representative in
Ukraine is Neogene® Company) following the standard protocol. PCR was
performed using GenPak® PCR Core Kits (the sales representative in Ukraine is
Neogene® Company) according to the manufacturer’s recommendations. PCR was
performed in an amplifier 2720 GeneAMP System.

The resistance genes, markers, and respective primer sequences are given in
Table 1.

The marker Xfcp623 for the Tsn1 gene has two alleles: the amplified fragment of
379 bp in the length is associated with the allele Ts for the toxin A sensitivity, and the
absence of amplification was associated with the allele tr also the toxin A insensi-
tivity (Faris et al. 2010) (Fig. 1).

Table 1 Details for the markers used for the research

Gene Marker name Primer sequence Reference

Tsn1 Xfcp623 5’ctattcgtaatcgtgccttccg3’ Faris et al. (2010)

5’ccttctctctcaccgctatctcatc3’

Tsc2 XBE444541-
STS

5’tggaccagtatgaga3’ Abeysekara et al.
(2010)5’ttctggaggatgttgagcac3’

Lr34/Yr18/Pm38/Sr57/
Bdv1

caISBP1 5’catatcgagcttgccaaacg3’ Dakouri et al. (2010)

5’tcagccacacaatgttccat3’

5’cgtgagcacagagaaaacca3’

caSNP12 5’tccccagtttaaccatcctg3’

5’cattcagtcacctcgcagc3’

TDF_076_2D INDEL1 5’tcatgcagtgttgcttgatct3’ Diethelm et al.
(2014)5’ccattcacttgagcaacttcc3’

Fig. 1 Agarose gel electropherogram of products of PCR amplification with primers flanking the
marker
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The marker XBE444541-STS for the Tsc2 gene (Table 1) has two alleles: the toxin
B sensitivity-associated allele (Tss) producing the amplified fragment of 340 bp and
the insensitivity-associated allele (tsr) producing the amplified fragment of 509 bp
masked on agarose gel by nonspecific PCR products (Abeysekara et al. 2010).

To determine the allelic state of the Lr34 gene, a combination of the gene-
localized marker caSNP12 and the closely linked marker caISBP1 was used
(Table 1) (Dakouri et al. 2010). The amplified fragments of 509 and 234 bp are
associated with the resistance allele R and the fragments of 391 bp – with the
susceptibility allele S (Fig. 2).

For the TDF_076_2D gene responsible for moderate Fusarium head blight
resistance, the intron-localized marker INDEL1 was used (Table 1) (Diethelm
et al. 2014). In the case of the resistance-associated allele R, the amplified fragment
of 212 bp was obtained and in case of the susceptibility-associated allele S –

fragments of 212 bp and 221 bp.
The annealing temperature was lowered to 42 �С for the primer pair flanking the

marker XBE444541. For the combination of the markers caSNP12 and caISBP1, the
conditions were the following: dissociation/activation of the hot start polymerase at
95 �C for 7 min and then 32 cycles with denaturation phase at 94 �C for 30 s,
annealing phase at 62.5 �C for 40 s, elongation at 72 �C for 40 s, and final elongation
– for 5 min. Besides this, PCR was performed according to the conditions described
in the literature (Diethelm et al. 2014; Abeysekara et al. 2010; Faris et al. 2010).

PCR results were visualized by electrophoresis in 2–2.5% agarose gel in 0.5 x
TBE buffer with subsequent staining with ethidium bromide or (in the case of the
INDEL1 marker) in 8% polyacrylamide gel with subsequent staining with AgNO3

and the use of the gel visualization system Vision Gel.

Fig. 2 Agarose gel electropherogram of products of PCR amplification with primers flanking the
markers caISBP1 and caSNP12 of the gene Lr34: R is the resistance allele, S is the susceptibility
allele.(1) O’GeneRuler™ 100 bp DNA Ladder; (2) ‘Hordynia’; (3) ‘Etiud’; (4) ‘Myroslavna’;
(5) ‘Torchynska’; (6) ‘Yubileynaya yarovaya’; (7) ‘Stavyska’; (8) ‘Mironovskaya 5’;
(9) ‘Bukovynka’; (10) ‘Elehiya’; (11) ‘Kvorum’; (12) ‘Luhanskaya 4’; (13) ‘Kuibyshevska 2’;
(14) ‘Kievskaya 77’; (15) ‘Khersonska 183’
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2.3 Electrophoresis of Storage Proteins and Identification
of Wheat-Rye Translocations

Acid-polyacrylamide gel electrophoresis of gliadin of 7–20 single seeds from each
variety was carried out by the procedure described by Kozub et al. (2009). The
presence of a specific block of components on the electropherogram of alcohol-
soluble proteins designated as Gli-B1l (GLD 1B3) is a marker for the 1BL.1RS
translocation of the ‘Kavkaz’ type (Sozinov and Poperelya 1980; Metakovsky
1991). The presence of a specific block of components on the electropherogram of
alcohol-soluble proteins, designated as Gli-A1w (Gld 1A17) is a marker for
1AL.1RS translocation of the Amigo type (Sobko and Poperelya 1986; Kozub
et al. 2009). Finally, SDS-electrophoresis of total seed proteins was performed
according to Laemmli (1970).

2.4 Statistical Analysis

Calculation of the numeric data was performed with software under the Linux
operating system. Associations between alleles of different loci were estimated
with the use of the phi coefficient (φ) and the Pearson’s χ2 test (Yates 1934; http://
vassarstats.net/tab2x2.html).

Pedigrees of cultivars were analyzed using the GRIS database (http://
wheatpedigree.net/).

3 Results and Discussion

The results of molecular analysis for genes and their alleles conferring resistance to
biotic factors for Hellenic bread wheat cultivars are presented in Table 2.

Regarding the Hellenic cultivars studied, combinations of two or more disease
resistance genes were mainly revealed at the loci analyzed (Table 2). About 44% of
the cultivars carry the toxin A insensitivity allele tr of the Tsn1 gene, 56% show the
toxin B insensitivity allele tsr of the Tsc2 gene, 33% carry the R allele of the APR
gene Lr34/Yr18/Pm38/Sr57/Bdv1, and 62.5% have the R allele of the TDF_076_2D
gene for moderate resistance to Fusarium head blight. In particular, the cultivar
‘Elissavet’ carries genes conferring resistance to tan spot due to insensitivity to
toxins A and B of P. tritici-repentis and resistance to rusts and powdery mildew due
to the presence of the wheat-rye 1BL.1RS translocation of the ‘Kavkaz’ type (Xynias
et al. 2006) and the gene Lr34/Yr18/Pm38/Sr57/Bdv1, which confers moderate race-
nonspecific resistance to a number of biotrophic pathogens, including yellow dwarf
virus. The ‘Yecora E’ cultivar has the gene for resistance to tan spot (insensitivity to
toxin B) and the gene for moderate race-nonspecific resistance to rusts and other
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pathogens Lr34/Yr18/Pm38/Sr57/Bdv1. The cultivar ‘Acheron’, which also carries
the 1ΒL.1RS translocation (Xynias et al. 2006), has the respective resistance genes,
as well as the gene for insensitivity to P. tritici-repentis (tan spot) toxin B and
moderate resistance to Fusarium head blight. The cultivar ‘Strymonas’ is character-
ized by three genes conferring resistance to necrotrophic pathogens (tan spot,
Septoria nodorum blotch, and Fusarium head blight). At least two important disease
resistance genes were detected in the cultivars ‘Xenia’, ‘Chios’, and ‘KVZ’.

As mentioned before (see introduction), among the resistance genes described in
the wheat gene pool (McIntosh 2013), a large proportion is comprised by genes
introgressed from different wild and cultivated relatives. However, only some of
them have been widely used in breeding practice. The most successful example is the
1BL.1RS translocation from the rye Secale cereale L. ‘Petkus’, which carries a
number of disease resistance genes (Rabinovich 1998; Schlegel 2016): the Pm8 gene
for resistance to powdery mildew, the Sr31 gene for resistance to stem rust, the Lr26
gene for resistance to leaf rust, and the Yr9 gene for resistance to stripe rust. In
virtually all such commercial varieties, 1RS is derived from one source – the line
‘Riebesel 47-51’, developed by G. Riebesel in the 1930s (Rabinovich 1998).
Whereas the Lr26, Yr9, and Pm8 genes have lost their effectiveness shortly after
the large-scale deployment of cultivars with the 1BL.1RS translocation (McIntosh
et al. 1995; Limpert et al. 1987; Parks et al. 2008), the Sr31 gene remains effective
against all known stem rust races, except for the Ug99 race (TTKSK), which was
first identified in 1999 in Uganda (Pretorius 2000). Since then Ug99 biotypes
virulent to Sr31 (TTKST, TTKSK, PTKSK, or PTKST) were revealed in Kenya,
Ethiopia, Sudan, Yemen, Tanzania, Eritrea, Rwanda, Egypt, the South African
Republic, and Iran (Singh et al. 2015). However, the Sr31 gene is still important,
in particular for European countries. This was recently demonstrated by the outbreak
of a new, highly virulent variant of stem rust race TTTTF in Sicily (Bhattacharya
2017), which may present a threat to wheat production in the Mediterranean region.
It was detected that race TTTTF has complex virulence but is avirulent on gene Sr31
(Anonymous 2017). Thus, it is highly probable that the Hellenic cultivars

Table 2 Alleles of genes conferring resistance to biotic stressing factors in Hellenic spring bread
wheat cultivars

Cultivar Tsn1 Tsc2 TDF_076_2D Lr34 Presence of the wheat-rye translocationa

‘Yecora Ε’ Ts tsr S R –

‘Elissavet’ tr tsr S R 1BL.1RS of the ‘Kavkaz’ typea

‘Xenia’ Ts tsr R S –

‘Acheron’ Ts tsr R S 1BL.1RS of the ‘Kavkaz’ type

‘Strymonas’ tr tsr R S –

‘Louros’ tr Tss S S –

‘Lydia’ Ts Tss R S –

‘Chios’ tr Tss R S 1BL.1RS of the ‘Kavkaz’ type /�
‘KVZ/Cgn’ Ts Tss S R 1BL.1RS of the ‘Kavkaz’ type
aWith Pm8, Sr31, Lr26, Yr9
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‘Elissavet’, ‘Acheron’, ‘Chios’, and ‘KVZ’ possess resistance to the Sicilian race
TTTTF of stem rust, which is currently potentially dangerous for the Mediterranean
region, as they carry the Sr31 gene on the 1BL.1RS translocation. In addition, the
positive effect of the presence of the 1BL.1RS translocation on grain yield and
development of the root system was demonstrated in many studies (Villareal et al.
1991; Moreno-Sevilla et al. 1995; Ehdale et al. 2003; Howell et al. 2014).

The data for genes and alleles related to resistance in biotic stressing factors for
the Ukrainian spring bread wheat cultivars are presented in Table 3.

The proportion of Ukrainian spring bread wheat cultivars carrying alleles for
partial resistance to necrotrophic fungal pathogens is comparatively high: the tr
allele of the Tsn1 gene was found in 74% of the sample, 48% possess the tsr allele of
the Tsc2 gene, and 46% carry the R allele of the TDF_076_2D gene. The R allele of
the Lr34/Yr18/Pm38/Sr57/Bdv1 gene is less frequent among the Ukrainian spring
cultivars studied, and it was found in only 11% of the collection. The cultivars with
any wheat-rye translocation comprise about 10% of the sample studied. Among
them, seven cultivars possess the 1BL.1RS translocation, and two carry 1AL.1RS.
The translocation 1AL.1RS originating from rye cultivar ‘Insave’ is another wheat-
rye translocation that has been actively exploited in wheat commercial varieties
(Rabinovich 1998; Schlegel 2016). The first commercial bread wheat variety with
1AL.1RS was cultivar ‘Amigo’ released in the USA in 1976 (Sebesta and Wood
1978; Sebesta et al. 1995). This translocation carries the powdery mildew resistance
gene Pm17 and the stem rust resistance gene Sr1RSAmigo. Whereas Pm17 was
overcome in many areas (Parks et al. 2008), the gene Sr1RSAmigo is still of impor-
tance as it is effective against the known variants (biotypes) of the race Ug99 (Singh
et al. 2015). In addition to the disease resistance genes, 1AL.1RS of the ‘Amigo’
type also carries pest resistance genes: the Gb2 gene for resistance to greenbug
Schizaphis graminum (Rondani) biotypes B and C as well as the wheat curl mite
Aceria tosicheilla (Keifer) resistance gene Cm3 (McIntosh 2013), which provide
additional protection against biotic stresses. Thus, the cultivars ‘Etiud’ and ‘Struna
myronivska’ possess the Sr1RSAmigo gene conferring resistance to stem rust race
Ug99 biotypes.

Six cultivars (‘Kardynal’, ‘Klara’, ‘Melnykivska’, ‘Ostynka’, ‘Provintsialka’, and
‘Rubin’) carry the widespread translocation 1BL.1RS from the rye ‘Petkus’ of the
‘Kavkaz’ type (Table 3). However, it has been revealed that in the spring cultivar
‘Vyshyvanka’, the 1BL.1RS translocation is distinct from 1BL.1RS of the ‘Kavkaz’
type, as evidenced by differences in the secalin pattern both on APAG and SDS
electropherograms (Fig. 3). It should be noted that the most prominent difference
between their secalin patterns is the presence of two secalin components below the
high-molecular-weight glutenin subunits in the cultivar ‘Vyshyvanka’ on the SDS
electropherogram (Fig. 3b), in contrast to the patterns of carriers of the 1BL.1RS
translocation of the ‘Kavkaz’ type. Most likely these secalin components visible on
the SDS electropherogram are encoded by the secalin locus Sec-N, which is located
distally from the Sec-1 locus on the arm 1RS (Kozub et al. 2014). Because of this, it
is highly probable that the translocation in ‘Vyshyvanka’ carries novel rye disease
resistance genes.
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Table 3 Alleles of genes conferring resistance to biotic stressing factors in Ukrainian spring bread
wheat cultivars

Cultivar Tsn1 Tsc2 Lr34 TDF_076_2D
The presence of the wheat-rye
translocation

‘Anshlag’ tr tsr S R –

‘Artemovka’ tr Tss S S –

‘Azhurnaya’ Ts tsr S S –

‘Bezostaya 4’ tr Tss S S –

‘Bukovynka’ Ts Tss S S –

‘Cheremshyna’ tr Tss R/S R –

‘Dneprianka’ tr Tss R/S S –

‘Dublianka 4’ tr Tss S S –

‘Elehiya myronivska’ Ts tsr S R –

‘Etiud’ tr tsr S R 1AL.1RS of the ‘Amigo’ typea

‘Fontan’ Ts tsr S S –

‘Heroyinia’ tr tsr S R –

‘Hordynia’ tr Tss S R –

‘Ivanovskaya 61’ Ts tsr S S –

‘Kardynal’ tr tsr S R 1BL.1RS of the ‘Kavkaz’
typeb

‘Kharkivska 10’ tr Tss S S –

‘Kharkivska 12’ tr Tss S S –

‘Kharkivska 14’ tr Tss S S –

‘Kharkivska 16’ tr Tss S S –

‘Kharkivska 18’ tr Tss S S –

‘Kharkivska 2’ tr Tss S S –

‘Kharkivska 22’ tr Tss S S –

‘Kharkivska 24’ tr Tss S R –

‘Kharkivska 26’ tr Tss S R –

‘Kharkivska 28’ tr Tss S R –

‘Kharkivska 30’ tr Tss S R –

‘Kharkivska 4’ tr Tss R/S S –

‘Kharkivska 6’ tr Tss S S –

‘Kharkivska 75 yarova’ Ts tsr S S –

‘Kharkivska 93’ tr Tss S S –

‘Khersonska 183’ tr tsr R S –

‘Kievskaya 77’ Ts Tss S S –

‘Klara’ tr tsr S R 1BL.1RS of the ‘Kavkaz’ type

‘Kolektyvna 1’ tr Tss S R –

‘Kolektyvna 2’ tr tsr S S –

‘Kolektyvna 5’ tr Tss S R –

‘Kollektyvnaya’ tr Tss S S –

‘Komsomolskaya 29’ Ts tsr S S –

‘Krasa Polissia’ Ts tsr S R –

‘Kuibyshevska 2’ Ts Tss R S –

‘Kvorum’ tr tsr S R –

(continued)
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Table 3 (continued)

Cultivar Tsn1 Tsc2 Lr34 TDF_076_2D
The presence of the wheat-rye
translocation

‘Luhanskaya 3’ Ts tsr S S –

‘Luhanskaya 4’ tr tsr S S –

‘Luhanskaya 5’ tr tsr R S –

‘Luhanskaya 6’ tr tsr S S –

‘Lutescens 28’ Ts tsr R S –

‘Lutescens 491’ tr Tss S S –

‘Mazhor’ tr tsr S R –

‘Melnykivska’ tr tsr S R 1BL.1RS of the ‘Kavkaz’ type

‘Milturum 162’ tr Tss S S –

‘Mironovskaya 3’ Ts tsr S S –

‘Mironovskaya 4’ tr tsr R S –

‘Mironovskaya 5 tr tsr S S –

‘Mironovskaya
krupnozernistaya’

tr Tss R S –

‘Mironovskaya
ranniaya’

tr Tss S S –

‘Mironovskaya
yarovaya’

tr Tss S S –

‘Myroslavna’ tr tsr S R –

‘Nedra’ tr Tss S R –

‘Odesskaya 13’ Ts tsr S S –

‘Osoblyva’ tr Tss S R –

‘Ostynka’ Ts tsr S R 1BL.1RS of the ‘Kavkaz’ type

‘Otechestvennaya’ tr Tss S S –

‘Otrada’ Ts tsr S S –

‘Panianka’ tr tsr S R –

‘Pecherianka’ tr tsr S R –

‘Podarunok’ tr Tss S R –

‘Provintsialka’ tr Tss R/S R 1BL.1RS of the ‘Kavkaz’
type/�

‘Rannia 93’ tr Tss S S –

‘Ranniaya 73’ tr tsr S R –

‘Rovenskaya 60’ tr Tss S S –

‘Rubin’ tr tsr S R 1BL.1RS of the ‘Kavkaz’ type

‘Simkoda myronivska’ tr tsr S R –

‘Siuita’ tr tsr S R –

‘Skorospilka 82’ tr tsr S S –

‘Skorospilka 95’ tr tsr S S –

‘Skorospilka 98’ tr tsr R/S R –

‘Skorospilka 99’ Ts Tss R/S R –

‘Sperantsa’ Ts tsr S R –

‘Sriblianka’ Ts tsr S R –

(continued)
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Thus, genotyping the samples of Hellenic and Ukrainian spring bread wheat
cultivars revealed the presence of resistance (or toxin insensitivity)-associated
alleles. An interesting finding is the presence of the resistance allele of the Lr34/
Yr18/Pm38/Sr57/Bdv1 gene with moderate frequencies, 33% and 11%, in the
Hellenic and Ukrainian samples, respectively. This allele, as it was reported by
previous investigations, was very rare among European cultivars (Kolmer et al.
2008). It is characteristic that among the representative collection of Western
European bread wheat cultivars, the resistance allele of Lr34 was found only in
cv. Kavkaz. However, the resistance allele of the Lr34/Yr18/Pm38/Sr57/Bdv1 gene
proved to be widespread among American, Canadian, and Australian cultivars
(Kolmer et al. 2008), as well as among Ukrainian winter bread wheat cultivars
(Karelov et al. 2011). The Lr34/Yr18/Pm38/Sr57/Bdv1 gene is derived from the old
Italian wheat cultivars ‘Ardito’ and ‘Mentana’, developed in the 1900s, and retains
its effectiveness for about a century (Kolmer et al. 2008). Krattinger et al. (2009)
performed physical and genetic mapping of the Lr34 locus and proposed its
functional role in the wheat genome. According to their data, this gene encodes a
pleiotropic drug resistance-like (PDR-like) ATP-binding cassette (ABC) trans-
porter, which determines the presence of the corresponding type of resistance in
wheat plants.

The probable origin of the resistance-associated allele of the Lr34 gene for
Ukrainian spring bread wheat cultivars might be diverse. For example, according
to pedigrees in GRIS database (http://wheatpedigree.net/), the cultivar
‘Kuibyshevska 2’ has obtained the R allele from ‘Penjamo T62’. ‘Luhanskaya 5’

Table 3 (continued)

Cultivar Tsn1 Tsc2 Lr34 TDF_076_2D
The presence of the wheat-rye
translocation

‘Stavyska’ tr Tss S R –

‘Struna myronivska’ tr tsr S R 1AL.1RS of the ‘Amigo’ type

‘Svitanok’ Ts tsr S S –

‘Taina’ tr Tss S R –

‘Torchynska’ Ts tsr S R –

‘Uliublena’ tr Tss S R –

‘Veselopodolianskaya
12’

tr Tss S S –

‘Vitka’ tr Tss S R –

‘Volynska Yara’ Ts tsr S R –

‘Vyshyvanka’ tr Tss S R 1BL.1RSnewc

‘Yevdokiya’ tr Tss S R –

‘Yubileynaya’ tr tsr S S –

‘Yubileynaya
yarovaya’

Ts Tss R S –

‘Zhuravka’ Ts Tss S S –

aWith Sr1RSAmigo, Pm17, Gb2, Cm3
bWith Pm8, Sr31, Lr26, Yr9
cA new translocation
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has ‘Bezostaya 1’ (with the R allele of the Lr34 gene) as its direct parent.
‘Kharkivska 4’ might have obtained it from the Russian wheat gene pool. As for
‘Mironovskaya 3’, the R allele of the Lr34 gene has been possibly transferred from
‘Siete cerros 66’.

The other genes of interest into this research, Tsn1 and Tsc2 conferring (in)
sensitivity to the toxins of P. tritici-repentis and P. nodorum, have not been studied
as precisely as Lr34/Yr18/Pm38/Sr57/Bdv1. The reason might be that the virulence
factors of P. tritici-repentis and P. nodorum are not only PtrTox A/SnTox A and
PtrTox B (Lamari et al. 2003). However, the key role of the toxin insensitivity for the
resistance against both of pathogens was shown (Friesen and Faris 2004; Faris and
Friesen 2009). It has been revealed that the toxin Ptr ToxA has conservative regions
rich in arginine, glycine, and aspartic acid, causes necrotic reaction, and is able to
take part in the interaction with the transmembrane receptors that are similar to the
animal integrins (Ruoslahti 1996; Meinhardt et al. 2002; Lamari et al 2003; Sarma
et al. 2005). This toxin was found to have dual functions, one of which is competing
against host chitinases (Liu et al. 2016). It also has been suggested that the functional
product of the Tsn1 gene is essential for necrosis triggering (Manning et al. 2007; Tai
et al. 2007). The Tsn1 gene was sequenced and found to encode a protein similar to

Fig. 3 Electrophoretic patterns of storage proteins of the bread wheat line B-16, a carrier of the
1BL.1RS translocation of the ‘Kavkaz’ type (1), and the cultivar ‘Vyshyvanka’ with a novel
1BL.1RS translocation (2). (a) APAG electropherogram of ethanol-soluble proteins, the zone of
secalins encoded by the Sec-1 (syn. Gli-R1) locus is marked by a bracket (1BL.1RS); the arrows
indicate bands by which there are differences in this zone. (b) SDS electropherogram of total seed
proteins, the zone of high-molecular-weight glutenin (HMW Glu) subunits is marked by a bracket;
the arrows indicate the possible products of the Sec-N locus (Kozub et al. 2014) in ‘Vyshyvanka’
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that encoded by genes conferring race-specific resistance having serine-protein
kinase domains, nucleotide binding sites, and leucine-rich repeats (Faris et al.
2010; Glazebrook 2005).

The allele tr of the Tsn1 gene, in most of the Ukrainian spring wheat cultivars, is
probably derived from the local gene pool. For example, according to their pedi-
grees, ‘Artemovka’ has probably obtained it from ‘Kremenchug’; ‘Bezostaya
4, from ‘Lutescens 17’ or ‘Skorospelka 2’; ‘Veselopodolianskaya 12’, from the
cultivar ‘Veselii Podol’; ‘Dublianka 4’, from the line ‘LV-WEST-UKR’; ‘Miltrum
162’, from the line ‘LV-UKR’; and ‘Kollektyvnaya’, from the cultivar ‘Artemovka’
or ‘Otechestvennaya’. Further ‘Kollektyvnaya’ could have been the source of the
allele tr for the cultivars ‘Dneprianka’, ‘Ranniaya 73’, ‘Rannia 93’, ‘Panianka’,
‘Skorospilka 95’, and ‘Skorospilka 98’. For some of the cultivars studied, the
possible source of the allele tsr of the Tsc2 gene might have been the local gene
pool, as well. That might be said about ‘Odesskaya 13’, Khersonska 183’, and
‘Svitanok’.

The allele R of the gene TDF_076_2D conferring moderate resistance to Fusar-
ium head blight was found to almost half of the cultivars studied in this work.
Among them are cvrs. ‘Artemovka’, ‘Bezostaya 4’, ‘Veselopodolianskaya 12’, and
‘Kollektyvnaya’, which have been mentioned in the pedigree of the majority of
spring and many winter wheat cultivars from Ukraine. Such result might testify to
the local origin of the allele. However, for most of the ‘Kharkivska’ cultivars,
‘Elehiya myronivska’, ‘Mironovskaya 4’, ‘Yubileynaya’, ‘Mazhor’, ‘Kolektyvna
1’, ‘Kolektyvna 2’, ‘Kolektyvna 5’, and ‘Etiud’, possible sources of the R allele
might have been foreign cultivars such as ‘Selkirk’, ‘pPG 56’, ‘Turaco’, ‘TAM 200’,
‘Siete Cerros’, etc.

In the cultivar ‘Struna myronivska’, the 1AL.1RS translocation is derived from
the winter wheat cultivar ‘Ekspromt’ with ‘Amigo’ in its pedigree. ‘Etiud’ is derived
from the ‘TAM 200’ line, and it has ‘Amigo’ in its pedigree as well. For all the
Ukrainian spring cultivars with the 1BL.1RS translocation of the ‘Kavkaz’ type and
‘Vyshyvanka’ with a new type of the 1BL.1RS translocation, the pedigree has not
been reported, so the possible sources of the translocations are unknown. The
Hellenic spring cultivar ‘Elissavet’ might have inherited the 1BL.1RS translocation
together with the R allele of the Lr34 gene from ‘Kavkaz’ through ‘Kavko’. It is
interesting that for the sample of Ukrainian spring cultivars, a medium-effect
association between the allelic state of the markers for the Tsn1and Tsc2 genes
was revealed (χ2 ¼ 9.17; φ ¼ +0.31, p ¼ 0.002). It turned out that 45.2% of the
Ukrainian spring cultivars carried the combination of the tr allele of the Tsn1 gene
and the Tss allele of the Tsc2 gene. The amount of cultivars carrying the insensitivity
alleles of both genes made up only 29.0%; 19.4% of the cultivars carried the Ts allele
of the Tsn1 gene and the trr allele of the Tsc2 gene, whereas carriers of two
sensitivity alleles comprised less than 6.5%. The obtained data might denote that
some selection pressure was present and led to this disequilibrium.
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4 Conclusions

Hellenic and Ukrainian spring bread wheat cultivars were studied with the use of
molecular markers for biotic stress resistance genes. The frequency of the resistance-
associated allele of the Lr34/Yr18/Pm38/Sr57/Bdv1 gene among the Hellenic and
Ukrainian spring wheat germplasm was moderate but higher than the respective
previously described value for the wheat cultivars of the European collection
(Kolmer et al. 2008). Both groups of cultivars had high frequencies of alleles of
the genes Tsn1, Tsc2, and TDF_076_2D conferring partial resistance to the
necrotrophic pathogens. Cultivars with combinations of disease resistance/toxin
insensitivity alleles were identified. The Hellenic cultivars ‘Elissavet’, ‘Acheron’,
‘Chios’, and ‘KVZ’ possess resistance to the Sicilian race TTTTF of stem rust,
which is currently potentially dangerous for the Mediterranean region, as they carry
the Sr31 gene on the 1BL.1RS translocation. Two Ukrainian cultivars with 1AL.1RS
translocation of the ‘Amigo’ type possess the gene Sr1RSAmigo conferring resistance
against stem rust Ug99 biotypes. Cultivar ‘Vyshyvanka’ was found to carry a
1BL.1RS translocation distinct from 1BL.1RS of the ‘Kavkaz’ type and may carry
novel rye disease resistance genes. The results obtained from the analysis of the
Hellenic and Ukrainian wheat germplasm regarding disease resistance gene alleles
could be helpful for breeders who are looking for new sources for breeding disease-
resistant cultivars.
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Proposed OLEA Management System
with Farming Monitoring Processes
for Virgin Olive Oil Production Traceability
and Assessment

Dimitra Papaefthimiou, Sotirios Kontogiannis, Angelos Chatzimparmpas,
George Kokkonis, and Stavros Valsamidis

Abstract This paper proposes a cloud application architecture called OLEA, for
monitoring the olive oil production chain. OLEA system deployment follows a
divide-and-conquer management logic, which maintains olive tree clusters. On
each cluster, NFC technology is used for monitoring plant protection practices and
fertilization. Apart from on-site monitoring services, the system is also equipped
with virgin oil management services. It uses an OLEA system controller that
interconnects with sensors on oil mills, for the procurement of quantitative and
qualitative olive oil characteristics, during the industrial extraction process. OLEA
system services and management algorithms are controlled by a cloud application
server, where collected data uploads and notifications are sent to the end users using
a mobile phone application. This paper presents the OLEA system technical char-
acteristics as well as the structure of OLEA communication protocols. Furthermore,
a case study of the OLEA system data mining capabilities is presented examining the
application of such efforts to the improvement of systematic cultivation, branding,
and product exports.
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Abbreviations and Acronyms

ACK Acknowledgement
AS Application server
EPROM Erasable programmable read-only memory
CoAP Constrained Application Protocol
EU CAP European Union Common Agricultural Policy
EVOO Extra-virgin olive oil
HTTP HyperText Transfer Protocol
GIS Geographic information system
GPIO General-purpose input/output
I2C Inter-integrated circuit (I-squared-C)
IOC International Olive Council
IoT Internet of things
MCU Microcomputer unit
Md Median of defect
Mf Median of fruity
MQTT Message Queuing Telemetry Transport
NDEF NFC data exchange format
NFC Near-field communication
OPEKEPE Greek Payment Authority of Common Agricultural Policy Aid
PWM Pulse width modulation
ReST Representational State Transfer
RFID Radio-frequency identification
SPI Serial Peripheral Interface
UDP User Datagram Protocol
URI Uniform Resource Identifier

1 Introduction

Olive oil is a standard food source of the Mediterranean diet which has been
correlated with a low frequency of cardiovascular diseases, neurological disorders,
breast and colon cancers, as well as with antioxidant properties. It is consumed
worldwide due to its highly nutritious composition, including its fatty acid structure
and other functional food components, such as polyphenols (Vekiari et al. 2010).
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Focusing on the Greek virgin oil industry, more than 80% of the yearly produc-
tion of olive oil in Greece is extra-virgin oil, and 90% of the Greek olive oil is
exported to European countries (Bettini and Sloop 2014; Mylonas 2015). Olive
farms in Greece extent mainly to the areas of Peloponnese, Crete, and the Aegean
and the Ionian Islands, where up to 80% of Greece’s olive oil is produced. Never-
theless, while an overall 84% worldwide production of olive oil is achieved in
Europe, Spain remains the largest producer in the world, followed by Italy and
then Greece.

According to the 2015 World’s reports for the ten best olive oil brands (WBOOR
2015), Greek Messenia’s branded “Lia” oil is placed at the 9th position, after Italian,
Spanish, and US brands. While the USA produces only 2% of virgin olive oil
worldwide, it has managed to preserve the highest number of individual olive oil
brands in the global market after Spain, due to its production monitoring and
marketing processes and infrastructure.

To better understand the conditions that make Greek olive oil less competitive in
the global market, we should review the practices used throughout production. More
than 400 olive oil pressing companies, coalitions, and partnerships are located in
Greece. Regarding virgin oil extraction, most olive decanter mills in Greece are of
small capacity and not as technologically advanced as those in Spain. Traditional
grindstone removing processes are still used and preferred from total olive oil
pressing techniques. This of course leads to manual operations and higher milling
costs, while modern decanter systems decrease oil leakage from the traditional
milling process up to 15–20%. A few more modernized olive mills located in the
area of Peloponnese use the two-phase decanter centrifugation technique for oil
extraction. These systems are much more efficient extraction machines for producing
olive oil of higher volume and comparable quality to that of the old-fashioned
grindstone milling process (Niaounakis and Halvadakis 2006). Other methods
such as the three-phase decanter, Sinolea method, or cold extraction methods are
not used (Niaounakis and Halvadakis 2006).

In Italy despite the small milling capacities, the production process is normalized
and monitored with the use of information and communication technology monitor-
ing systems, well-established distribution and marketing processes. Management
and monitoring methods used in Italy helped its virgin oil industry bypass obstacles
like the disseminated structure of olive oil corporations and to achieve esteemed
quality olive oil branded products that match exportation requirements. However,
the overall practices used by the Greek virgin oil industry, such as the fragmented
and technologically outdated coalitions’ mechanisms regarding farming, standardi-
zation and product quality control further increases the risks of inability to introduce
to the market already premium quality olive oil (Mylonas 2015).

Farming normalization and pesticides control on an olive tree area are the two
major farming factors of success. However, such control needs to cope with crop
rotation methods, olive compost or green manure use, and biological pest control.
Such techniques are essential for the well-known olive oil organic cultivation.
Organic cultivation prohibits or rigorously restricts the use of manufactured fertil-
izers, pesticides (which include herbicides, insecticides, and fungicides), plant
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growth regulators such as hormones, and genetic modifications (Camarsa et al. 2010;
Ehaliotis et al. 2011). Nowadays, there are a small number of farmers in Greece that
are shifting cultivation practices to organic production following EU directives.
However, cultivation policy remains unsupervised due to the lack of modern farming
techniques, cultivation monitoring systems, and farmers’ educational training.

Despite the immersive difficulties of monitoring and marketing olive oil products
in Greece, the future of the Greek olive oil economy looks encouraging due to the
globally increasing needs for virgin oil products. These demands are expected to lead
to increased Greek exports by 2020 up to 40–50%more than in 2015 (210,000 tons –
2015) (International Olive council World 2012; European Commission Agricultural
Market Briefs 2012). Even if Greek reports from authorities are pessimistic toward
the rise of Greek olive oil production, due to progressive reduction of EU CAP
grants and the distributed small-scale production chain, these are obstacles that can
be confronted with the use of production monitoring and traceability technologies.
Furthermore, following the Italian industrial model and incorporating new technol-
ogies shall improve merchandise exportation which is already of high-quality
standards (European Commission Agricultural Market Briefs 2012).

The organization of the remaining paper is as follows: Sect. 2 presents Greek
virgin olive oil attributes and classification. Section 3 presents the related work of
existing olive oil quality monitoring systems. Section 4 presents the proposed
OLEA system high-level architecture; Sect. 1 focuses on knowledge mining capa-
bilities of the OLEA system, presents a new clustering algorithm, and includes a
proof of concept study for virgin oil merging and branding. Finally, Sect. 6
concludes this paper.

2 Virgin Olive Oil Processes, Guidelines, Classification,
and EU Legislation

Farming, cultivation, and harvesting of olive trees are the key steps that will
eventually affect the final yield of olives and olive oil and their quality characteristics
such as the fatty acids profile, as well as color and flavor (Aparicio and Harwood
2013; Vossen 2013). The standards of the International Olive Council (IOC)
(COI/T.15/NC No 3/Rev.12 and COI/OH/DOC.1) provide a guideline for farmers
and laboratories involved in the processes of farming, cultivating, and harvesting of
olives designated for oil production (oil olives). This way, standards are set for
taking all possible measures to prevent any type of contamination through the
farming and production processes. The next steps in olive oil production concern
extraction and processing leading to the final oil product, ready for consumption.
According to COI/T.15/NC No 3/Rev.12, virgin olive oils are defined by their direct
mechanical or other physical extraction from the fruit of the olive tree (Olea
europaea L.). Therefore, the only acceptable processing steps include washing,
decantation, centrifugation and filtration. The harvested olives are first washed and
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then crushed to break their tissues and release oil droplets from their containing
mesocarp cell vacuoles into the olive paste (Aparicio and Harwood 2013). This
process is important for the establishment of the eventual phenolic profile of the
particular virgin oil. Before further processing, malaxation (mixing) of the olive
paste is used to enable higher oil yields. Extraction of oil from other paste constit-
uents is performed by either continuous pressing in stone mills, percolation with
steel blades, or a centrifugation system employing two- and three-phase decanters. A
final step of filtration may also be included before virgin olive oil is ready for storage
and bottling.

The quality of the resulting virgin olive oil will depend on both the quality of the
olives as well as all the processing steps described above. Virgin olive oils are further
distinguished as the top-grade “extra-virgin” and the “ordinary virgin” oils,
according to specific quality characteristics. In addition, since olive oil quality is
prompt to deterioration during all stages of processing and storage, product moni-
toring is of major importance. Quality of olive oils is therefore determined by
sensory evaluation (organoleptic tests) and the measurement of certain physico-
chemical characteristics established by international legislations. Acceptable quality
levels are mandated by the FAO/WHO Codex Alimentarius Commission (CODEX
STAN 33-1981 revisions and amendments) and other international committee leg-
islations and are implemented by the International Olive Council (IOC), the inter-
governmental organization that administers the provisions of the UN’s International
Agreement on Olive Oil and Table Olives (TD/OLIVE OIL.11/5) to 98% of the
world’s olive and olive oil producers. In Greece, the legislations for olive oil
compliant with international legislations are available at the national level by the
Food and Drink Code (Chap. 8) issued by the Greek State General Chemical
Laboratory.

Efficient separation of the different olive oil types is necessary in order to ensure
their authenticity and quality. In this respect, standard values have been established
for both physical and chemical characteristics, as well as other control parameters
specific for each oil category including the organoleptic characteristics of virgin oils
(Commission Delegated Regulation (EU) 2015/1830, IOC’s COI/T.15/NC No
3/Rev. 12).

Organoleptic classification of extra-virgin and virgin olive oils is based on the
median of any defect (Md) and median of fruity attributes (Mf) and is according to
the following:

• Extra-virgin olive oil, Md ¼ 0 and Mf > 0
• Virgin olive oil, 0 < Md < 3.5 and Mf > 0

In addition, good-quality extra-virgin and virgin oils should have yellow to
greenish color and no viscosity at 20 �C.

The most important physical and chemical characteristics distinguishing extra-
virgin and virgin oils according to the above international legislations are listed in
Table 1.

According to the Greek association of industries and processors of olive oil
(Sevitel), Greece comes third in global olive production, accounting for over
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170 million trees and producing an annual average of more than 300,000 tons olive
oil, with over 80% of it being extra-virgin. Greece is also the largest global exporter
of extra-virgin olive oil to destinations mostly covering European Union countries,
where Italy imports about three-quarters of total Greek olive oil exports. In general,
30 Greek branded olive oils have officially been recognized and regulated under EU
regulations, including 19 with protected designation of origin (PDO) and 11 with
protected geographical indication (PGI) designations. The basic olive species culti-
vated for virgin oil production in Greece (Niaounakis and Halvadakis 2006;
European Commission Agricultural Market Briefs 2012) are the following:
(a) Koroneiki (Olea europaea var. microcarpa alba), though it’s a small fruit
variety, represents 60% of Greece’s production. Its seed weight is 0.3–1 g and height
12–15 mm. Olive oil is of high quality and has a clear greenish-yellow color, fruity
taste, and excellent fruit aroma; (b) Athinolia (Olea europaea var. Mamillaris sub.

Table 1 Physicochemical characteristics for extra-virgin and virgin olive oils

Attribute Analysis (concentration)

Standards

Extra-virgin olive oil
Virgin olive
oil

Oleic acid acidity Oleic acid (g/100 gr) �0.8 <2.0

Peroxide index Peroxide oxygen (mEq O2/
kg)

<20 <20

Moisture and
volatile matter

Content (% m/m) <0.2 <0.2

UV absorbance
(K 1%)

270 nm (cyclohexane)/268
nm (isooctane)

<0.22 <0.25

ΔK (K268-[(K262+K274)/
2])

<0.01 <0.01

232 nm <2.50 <2,60

Insoluble
impurities in light
petroleum

Total content (m/m) <0.1 <0.1

Trace metals Iron (mg/kg) <3.0 <3.0

Copper (mg/kg) �0.1 �0.1

Fatty acid esters Fatty acid methyl esters
FAMEs)

∑(FAME+FAEE)
<75 mg/kg
(2012/2013 crop year)

�

Fatty acid ethyl esters
(FAEEs)

�35 mg/kg �

Biophenol
content

Determined according to COI/T.20/Doc. No 29

Waxes Total content (mg/kg) C42 + C44 +
C46 � 150

C42+C44+
C46 � 150

Stigmastadienes Total content (mg/kg) �0.05 �0.05

Total sterols Total content (mg/kg) �1 000 �1 000

Total trans-oleic
isomers

Total content (%) �0.05 �0.05
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minima) is an olive variety that produces low-acidity oil and has medium size,
2.2–2.9 g seed weight, and height of 7.5–25 mm. It matures slowly and has intense
aromatic and fruity characteristics as well as really high phenolic concentration;
(c) Tsounati (Mastolia, Mouratolia) (Olea europaea var. Mamillaris) covers almost
15% of Greece’s production variety, with seed weight of 1.2 g and height of
10–16 mm. It gives high oil quantity with fine and amber color and full bitter and
spicy taste; (d) Kalamon-Chalkidikis (ChondroElia) has large fruit, smooth and
meaty in flavor, covers about 1–2% of Greece’s production, and is used mainly as
table or paste oils; and (e) Manaki (Lianolia, Koutsourelia) has small- to medium-
sized fruit, which matures slowly and produces fine olive oil with a rich sweet and
fruity taste and smooth texture. It constitutes 10% of Greece’s production and is
considered as a high-altitude variety (acidity and oil quantity).

3 Olive Oil Monitoring Systems

Currently, the most common approach for olive oil qualitative characteristics mon-
itoring is still chemical analysis of collected samples. Such offline sampling requires
expensive infrastructure, such as proper electrical balances, automatic particle coun-
ters, gas and liquid chromatographs, and highly educated human personnel. In
addition, significant limitations of such processes are the delay or even prevention
of timely failure diagnosis and application of countermeasures.

Cannazza et al. (2011) suggested the use of a customized system for quality
control based on dielectric spectroscopy analysis. The ultimate purpose of this study
was to determine a methodology for an alternative analysis practice that would be
able to differentiate virgin oils, to certify oil quality and origin, and to detect any
presence of adulterants. They proposed a system with low-frequency and high-
frequency measurements performed through an LCR meter and time-domain UV
refractometer, providing an examination table of the behavioral range of edible oils.
The adoption of a single, specifically-designed probe (used for all the measure-
ments), along with the possibility of using portable instrumentation, makes the
proposed system an appealing candidate for the realization of a real-time, on-site
system for quality monitoring of virgin oils production chain. Toward that direction,
Taouil et al. (2008) proposed a video monitoring system for quality control in the
olive oil production chain. The video monitoring system can be used for achieving
real-time color constancy sampling.

Mailer and Beckingham (2006) recommended a sensory (organoleptic) testing
system, suggesting that the most crucial test to guarantee that the oil is tolerable for
consumption is sensory quality. Aroma, flavor, pungency, and bitterness are the
organic parts that the proposed olive oil methodology evaluates using evaluation
matrices and can be performed either manually or with real-time sensors.

However, according to the International Olive Council (IOC) standards, extra-
virgin olive oil, for example, should have some fruitiness and should not have any
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form of deficiencies. Therefore, to achieve proper classification, more attributes and
metrics should be included in the sensory quality control proposed by Mailer and
Beckingham (2006). Furthermore, an intermediate control system should be devel-
oped that can easily accomplish different types of sensors interconnection. Addi-
tionally, past knowledge of regional virgin olive oil varieties attributes and
qualitative response should also be available to a production chain management
system. Such system may take into account the accumulated knowledge and have
some features like the ability to identify oil origin, farming discrepancies, provide
suggestions to farmers, detect merchandise production chain flaws, and offer statis-
tical trends. At a more advanced level, such system could be capable of virgin oil
classification to serve particular market needs and the capability to evaluate the
combination of oils per farmer’s contribution that would accurately meet consumers’
specifications.

Gao et al. (2004) suggested a multiple sensors system with centralized control.
Their target was to analyze and improve the automation of commodity operations.
As a result, a single-sensor system was estimated to be a worse approach compared
to multiple-sensor real-time controlled system for the process of virgin oil charac-
terization. Reliability of multiple sensors systems could be explained by the sensi-
tivity and granularity ability of each sensor to distinguish flaws and perform
measurements. Therefore, virgin oil characteristics that are being collected by the
system can be observed and calculated online by single-function sensors. The
proposed oil measurement system could be divided into three main parts:
(i) multiple sensors for temperature, pressure, moisture, and viscosity; (ii) signal
acquisition channels with signal amplification, a diverter switch for digital-analog
signals and an A/D converter; and (iii) finally the analysis and processing (control
unit) made up of an industrial processing unit.

Regarding farming monitoring processes, Kiama et al. (2014) proposed a
low-cost RFID-based palm monitoring system. In their work, a passive RFID tag
identified every palm oil tree in the plantation area, and their fresh fruit bunch (FFB)
production was monitored by scanning the passive RFID tags using RFID handheld
scanners. The technology behind that proposed method enables to control harvesting
information and statistical harvesting reports per area. The overall system architec-
ture can be split into three main components which are the RFID scanner-controller,
the application server, and the GIS.

Finally, an integrated and advanced monitoring method was suggested by
Kontogiannis et al. (2016) for the sheep industry, implementing a new system
architecture and test-bed application. The Sheep Manager system uses cheap NFC
(near-field communication) technology and custom NFC data exchange format
records for the identification and attribute recording of sheep inside a flock. It also
utilizes sensors for real-time measurements and recordings of raw milk extraction
per ewe. All recorded information are then stored into an application server. Fol-
lowing their previous proposal for the sheep industry, the authors modified their
previous approach to better suit the virgin oil industry. That is, the use of novel
system architecture called OLEA is presented at Sect. 3.
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4 OLEA System High-Level Architecture

The authors propose an olive oil monitoring and quality assurance methodology
called OLEA framework, supported by a test-bed system called OLEA system.
OLEA system methodology includes the OLEA clustering algorithm and the steps
that the OLEA system implements, while OLEA system architecture is presented in
Fig. 1. In the following subsections, the OLEA system service functionality is
outlined, and technical implementation details are presented.

4.1 OLEA Services and Service Functionalities

The proposed OLEA system includes the following capabilities as denoted by
system services:

1. Traceability service: OLEA traceability service divides cultivation regions fol-
lowing two distinctive layer processes:

Layer 1-Microclimate unification areas: Each olive field is a separate system
entity described by the spatial geographical location GIS system maintained by
OPEKEPE (Greece EU CAP funding organization) (OPEKEPE 2017). Then each

Fig. 1 OLEA high-level system architecture
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field is grouped by the OLEA system into areas (see Fig. 1) with each area
pertaining similar microclimate characteristics (Theodosiou et al. 2012).

Layer 2-Tree clustered sections: The process covers olive tree traceability
functionality, presented in Fig. 1 as rounded areas of tree clusters. Such form of
traceability is achieved with the use of passive NFC tags placed each tree cluster
(each farmer claims for OPEKEPE funding). Apart from ID traces, these tags are
also capable of recording yearly fertilization and pesticide activities (date of
appliance, active ingredient, agronomist approval for organic, integrated, or
conventional cultivation) following an NDEF message formulation similar to
the one presented by Kontogiannis et al. (2016). From 2015 and on, the use of
pesticides requires agronomist prescription and farmer certification; thus the
recording of olive trees needs to be performed in a more controlled way (Ministry
of Agriculture 2015).

2. Olive tree monitoring services: The OLEA system olive tree monitoring ser-
vices include three basic services: The cluster identification service, the cluster
soil fertilization service, and the pest control service. Information related to these
services are exchanged and updated per tree cluster with the use of a single NFC
tag mounted into one tree of the tree cluster accordingly.

– The identification service includes recorded olive tree field location charac-
teristics defined and recorded by the OLEA traceability service at the NFC tags
into an NDEF identification record. The NDEF record fields include location
characteristics acquired by the protected designation of origin (PDO),
protected geographical indication (PGI) or protected origin production
names or protected origin names of highest quality (OPAP), olive field
microclimate area characteristics, and agronomist reports of cultivation type
are recorded.

– The fertilization service includes NFC message exchange information between
the agronomists’ mobile phones, the tree cluster NFC tag, the farmers’ mobile
phones, and the OLEA AS. Fertilization service includes yearly fertilization
records initially set by the agronomist into each cluster tag and the OLEA AS.
These records are then read by the farmer’s OLEA mobile phone application,
field applied and acknowledged in each cluster tag (NDEF fertilization ACK
message) per cluster. The agronomist then with the use of OLEA mobile phone
application reads once more the NFC information and when Internet connectiv-
ity is available updates the AS fertilization service monitoring manager.

– The pest control service operation is similar to the fertilization service, and it
monitors pesticides’ use per tree cluster updating the OLEA AS.

3. Olive oil sensory monitoring service: The OLEA system includes sensory-
attached controller equipment (shown in Fig. 1) installed at the oil presses for the
measurement process of the olive oil quantity and the quality clustering based on
metrics. Due to its special purpose and function, OLEA system controller and
controller-sensor interfaces could be nationally patented as well. With the
OLEA oil sensory monitoring service and real-time sensory system, olive oil
quantity and quality characteristics of mill-extracted olive oil per cluster are kept
at the OLEA AS.
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In order to record the extracted olive oil quantity and chemical consistency
(quality attributes) per tree cluster, the proposed OLEA framework includes a
multisensory equipment placed similarly to the ones proposed by Scarafia
(Scarafia 2011), in the olive fruit decanter equipment (see Fig. 1). This multisen-
sory equipment includes sensors such as (1) gravity liquid level sensors for
monitoring produced oil quantities, (2) refractivity UV sensors for K232 and
K270 measurements of UV absorbance, (3) color sensors for monitoring color
constancy, and (4) peroxide and acidity sensors (see Fig. 1). These measurements
are then uploaded in real time to the OLEA application service. The capture
attributes from this automatic sensory process are the following: Oxide rancidity
protection, additives, and refinement process metrics are not taken into account
by the authors, since refinement, if it occurs, is a process that follows the oil
chemical characterization. Oil refinement is done by using chemicals that are
harmful to humans. This means that the oil is treated with acid, or purified with an
alkali, or bleached. It can also be neutralized, filtered, or deodorized. This paper
focuses only on virgin oils characterization where no intermediate refinement or
additive processes are allowed.

4. Olive oil management smart service engine and modules
Logging and reporting: The OLEA database shall record olive oil production

quantity and quality attributes connected to cultivation characteristics of tree
cluster areas. The database shall also provide information for tree clusters regard-
ing quantities produced, their quality, and market prices. Such information
attained nationwide could be proven very helpful for the development of the oil
industry and therefore stimulation of the national economy.

Data analysis algorithms: The OLEA management service is capable of
statistical information processing and visualization, regarding production charac-
teristics for each farmer. The OLEA system database collects recorded data from
each farmer regarding visualization of statistical trends as well as data analysis
and knowledge extraction. An example of how the OLEA system can be used for
product management and branding of uniform products is the olive oil clustering
algorithm proposed by the authors and presented at Sect. 3.3. The implementation
of data analysis and more specifically data mining algorithms in the OLEA
system in the form of scavenging agents formulates the systems’ future capabil-
ities of suggestive services, quotation reports, and prediction services.

4.2 OLEA System NFC Traceability Fertilization and Pest
Control Services

The proposed OLEA system uses the NFC technology for the purpose of tree field
identification and assessment. In depth, it uses appropriate NFC NDEF identification
messages for each tree cluster monitored by the system (OLEA application server –
OLEA AS). It also makes use of appropriate NDEF messages placed into tree
clusters’ NFC tags for monitoring fertilization and pest control.
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To achieve the abovementioned services, appropriate NFC protocol and NDEF
message records have been designed and used (NFC Forum NDEF 2006). The
authors propose NFC because the technology is accessible in the majority of mobile
phones, PDAs, PCs, and tablets (Kontogiannis et al. 2016). NFC tags used are
passively activated and have 4Kb of storage EPROM. Each tag storage area is
divided into sectors (40), where each sector can be configured with different access
rights. Each sector includes blocks. The first 32 sectors include 4 blocks each, and
each block contains 64 bytes of data. The last 8 sectors include 16 blocks/sector
(256 bytes per sector). OLEA system uses type 3 (FeliCa) and type 4 tags (SONY
company 2014). Tag sectors store one NDEF message, and the NDEF message
includes multiple NDEF records (Kontogiannis et al. 2016). OLEA NFC tags
include a unique read-only identification number at block 0. FeliCa Lite are the
NFC tags used by the OLEA system, which are 5 cm in diameter and circular (SONY
company 2014). In general NFC tag size extends from 3 cm in diameter down to
5 mm. Each OLEA tag is mounted up to the central tree of every tree cluster and
includes cluster information as well as fertilization and pest control NDEF records.
In the following subsections, the OLEA services of identification, fertilization, and
pest control that use the near-field communication (NFC) technology and OLEA
NFC data exchange format (NDEF) message structures are presented.

OLEA NFC Tag-Based Services

NFC is a specialized subset of the family of RFID (radio-frequency identification)
technology. Specifically, NFC is a branch of high-frequency (HF) RFID, and both
operate at the frequency of 13.56 MHz. AES (advanced encryption standard) for
NFC is mainly used to encode data for this technology and implemented to the
OLEA system.

The OLEA NFC tag type categories are the following: (a) Tag 1 type that is based
on the ISO14443A standard and has a communication speed of 106 kbit/s. These
tags have read and rewrite capabilities, while the users can modify the tag to be read-
only. They include 96 bytes available memory, which is more than enough to save a
website’s URL or few other data. Nevertheless, memory capacity is expandable up
to 2 Kbyte. (b) Tag 2 type is based on the same standard as the previous category and
with the same communication speed. These NFC tags also have the same capabilities
with tag 1 type and a memory size of only 48 bytes, although this can also be
extended to 2 Kbyte. (c) Tag 3 type is based on the Sony FeliCa system and has an
integral 2 Kbyte memory capacity with data communication speed of 212 kbit/s.
(d) Tag 4 type is compatible with ISO14443 A and B standards. These NFC tags are
pre-configured at the production level to either be read/read-write or read-only.
Furthermore, their memory capacity can be up to 32 Kbytes, and the communication
speeds vary from 106 kbit/s to 424 kbit/s.

NFC data exchange format (NDEF) is a binary structured message format, which
may include several types of records and can be used to exchange specific
application-determined payloads (in form of records) between NFC-capable mobile

336 D. Papaefthimiou et al.



phone devices and NFC tags. Every NDEF message includes per-record header that
holds the metadata about the encapsulated NDEF records, such as the type, length,
and payload. NDEF messages start with a type name format (TNF) that shows the
NDEF record structure types. A well-known NFC record-type name format
(TNF ¼ 0x01 - NFC Forum RTD (2006)) is used which includes several
pre-defined record-type formats, such as URI and smart poster, and finally the text
record-type format, which the OLEA system uses to store its record types to the
NFC tag.

Each OLEA NDEF record is of record-type text (“T”-0x54), with no ID field set
(record IL ¼ 0). Moreover each NDEF record used by the OLEA system has the
short record bit set (SR ¼ 1). This means that the payload length field is 1 byte long,
limiting the per-record maximum size to 255 bytes. The OLEA NDEF record
structure is presented in Fig. 2.

In Fig. 2, the ME (message end) flag indicates if this is the last record in the
message, and the MB (message begin) flag indicates if this is the start of the NDEF
message. The IL flag points out if the ID length field (IL field) is present or not. In the
case of OLEA, this is set to 0 since the IL field is omitted. The SR (short 1 byte
record) flag is set to 1, and the OLEA record payload length field is 1 byte (payload
less than 255 bytes long). This permits for more compressed records. If the SR field

Fig. 2 OLEA NDEF records structures for identification, fertilization and pest control
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is zero, then the payload length value would be 4 bytes. The CF (chunk flag) is also
set to 0 in OLEA records, since record chunks are not used.

OLEA NDEF Tree Field Identification Message and Functionality

The OLEA system NFC traceability mechanism functions as follows:
Initially, the agronomist responsible for each olive tree cluster places the NFC

tags (one into each clustered field) and initializes them by passing the NDEF
identification message values, using the OLEA mobile phone application. The
OLEA mobile phone application connects to the OLEA application server (OLEA
AS), and the agronomist can download the identification messages for each cluster
prior to per cluster NFC tree placement and NFC identification message write
operation.

The identification record is the first record of the NFC tag NDEF message, set by
the agronomist, and the NFC tag is placed in the central tree of each cluster in a
visible spot on the tree trunk. The farmer cannot modify these attributes of the NDEF
message due to the read-only permission set for the recorded data. The identification
record message is a text-type NDEF message that contains the following text-
encoded attributes, illustrated in Fig. 2:

• Farmer ID (4 bytes). This is the 32-bit farmer unique identification number set by
the OLEA application service.

• Agronomist ID (4 bytes). This is the 32-bit agronomist unique identification
number set by the OLEA application service.

• Cluster ID (2 bytes). This is the unique identification number of each tree cluster
and is of 16 bits long. It can uniquely identify up to 65,536 clusters per farmer
ID. If a cluster of trees is assumed as K-trees, then 65536*k unique trees can be
included and identified by their clusters.

• Secret passphrase-salt (1 byte). This byte is used for the encryption of the cluster
identification message by the agronomist. The encryption algorithm used for
payload is an AES 128-bit algorithm, supported by almost every Android mobile
phone. With this approach a cluster’s ID characteristics can only be written by the
agronomist and be read-only to the farmer. The encryption-decryption key for this
3DES operation is constructed by the binary addition of the Farmer
ID/Agronomist ID and the password used by the farmer/agronomist to access
the manager and user application service, followed by the concatenation of the
XOR operation on each one of the first 3 bytes of the farmer password with the
passphrase byte padded with zeros.

• Field soil chemical composition based on the latest chemical analysis can be
found encoded in the identification tag. That is, the following fields are kept at the
OLEA application server database for each cluster: (1) soil pH that has a range of
values from 6 to 9 (4-bit encoded granularity of 0.2), (2) ground drainage that can
be measured from 0 (bad) to 4 (excellent) (2 bits), (3) salinity value that starts
from 0 (bad) to 4 (very high) (2 bits), (4) B value greater than 0.3 ppm with 6 ppm
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as the maximum limit (8-bit value), (5) P value from 15 to 30 ppm (8-bit value),
(6) K value from 0.5 to 1 meg/100 g (8-bit value), (7) Ca value from 6 to
12 meg/100 g (8-bit value), and (8) Mn value from 1 to 3 meg/100 g (8-bit
value). The stored data length for total soil composition of the field is 6 byte.

• Latitude and longitude information of the cluster position expressed as integer
fields (8 byte).

The minimum data size for an OLEA NDEF message is 29 bytes (only identi-
fication record present), and the size of an NDEF message with one fertilization
and pest control records is around 64 bytes. The fertilization and pest control
records have similar payload fields such as the record type (0x01 for fertilization
and 0x02 for pest control), a sequence number field (starting from value 1), and a
4-byte timestamp field as illustrated in Fig. 2. A detailed description of these
records follows.

OLEA NDEF Tree Field Fertilization and Pest Control Service Message
and Functionality

The OLEA system NFC fertilization and pest control monitoring functionality is as
follows: (a) First OLEA AS records are updated by the agronomist responsible for
each cultivation area cluster, with the use of the OLEA mobile phone application.
(b) Then the OLEA notification service notifies the farmer. For that purpose, same-
type NDEF records are used: one for fertilization and one for plant protection
processes. At this stage, it is important to point out that the agronomist can write
additional NFC tag comments and prescription notes to the farmer in each cluster, if
the agronomist thinks that additional information is required. (c) The farmer receives
the notification and on the cluster field acknowledges the task by setting the ACK
record bit field to 1, from the OLEA application on mobile phone to the
corresponding NDEF record at the NFC tag (ACK bit NDEF payload). (d) Finally,
the agronomist would later monitor the tags to check which tasks have been
performed-acknowledged by the farmer.

The pest control record extended payload includes the following fields (Fig. 2):

• Prescription ID (2 bytes field).
• Pesticide dosage (g/cluster): This is a 2-byte field indicating the amount of

fertilizer dose for each cluster.
• Chemical sprayed ID: This is used to measure and analyze the ground and is

2 bytes long.
• Starting date of pesticide appliance (4 bytes).
• Closing date of appliance (4 bytes). Beyond this date, a new prescription is

required by the agronomist.

Comments or notes: 200 bytes can be used for comments or messages if the
agronomist wants to inform the farmer. For the fertilization treatment of modern
olive tree fields, thorough studies have been performed for establishing the need of
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specific chemical compounds and elements per average olive tree. Olive trees
respond spectacularly to nitrogen fertilization, especially in soils of moderate fertil-
ity. Boron is an important element in the slightly sandy, acidic, and/or calcareous
soils. In general, the average nutrient needs per tree are nitrogen (N) 1–1.5 kg,
phosphorus (P2O5) 0.2–0.4 kg, potassium (K2O) 1–1.5 kg, and boron (B) 40–45 g.
In a basic application of fertilizer, half the nitrogen, phosphorus, potassium, and
boron are supplied. The rest of the nitrogen is given as surface fertilization in two
doses, just before the fruiting and during the sowing of the endocarp (Sakellariou
(2017), GmbH tech. report).

The NDEF message for the fertilization extended payload includes the following
fields (Fig. 2):

• Fertilization work ID (2 bytes)
• Fertilization element or elements (1 byte), with a 5-bit code where each bit

corresponds to the element (N, P, K2O, B, Mn) that will be included in the
fertilization compound

• Fertilization N quantity, if set, that starts from 500 to 1000 gr/tree/year (2 bytes)
• Fertilization P quantity, if set, that ranges from 300 to 500 gr/tree/year (2 bytes)
• Fertilization K2O quantity, if set, that ranges from 600 to 1200 gr/tree/year if

required (2 bytes)
• Fertilization B quantity, if set, that ranges from 0 to 450 gr/tree/year (2 bytes)
• Fertilization Mn quantity, if set, that ranges from 0 to 300 gr/tree/year, if required

(2 bytes)

Usually in the NFC tag, at least 1 to 2 messages are placed for fertilizing and four
to eight for yearly spraying. This means that the tag can hold messages in a depth of
3–4 years prior to record cleanup. As a conclusion, the services supported by the
NFC tags are (i) notification service, (ii) fertilization monitoring service, (iii) pest
control monitoring service, and (iv) identification management service.

4.3 OLEA System Oil Extraction Sensory Service

For recording the extracted olive oil quantity and chemical consistency (quality
attributes), the proposed OLEA framework includes a multisensory equipment. This
sensory equipment used by the OLEA sensory service is illustrated on Fig. 1 and
includes the following sensors:

Sensor 1 Waterproof temperature sensor: For the needs of our system, we need a
waterproof temperature sensor to monitor temperature in extracting the quality of the
produced olive oil. The DS18B20 digital temperature probe (Maxim Integrated
Products, Inc.), which is applicable in thermostatic controls, industrial systems,
consumer products, thermometers, and any thermally sensitive system, was consid-
ered as the best fit for our system requirements. It operates in a temperature that
covers the range between 10 �C and 40 �C, with an accuracy of �0.5 �C that can be
improved up to 0.1 �C using a multiple DS18B20 sensor configuration.
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Sensor 2 Gravity liquid level sensors are used for recording the produced oil
quantities: The capacity change liquid level sensors are placed in the oil extraction
container, where the virgin olive oil is concentrated before bottling. The number of
sensors used depends on the container’s size. The minimum measurement granular-
ity designed for a container is one sensor per lt virgin oil extracted. Capacity change
liquid level sensors include a digital output connected to the OLEA controller either
directly (maximum of 18 input pins) or using SPI 8-bit digital input serializers (more
than 18 input pins).

Sensor 3 Acidity/stiffness sensor: Regarding acidity, since pH measurements cor-
respond to water-soluble solutions, the correct way to monitor the acidity is with the
use of an acidometer probe that determines oil acidity on-site (TuryanYa et al. 1996;
Grossi et al. 2014). Usually analog spear tips are employed, dipped inside a virgin oil
sample test tube, and then cleaned with the use of a dry cleaning cloth. For the
process of acidity measurements, a robotic servo-controlled arm is used, by a PWM
digital RPi3 and an 8-bit analog to SPI converter for processing the acidometer probe
analog values. Such sensor probe operates between 20 and 25 �C (controlled by the
temperature sensor) with an accuracy of � 0.05 pH and the use of computational
logic to estimate content acidity. It should be mentioned that acidometer probes
require the use of an additional component to convert the output signal from analog
to 8-bit SPI digital.

Sensor 4 I2C color constancy sensor uses an open tube with reflective surfaces that
an RGB transponder has been placed. Through the open tube, part of the extracted
filtered virgin oil passes. The RGB receiver used includes records in real-time virgin
oil color constancy.

Sensor 5 Refractivity, ΔK UV measurements for K268/K232: The UV absorbance
ΔK (K232-K268) measurements are manually performed at the time being, with the
use of a refractometer that operates in the UV between 220 and 360 nm, since such
equipment with MCU external connection interface (SPI, i2C, Wi-Fi, Bluetooth) is
not yet available in the market for frequencies less than 380 nm.

Sensors 6 and 7 Peroxide and mean fatty acid concentration sensory measurements
require specialized reagents and treatment and are performed at the laboratory,
passed to the OLEA AS at a later time with the use of the OLEA AS web interface.

The MCU controller of the oil sensory service is used to interconnect all sensory
equipment sensors (1–5) mentioned above. The MCU controller is an RPi3 model B
with quad core ARM-64 1.2 GHz board CPU that includes 4 USB ports and HDMI
display interface and DSI touchscreen display interface, a CSI camera port interface,
Wi-Fi and Bluetooth (BLE) transponders, and a GPIO interface with 1 I2C (pins
3,5), 1 SPI interface (pins 19–26), 3 PWM digital outputs (pins 12,33,35), and
16 generic digital outputs (2 used for UART interfaces).
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4.4 OLEA Sensory Service Communication Protocol

CoAP has been chosen to be used by the OLEA management system protocol rather
than its main competitor MQTT (Thangavel et al. 2014). MQTT is mostly a many-
to-many communication protocol, while CoAP is best suited for one-to-one com-
munication. Moreover, the CoAP provides support for observing resources and is
best suited for a state transfer model rather than an event-based model, where the
MQTT applies.

OLEA protocol over CoAP (Shelby et al. 2014) is used for the sensory data
transmission via the MCU controller from the decanter mill to the cloud application
server (AS). CoAP is a specialized web transfer protocol for use with constrained
nodes and constrained (e.g., low power, lossy) networks. It is a transport protocol
designed for machine-to-machine (M2M) communication for the IoT industry. The
communication protocol functional states follow the ReST model, where the AS
make resources available via URIs and clients access these resources using the
HTTP protocol methods over UDP.

CoAP is a document transfer protocol and can carry most of the existing data
model formats as XML, JSON, or CBOR. It is designed to be used by IoT, and it
asynchronously carries out small packet sizes, in respect to the HTTP TCP synchro-
nous flows. Since OLEA protocol runs over CoAP, it uses connectionless datagrams
over an existing IP network infrastructure. Since UDP is an unreliable protocol,
OLEA protocol reliability is enforced at the application layer using retransmits and
flow control. There are two types of messages used by the OLEA protocol: the
“confirmable” and the “nonconfirmable.” Confirmable messages are acknowledged
by the receiver with an ACK packet. If the ACK packet is not received by the sender
in a pre-defined period of time called “retransmission timeout,” packet
retransmission is performed for at least 6 times. Since OLEA protocol runs over
CoAP, for security, it enforces the CoAP Datagram Transport Layer Security
(DTLS) with RSA authentication and AES 128-bit encryption.

5 OLEA Proposed Clustering Algorithm and Proof
of Concept Scenario

OLEA system implementation includes the capability of modular smart agents and
algorithm utilization, upload, and interface with the OLEA application server
engine. These modules may include a front-end web user and/or configuration
interface written PHP and a backend database and logic written either in R or Python.
Similar to content management systems, an administrative role may upload and
install an OLEA module.

Smart agents and services are the next step of the deep learning evolution and will
rig the OLEA platform with novel capabilities. However, many of these agents need
to be designed and implemented, and many others have to be invented. As a first
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step, the OLEA system provides the engine means (easy to use upload and install
package manager at the AS) and the external interfacing with R and Python
languages data mining, classification, neural network, and fuzzy logic modules for
the purpose of smart algorithm implementation. As a proof of this concept, the
authors present an OLEA clustering algorithm implemented as an R external OLEA
server interface and present their algorithm proof of concept experimentation on a
test-bed dataset.

5.1 Proposed OLEA Clustering Algorithm

The authors propose a new clustering algorithm implemented as a module in the
OLEA application service. This clustering algorithm selects from the AS database a
number of milled virgin oil records and their attribute data uploaded by the OLEA
controller (RPi3). Then it employs a clustering methodology based on K-means
algorithm, in order to group tree cluster products of similar attributes and then
initiates a selection-ensemble process of groups capable of sustaining a brand. The
per-variety OLEA clustering process offers the capability to identify new products
based on quality reports and cultivation conditions as well as report the accurate
quantity of virgin oil availability for marketing and branding purposes. Proposed by
the authors, OLEA clustering algorithm is illustrated in Fig. 3. The suggested data
recording and clustering algorithm requires the following OLEAmethodology steps.

Step 1: Field Selection and Cultivation Area Separation The OLEAmethodology is
performed in order to sustain OLEA database olive oil records per tree cluster and
cluster identification records. The OLEA application service includes a per olive tree
field sector identification interface with the OPEKEPE’s spatial data and registration
validity of the sector stored at the OPEKEPE’s database of recorded olive tree fields.
After successful validation, the microclimate separation process initiates where each
field area is bounded to a specific microclimate area polygon accordingly (Zinas
et al. 2013).

The OLEA AS includes a per olive tree field sector identification interface with
the OPEKEPE’s spatial data and registration validity of the sector stored at the
OPEKEPE’s database of recorded tree clusters.

Step 2a: Field(s) Identification Separation For each cultivation field location and
microclimate, measures are kept at the OLEA database and set/updated by the
farmer’s mobile application or OLEA web GUI. More specifically the microcli-
mate measurements and predictions are automatically updated with the use of
agents at the Wunderground service (Wunderground API 2014). Traceability
location and microclimate measures maintained by the farmer and OLEA applica-
tion service agents are field altitude; field distance in Km from the sea; field solar
monthly average irradiance (W/sq. m), monthly sunlight average day recordings,
and flux-luminosity measurements; field soil moisture measurements; field
monthly average rainfall measurements; and yearly critical meteorological
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conditions recorded over each field (criticality and occurrence) such as hail or
drought or frost and daily microclimate area predictions.

Step 2b: Field Tree Clustering and NFC Identification Upon first-layer cultivation
area separation, a field clustering process is undertaken for each area, that is, clusters
of trees of a tree area with a maximum space of 10,000 sq. m. Such areas are
uniquely identified with the use of an NFC tag, which keeps track of data regarding
cultivation process, pesticides used, and adjustment dates.

Step 3: Tree Cluster Product Quantity and Recorded Product Qualitative
Attributes A set of metric qualitative measures of the extracted olive oil character-
istics are recorded per tree cluster. This recording and data filtering process is
performed separately from the clustering algorithm, and the evaluated metrics per
cluster are stored at the OLEA database. That is, olives produced in each cluster are
milled and measured. With the use of the OLEA sensors and controller, the follow-
ing metrics can be recorded per tree cluster: olive size (number of olives per kg,
230–320 olives/kg in Europe; this is set as large to brilliant size); peroxide value
(meq O2/kg); %v/v oleic acid and free fatty acid; omega-3/6 polysaturated acids-
rancidity index; UV absorbance (K232, K270, DeltaK); harvesting age (days/hours
of harvesting passed); color characteristics; and organoleptic classification based on
the median of any defect (Md) and median of fruity attributes (Mf) (tests based on
human sensory perception).

Field location
classification based on

GPS data/OPAP
selection

Check if
Registered

field

Tree NFC micro
climate location

separation process

NFC Data
From OLEA
Database

Clusters and Selected cluster
Branding results

clusters selection process
based on marketing-quantities

or export requirements

Tree Clustering process
Based on quality metric values

Data Filtering/Metrics
evaluation process

Data Request

Process
Termination

Metric values calculation
results Per Tree Olive Oil

Quantity and Quality metric values

Marketing
Data

NFC Data
From OLEA
Database

Evaluation-Ranking
clusters Dataset

Fail

OPEKEPE external
GIS request

M
ic

ro
 c

lim
at

e 
ar

ea
 s

el
ec

tio
n

OLEA Database

Success

Fig. 3 OLEA clustering, data recording, and identification methodology steps
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Step 4: Clustering Algorithm Initiation After virgin oil metric evaluation of each
tree, the virgin oil product clustering process is performed. This clustering process
uses the K-means unsupervised learning algorithm. The process initializes with n
clusters (the number of clusters is equal to the number of metric virgin oil values
used) and is repeated by incrementing n, until market or brand metric requirements
are satisfied by at least one of the generated by K-means clusters. Then, the cluster
which satisfies the requirements and has the highest total score metric value (see
Eq. 1), according to the requirements, is selected. That is, for all K-means-generated
clusters, a total score value is calculated in order for the product clusters to be cross-
examined according to market set requirements. Per-cluster total score value is equal
to the sum of all qualitative virgin oil metric values multiplied by a probability index
called Metric Importance Coefficient (MIC).

Step 5: Clustering Algorithm Selection Process The selection process that follows
K-means clustering is similar to the elbow method, used for selecting the most
promising number of minimum clusters generated with the minimum SSE. Selection
process chooses the K-means number of clusters value by checking if the cluster total
score (TS) value is equal to the market set TS value and continues top-down
selection, until market or brand quantity needs are met, or a product cluster is
reached where at least one qualitative average metric value is below the requested
value for that metric by the market. The proposed clustering algorithm includes a
repeating K-means clustering and a selection process. Proposed OLEA clustering
algorithm flow diagram is illustrated in Fig. 4.

For example, let’s assume OLEA clustering process (Step 4) of a set of tree
clusters is based on three qualitative metrics (m1,m2,m3) and the market requirement
is for metric values of U1, U2, and U3 accordingly. Then, based on market or export
brand requirements, each metric value U1, U2, and U3 is assigned with a statistically

set probability of importance pi,
X l

i¼1
pi ¼ 1, where l is the number of metrics used

(in this case three metrics). Then the market required total score value (MIC) is
calculated according to Eq. 1:

TSM ¼
Xn

i¼1
pi Ui,

Xn

i¼1
pi ¼ 1 ð1Þ

where n is the number of metrics used. Similarly, for each K-means cluster, a total
score (TS) metric value is calculated and compared to TSM (MIC) value as shown in
Eq. 2, where K is the cluster number, which the total score value corresponds to.

TSk ¼
Xn

i¼1
pi

0
Mi ð2Þ

K-means algorithm is used for the creation of product clusters where on each
cluster the centroid mean metric values of M1, M2, and M3 (centroid vector value)
and cluster total score are calculated, based on Eqs. 3 and 4, and then compared to
the market required total score value:
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TSk ¼ pk
0
Mk ¼

1
nk

Pnk
i¼1 miPn

k¼1
1
nk

Pnk
i¼1 mi

 !
1
nk

Xnk
i¼1

μi

! 
ð3Þ

where nk is the total cluster point vectors from the K-means process, i is the number
of fields in each cluster (i ¼ 1..nk), and μi is the qualitative metric value for each tree
field ID that belongs to a cluster. Moreover, Mk is the mean metric value (centroid
vector) per cluster. Probability pk

’ is expressed as the normalized Mk value, and it
expresses the cluster’s metric value impact on the other clusters. If equal cluster
probabilities are used for all K-means metric values, the total score for cluster K is
calculated based on Eq. 4.

TSk ¼ p0kMk ¼z}|{p
0
k¼1=n

1
n

1
nk

Xnk

i¼1
mi ð4Þ

The K-means product clustering process initially starts with K¼ n (where n is the
number of metrics set as market requirements). This leads to the creation of three
clusters with mean cluster centroid vector values M1, M2, and M3 accordingly per
cluster (Eq. 3) and a total score value per cluster (Eq. 2).

Fig. 4 OLEA clustering and branding algorithm flowchart diagram
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If there is at least one cluster with TSk < TSM, then that cluster is selected. If more
than one clusters with TSk < TSM, then the cluster with the maximum olive oil
quantity value that fulfills metric requirements is selected first as appropriate (i.e., the
cluster with the max (quantity) and TSk < TSM). If there is no cluster that fulfills the
market requirements, then the clustering K-means process is performed repeatedly
increasing each time the number of clusters by one, until the market requirements for
at least one cluster mean values is met (if K cluster centroid vector values (m1,m2,
m3) are less than market (U1,U2,U3) vector values). Based on the total score, a
cluster’s ranking process is acquired, and from that ranking process, the high-order
quantity ranked clusters are denoted as of high exportation and branding value
clusters (selection process) and are selected from top to bottom quantity until
quantity requirements are met.

5.2 OLEA Clustering Algorithm Case Study Scenario I

The case study experimentation in this work includes the Manaki Greek olive variety
cultivation in the area of West Greece (fields at Preveza and Lefkada). All fields are
situated at the two nearby microclimate areas of Preveza and Lefkada, and the
altitude variation between all is from 50 up to 250 meters. In this study, a total
area of 120 square meters of Manaki olive tree cultivation is divided into 1000
square meters production fields. Each field is identified by a unique NFC ID tag that
includes field’s geographical location, fertilization methods used, altitude, etc. An
average fields’ tree-to-tree distance is about 6.5–7 m thus 25–30 olive trees are
included in each field. The average field production of an NFC-tagged sector is about
1000–1200 kg/0.1 Ha.

Two metrics were used in this study in order to verify the proposed methodology:
the %w/w of free acidity and the total net weight of olive production per NFC-tagged
field block set to the size of 1000 sq. m. All such blocks were marked by NFC tags
and square edge-bounded by GPS coordinates.

Based on the market olive oil need requests to the farmers’ copartnership, the
EVOO (extra-virgin olive oil) maximum acidity regulations and market require-
ments regarding olive oil acidity were set into a maximum of 0.5% v/v, and the
market requested olive oil quantity is 7000 lt. For that purpose using our proposed
OLEAmethodology, a K-means process was performed for the selection of the fields
that produced olive oil with lower acidity than the threshold set. Table 2 shows the
clusters where acidity requirement is met (cluster C2) (Fig. 5).

5.3 OLEA Clustering Algorithm Case Study Scenario II

In the following scenario, the functionality of the proposed clustering algorithm is
put to test using an olive oil dataset of 120 tree fields of total extracted oil quantity of
106,540 kg, from the island of Thasos, illustrated in Fig. 6. The dataset metric values
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Table 2 K-means clusters, average quantity per cluster field in lt, and %v/v average acidity of per
K-means cluster. Cluster 2 meets market acidity requirements and quantity requested

Cluster ID and
symbol

Average cluster tree field oil
quantity (L )

Average cluster oil
acidity %v/v

Total cluster oil
quantity (L )

C1(○) 2033 0.56 10166

C2(Δ) 1000 0.49 11000

C3(+) 1216 0.61 24322

C4(x) 769 0.59 12304

C5(◊) 661 0.55 32389

C6(∇) 861 0.56 16359
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Fig. 5 Clusters returned from the OLEA algorithm. The metrics used are the quantity of extracted
oil, the acidity (g/100 g), K270, K232, mean fatty acid (mg/kg) metric values and peroxide index
values (mEq O2/kg). Cluster C2 is marked with the Δ symbol and is the OLEA algorithm selected
cluster
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used are the quantity of extracted oil (kg); the acidity (g/100 g); K270, K232, and
mean fatty acid (mg/kg) metric value; and peroxide index values (mEq O2/kg).

First of all, the sum of squared error (SSE) for a cluster j is calculated as the sum
of the squared distance between each member of the cluster and its centroid (Eq. 5):

sse j ¼
X

xi2c j
dist xi; c j

� �2 _!for all clusters j¼1::k
sse1; sse j::ssek
� � ð5Þ

The total square error (SSE) of a clustering process is expressed as the sum of all
sse{1..k} SSE vector values (Eq. 6) and the error vector ê per K-means-generated
cluster equals to: bei ¼ ssei=SSE.

SSE ¼
X k

j¼1

X
xi2c j

dist xi; c j

� �2 ð6Þ

The K-means is used on this dataset to cluster the set based on the five attributes
(acidity, K270, K232, fatty acid, and peroxide index), and the TSM (MIC) value is
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Fig. 6 Virgin olive oil experimental dataset taken from the island of Thasos, a set of 121 records of
small olive tree fields, the extracted virgin oil attribute of acidity (g/100 g) over the oil quantity
(in kg) per cluster the oil quantity of extracted oil (in kg), and the extracted virgin oil attributes of
acidity (g/100 g), K270, K232, mean fatty acid (mg/kg), and peroxide index (mEq O2/kg)
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equal to TSM ¼ 8.2 according to Table 4 market requirements for virgin olive oil.
Initiating K-means algorithm with the number of clusters equal to two gives an
average error value of 0.56 > 0.05, for cluster k values with k <¼5. K-means with
k¼ 6 has an error value >0.05. Kmeans results in terms of mean error; the results are
shown in Table 4 (k ¼ 6 clusters – K-means cluster results). From the k ¼ 6 results,
the cluster error of at least one cluster is more than 0.05%, so the clustering algorithm
increases the number of clusters until the error of all clusters is less than 0.05. This
happens for K-means k ¼ 11. The results of K-means k ¼ 11 are presented in
Tables 3 and 4.

Table 4 Clustering results for K-means K ¼ 11 clusters of the clustering algorithm

K¼11
cluster

Cluster
ID

Total
score

Error value
(<0.05)

Cluster
size

Cluster oil quan-
tity
(Kg)

Pk¼1/5 1 8.28 0.00066 16 10656

2 7.18 0.000005 7 4998

3 8.6 0.00068 16 12304

4 9.27 0.00015 11 7854

5 8.9 0.022 4 8500

6 8.64 0.034 5 7378

7 9.4 0.048 4 8500

8 8.4 0.01 7 9996

9 9.03 0.002 7 6363

10 8.48 0.047 15 8881

11 7.94 0.01 11 11000

Table 3 Market requirements for the five dataset metric values for extra-virgin olive oil, proba-
bility of importance for each attribute accordingly, and total score market value TSM

TSM/Market
req.

Ol. acid
(g/100g)

K270 K232 Fatty acid
(mg/kg)

Peroxide
(mEqO2/kg)

Req. values 0.37 0.2 2 25 15

% Prob. pi 40% 10% 10% 20% 20%

Market
importance

Total market score (MIC) TSM¼8.368
Requested quantity: 3000kg

K¼6 cluster Cluster ID Total
score

Error value
(<0.05)

Cluster size Cluster oil
quantity
(Kg)

Pk¼1/5 1 8.38 0.09 31 19537

2 8.46 0.07 5 7378

3 8.51 0.03 27 29610

4 8.49 0.05 35 28663

5 8.44 0.04 4 8500

6 8.46 0.0004 18 12852
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As illustrated in Table 4, the clustering algorithm returns as an appropriate cluster
with ID¼ 3 that has a total of 4998 kg (TSk < TSM, TSk¼min{TSi}). If more kgs of
oil are requested by the market (6000 kg), then the quantity of cluster with ID ¼ 11
will be allocated, setting the available quantity to 15998 Kg for this market request.

6 Conclusions

This paper presents a new monitoring system for the virgin olive oil industry called
OLEA. OLEA system is capable of origin location, recording of farming methods
and olive oil attributes, product traceability, and overall management of the virgin oil
production and farming processes. OLEA farming monitoring methodology uses an
NFC based olive tree clustering scheme that maintains cultivation and environmental
attributes information stored in its database. This information is reinforced with
qualitative olive product characteristics derived by the olive fruit milling process
assisted by the OLEA real-time sensory system, controller, and sensory service. The
attributes recorded by OLEA database are updated either by the OLEAmobile phone
application for the fertilization and plant protection farming services or the OLEA
mill-located sensory controller for the quantity and qualitative attributes of produced
olive oil per cluster.

The OLEA system architecture is described in detail in the present work. This
system includes NFC tags for tree cluster identification and sensors for the process of
product measurements. OLEA system also includes an integrated application and
database service where all measured NFC and sensory data are collected, allowing
for application-level queries toward the database to be performed using the OLEA
web interface or the OLEA mobile phone application interface.

Authors included in their OLEA implementation the capability of a modular
engine for the process of developing smart agents and algorithms. In order to
reinforce the necessity of this engine to contemporary management systems, a new
data mining algorithm has been implemented, for processing uniform olive product
characteristic clustering and group product selection in accordance to market needs.
The proposed clustering algorithms uses as input a customer’s product requirements
in terms of threshold values and delivers back to them a selection of the most
appropriate tree cluster areas product that strongly include those attributes.

To support the methodology, a case study scenario is presented, where the
proposed clustering and selection algorithm is applied. From the case study results,
it is clearly shown how the OLEA clustering algorithm can achieve the standardi-
zation of olive oil product quality and appropriately select production based on
market needs. The use of the proposed OLEA system shall close the gap of a central
information management and monitoring system facilitating the Greek virgin olive
oil industry. In addition, the OLEA modular engine shall lead to the implementation
of new services for the virgin oil industry.
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Fuzzy Control Simulation of a Smart
Irrigation System

Aliki D. Muradova, Georgios K. Tairidis, and Georgios E. Stavroulakis

Abstract Centre-pivot irrigation systems, also known as flexible sprayer booms,
are efficiently used in the watering process and irrigation applications. During the
use of such systems, various problems can occur, due to vibrations caused either by
the wind excitation or other, mainly steep, external loadings, which in turn can be
caused by the uneven surface of the roads or fields, such as potholes, cavities, etc. In
the present paper, fuzzy control is used for the suppression of these vibrations. The
application of the control mechanism is done on a two-dimensional truss model of
the structure. A hybrid, Mamdani-type, fuzzy controller is implemented and tested
on the smart truss. The efficiency of the proposed simulation is shown on the
numerical examples.

Keywords Smart structures · Structural control · Truss model · Finite element
analysis · Fuzzy inference system · Irrigation system

Nomenclature

bu1x,bu2x Nodal displacements
l Length of an element
ε Elastic strain
σ Elastic stress
E Young’s modulus (modulus of elasticity)
T Tension
A Area of cross sectionbf 1x,bf 2x Nodal forces of a bar

f eix, f
e
iy External forces for i-th element in x,y directions
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mi Mass of i-th element�bk� Stiffness matrix of an element

[Ne] Number of elements
[u] Displacement vector for the truss�
_u
�

Velocity vector for the truss�
€u
�

Acceleration vector for the truss

[m] Mass matrix for the truss
[c] Damping matrix for the truss
Tr Transformation matrix for the truss
[k] General stiffness matrix for the truss
β,γ Newmark’s parameters
Tf Final time of the simulation
Δt Time step
Kt Number of time steps

1 Introduction

Centre-pivot irrigation systems, also called waterwheels or sprinkler irrigation
systems, are very popular for the watering of crops. Such systems are highly
efficient, as they combine perfect irrigation and maximum water conservation.
However, the use of these systems can confront several problems due to the
vibrations which are caused by the wind and/or other external loadings. Vibrations
and vibration damping using passive and active techniques of flexible spray booms
have been studied in several works. A detailed study has been presented in the
doctoral thesis Anthonis (2000), for horizontal vibrations, and in the subsequent
paper Anthonis et al. (2005), for vertical vibrations. Active force control is proposed
in Tahmasebi et al. (2013) and multi-rate control in Arvanitis et al. (2003).

In the present investigation, the reduction of the vibrations by means of simula-
tion of a smart truss model is sought. This structure can be considered as a simplified
model of the most commonly used centre-pivot irrigation systems. The smart trusses
embody piezoelectric elements along with control mechanisms that provide the
intelligent behaviour. Linear systems for control of vibrations in trusses and other
structures can be studied by classical control methods. However, classic mathemat-
ical theory of control can meet many restrictions, as nonlinearity in the system and/or
the controllers increases dramatically the complexity of the problem. In this case,
fuzzy and hybrid neuro-fuzzy controllers can be used instead.

Different control strategies or mixtures of them are presented in the work of Abe
(1996). More specifically, a rule-based control algorithm for active tuned mass
dampers, exploiting the capabilities of fuzzy logic, along with classic control tools,
such as the linear quadratic regulator (LQR) feedback gains, is proposed. In general,
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fuzzy inference rules systematize existing experience and can be used for the rational
formulation of nonlinear controllers (Driankov et al. 1996). In the present investi-
gation, a collocated controller in the sense of Preumont (2002) is developed. Several
controllers have been developed in previous investigations. For example, a
Mamdani-type fuzzy controller for the control of a smart composite beam is devel-
oped in Tairidis et al. (2009). The verbal fuzzy rules are written in the sense of the
motion of a pendulum, while the numerical results indicate the efficiency of the
proposed control scheme. Fuzzy vibration control of a smart thin elastic rectangular
plate, with representative numerical examples, is given in Muradova and
Stavroulakis (2013, 2015). The development and tuning of a neuro-fuzzy control
scheme are presented in detail in Stavroulakis et al. (2011).

A literature review on the static and dynamic shape control of structures by means
of piezoelectric actuation is conducted in Irschik (2002).The significant work which
was done on active and semi-active vibration control of structures during the
previous years is reviewed in Fisco and Adeli (2011). Namely, modified LQR and
LQG, neural network-based, fuzzy logic, sliding mode and wavelet-based control-
lers are reviewed. Finally, a brief survey on industrial applications of fuzzy control is
given in the work of Precup and Hellendoorn (2011).

Strong computational tools for the simulation of smart structural systems can be
considered among others MatLab, Simulink or other similar software (Tairidis et al.
2017; Muradova et al. 2018 etc.). Once the controllers are built, some fine tuning
may be necessary and can be based on several concepts, which can be among others
the trial-and-error method or global optimization methods, such as particle swarm
optimization (Marinaki et al. 2011; Tairidis et al. 2015) or genetic algorithms
(Lu et al. 2003; Tairidis et al. 2016; Chang 2011; Karavas et al. 2017).

In this study, a Mamdani-type hybrid fuzzy controller is implemented on a smart
truss model, and it is tested within the MatLab environment. The investigation is
based on the study of a smart truss with piezoelectric sensors and actuators. The
examined system consists of a truss which is supported at two nodes, and it is
subjected to an external loading at one node. The main contribution of the work is
the introduction and incorporation of control actions through thermal stresses on a
truss finite element model. This technique can be extended for more complex, two-
and three-dimensional systems. Moreover, the use of fuzzy control within this
setting can be considered a novel aspect.

The present work is organized as follows. In Sect. 2 a mechanical model is
presented. The irrigation system is modelled as a smart truss, and the equations of
motion are derived. Section 3 is devoted to a computational algorithm. The
Newmark-β method is employed for the time integration of the linear system of
ordinary differential equations. Section 4 focuses on the construction of the control
scheme, which is based on a Mamdani-type fuzzy inference system. Numerical
examples are illustrated in Sect. 5, while in Sect. 6 the main results are discussed.
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2 Mechanical Model

In this section, the simplified mechanical model with embedded piezoelectric com-
ponents, along with the control system, is presented. The truss model is considered to
have similar behaviour in vibrations with each part (right and left) of a small centre-
pivot irrigation system (Fig. 1), like the ones used in Greek agriculture and in other
places of the world.

The simplified model of the smart truss structure consists of a finite number of
parts (bars), connected with each other. Each bar of the structure corresponds to one
element. The elements are connected with each other by nodes. The truss is fixed at
two nodes, namely, at nodes 1 and 2, as shown in Fig. 2. The structure is subjected to
a vertical time-dependent loading, and it is equipped with a fuzzy controller.

A dynamic truss equation with stiffness, mass and damping matrices is derived by
applying a finite element approach (Logan 2007).

It is assumed that the displacement at each bar element is a linear function

u ¼ bu2x � bu1x
l

xþ bu1x,
where bu1x,bu2x are nodal displacements of the bar element and l is the length of the
element. According to the classical theory, the strain displacement and the stress-
strain relationship are given as

Fig. 1 A typical small centre-pivot irrigation system in Greece
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ε ¼ du

dx
, σ ¼ Eε,

where ε is the strain (deformation) tensor, σ is the stress tensor and E is Young’s
modulus (modulus of elasticity). Hence

T ¼ A σ ¼ AE

l

�bu1x � bu2x�,
where T is the tension and A is the area of cross section of a bar.

Furthermore, for the nodal forces, we have bf 1x ¼ �T , bf 2x ¼ T:
Since we consider a dynamic case, the Newton’s second law of motion is applied

to each node. Therefore, for each node we have the external (applied) force f ex , which
is equal to the sum of the internal force and nodal mass times acceleration. Thus, for
each element in x and y directions, we have

f e1x tð Þ ¼ bf 1x tð Þ þ m1
∂2bu1x
∂t2

, f e2x tð Þ ¼ bf 2x tð Þ þ m2
∂2bu2x
∂t2

, ð1Þ

f e1y tð Þ ¼ bf 1y tð Þ þ m1
∂2bu1y
∂t2

, f e2y tð Þ ¼ bf 2y tð Þ þ m2
∂2bu2y
∂t2

: ð2Þ

or in the matrix form

Fig. 2 Truss with 6 nodes, 9 elements and 2 fixed supports at nodes 1 and 2

Fuzzy Control Simulation of a Smart Irrigation System 359



f e1x
f e1y
f e2x
f e2y

8>>><
>>>:

9>>>=
>>>; ¼

bf 1xbf 1ybf 2xbf 2y

8>>><
>>>:

9>>>=
>>>;þ

m1 0 0 0
0 m1 0 0
0 0 m2 0
0 0 0 m2

2
664

3
775

€bu1x
€bu1y
€bu2x
€bu2y

2
666664

3
777775: ð3Þ

Distributed mass of the bar elements can be neglected or considered as lumped

mass on the nodes of the elements. Replacing bfn o
with

�bk� buf g from (3), we obtain a

system of equations for the bar element

f e tð Þf g ¼ �bk� buf g þ m½ � €bu� �
, ð4Þ

where
�bk� ¼ AE

l

1 0 �1 0
0 0 0 0
�1 0 1 0
0 0 0 0

2
664

3
775 is the stiffness matrix. Furthermore, [m] is the

mass matrix in (3), and €uf g is the acceleration vector in (1) and (2).
Introducing also the damping matrix, we can write down Eq. (4) in the following

form:

f e tð Þf g ¼ �bk� buf g þ c½ � _bu� �
þ m½ � €bu� �

: ð5Þ

At this point, a transformation matrix for the bar element needs to be defined.
According to the rules for the nodal displacements, we have

buf g ¼ T r½ � uf g, ð6Þ

i.e. bu1xbu1ybu2xbu2y

2
664

3
775 ¼

c s 0 0
�s c 0 0
0 0 c s
0 0 �s c

2
664

3
775

u1x
u1y
u2x
u2y

2
664

3
775

where T r ¼
c s 0 0
�s c 0 0
0 0 c s
0 0 �s c

2
664

3
775 is the transformation matrix.

Analogously for the nodal forces

bfn o
¼ T r½ � ff g: ð7Þ

Using the previous results from (6), (7) one can obtain
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T r½ � ff g ¼ bfn o
¼ �bk� buf g ¼ �bk� T r½ � uf g:

Hence,

ff g ¼ T T
r

� ��bk� T r½ � uf g,

or

ff g ¼ k½ � uf g,

where the global stiffness matrix [k] is defined as

k½ � ¼ T T
r

� ��bk� T r½ �,

i.e.

k½ � ¼
c �s 0 0
s c 0 0
0 0 c �s
0 0 s c

2
664

3
775AEl

1 0 �1 0
0 0 0 0
�1 0 1 0
0 0 0 0

2
664

3
775

c s 0 0
�s c 0 0
0 0 c s
0 0 �s c

2
664

3
775

¼ AE

l

c2 cs �c2 �cs
cs s2 �cs �s2

�c2 �cs c2 cs
�cs c2 cs s2

2
664

3
775:

In order to obtain the global stiffness, mass and damping matrices for the whole
structure (as the truss is composed of more than one elements), we must assemble
these matrices for each element of the structure. Thus, the global stiffness, mass and
force matrices are defined as

K ¼
XNe

e¼1

k eð Þ, M ¼
XNe

e¼1

m eð Þ, C ¼
XNe

e¼1

c eð Þ, F ¼
XNe

e¼1

f eð Þ,

where k(e) � k for each bar element and Ne is the number of elements.
After assembling the stiffness, mass and damping matrices for all the elements,

the equation of motion (5) is written as

M€u tð Þ þ C _u tð Þ þKu tð Þ ¼ F tð Þ: ð10Þ
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3 Newmark-β Method for the Equations of Motion

In order to solve the system of equations of motion (10), the second order direct
numerical integration Newmark-β method (Newmark 1959) is applied. This method
is flexible, since it does not require the smoothness of the second derivative.
According to Newmark-β method, the formulas for nodal displacement, velocity
and acceleration hold

uk ¼ gk, 0 þ βΔt2€ukþ1,

_u k ¼ gk, 1 þ γΔt€ukþ1,

where

gk, 0 ¼ uk þ Δt _u k þ Δt2 0:5� βð Þ€ukþ1,

gk, 1 ¼ _u k þ Δt 1� γð Þ€ukþ1,

uk ¼ u tkð Þ, tk ¼ kΔt, where k ¼ 0, 1, . . . ,KT , Δt ¼ T

KT
,

u¼ u1x; u1y; u2x; u2y; . . . :; uNx; uNy
� �T

and N is the number of nodes. Substituting the expressions for uk and _u k into (10)
and adding the control function to the right-hand side, we obtain

€ukþ1 ¼ �M�1 Fkþ1 þ Zkþ1 � Cgk1 �Kgk0ð Þ,

where �M¼MþΔtγCþΔ2tβK:
For the initial values of the nodal displacements, velocity and acceleration, we

have u0 ¼ u t0ð Þ ¼ u 0ð Þ _u 0 ¼ _u t0ð Þ ¼ _u 0ð Þ, €ukþ1¼ �M2 1 F0 tð Þ2C _u 0 2Ku0ð Þ.
The integration constants are selected to be β ¼ 0.25 and γ ¼ 0.5, which

corresponds to the case of unconditionally stable constant average acceleration
method.

4 Control Simulation Procedure

A nonlinear fuzzy controller is developed using the Fuzzy Toolbox of MatLab.
Namely, a Mamdani-type fuzzy inference system with two inputs and one output is
employed. Through fuzzification, a set of given “mappings” of both input and output
variables are turned into membership functions. Then, the controller can take
decisions, i.e. supply an output for given inputs, through a decision-making system
which is based on a set of “if-then” verbal rules (Muradova and Stavroulakis 2013).
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In the present investigation, the inputs of the system are the displacement and the
velocity of a bar element, which coincides with the one where the control is applied,
while the output is the control force. Since the system of equations (10) is given at
each node, a transformation of the obtained element control on the nodes is neces-
sary, i.e. if ect is the control element with starting node (x1(ect), y1(ect)) and final node
(x2(ect), y2(ect)), the displacement of the control element will be computed as a
product, uect ¼ δct ∙u, where δct is a vector with zero components except the ones
which correspond to the control element (with starting and final node contribution)
δct ¼ (0, 0, . . ., 0,�cosθ,�sinθ, cosθ, sinθ, 0, 0, . . ., 0). The angle between the bar
element of control and the x–axis is computed as θ ¼ atan((y2 � y1)/(x2 � x1)). The
application of control on the truss is similar with the one of introducing thermal
stresses, cf. Logan (2007), Stavroulaki et al. (1997).

The controller has 15 rules (Table 1), which use the AND operator. Triangular-
and trapezoidal-shaped membership functions have been chosen for the inputs and
for the output (Figs. 3, 4 and 5). The selection of polygonal functions has some
serious advantages. First, they can be defined only with a small amount of data.
Moreover, the condition of unity of the partition is easier to be met with polygonal
shapes instead of curves (e.g. Gaussian or sigmoid functions), as the sum of degrees
of membership of the involved parameters can easier amount to 1. The implication
and aggregation methods have been set to minimum and maximum, respectively.
The mean of maximum method (MOM) has been selected for defuzzification.

5 Numerical Results

In this section, the truss model, which is presented in Fig. 2, is simulated using the
procedures described in Sects. 3 and 4. The truss, which is fixed at nodes 1 and 2, is
subjected to an external force in the vertical direction at node 6. The control is
applied on the nearby element 9. The purpose of control is to reduce the oscillations
of the structure. The collocated controller takes as inputs the displacement and the
velocity at element 9 and returns the control force, which is applied on the truss at
each time step of the simulation. The membership functions of fuzzy variables are
given in Figs. 3, 4 and 5. Constant and sinusoidal loadings, caused by wind and/or
other external sources, are considered. In the examples below, the elasticity modulus
is E¼ 100,000, and the cross area is A¼ 0.1. The simulation time is Tf¼ 50 and the
number of time steps is Kt ¼ 500.

Table 1 The fuzzy inference rules (e.g. IF displacement is “far up” AND velocity is “up” THEN
control force is “max”)

Vel.\Disp. Far up Close-up Equil Close Dn Far Dn

Up Max Med+ Low+ Null Low�
Null Med+ Low+ Null Low� Med�
Down Low+ Null Low� Med� Min
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Fig. 3 The membership functions for the input 1 (displacement) of the fuzzy inference system

Fig. 4 The membership functions for the input 2 (velocity) of the fuzzy inference system



Example 1 For the external loading F(t), the component f2N(t) ¼ � 0.5 and the
other components fi(t), i¼ 1,. . .2N� 1, of F(t) are zero. The results are presented in
Figs. 6, 7 and 8. Namely, initial coordinates of nodes are given in Fig. 6. In Figs. 7
and 8, displacement and velocity at node 9 are shown, respectively.

Example 2 For the external loading F(t), f2N(t)¼ � 2sinωt, ω¼ 10π, and fi(t)¼ 0,
i ¼ 1,. . .2N � 1. The results are presented in Figs. 9, 10 and 11.

From the examples, one can conclude that the harmonic loading influences the
control of vibrations. It should be emphasized that fuzzy control is rule-based, which
does not correspond to an optimal control problem. However, at the same time, the
proposed methodology is applicable to a wider spectrum of problems. The effec-
tiveness of the control depends on several parameters, with most important the
selection of the fuzzy rules, which in turn have been chosen empirically. The results
in some cases can be improved by using an adaptive neuro-fuzzy inference system
(ANFIS), which have been introduced for a simplified beam model in the recent
work of Tairidis et al. (2017). The details of ANFIS for different problems are also
described in the works of Papachristou et al. (2011), Stavroulakis et al. (2011) and
Muradova et al. (2017).

Fig. 5 The membership functions for the output (control force) of the fuzzy inference system
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Fig. 6 The initial, deformed and after control truss at the end of simulation for example 1

Fig. 7 The displacement before and after control at the node 9 for example 1



Fig. 8 The velocity before and after control at the node 9 for example 1

Fig. 9 The initial, deformed and after control truss at the end of simulation for example 2



Fig. 10 The displacement before and after control at the node 9 for example 2

Fig. 11 The velocity before and after control at the node 9 for example 2



6 Conclusion

A control of centre-pivot irrigation system has been simulated with the use of a smart
truss model. A finite element analysis has been applied for the investigation of the
behaviour of the truss. The control has been performed on the base of fuzzy logic
rules. Namely, a Mamdani-type fuzzy inference system has been used for the
creation of the controller. The numerical experiments have shown that a location
of the controller depends on the location of external forces. Moreover, it is shown
that the proposed methodology is general, thus it can be used for various loading
scenaria, as well as for different control implementations, as with the present
formulation, the control can be placed at any element of the structure. Finally, the
obtained numerical results have shown the efficiency of the introduced techniques;
however, optimization can help in the design of more complex systems based on the
proposed concept.

Robust controllers like the ones which are developed by using fuzzy techniques
are suitable for the fusion of different kinds of information, which is a demand on
modern precision agriculture. In this direction, sensors of various types, GIS systems
and database data are used together for automation purposes. A concrete application
on irrigation spray booms is presented herein, although the fuzzy control concepts
are quite general and can be applied on different types of dynamical systems.
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Processing of Digested Pulp
from Agricultural Biogas Plant

Wojciech Czekała

Abstract In the European Union, renewable energy sources (RES) constitute an
important alternative to fossil fuels. Solid biomass is mainly used for the production
of renewable energy. One of the RES types is the production of agricultural biogas as
a result of the anaerobic digestion process (AD). This process generates biogas and
digestate. The second product is a residue from the fermentation process, consisting
mainly of nondigested organic and mineral components. The market offers many
devices for the management of the digestate (digested pulp), e.g., separators that
separate the raw material into solid and liquid fractions. The aim of the present book
chapter was to discuss the possibility of improving the management efficiency of
biogas plant by using the digested pulp as a fertilizer and for other purposes. For a
designed 1 MWel biogas plant installation, modern technological solutions have
been proposed. It can be concluded that a proper digested pulp management can
bring additional profits to the biogas plant.

Keywords Waste management · Fertilizer production · Digestate · Digested pulp ·
Renewable energy · Environmental protection

1 Introduction

With the increase in energy demand, it is necessary to seek new technologies for its
production (Bhattacharyya 2011). It should be cheap, efficient, and, what is most
important, safe for the environment. Biofuels are renewable energy sources (RES)
that are produced from biomass (Wang et al. 2009). For many years in Europe, the
growth of the biogas plant market and the growth of installations producing elec-
tricity and heat have been observed. At the same time, the development of technol-
ogies related to biofuels is seen, and one of the types of renewable energy
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installations that has been becoming more and more significant for a few years are
agricultural biogas plants. The aim of the present book chapter was to discuss the
possibility of improving the management and economic revenue of biogas plant by
further use of the digested pulp.

2 Agricultural Biogas as a Source of Renewable Energy

With the decline of fossil fuels, it has become necessary to look for new sources of
energy, and RES are one of the solutions (Demirtas 2013). The greatest advantages
for RES include inexhaustibility and distributed production location. This is con-
trary to energy coming from fossil fuels or nuclear energy. The energy production
based on renewable resources is one of the priorities of the European Union in the
field of environmental protection. The main source of renewable energy in Poland is
biomass (Igliński et al. 2011). Depending on the applied technologies, biomass can
be transformed into liquid, solid, and gas biofuels among which agricultural biogas
can be distinguished. Agricultural biogas plants are type of installations producing
stable and environmentally friendly energy at a similar level throughout the year.
Agricultural biogas plants use various substances rich in biodegradable organic
matter for energy production. They are part of the energy policy of each country,
producing energy from renewable sources. Unstable legal regulations in Poland
were the reason for their small development in recent years. Despite this, the
conditions for construction and operation of plants in Poland and most countries
worldwide are satisfactory.

The process of biogas production based on AD and the main product of which is
biogas, a mixture of gases in which methane dominates (Weiland 2010), generally
ranges from 50 to 65%. The second important constituent is carbon dioxide as well
as remaining gases present in the mixture in trace amounts. The products of biogas
combustion in a combined heat and power generator unit (CHP) are electricity and
heat. The biogas plant is an installation that produces energy in a recovery process
while managing waste (Dach et al. 2016; Kozłowski et al. 2016) (Fig. 1). The most
common criterion for division of an installation is the substrate used. Therefore, one
may distinguish biogas plants in agricultural landfills or municipal waste and sewage
treatment plants.

Currently, apart from choosing the right production technology, more and more
attention is paid to the substrate selection for energy production. There are many
substrates that can be used for agricultural biogas production, having different
properties such as state of aggregation, chemical composition, and presence of
impurities (Waliszewska et al. 2018). From the biogas plant point of view, the
most important are their availability in a given area, biogas and methane yield, as
well as price. In practice, the price of the raw material is extremely important,
because it can account for up to 40% of the biogas plant cost. Having this in mind,
it is necessary to look for substrates with both high energy efficiency and a relatively
low price.
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For the proper functioning of installation, by reaching nominal power, it is
necessary to ensure a certain daily amount of substrates. It depends primarily on
the power of the biogas plant and the methane yield of individual substrates. The
substrate being used in biogas plants for many years has been animal slurry, which is
a highly available material (Yadav and Garg 2016). Slurry is an inefficient substrate;
however, it acts as a carrier for microorganisms necessary in the AD process.
Complement to the natural slurry there is often maize silage, the yield of which is
high and reaches more than 200 m3 of biogas from 1 Mg of fresh state substrate. For
economic reasons, there was a search for other alternative substrates for biogas
production. Suitable substrates for biological waste transformation processes,
including biogas production, are waste and residues from the agri-food industry
(Fig. 2), which is a well-developed and diversified sector both in Poland and Europe.
In addition to maize silage, slurry, and residues from agricultural sources, the most
frequently used are also distillers’ grains and beet pulp.

Agricultural biogas plants are safer from the environmental perspective because
the substrates are from agricultural origin which often undergo through high sanita-
tion standard procedures as it is designed for human consumption (Czekała et al.
2015). Agricultural biogas is produced in biogas plants that use agricultural sub-
strates to produce energy (Budzianowski 2016). It is a mixture of gases with high
methane content, so it can be used for energy production (Cieślik et al. 2016). In
addition to the selection of substrates, the management of fermentation process
products should also be remembered. Another product than biogas, often overlooked
substrate from the AD process of agricultural products, is digested pulp (digestate)
(Börjesson and Berglund 2007).

Fig. 1 Agricultural biogas plant. (Author: Andrzej Lewicki)
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3 Digested Pulp: Production and Properties

In agricultural biogas plants, the main product of the AD process is biogas. Biogas
production is the most important from a financial point of view, due to the methane
presence allowing for energy production. The second main product is digestate, also
known as digestate pulp (Koszel and Lorencowicz 2015; Arthurson 2009) (Fig. 3).
One of the biggest challenges for agricultural biogas plants is the utilization of the
by-product, which in fact is the digestate itself. Moreover, many studies and articles
confirm the suitability of digestate for soil fertilization due to the high content of
available nutrients needed for plant growth. There is no precise definition of
digestate in Polish legislation. Most often, it is defined as the residue resulting
from the fermentation process. The digested pulp consists primarily of organic
compounds, minerals, and biomass of living organisms undecomposed in the AD
process.

The composition of digestate is mainly dependent on the substrates used for the
AD process. Other important factors affecting the composition and properties of the
digested pulp depend on the process conditions and its correctness, mixing in
fermentation chambers and fermentation time. As mentioned before, the substrates
in each area are widely available, so the digestate after AD may have different
properties in each case. Other factors affecting the residue properties include

Fig. 2 Food waste for biogas production. (Author: Wojciech Czekała)
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substrate fragmentation, the course and technology of the fermentation process, or
technologies used in agricultural biogas plants (Sogn et al. 2018). The discussed
residue from agricultural biogas plants can be treated as waste, by-product, as well as
organic fertilizer. Regardless of the legal point of view, the methods of proceeding of
the mentioned material are the same.

Digestate is characterized by high moisture content. Thus, the dry matter content
of the digestate is rather low than 6%. In wet technologies dehydration is carried out
by means of separation or drying (Kaparaju and Rintala 2008). In case of separation,
solid and liquid fraction are the products which can be used for different purposes.
For this reason, separation is an important process and is carried out on many biogas
plants. Dry matter content in solid fraction is usually 20–35%, whereas liquid
fraction is about 1.5–4%. One advantage of drying is the efficiency of the process
because it allows the substrate to be processed to a specific moisture content.
However, the drawback is the need to supply a significant amount of energy in the
operation. Moreover, in case of the use of digestate as a fertilizer, it is recommended
to maintain certain level of moisture that can favor the absorption of nutrients by
plants (Table 1).

In Europe, the market for separators and digestate driers is developed, so it is
possible to improve agricultural biogas installations to include such technologies.
For example, separators primarily used for sewage sludge were installed in agricul-
tural biogas plants. The digestate should be stored until it can be used as a fertilizer.
The method of storage of both raw digestate and liquid fraction is the same, due to
the liquid consistency of both types of material. The popular solution for temporary

Fig. 3 Digested pulp for laboratory research. (Author: Wojciech Czekała)
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storage of the raw digestate is concrete or steel tanks. Their construction resembles
fermentation chambers of biogas plants or slurry tanks. Another solution is storage in
open lagoons (Fig. 4) or closed lagoons. They are tanks in the ground, sealed with a
special membrane protecting against leaks. Open lagoons are cheaper to build but
have more disadvantages. The biggest problem is the possibility of rain penetration
and higher gas emissions, especially ammonia. The solid fraction, characterized by a
loose structure, can be stored on flooring, preferably with a roofing.

The digestate treatment is important both from the environmental and economic
side. This is caused by the lack of solutions favoring the development of the
discussed residue, causing the need of longer or improper storage, adversely

Table 1 Average
composition of solid and
liquid fractions of digestate
from selected Polish biogas
plants (Kowalczyk-Juśko and
Szymańska 2015)

Parameters Solid fraction Liquid fraction

Dry matter [%] 22–27 2.7–4.3

Dry organic matter [%] 89–94.5 58–62

Total nitrogen [%] 0.4–0.8 0.2–0.75

N-NH4 [%] 0.08–0.52 0.28–0.38

P [%] 0.1–0.28 0.03–0.05

K [%] 0.12–0.69 0.5–0.62

Ca [%] 0.22–0.43 0.05–0.07

Mg [%] 0.06–0.17 0.01–0.02

Fig. 4 Open lagoons for digested pulp. (Author: Wojciech Czekała)
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affecting the environment. On the other hand, the introduction of solutions allowing
digestate application may result in financial benefits.

4 Digestate Processing and Directions of Use

The substrate used in the agricultural biogas plant is subject to numerous trans-
formations. Regarding elemental composition, the greatest changes occur in relation
to carbon. If organic compounds are degraded, consequently, the amount of organic
matter decreases, and methane is produced. In relation to macroelements, another
relevant aspect is the conversion of organic matter into mineral compounds.
Digestate is characterized by better parameters than the unprocessed substrate,
e.g., slurry, because nutrients are more available for plants. The intensity of all
those transformations depends primarily on the type of substrate used (Czekała et al.
2016a). In addition, the process conditions are an important element, for example, in
the parameters: type of technology used, process temperature, substrate size and
type, and intensity of the process.

After obtaining the digestate, it must be managed in accordance with the law. By
far, the most popular method in Europe is its direct use for fertilizing purposes.
However, there are more ways to digestate management (Fig. 5).

It can be concluded that there are many ways to utilize digestate. Generally, the
selection of elements required for waste management should be preceded by:

1. Analysis of the scientific literature and legislation in force in the country.
2. Industry market analysis of available equipment and technologies.
3. Calculating the amount of digestate available.

Fig. 5 The possibility of using raw and processed digestate. (Author: Wojciech Czekała)
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4. Determining the preferred directions of using the digestate.
5. Development of a biogas effluent processing plant that is compatible with the

biogas plant.

The most common way to use the digested pulp is use it directly as a fertilizer
(Tampio et al. 2016). This is due to the ease and high efficiency of its application in
the soil. This solution is practiced mainly due to the lack of implementation of other
activities such as separation, drying, or confectioning. The only requirement is to
mix it beforehand to equalize the nutrient content. In many countries in Europe and,
for example, in China, digestate is perceived as a valuable fertilizer. This is a
desirable substrate and apparently presents no environment concerning related to
its management. In Poland, there is some resistance about the use of digestates as
fertilizers mostly due a misperception and understanding about the biogas and the
use of digested pulp. Currently, some biogas plants in Poland have problems with the
sale of digested pulp. However, with the understanding of the benefits of digestate,
the perception of its application as fertilizer by farmers is favorably shifting, and
digestate started to be treated as a valuable fertilizer.

Fertilizer application of the digestate brings many benefits. The most important is
to provide macro- and microelements necessary for the development of plants. The
liquid form facilitates applications that can be carried out using machines for
fertilizing with liquid form natural fertilizers, e.g., slurry (Cavalli et al. 2016).
Among the most common hazards are those concerning the content of heavy metals
and pathogens. In cases when the feedstock for biogas plant is agricultural or food
substrates of known origin, the permissible standards should not be exceeded.
However, it is recommended to check the digestate before its application to the
soil at least twice a year. Research conducted by Sogn et al. (2018) were intended to
determine the fertilizer properties of pulp depending on the type of soil (loam, sand,
silt). The authors highlighted the positive properties allowing for the use of digestate
in agriculture. Kataki et al. (2017) tested the possibilities of using four types of
digestate for fertilizing purposes: whole (before separation), solid, liquid, and ash
from solid digestate. The authors conclude that integrated production of bioenergy
and use of by-product as fertilizer could be very significant in terms of energy
production and fertilizers. Although the direct application of digestate as fertilizer
is the most commonly used solution, other methods are also sought for that would
allow not only to manage it but also to obtain economic and environmental benefits.

However, in case of separation, the digestate liquid and solid fraction can be
either used as fertilizer in the fields. Liquid fraction also can be used to decrease the
dry matter content of the new substrate for the biogas plant (Sigurnjak et al. 2017).
The solid fraction biomass can be used as well as a fertilizer or for energy purposes
(Czekała et al. 2017). Direct distribution on the surface of the fields will enrich the
organic matter content of the top soil. And, it is also possible to use the solid
digestate fraction for compost, both as a stand-alone substrate or as an additive in
combination with other ingredients.

One possible solution for this problem is the separation (dehydration) of the
digestate (Wu et al. 2017). The effect of such action is to obtain a minimum of two

378 W. Czekała



significantly differentiated fractions. This will allow easier management of the
product after fermentation process. Another advantage will be the possibility of
increased revenue of the biogas plant.

The technology which can even increase the fertilizing value of digestate solid
fraction is called composting. Because of intensive temperature growth during
composting, the obtained material is characterized by high fertilizing value, sanitary
safety, lack of odor, and chemical stability (Waszkielis et al. 2013; Wolna-Maruwka
and Dach 2009).

The liquid fraction is most often used directly as a fertilizer. Lower dry matter
content than in unprocessed digestate contributes fertilization, above all, due to
better ingredient mixing. Another option is to use it as a substrate for hydration of
a new batch of solid feed (e.g., silage or pomace). The liquid fraction allows to
increase the degree of hydration, which will enable the flow of feedstock through
pumps in the installation. In addition, there are more organisms in the liquid fraction
that are responsible for inoculating the new batch of feedstock. In scientific research
carried out around the world, it was used, among others, in the barley cultivar
(Haraldsen et al. 2011) which was proved by Sigurnjak et al. (2017). The research
was carried out in three subsequent years, and the authors came to a conclusion,
among others, that liquid fraction of digestate has a potential to be used as N
fertilizer.

Definitely more directions of use are characterized by solid fractions. The solid
fraction of the digested pulp formed as a result of separation is characterized by
porosity and high content of organic matter, despite partial degradation under
AD. Due to this fact, it can be utilized to achieve the fertilizer and energy goals.
The mentioned fraction is rich in organic matter (most often 60–90%); therefore, it is
a suitable fertilizer for Polish soils, usually poor in organic matter. At the same time,
in order to increase the fertilizer value of this fraction, composting is advised.
Composting is an oxygen decomposition of organic matter that results in a good
quality organic fertilizer called compost. Own research of Czekała et al. (2017) has
indicated that even the solid fraction itself can be used in the composting process. It
should be noted that using additives for the composting process is more popular. A
good example is the use of sewage sludge. The solid fraction is characterized by a
high content of organic matter, and sewage sludge is rich in nitrogen. This combi-
nation allows to improve the C:N ratio, which will favorably affect the process and
thus the quality of the obtained fertilizer.

The water-free solid fraction becomes a valuable substrate with a wide range of
applications in the solid biofuel sector. The residue from the biogas plant can be used
in the mechanical molding process to obtain pellets or briquettes or can be directly
thermally transformed. The energy value in terms of dry matter is usually in the
range of 14.5–18MJ�kg�1. Some objections have been raised by scientists within the
very course of the combustion process; hence it is suggested to conduct research in
this topic.

Another possibility of raw digestate management is to use it as feeding medium
for algae production as the substrate for biogas plant (Cerbin et al. 2012). The
experimental installation (greenhouse of 3000 m2) for algae production with usage
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of digestate solution for microalgae nutrition was built in Central Poland in 2015.
However, the real scale investment has shown much lower microalgae production
(mainly because of colder climate and technical problems) than promising results
obtained in laboratory scale (Lewicki et al. 2013).

Ideally, a part of the digestate could be used directly to fertilize the fields that
provide substrate to the biogas plant. This will keep the nutrients within the
production chain of the biogas plant. Another advantage is related to economic
and environmental aspects. The direct use of digestate as fertilizer can decrease the
cost of crop production, while the production of mineral fertilizers, in some cases,
can pose threat to the environment. Therefore, this alternative is economically and
environmentally ideal.

5 Case Study for Selected Biogas Plant

In the present case study, the energetic use of digestate was the objective. The
production of solid biofuels, i.e., briquettes and pellets, was considered. Both
briquettes and pellets are widely used in Poland for heat production (Szmigielski
et al. 2014; Kowalczyk-Juśko et al. 2015a). The design of the agricultural biogas
plant with power 1 MW will use the substrates shown in Table 2. The presented data
are from studies conducted in Laboratory of Ecotechnologies in the Poznań Univer-
sity of Life Sciences (PULS). The research was carried out according to the modified
German standard DIN 38 414 – S8.

It is estimated that about 90% of the initial substrate matter still remain in the
digestate. These values are the assumed values often used in calculation in Poland.
Consequently, a typical biogas plant with 1 MW electric power produces, daily, a
few tens of tons of digestate. Such a considerable amount of digestate often becomes
a liability for biogas plants operating in Poland.

In order to calculate the amount of digestate material produced on a biogas plant,
it is necessary to estimate the dry matter and water content of the substrates. The
following formulas were used (1):

Table 2 Substrates use for biogas production

Substrate
Quantity
[Mg�year�1]

dm
[%]

odm [%
dm]

Biogas efficiency
[m3�Mg�1FM]

Methane
content [%]

Maize
silage

11,000 32 95 210 55

Brewers
grains

11,000 24 90 140 60

Slurry 22,000 4 70 10 60

Non-published data from Laboratory of Ecotechnologies at PULS
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Mdm ¼ M fm � dm Mg � year�1
� � ð1Þ

where:

Mdm – mass of dry substance mass [Mg�year�1]
Mfm – mass of fresh mass [Mg�year�1]
dm – dry matter content [%]

The most important parameter when planning a separation installation is the water
content of the raw digestate and its fractions. The quantity and characteristics of the
substrates are shown in Table 2. The mass of substrates used for biogas production in
the analyzed mix was 44,000 Mg (Table 2). Assuming that the amount of the
digestate constitutes 90% of the feed substrate, the annual amount of digestate is
calculated (2):

Mdig ¼ Ms � n Mg � year�1
� � ð2Þ

where:

Mdig – digestate mass [Mg�r�1]
Ms – mass of input to biogas plant [Mg�r�1]
n – mass retention coefficient in the fermentation process �0.9 [%]

At the present case study, an annual production of 39,600 Mg of digestate was
expected, which gives about 108 Mg digestate per day. The quantity is relatively
large, since half of the load is a slurry characterized by high hydration. The
addressed project is planned to use solid fractions for the production of solid
biofuels. And, the liquid fraction will be directed to the hydration of new substrates
and partly for the production of microorganism-enriched fertilizers. This is an
innovative solution that complies with both scientific and entrepreneurial interest
in relation to research on microbial inoculation of the liquid fraction to enhance
fertilizer properties. The following assumptions were made for calculations
(Table 3).

The generated solid biofuel from the digestate has a slightly lower calorific value
than the wood pellet treated as the standard solid biofuel. The determined calorific
value was 16.58 MJ�kg�1 (Czekała et al. 2016b). In the analyzed example, it was
assumed that the daily production of the solid fraction is 20 Mg with a dry mass of

Table 3 Design assumptions

Assumption Value of assumption

Quantity of digestate production [m3�year�1] 39,600

Mass of 1 m3 of fermentation pulp [Mg] 1

Dry matter of digestate [%] 8

Amount of liquid fraction after separation [Mg�year�1] 28,800

Amount of solid fraction after separation [Mg�year�1] 10,800

Non-published data based on real scale biogas plants
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23%. Generally, water content can affect the strength of materials (Chocyk et al.
2015; Kowalczyk-Juśko et al. 2015b). Thus, to achieve appropriate level of water in
the substrate, a belt dryer will operate in the biogas plant. Then, with the resulting
solid fraction, it will be possible to produce about 4 Mg of briquettes from the
digestate. The produced briquette can be sold to external buyers for 100–130
Euro�Mg�1.

Necessary installations for digestate processing in the biogas plant are as follows:

• Separator EUR 44,000
• Belt dryer EUR 60,000
• Line for the production of briquettes (0.5 Mg�h�1) EUR 14,000

The cost of installation of the above listed separation and treatment devices is
EUR 118,000. However the biogas plant building cost is about five million Euros,
consequently, the above device cost seems economically acceptable.

6 Environmental and Economic Benefits as a Result from
the Use of Digestate

Digested pulp can be used as a fertilizer on fields; however, certain conditions must
be observed. It is forbidden i.a. to use fertilizer on frozen soils, water flooded areas,
covered with snow and in liquid form during the vegetation of plants intended for
direct human consumption. Digestate is considered to be environmentally friendly as
a fertilizer under the condition that typical agricultural substrates were used for
fermentation, including slurry, manure, or by-products of the agri-food industry. The
use of digestate will not only close the circulation of nutrients within the field but
also reduce the amount of mineral fertilizers.

As mentioned before, digestate due to its properties and chemical composition
can and should be used in agriculture as a fertilizer. In many countries, it is treated as
a valuable organic fertilizer. In Poland, the possibilities of managing the pulp are not
very beneficial, although in recent years slow changes have been observed heading
toward improvement of situation. When considering the issue of agricultural use of
digestate, it is worth keeping in mind that it can be an additional source of income for
installations. Counting only the NPK fertilizer content according to market prices,
the average value of 1 m3 varies between EUR5 and 10, depending on the content of
nutrients.

In addition, the presence of microelements necessary for the plant development
(copper, zinc, manganese, iron, and others) that increase the fertilizer and economic
value of the digestate should be taken into account. In the AD, a biomass of known
origin is used. This means that the digestate produced in the process does not contain
any harmful compounds in relation to the input substrates (natural fertilizers, silage,
food waste). The only conditions necessary for this type of process is proper fermen-
tation and, if necessary, pasteurization of the load before sending to the digester.
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The use of digestate carries a beneficial effect on the environment, mainly by
management of organic waste in a biogas plant. Not processed biodegradable waste
is a source of hazardous leachate and gas emissions. The digestate application itself
has allowed to reduce, among others, emissions of noxious gaseous compounds, as
described in Riva et al. (2016). Often, it is also highlighted that fertilization with
digestate increases soil fertility not only in nutrients but also organic matter (Möller
and Müller 2012). The pH is usually around 7–9. The use of digestate allows to
reduce the negative impact on the environment resulting from acidification of soils.
The information about digestate suggest that the material is beneficial for
ecosystems.

7 Conclusion

Numerous world studies clearly indicate the suitability of digestate in the process of
plant growth and development. In practice, owners of agricultural biogas plants
usually dispose off the digestate for small amounts of money, inadequate to the
fertilizer value characterizing the residue in question. The lack of specific regulations
and social resistance is responsible for limiting the use of digestate at field. More-
over, biogas plant owners often do not have enough farmland to distribute the entire
produced digestate. Consequently, this situation creates barriers to the development
of the biogas sector in Poland. Additionally, it is recommended to carry out physical,
chemical, and microbiological analyses of the digestate before its application in the
soil. A better characterization of the fertilizer can increase the trustiness of farmers
and favor the utilization of digestate at fields. Investments in an installation for
industrial separation and processing of digestate create opportunities for the use of
digestate with additional revenue.
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environmental management systems, 39
life cycle analysis, 39
reporting and disclosure, 39
stakeholder commitment, 39
through internet, 51
See also Business practices

Biogas production, 380
Biotrophs, 307
Borda Count (BC), 60, 61, 65, 71–73
Bread wheat

APR genes, 307
biotic stress conditions

1AL.1RS translocation, 319
1BL.1RS translocation, 314, 318
breeding practice, 313
electrophoresis of storage proteins and

wheat-rye translocations, 312
Hellenic bread wheat cultivars, 312, 313
Lr34/Yr18/Pm38/Sr57/Bdv1 gene, 317
molecular methods, 310, 311
plant material, 309
race-nonspecific resistance, 312
statistical analysis, 312
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Bread wheat (cont.)
storage proteins, 318
toxin insensitivity, 318
Tsn1 gene, 318, 319
Ukrainian spring bread, stressing

factors, 314, 315
biotic stress factors, 307
Fusarium species, necrotrophic

pathogens, 308
genetics, 306
marker-assisted selection (MAS), 306
mechanisms, wheat resistance, 308
PtrToxA and SnToxA sensitivity, 309
R-genes, 307
yield losses, to Fusarium, 308

Business model canvas (BMC), 46–48, 51
Business organizations, 188
Business practices

analysis, 40
business model, evaluation stages

activities, companies, 50
channels, 50
cost structure, 51
customer relationship, 50
key partners, 51
key resources, 51
revenue, 51
target customers, 50
value proposition, 49

evaluation stages, business model, 49
frugal and sustainable innovation, 44

European business models, 46, 47
Finland, 45
France, 46
United Kingdom, 46

indicators
for entrepreneurship, 40, 42
for innovation, 40, 41
for sustainability, 40, 43

key performance indicators, 42
managers and staffs, 40
quantitative analysis, European countries,

40–42
ranking, European countries, 44, 45
supply chain and clients, 40
sustainability, 39
sustainable business, 39

Business stakeholders, 206
Business strategy, 215, 216
Business sustainability, 39, 40

C
Carbon sequestration, 24
Centre-pivot irrigation systems, 356, 358, 369

"Click and morter" model, 248
Climate change, 10, 206
Climate-smart agriculture (CSA)

challenges, 164
cloud-based IoT technologies, 162
definition, 148
elements, 149
goal, 149

Cloud agro system, 157
Cloud computing

anatomy, 150
characteristics, 148, 154
definition, 150
essential characteristics, 151
IaaS, 151
integration of IoT, in agriculture, 154, 155
PaaS, 151
SaaS, 151, 152
as “the fifth utility service”, 150

Clustering analysis, 276, 278
Common Agricultural Policy (CAP), 5, 9, 16,

18, 223, 224
Communication, 94, 96
Community leadership, 46
Competitive advantage

business competition analysis
differential equations models

development, 208–215
strategy development, 215, 216

business stakeholders, 206
corporate social responsibility, 207
development of, 208
environmental protection, 207
environmental sustainability, 207, 208
green products, production of, 207
key framework, 206
new technology capabilities, 207
trends, 205

Competitive strategy, 209
Consumer, 258, 259, 262
Corporate social responsibility, 207
Crowd-funding, 224

activity, 224
with financial returns, 226
and food sustainability

in agrifood field, 227
in agrifood sector, 229
Barnraiser platform, 227
environmental/sustainability

orientation, 230
financial support, for entrepreneurial

projects, 230
Internet, 229
PieShell platform, 226, 227
platforms, 226, 230, 231
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producers and consumers of food, 229
public, 229
sectors, 226
small donations, 230
sustainability-oriented ventures, 230
web-based platform, benefits, 229
WoopFood, 226

campaign, 224
description, 224
donations, 225
equity and non-equity, 225
lending, 225
pre-selling, 225
sponsoring, 225
types, 225

Cultural heritage, 12

D
Dairy cows, 135, 136
Data analysis methods, 277
Data analytics techniques, 295
Data envelopment analysis (DEA), 191
Data mining algorithms, 335, 351
Decision-making, 69, 73
Decision support systems (DSSs), 295, 297
Differential equations models development,

208–215
Digestate

in agriculture, 378
algae production, 379
composition, 374
design assumptions, biogas production, 381
dry matter content, 375
energetic use, 380
environmental and economic benefits,

382, 383
fertilization, 379
fertilizer application, 378
generated solid biofuel, 381
installations, in biogas plant, 382
liquid and solid fraction, 378
management, 377
moisture, 375
raw and processed, 377
separation, 378
separation installation, 381
and separators, 375
for soil fertilization, 374
solid and liquid fractions, 376
treatment, 376
as valuable fertilizer, 378
for waste management, elements, 377

Digested pulp
composition, 374 (see also Digestate)
as a fertilizer, 378
for laboratory research, 375
open lagoons, 376
solid fraction, 379

Digital economy, 236, 237
channels, 240
and ebusiness, for agrifood products, 238
Italian internet users, 244
market, 246
net economy, 252
new e-commerce models, 237

Diverse swards
benefits of, 134, 135
grazing data, 140
herbage composition and monthly

productivity, 139
herbage yield and composition, 138
in vivo digestibility trials with sheep, 135
milk production, dairy cows, 135
mob grazing, 132, 136, 143
rotational grazing, 136
use, 135

E
ECO innovation index, 42
e-Commerce models

business models, 242
business sector, 237
digital economy and innovations, 237
formula of service, 243
fresh agrifood products, in Italy

consumers, 245
digital economy, 244
digital market, 246
emerging sectors, 244
Food & Grocery, 244
fresh meat, 245
local players, growth of, 247
mobile, 248
O2O, 247
online sales, 244
parameter estimation process, 249
physical space, 246
product purchased online, 246
research, 249
subscription models, 246
survey, 249
traditional operators, 245
website, 246
zero-km, 247
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e-Commerce models (cont.)
ICTs, 237
integrated B2C e-commerce marketplace, 242
internet, 252
in Italy, 237
by a logistics company, 242
O2O model, 240, 242
omnichannel growth, 252
online marketplace, 241
online shopping, 250
physical point of sale and withdrawal, 250
regression models, "demand side", 251
total online users, 238
traditional and online purchases, 248
value, in Europe, 239
vertical B2C e-commerce platforms, 242

Economic crisis, 9, 25
Economic growth process, 7
Economic vulnerability, 13
Ecopreneurs, 39
Ecopreneurship, 39
Ecosystem services, 12
e-Marketplaces

business sector, 237
definitions, 241
"e-commerce" frontier, 252
and e-retailers, 240
fresh agrifood sector, 242
fresh produce e-commerce, 242
international examples, 240
internet, 252
physical vs. virtual models, 244

Employment, in forestry, 28, 29
Energy, 295
E-networking, 18
Entrepreneurship, 40, 42, 45, 52
Environmental management systems, 39
Environmental sustainability, 207, 208, 215, 216
Epidemiology, PRV, 105, 115

See also Pseudorabies virus (PRV)
Eradication programs, PRV, 104, 113–115
Erosion control, 24
e-shop

category
content, 262, 265
security and safety, 261
services, 259, 265
usability, 261

consumer, 259
evaluation

comparison, 260
content, 264
methodology, 260

rating, 268
security/privacy, 263
service, 266

EWAM, 258
farmers’ products, 258
four-factor model, 258
index system, 258
materials, 259
methods, 259
minimal order price, 259, 265
offers, 258
order tracking, 259, 265
parameters, 259
usability

EU’s General Data Protection
Regulation, 261

parameters, 261
security/privacy, 261, 262

EU’s General Data Protection Regulation, 261
European Commission (EC), 271

F
Farm Management Information System

(FMIS), 271
Farmers’ products, 259, 260
Fertilizer production, 375, 378
Financial instruments, 222, 225
Finite element analysis, 369
Food industry, 198–200
Food supply chain (FSC)

food wastage, 287
IoT-based framework, for resource

efficiency, 293, 294
IoT-based incorporation

avoidable waste, 295
data storage and analysis, 297
direct energy, 295
DSS, 298
indirect energy, 295
into FSC management decisions, 298
into IT infrastructure, 297, 298
non-production water, 295
possibly avoidable waste, 295
process water, 295
production water, 294
system water, 295
unavoidable waste, 295
WFE KPIs, 297

management systems, 296
monitoring technologies, 288
productivity, 287
resilience, 287
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resource efficiency, 288, 289
resource scarcity, 287
unawareness, 288

Food sustainability
CAP, 223
consumers, 223
and crowd-funding (see Crowd-funding)
development goals, 223
in environmental dimension, 222
integrated control, harmful organisms, 223
international and European programming, 223
production factors, 223
sustainable development, principles of, 223
well-being sustainability, 222

Food system
agriculture, 222
agrifood businesses, 222
compulsory goal, 222
crowd-funding (see Crowd-funding)
development strategies, 221
financial instruments, 222
large-scale ICT-enabled projects, 229
well-being sustainability, 222

Food waste
avoidable, 295
possibly avoidable, 295
smart metres, 295
solid food waste, measurement, 295
unavoidable, 295

Forest fruits, 33
Forest sector development

certification scheme, 32
of communities, 26
competitiveness, enterprises, 26
constraints, rural development, 24, 25
employment, 28
environmental services, 24
and fishing, 28
forest fruits, 33
forestry and connected secondary

activities, 27
illegal logging and trade, 32
import and export value, 28, 30
industrial plantations, 33
Mediterranean products, 24
potential production, 32
scope and representative actions, 30, 31
wages and salaries, 28, 29
wood-processing industry, 30

French business model, 49
Frugal innovation, 38, 46, 52
Fungal diseases, 307, 308
Fusarium species, 308

Fuzzy control, 357, 358, 365
Fuzzy inference system, 357, 362, 369

G
Genetic diversity, 5, 7, 18
Global Forest Resources Assessment (2015), 32
Goats

challenges and priorities, farmers, 120, 121
diversity, farms, 120
food chains and consumption, 124
interviews with farmers, 122
multi-stakeholder approach, 127
sectorial challenges, 128
stakeholder organisations, 122, 123
sustainability, 123

Green entrepreneurship, 206, 207, 215
Greenhouse gas, 206

H
Harvesting, 24
Hazard analysis and critical control point

(HACCP), 292
Holistic farm management, 17
Holistic resource management, 132, 133
Hygienic/biosecurity measures, 106, 112, 115

I
ICT innovations, 272
ICT tools

adopting, 272
agro-food transition, 284
analysis, 276–279, 282
barriers, 278
broadcasting data, 273
complex index, 273
complexity, 273
crop type, 279
data analysis methods, 276–278
data collection method, 274–275
emerging clusters, 280
growth, 272
H2020 project, 272
incomes, 280
innovations, 272, 273
knowledge uptake, 273
organizations, 283
performance, 280
questionnaire, 274
semi-log model, 272, 281
SKIN, 272, 283
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ICT tools (cont.)
technological advancement, 273
UAA, 284

Information and communications technologies
(ICT), 272

cloud computing, 149
economic competition, 237
EU economy, 239
and global interconnectedness, 236
implementation, 149
low-cost access, 155
as "Net Economy", 236
Web 4.0, 236

Infrastructure as a Service (IaaS), 151, 157
Innovation

advantage, 50
definition, 38
“ECO Innovation Index”, 42
evaluation stages, 49
frugal, 38
hybrid sociotechnical system, 38
indicators, 41
multi-stakeholder approach, sheep and

goat farms, 120
economic performance, 127
farm management, 127
grouped, 123
Horizon2020 project, 121
to industry challenges and priorities, 126
marketability and processing, 128
in one day workshop, 123
potential, 126
stakeholders’ description, 123
workshop discussions, 129

sustainable, 38
Intensive grazing, 132
Interlaken Declaration in 2007, 5
Internet of Objects, see Internet of

Things (IoT)
Internet of Things (IoT)

adoption by companies, 291
benefits, 290
characteristics, 148, 154 (see also Cloud

computing)
cloud-based IoT applications, 157

advantages, 162, 163
ASPs, 159
challenges, 163–165
cloud agro system, 157
MAD-cloud architecture, 157
MCC technology, 159
mobile cloud framework, 159
PDCA cycle, 160, 162

security and privacy vulnerabilities, 163
techniques and paradigms, 165
WSANs, 159, 160

concept of, 152, 153
definition, 152
dynamic interactions, 154
energy, 288
extensive scale, 154
food safety, 288
food wastage, 288
framework, 288, 290
FSC, 290

food safety, 292
operational efficiency, 290
transparency, 292

future success, 153
healthcare sectors, 290
heterogeneity, 154
innovative technology, 149, 153
integration of cloud computing, in

agriculture, 154, 155
interconnectivity, 154
IT planning systems, 296
methodology, 288
RFID, 290
software tools, 290
state-of-the-art applications, 290
things- related services, 154
typical framework, for IoT, 155, 156
water, 288
WSN, 290

Interviews
farm typologies, 122
Finnish farmers, 125
multi-stakeholder research, 128
relate climate change, 125
semi-structured, 122, 128
with sheep and goat farmers, 121, 122

IoT applications, 342
IoT architecture

application layer, 292
network layer, 292
sensing layer, 292
service layer, 292

Irrigation system
centre-pivot, 356, 358, 369
vibrations and vibration damping, 356

ISO 9001 quality management standard,
188, 198

K
Key performance indicators (KPI), 295
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L
Land record automation, 155
Life cycle analysis, 39
Linear programming (LP), 194, 195
Linear quadratic regulator (LQR), 356, 357
Livestock breeds, 5
Livestock farms, 7–9
Livestock production systems

barriers, for development, 8
economic activity, 12
external factors

CAP (see Common Agricultural Policy
(CAP))

climate change, 10
economic crisis, 9
food consumption trends, 10
food marketing, 10

internal factors
economic activities, 11
profitability, 11

resilience, 13
vulnerability, 13

Local animal breeds
cultural heritage, 12
as development resources, 14–16
economic advantages, Greek farm, 4
environmental role, 12
genetic diversity, 7
genetic improvement process, 17
ICT tools, 17
intensive production systems, 8
interventions, 6
market-oriented approach, 6
multifunctional production systems, 4
multifunctionality, 11
policy incentives, 8
policy measures, 6
preservation, 5
production characteristics, 4
public genetic improvement programs, 17
as 'rustic' and 'folklore, 6
sheep and goats, 5
socioeconomic role, 12
stakeholder involvement, 17

Lucania farms, see ICT tools

M
MAD-cloud framework, 157
MAD-data acquisition layer (MDAL), 157
MAD-data processing layer (MDPL), 157
Mamdani-type fuzzy inference system, 357,

362, 369

Marketplaces, 241
Material resource planning (MRP), 299
Mean of maximum method (MOM), 363
Mediterranean forest products, 24, 27
Minimal order price, 259, 265
Mob grazing

case study farm, selection, 136
and claimed benefits, 134
definition, 132
on diverse swards, 134, 135, 137
environmental improvements, 134
farm records, monitoring, 138
feed intake and cow productivity, 140–142
forage production, 133
gazing data, 140
as grazing management technique, 132
high stocking density, 136
inconsistency/inadequacy, 133
and mob stocking, 132
pasture productivity

and herbage composition, 139
forage composition and feed intake, 138

soil fertility and forage productivity, 136
on soil organic matter, 142–144
soil samples, soil organic matter, 138
stocking densities, 133
in the UK, 132

Mob stocking, 132
Mobile Cloud Computing (MCC)

technology, 159
Multicriteria decision analysis

supplier selection and evaluation
problem, 190

supplier-related decisions, 188
UTA-II method, 189

Multi-criteria decision-making (MCDM)
method, 60

Multifaceted socioeconomic process, 26
Multifunctionality, 11
Multiobjective programming (MOP), 190, 191
Multiple correspondence analysis (MCA), 107,

108, 111, 114
Multi-stakeholder, for sheep and goat farmer, 121

breeding programs and labour
availability, 127

challenges and priorities, 121
climate change, 125
economic performance, 127
extensive and organic farmers, 125
farm typologies, 122
Horizon2020 project, 121
improvements, 124
interviews with farmers, 122
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Multi-stakeholder (cont.)
marketability and processing, 128
on-farm diversification, 124
potential innovations, 126
potential solutions, to challenges, 122, 123
priority innovations, 127
semi-structured interviews, 128
stakeholder participation, 128
as strategic priorities, 124
workshop discussions, 129

N
Neuro-fuzzy control scheme, 357
New forest strategy, 25, 26
Newmark-β method, 362
Next generation sequencing, 306
NFC data exchange format (NDEF), 336
Nonlinear fuzzy controller, 362
Non-wood forest products (NWFP), 32–34

O
Olea europaea, 328
OLEA management system

clustering algorithm, 344
case study experimentation, 347, 349
fields identification-separation and

tree clustering, 343
fields selection and cultivation

areas separation, 343
initiation, 345
market requirements, virgin olive oil, 350
per-variety OLEA clustering process, 343
selection process, 345, 346
smart agents and services, 342
system implementation, 342

methodology, 333
NFC traceability fertilization

functions, 338
OLEA NFC tag based services, 336, 337
tree field fertilization and pest control,

339, 340
tree field identification, 338, 339

oil extraction sensory service
acidity/ stiffness sensor, 341
gravity liquid level sensors, 341
I2C color constancy sensor, 341
peroxide and mean fatty acid, 341
refractivity, 341
waterproof temperature sensor, 340

sensory service communication protocol, 342
service functionality, 333

services and service functionalities
olive oil management services, 335
olive oil sensory monitoring service,

334, 335
olive tree monitoring services, 334
traceability service, 333, 334

Oleaeuropaea, 331
Olive oil

acceptable quality levels, 329
brands, 327
economy, 328
efficient separation, 329
farming normalization and pesticides

control, 327
farming, cultivation and harvesting, 328
Greek branded, 330
Greek virgin oil industry, 327
management and monitoring methods, 327
monitoring

and marketing, 328
and quality assurance (see OLEA

management system)
system (see Virgin olive oil monitoring)

nutritious composition, 326
olive species, for virgin oil production, 330
organoleptic classification, 329
quality, 327, 329, 330
traditional grindstone removing

processes, 327
virgin olive oils, 329

Olive oil value chain
agroforestry systems, 88
bottlenecks and opportunities, 93, 94
by-product management, 93
challenges, 94–96
climate and environment, 88
continuous centrifugation, 92
description, 88
extraction, 92
innovations, 96
in Italy, 91
policy, 88
socio-economy, 88
in Umbria, 91, 92

Olive tree cultivation processes, 327, 328,
334, 344

Olive tree management system, 335, 342
Olive tree systems

agriculture practices, 89
animal grazing, 90
canopy and intercrop, 90
cultivation, 88
drought, 90
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green mulching, olive grove, 89
intensive livestock farming, 90
intercropping/alley cropping, 90 (see also

Olive oil value chain)
orchard management, 92
origin, 88
production, in Umbria region, 92
soil C reserve, 89
traditional management, 88

Olive tree traceability
field(s) identification-separation, 343
mechanism functions, 338
microclimate unification areas, 333
OLEA system, 351
proposed OLEA system, NFC technology,

335, 336
service, 333
tree clustered sections, 334

On-farm diversification, 124
Online agriculture expert consultation, 155
Online-to-offline (O2O) commerce, 237, 240,

242, 248
Operations research, 206, 216
Order tracking, 259, 265
Organic milk, 135, 140
Organizations, 17

P
PDCA (plan-do-check-act) cycle, 160, 162
PieShell, 226
Pig herd area density, 106, 112, 115
Pigs

pseudorabies/Aujeszky’s disease (see
Pseudorabies virus (PRV))

Plantations, 32, 33
Platform as a Service (PaaS), 151, 157
Policies, 7–9
Polymerase chain reaction (PCR)

agarose gel electropherogram, 310
GenPak® PCR Core Kits, 310
KASP (competitive allele specific PCR), 306
RLFP markers, 306

Precision agriculture
approaches, 170
economic benefits, 170
human-computer interaction, 170
role, 169
technologies, 170
UTIPA (see User-Technological Index of

Precision Agriculture (UTIPA))
Precision farming, 169

See also User-Technological Index of
Precision Agriculture (UTIPA)

Preferential voting methods, 65

Producer organization (PO), 278
Pseudorabies virus (PRV)

classification, 104
description, 104
diagnosis, 104
epidemiological study

characteristics, study population, 105, 106
farms exposure to wild-type PRV,

108, 110
herd information, collection of, 105–107
herds, selection of, 105
sampled breeding farms, characteristics,

108, 109
sampling and laboratory testing, 107
statistical analysis, 107

eradication, 104
in logistic regression models, 112
pathogenesis, 104
predictors, 112, 113
strains, 104
and swine, 104
vaccination, 113, 115

Q
Quality function deployment (QFD), 215, 216
Questionnaire, for UTIPA, 171–175, 182

R
Race-nonspecific resistance genes, wheat,

307, 312
Radio frequency identification (RFID), 149,

152, 155, 290
Regional Agroforestry Innovation Networks

(RAINs), 87, 88, 93, 94
Regional economic theories, 26
Regional web portals, 258, 267
Renewable energy sources (RES)

advantages, 372
biofuels, 371
fossil fuels, 372

Resilience, 13, 16
Resistance genes (R-genes), 307

APR genes, 307
to biotic stressing factors

in Hellenic wheat cultivars, 312, 313
in Ukrainian wheat cultivars, 314, 315

Fusarium head blight resistance, 311
and markers, 310
race-nonspecific rust genes, 307
in the wheat gene pool, 313

Resource efficiency
energy, 288
FSC, 288
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Resource efficiency (cont.)
IoT, 289
IoT architecture, 292
water, 288
water metres, 289

Resources
and business, 39
constraint, 38, 50
key resources, 51
productivity, 43
scarcity, 38

R proteins, 307
Rural communities, 24, 26, 32
Rural development constraints, 24, 25
Rural Development Plans (RDPs), 86
Rural Development Program of Greece

(RDP), 18, 19

S
Sheep

challenges and priorities, farmers, 120, 121
diversity, farms, 120
food chains and consumption, 124
Horizon2020 project innovation, 121
interviews with farmers, 122
multi-stakeholder approach, 127
sectorial challenges, 128
stakeholder organisations, 122, 123
sustainability, 123

Short food supply chain (SFSC), 272
Short Supply Chain Knowledge and Innovation

Network (SKIN), 272, 283
Simple Multi-attribute Rating Technique

(SMART), 191
Small-to-medium enterprises (SMEs), 272
Smart agriculture, 169
Smart farming, 169
Smart structural systems, 357, 358, 369
Social capital, 14
Social innovation, 14, 16
Social vulnerability, 13
Software as a Service (SaaS), 151, 152
Soil organic matter

description, 132
grazing techniques, 132
mob grazing, 133

benefits, 133, 134
case farm, 136
on diverse swards, 137
effects of, 142, 144
high stocking density, 136

seed mixture composition, 137
soil analysis, in different fields,

143, 144
soil samples, 138

Stakeholders, 39, 40
Subscription models, 246
Supplier evaluation

criteria, 192
decision making perspective, 188, 189
evaluation criteria, 197, 198
management process, 188
supplier performance, 188
supply chain, 187

Supplier management, 188, 189, 197, 202
Supplier rating, 189
Supplier selection

artificial intelligence models, 190
buyer-supplier relationships, 188
criteria, 192
decision making perspective, 188, 189
description, 189
management process, 188
mathematical/operational research

models, 190
statistical models, 190
supply chain, 187
UTA-II method (see UTA-II method)

Sustainability, 38
business, 39, 40
indicators, 43
organizations, 39
ranking, European countries, 45
sustainable innovation, 38

Sustainable business, 39
Sustainable competitive advantage, 205

See also Competitive advantage
Sustainable development

definition, 38
IoT (see Internet of Things (IoT))
organization, 39
profits, 39

Sustainable development goals (SDGs), 222,
223, 228

Sustainable environmental management,
207, 208

Sustainable innovation
comparative analyses, 40
definition, 38
Finland, 45
France, 46
United Kingdom, 46

Sustainable organization, 39
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T
Technologies

UTIPA (see User-Technological Index of
Precision Agriculture (UTIPA))

Territorial development
definition, 13
development framework, 15
multifunctional characteristics, 15
social capital, 14
territorial-specific characteristics, 14

Trading platform
auctions, 241
comparison websites, 241
definition, 241
local platforms, 241
marketplaces, 241
open platforms, 241
planning and execution, marketplaces, 242
search engines with a buy option, 241
theme portals, 241
types, 241

Triticum aestivum L., see Bread wheat
Truss model, 356–358, 363, 369

U
User-Technological Index of Precision

Agriculture (UTIPA)
applicability in practice, criterion, 171
calculation, UTIPA index, 175
complex system, 173
data collection, 173
data for evaluation, 171
data visualizations, 175

country comparison, 177
heat map chart, 181, 182
respondent characteristics, 178
statistics, 175
technology comparison, 176, 177
unfamiliarity, technology, 179
web application, 180

objective, 170
questionnaires, 171, 173–175
survey, 171, 172
technological advancement criterion, 171
website, use of, 173

UTA-II method
annual supplier evaluation, 200
application, to food industry, 198–200
criteria aggregation model, 193
disaggregation approaches, 202
disaggregation-aggregation approach, 193
family, UTA-methods, 193

interactive procedures, 193
limitations, 189
multicriteria decision analysis approach, 189
original development, 195
procedure, algorithm, 194
proposed approach, 189
quality, collaboration, and delivery, 199
quality, cost, delivery and collaboration, 201
supplier evaluation, 196, 197
supplier management system, 197
weighting factors, estimation, 194

Utilized agricultural area (UAA), 274

V
Virgin oil characteristics

offline sampling, 331
OLEA system, 351
physicochemical, 329, 330
proposed oil measurement system, 332
qualitative measures, 344

Virgin olive oil monitoring
farming monitoring processes, 332
fertilization service, 334
for the sheep industry, 332
identification service, 334
intermediate control system, 332
multi sensory equipment, OLEA, 335
multiple sensors system, 332
OLEA, 332
pest control service operation, 334
qualitative characteristics, 331
quality control, 331
sensory-attached controller equipment, 334
sensory (organoleptic) testing system, 331
video monitoring system, 331

Vulnerability, 13

W
Waste management, 377
Water

non-production water, 295
process, 295
production, 294
system, 295

Water committee (WC), 66
Water management plans, 60, 66, 72, 73
Water production services, 24
Weather forecasting, 155
Web, UTIPA system, 171, 173, 180
Weighted geometric mean method

(WGMM), 60, 64
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Well-being sustainability, 221, 222
Wheat-rye translocations, 309, 312, 314
Wireless Sensor Actor Networks

(WSANs), 159
Wireless sensor networks (WSN), 149, 155,

156, 290

WoopFood, 226
Workshops, 123, 128, 129

Z
Zero-km sale, 237, 247, 250
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