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Abstract

Food products of animal or vegetal origin constitute one of the most important business sectors on a
worldwide scale. Providing appropriate nutrition to a growing world population, with ever increasing
dietary habits, is one of the major challenges current practitioners are faced with. To ensure the sector
can successfully respond to present and future challenges, the appropriate management of agri-food
supply chains (AFSCs) is mandatory. This dissertation analyses current scientific knowledge in the area
of AFSC design and planning and proposes a new modelling approach to close clearly defined literature
gaps. The modelling approach makes use of a mixed-integer linear programming (MILP) strategy to
design a quantitative model adapted to the context of AFSCs, exploring product perishability, different
storage capacity strategies, and reverse logistics. The model is tested via the application of a case
study, mostly drawn from an existing sugar beet supply chain in The Netherlands, and focus is given to
the model’'s behaviour towards specific AFSC characteristics with the objective of economic
optimisation. The results of this application are discussed and used to infer on the performance of the

model. Finally, future research directions are highlighted to support further investigation in this field.

Keywords: Agri-food supply chain, Mixed-integer linear programming, Modelling, Perishability, Reverse
logistics, Uncertainty.



Resumo

Os produtos alimentares de origem animal e vegetal constituem um dos mais importantes setores de
atividade a nivel mundial. Fornecer nutricdo adequada a uma crescente populagdo mundial, com
habitos alimentares cada vez mais exigentes, constitui um dos maiores desafios dos profissionais do
setor. Para assegurar que o setor responde satisfatoriamente aos desafios do presente e do futuro, é
necessario efetuar uma gestédo apropriada das cadeias de abastecimento agroalimentares (CAASs).
Esta dissertacdo analisa o conhecimento cientifico na area de projecéo e planeamento de CAAs e
propde uma nova abordagem de modelagdo para fechar as falhas encontradas na literatura. A
abordagem utiliza uma estratégia de programacao linear inteira mista (PLIM) para desenhar um modelo
guantitativo adaptado ao contexto das CAAs, explorando a perecibilidade dos produtos, diferentes
estratégias de capacidade de armazenamento e logistica reversa. O modelo é testado através da
aplicacdo de um caso de estudo, maioritariamente retirado de uma cadeia de processamento de
beterraba sacarina dos Paises Baixos, com especial aten¢do a ser dada ao comportamento do modelo
relativamente a caracteristicas especificas das CAAs, tendo em vista a otimizacdo da performance
economica da cadeia. Os resultados desta aplicagéo séo discutidos e usados para concluir acerca da
prestacdo do modelo. Por ultimo, sdo salientados e propostos objetivos para investigacao futura de

forma a fazer avangar o conhecimento nesta area.

Palavras-chave: Cadeia de abastecimento agroalimentar, Programacdo linear inteira mista,

Modelacao, Perecibilidade, Logistica reversa, Incerteza.
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1. Introduction

Agribusiness activities are of extreme importance to populations, as they not only provide much needed
food, but also generate jobs and wealth (European Commission 2017). The sector has existed for a
large period of time, but is now facing severe changes due to profound shifts in the existing technologies
and the consumption habits of end customers (Kearney 2010). As a consequence of these changes,
sector stakeholders are feeling an increasing pressure to adapt their current operating models to ones

which better cater to the evolving needs of clients (Goedde et al. 2015).

Within the major drivers for change, sustainability concerns, social concerns, and access to
technology should be highlighted. Awareness for sustainability is currently on the rise, with a
considerable portion of consumers beginning to adapt their consumption habits to reflect such concerns.
It has been reported that consumers are currently willing to spend more on food of organic and
sustainable sources, as a way of tackling both environmental sustainability and improving dietary
quality. Apart from sustainability, social concerns are also becoming generalised. These concerns,
which span from supporting locally-grown products to investing in local job creation, lead customers to
preferring a closer proximity to farms and markets, as well as paying more attention to the origin of their
products. Naturally, this pushes supply chains (SCs) towards a more local (decentralised) configuration
and puts emphasis on product freshness and traceability. Finally, the access to ever-evolving
technologies pushes changes and sector improvement at an increasing rate. With computation and
better farming, harvesting, and storing capabilities, activities such as precision farming (Boettiger et al.
2017b) are no longer a thing of the future, but rather something to which companies need to adapt to

in order to remain competitive.

Despite being clear, the need for adaptation faces a set of unique challenges within agri-food
supply chains (AFSCs), as these SCs possess a series of characteristics which render them unlike any
other. The uniqueness of AFSCs stems from intrinsic characteristics which make AFSC management
vastly different from the management of other SCs. Among these characteristics, three can be
highlighted. Firstly, AFSCs deal mostly with highly perishable products (Kusumastuti et al. 2016), which
add a series of additional difficulties to the planning of SC activities (for instance, keeping high inventory
levels as a means of addressing sudden demand increases is not possible, as products degenerate
while in inventory). Secondly, the sector is known for featuring high uncertainty in both supply and
demand, which renders planning activities more difficult (Van Der Vorst et al. 2007). Finally, the sector
has naturally high lead times (Van Der Vorst et al. 2007), as both products of vegetal and animal origin
require considerably more time to develop than most products from typical SCs. This characteristic,
associated with the previously mentioned uncertainty, makes AFSCs particularly difficult to manage
assertively.

Bearing all these challenges in mind, and knowing the sector is increasingly pushing for change,
business decision-makers and academics alike have been focusing on how to better study and plan
AFSCs. Naturally, Operational Research (OR) can greatly contribute to this scenario, making use of

guantitative models which can become powerful tools to inform managers and other decision-makers



on how to better structure and plan their SC activities. The main objective of this work is to propose and
test a new modelling approach targeted at solving gaps found within current scientific knowledge in the
area of AFSC design and planning using OR methods. The model focuses specifically on the design
and planning of AFSCs with a strategic and tactical vision, and aims for economic performance
optimisation, via expected net present value (ENPV) maximisation. Ultimately, the improved modelling
approach can enable decision-makers to improve their decision capabilities and consolidate appropriate
SC planning and configurations. Such improvements may be a stepping stone towards more efficient
SCs, in which technological capabilities are put to optimal use and waste is reduced to a minimum, all

without damaging the competitiveness of the actors within the SC.

To achieve this goal, and before suggesting a new modelling approach, an extensive analysis
of the characteristics of the sector was conducted, aimed at pinpointing the major intrinsic challenges
faced by AFSC stakeholders. Following, a systematic review of the literature was conducted to evaluate
the efforts of the scientific community on the application of quantitative methods to support the design
and planning of AFSCs and, through it, major gaps in the literature were identified. A strategic-tactical
model was then formulated with the intent of selecting facility location, technology selection, and
distribution planning in an AFSC context. The model is validated via a case study and, finally,

conclusions are drawn, and further research steps identified.

1.1. Dissertation methodology

This section provides a comprehensive review of the methodology followed throughout this work. The

major steps taken are summarised in Figure 1.1.

Results
assessment,

Characterisation
of agri-food

Literature Model Case studies

review formulation

discussion, and
conclusions

application

supply chains

Figure 1.1. — Dissertation methodology

1. A theoretical characterisation of the agribusiness sector is performed, aimed at identifying the
defining characteristics of AFSCs and the typical behaviour of AFSC stakeholders. These
characteristics are then used to draw on the major intrinsic challenges of the sector. This
context is fundamental to better understand the major diverging points between the functioning
of typical SCs and AFSCs. Current practices are highlighted, and the necessities of
stakeholders assessed,;

2. Using the information drawn above, a transition towards the scientific community is established.
To achieve this, an extensive systematic review of the literature is conducted and the state-of-
the-art outlined. The review focuses on quantitative methods used to assist on the design and

planning of AFSCs and culminates with the identification of clear gaps in the literature;



3. Inthe third stage, a new model is proposed, based on that of Cardoso et al. (2013). The model
is implemented in the Generic Algebraic Modelling System (GAMS) and is designed to assist
on the closure of literature gaps identified in the second stage;

4. To test and validate the applicability on the model created in step three, a case study with
multiple scenarios is applied, based on that of Jonkman et al. (2017, 2018). The results are
thoroughly analysed and discussed and major learning points from the model's behaviour are

drawn;

Finally, the results obtained from every stage of the work are summarised and analysed. The

analysis is used to propose future research steps.

1.2. Objectives

The objectives of this dissertation can be grouped in two categories. Firstly, to gather and deepen an
understanding of how AFSCs operate and what are the peculiarities and challenges faced by the sector.
Secondly, to evaluate how different concerns and SC characteristics affect the functioning of an AFSC,
taking into account the major challenges faced by the sector. In order to achieve these goals, several

intermediate goals were defined:
Problem identification

e General analysis of the agribusiness sector;
o |dentification of major challenges and stakeholder behaviour;

e Assessment of the functioning of AFSCs.
Literature review

¢ Analysis of reviews focusing on AFSC design and planning;

o Definition of research questions and material collection;

e Analysis of papers making use of quantitative methods to assist the design and planning of
AFSCs.

Model formulation

e Creation of a strategic-tactical model based on that of Cardoso et al. (2013);

e Establishment of constraints focusing on underexplored AFSC characteristics.
Model application

e Model testing using a case study with different scenarios, based on that of Jonkman et al.
(2017, 2018);

Analysis of the obtained results.



1.3. Dissertation outline
This document is organised in six chapters. Chapter 1 corresponds to a brief introduction to the problem,
provides a snapshot of the methodology used throughout this work, establishes objectives, and informs

on the structure of the work.

Chapter 2 provides an extensive contextualisation of the agribusiness sector. Focus is given to
AFSC characteristics and the behaviour of stakeholders, as well as the relevance of the issues

addressed along the document.

Chapter 3 contains the systematic review of the literature, conducted in the Web of Science
Database. The review focuses on establishing the state-of-the-art of the application of quantitative
methods in the design and planning of AFSCs, with focus being given to AFSC and food product
characteristics, sustainability concerns and metrics, and the deterministic or uncertain nature of the
models. This analysis is structured with a set of research questions and permits the clear identification
of research gaps which, upon being filled, could greatly contribute to the advance of knowledge in the
field. The final part of the chapter uses previously gathered information to propose a future research

framework.

Chapter 4 pertains to the model formulation and thoroughly describes the different sets,
parameters, and variables used to describe the AFSC modelling problem. The chapter also analyses
the ENPV maximisation objective extensively and introduces the different equations used to force
constraints upon the model. The chapter highlights the different novelties introduced in the modelling

approach.

Chapter 5 describes the case study used to test and validate the model developed in Chapter
4, explaining its context and presenting the data that is used, as well as the different scenarios in which
the case study is divided. The scenarios structure the analysis and provide possible comparisons
between the performance of the model depending on the characteristics of the AFSC. Additionally, it
features the gathering, analysis, and discussion of the results of the application of the different scenarios

of the case study.

Finally, Chapter 6 summarises the conclusions of this work and provides future research

directions and suggestions.



2. The agribusiness sector

Along this chapter, a brief context of the agribusiness sector will be given, focusing on its importance
on a global level. Additionally, an overview of key stakeholders is provided, alongside an introductory
analysis of the sector’'s major challenges and current trends. Finally, main regulatory constraints are

identified and discussed.

2.1. What is the agribusiness sector?

2.1.1. Importance

Agribusiness encompasses all activities related to commercial farming. The USD 5 trillion sector was
reported to represent 10 per cent of consumer spending, provide 40 per cent of worldwide employment,
and be responsible for 30 per cent of greenhouse-gas emissions, as of 2015 (Goedde et al. 2015). In
the European Union (EU), the sector encompasses EUR 117.4 and 137.9 billion in imports and exports,

respectively (European Commission 2017).

Despite its considerable economic, social, and environmental impact, as well as recently
growing productivity, major concerns regarding the sector’s future ability to provide food on a worldwide
scale are on the rise. Recent estimates suggest that by 2050 caloric and crop demands will have
increased by 70 and 100 per cent, respectively (Goedde et al. 2015). This steep rise in consumption
needs, alongside water scarcity (Alcamo et al. 2007) and desertification (Bai et al. 2008), clearly
indicate a need to improve how the agribusiness sector is preparing for such challenges (Goedde et al.
2015).

Agribusinesses frequently entail vast and complex SCs with international dimensions, making
it particularly important to study these chains to reach out for new, innovative methods to improve (Dani
2014). Understanding the roles of farmers, traders, processors, transporters, retailers, and consumers
becomes vital, as well as how all these chain participants interact with each other. This exercise led to
what is known as Supply Chain Management (SCM) (Oliver and Webber 1982), a field growing in
importance which focuses on planning, implementing, and controlling all processes and activities
necessary for the correct and appropriate functioning of supply chains. In recent years, SCM has been
extensively applied to agribusiness (see section 2.4.2.), further highlighting the sector’s importance and

the need for improvement.

2.1.2. Typical agribusiness supply chains
Agribusiness SCs have been reported to fall into four types: local, conserved, manufactured, and
commaodity (Smith 2008).

As the name indicates, local supply chains do not rely on long-distance transportation.
Furthermore, local chains frequently support organic farming and can stimulate local farming

economies, thus effectively combating established agricultural monopolies.



Conserved SCs make use of conservation techniques such as drying and pasteurisation to
preserve food quality and avoid product degradation. The increased longevity permits long-distance
transportation, enabling constant access to otherwise seasonal products such as fruits and vegetables
(Wu Huang 2004). These SCs are further benefiting from current inexpensive transportation and

modern conservation methods.

Manufactured products are those processed with components from different origins, often
allowing consumers to avoid any post-acquisition processing. The complexity of manufactured SCs
depends on the product, as simple products may involve just a few components, whereas others may
require many different elements to be created. This added complexity often undermines ingredient

traceability and flows of information within the chain (Smith 2008).

Finally, commodity SCs deal with products manufactured and sold to worldwide uniform
specifications. The high standardisation implicates commodities can be sold everywhere. To ensure
minimum cost, these products are bulked and transported by sea over great distances. Commodity
prices are very dependent on the market and tend to be very low, unstable, and decline over-time (FAO
2004). Although this allows commodity-based products to be accessible to most consumers, farmers

can be severely affected by sudden price-drops (Boettiger et al. 2017b).

2.1.3. Products of animal origin
Agribusinesses produce food-stuff of animal or vegetal origin, and it is interesting to explore the
characteristics of SCs dealing with each of these types of products. Products of animal origin include,

among others, meat and dairy.

Typical meat production includes players such as feed producers, breeders, who are
responsible for growing animals to the appropriate size using feed; slaughterhouses, which receive full-
grown animals and process them to obtain carcasses; processors, who receive carcasses and process
them to originate the final product; retailers, such as butchers and supermarkets; and transporters, who
are responsible for linking all other players. Additionally, distribution centres may exist along SCs. The
amount of actors within the SC and their relations render meat SCs vast and complex (Nasuelli and
Clemente 2013).

Animal breeding has a long-lead time, as animal fattening can only accelerate animal growth
to a certain point, which means several weeks may be necessary for the appropriate size to be reached.
As discussed in section 2.3.4., these extended lead times may pose a challenge to the SC, which may

struggle to fulfil short-notice orders from other operators.

Dairy SCs include feed producers; milk producers, who use feed to grow and maintain their
milk-producing herds; processors, who use milk to produce all dairy products; retailers and, naturally,

transporters and distributors. Currently, most players within dairy supply chains employ technology to



automate labour-intensive tasks which used to be performed manually®. Automation leads to more
efficiency and frequently ensures higher-quality products, an important aspect considering regulation is

only becoming more stringent, for example, in the United States of AmericaZ.

2.1.4. Products of vegetal origin
Products of vegetal origin include all products derived from plants, either being floral products
(decorative) or crops aimed at food production for consumption, with the latter being divided in fruits

and vegetables (Negi and Anand 2014).

As sustainability and healthy eating habits become more generalised, so too becomes demand
for fresh fruit and vegetables, adding pressure to SCs to accommodate for such increase. Additionally,
one other challenge rises, as consumers are increasingly aware of social responsibility and tend to
search for local products, a trend better discussed in section 2.4.2.4., which means producers can no
longer solely rely on high-scale production in a designated location, followed by transportation to
retailers such as supermarkets®. Contrarily, SCs for products of vegetal origin are now incorporating
local producers, who sell products directly to consumers or send their products to retailers or
cooperatives. These cooperatives store products from a series of local producers and later sells batches
to retailers, frequently through auction (Van Der Vorst et al. 2007). Cooperatives are the preferred
business model of many local farmers, who feel their bargaining power increase within SCs if

represented by a single and larger entity rather than conducting business individually.

It should be noted that products of vegetal origin are very dependent on seasonality, meaning
prices fluctuate considerably throughout the year. In the past, it was not possible to obtain out-of-season
products, however, with improvements to transportation and storage technology, seasonality is mostly
mitigated. Naturally, out-of-season products are considerably more expensive than their counterparts

due to the increased transportation costs or perceived exotic nature (Van Der Vorst et al. 2007).

2.2. Sector stakeholders

Agribusinesses often entail a vast network of stakeholders due to the intrinsic complexity of SCs. The
size and multiple stakeholder relations imply truly innovative and efficient solutions must come from a
broad range of fully cooperative agents and not from punctual individual action. Hence, understanding
who key sector stakeholders are is fundamental, as well as what stakeholders are doing and how they

relate and compete. All these aspects are analysed in this section.

2.2.1. Who are they?
AFSC players have been reported to fall into four main categories: suppliers, manufacturers,

distributors, and consumers (Lazzarini et al. 2001), as depicted in Figure 2.1.

1 http://www.inboundlogistics.com/cms/article/the-dairy-supply-chain-from-farm-to-fridge/, accessed on March
2018;

2 hitps://www.fda.gov/Food/GuidanceRegulation/ESMA/, accessed on March 2018;

3 http://ilsirf.org/what-we-do/fruit-vegetable-supply-chains/, accessed on March 2018;
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Figure 2.1. — The four categories of AFSC players, with same-level players placed horizontally and players of
different levels featuring vertically. Source: (Lazzarini et al. 2001)

Suppliers such as farmers receive input materials such as seeds and fertilisers and produce
food-stuff for own and/or commercial consumption. Farmers can operate in small scale (such as in
backyard farming), mostly ensuring dietary needs of their own households, or in larger scope, often
employing more advanced technology over larger parcels of land. Manufacturers, who are mostly
present in manufactured-type SCs, receive inputs from farmers and other producers, and perform
added-value activities to produce higher-value goods. These products are increasingly popular in
developing economies, as customers gradually adopt rich-country diets with more calories, protein, and
processed foods (Goedde et al. 2015). Distributors operate distribution centres which bridge the gap
between processors and consumers, focusing primarily on storage and transportation. On the other
hand, retailers are all distributors who receive finished products (either fresh or processed) and sell to
consumers. Currently, retail is mostly performed via supermarkets or wholesale, although companies
such as Amazon are changing this paradigm (see section 2.3.5.). At the end of SCs, consumers are
gaining relevance. By changing consumption habits, consumers directly influence which products are
successful at any given time. Additionally, food safety and sustainability awareness among consumers
dictates how other players within SCs need to adapt to trends. Further analysis of how consumer

behaviour challenges agribusiness decision-making is carried out in section 2.3.2.

Finally, remaining stakeholders include legislators and decision-makers, which frequently have
a large impact on the functioning of SCs. Among these, emphasis must be given to national
governments and international players such as the EU, whose legislative actions must be considered
(see section 2.5.).



2.2.2. What are they doing?
Thoroughly understanding current stakeholder behaviour is mandatory to assess the impact of current
strategies, evaluate weaknesses, and better design future action plans. This section focuses on farmers

and retailers, with greater emphasis being given to regulatory agents in section 2.5.

Farmers are frequently operating at very low-profit margins due to the superior bargaining
power of other stakeholders in the value chain, such as large supermarket chains. This trend leads
farmers to avoid investing in diversifying their production and drives investment off new technologies.
To cope with the current competitive environment, farmers frequently aggregate into cooperatives or
join larger farming networks, thus sharing profits and risks with other participants of the same network
(Van Der Vorst et al. 2007). Additionally, it is important to note that most farmers adopt one of two
strategies. Either investment is made into growing a single crop, one in which the farmer has vast know-
how, or a mix of different crops is chosen. Currently, European farmers are trending towards the latter,

as the EU’s ReMIX* initiative encourages crop mixing to ensure agricultural resilience.

On the other hand, retailers (namely, supermarkets) are also responding to the increasingly
competitive environment to ensure client retention. The most significant trends among retailers include
accepting only high-quality products to improve client satisfaction, performing aggressive promotion
campaigns, and putting growing focus on biological and/or Fairtrade goods®. In turn, producers and
distributors must adjust their productive activities to satisfy supermarket needs, especially regarding
quality requirements and SC responsiveness to ensure compliance with short-notice orders (Van Der
Vorst et al. 2007).

2.2.3. How do they relate/compete with each other?

As mentioned, AFSCs are vastly complex. To operate successfully, value chain participants must work
together to solve problems and improve working methods. Such collaboration is most relevant regarding
information sharing (Goedde et al. 2015). Nonetheless, players still mostly choose to share as little
information as possible with their partners, fearing greater access to information might improve others’
bargaining power within the chain (Van Der Vorst et al. 2007). Naturally, this mentality results in loss of

efficiency. Hopefully, as SCM gains momentum, this situation might be reverted.

As mentioned, farmers are mostly operating at low profit margins due to their lower bargaining
power within AFSCs. In fact, when dealing with commaodity goods, farmers might even operate at a loss
when prices drop abruptly, which is not uncommon. However, recent reports (Boettiger et al. 2017b,
2017a; Plaizier et al. 2015) show a more cooperative relationship between farmers and other players is
highly beneficial, arguing that successful farming transformations cannot occur without first investing in

farmers.

4 https://www.remix-intercrops.eu/, accessed on February 2018;
5 https://www.fungglobalretailtech.com/research/uk-organic-fairtrade-markets-strong-demand-reflects-buoyant-
consumer-spending/, accessed on March 2018;
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2.3. Sector challenges

Most AFSCs face several challenges, which should be addressed by the joint action of players
throughout SCs, as only then will solutions be truly impactful due to the vastness and complexity of
these networks. To evaluate how decision-makers and managers should face current and future
challenges, it is imperative to develop a thorough understanding of what causes them, as well as how
AFSCs are impacted. Along this section, the most relevant challenges affecting AFSCs are discussed.

2.3.1. Sustainability and waste reduction

Sustainability and waste reduction are the perfect illustration of challenges faced by AFSCs, as current
sustainability and environmentally-friendly trends have put them in the spotlight. In 2016, 88 million tons
of food were wasted in the EU alone, with estimated costs of up to EUR 183 billion (Stenmark et al.
2016). Moreover, it has been reported that approximately one-third of food is lost or wasted globally,
amounting to 1.3 billion tons per year. Overall, waste per-capita is around ten times higher in
industrialised countries (Gustavsson et al. 2011). In these countries, food waste occurs mostly at the
consumption level, with customers frequently discarding goods which are still appropriate for
consumption (see Figure 2.2.). Contrarily, in low-income countries early SC stages are more wasteful,
namely due to financial, managerial, and technical limitations (Gustavsson et al. 2011). In industrialised
economies, consumer behaviour changes and better coordination between all AFSC participants may
be key steps towards waste reduction. On the other hand, improving farmers’ businesses and stronger

industrialisation could help revert wastefulness in low-income countries.
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Figure 2.2. — Share of EU food waste; excerpt from a European Parliament infographic. Source:
http://www.europarl.europa.eu/news/en/headlines/society/20170505STO73528/food-waste-the-problem-in-the-
eu-in-numbers-infographic, accessed on March 2018;

For every wasted ton of food, resources are spent in vain and production activities generate
unnecessary emissions. In 2015, McKinsey & Company (Goedde et al. 2015) named productivity as
one of the key trends for the future of agribusinesses, as resource depletion will force countries to
produce more with less. While genetically modified (GM) crops and other innovative technologies might
support additional productivity, food waste reduction is mandatory. Considering this problem,
companies are being challenged to improve product shelf-life and innovate in packaging to reduce

downstream waste, as part of the efforts to meet customer demand.
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Alongside waste reduction, sustainability is a pressing issue. Current AFSCs must be
redesigned to ensure that resources will be available to future generations without damaging their ability
to provide nutrition to a growing worldwide population. In 2017, the World Economic Forum and Deloitte
TTL conducted a scenarios analysis (Schwab 2017) on the future of food security and agriculture,
putting forward four different scenarios depending on two factors: market connectivity and resource
consumption. It is argued that the only truly positive outcome, named open-resource sustainability,
results from combining high market connectivity and efficient resource consumption. This scenario

further consolidates the necessity for joint action in addressing current problems affecting AFSCs.

2.3.2. Uncertainty and changes in consumer behaviour

The considerable impact of uncertainty on generic SCs is well documented (Chaudhuri and Dukovska-
popovska, n.d.), but its impact is even greater in AFSCs. Due to product perishability, weather
unpredictability, and long lead times, AFSCs cannot rely on increased inventory to deal with supply
uncertainty (Dreyer and Grgnhaug 2012). Consequently, supply uncertainty is a challenge AFSCs must
be designed to cope with. Among possible solutions, flexibility and adaptation are particularly important
and have been extensively analysed, although with modest results (Dreyer and Grgnhaug 2012).
Furthermore, demand uncertainty also plays a critical role in AFSCs and is increasingly interconnected
with consumer behaviour. As mentioned above, dietary habits are changing, with more people following
healthy trends and having access to appropriate nutrients and calories. Such possibility stems greatly
from recent improvements in productivity and transportation, as well as conservation methods, all the
which allow for seasonality mitigation and a fresh supply of quality food-stuff worldwide. Due to the
increase in consumer buying-power in developing economies, caloric and protein consumption are on
the rise. Furthermore, and as sustainability gains increasing importance on the international stage, so
do biological products, which more and more customers are willing to buy even if at a higher price
(Kearney 2010).

The agribusiness sector has enormous economic, environmental, and social impact. Local
farmers greatly contribute to regional development regarding both economic activity and infrastructure.
It has been suggested that local farming investments are an essential driving force of any agricultural
transformation and that farming improvement can be a path towards widespread, poverty-reducing
growth in rural economies (Boettiger et al. 2017b). As such, it is no surprise that increasingly more
consumers look for local or regional produce, in detriment of cheaper internationally-processed ones.

Naturally, Fairtrade ingredients have also risen to prominence in recent years (Canada 2012).

In the past, AFSCs focused mostly on aggressive cost reduction to ensure competitive pricing.
Currently, large players in the food-stuff business are changing their production habits to satisfy these
newly acquired consumption habits®. For instance, Nestlé and Haagen-Dazs dropped their synthetic

vanillin (the primary component of vanilla extract) consumption entirely for bio-vanillin, a more

8 https://www.huffingtonpost.com/brian-kennell/healthy-food-trends-drive b 8222388.html, accessed on March
2018;

11


https://www.huffingtonpost.com/brian-kennell/healthy-food-trends-drive_b_8222388.html

expensive, higher quality alternative (Gallage and Mgller 2015). Naturally, as players move towards

satisfying new trends, so does the need to adapt existing AFSCs.

2.3.3. Product perishability

Unlike other sectors, agribusinesses cannot rely on storage of buffer products as safety stocks to
suppress supply uncertainty challenges due to product perishability, that is, several goods have low
shelf-life and require quick consumption. Nonetheless, the influence of product perishability is greater
than just preventing safety stocking. In fact, perishability issues influence the whole SC, which must be
designed to address the issue. Notably, the decrease in product quality over time, which leads to price
decrease, makes conventional SC strategies inappropriate for many AFSCs (Blackburn and Scudder
2009), as these products reach peak value at the exact time of harvest, which gradually decreases over

time.

Investigation on SCs of perishable products and, most specifically, fresh produce, makes use
of the marginal value of time (MVT), the rate at which products lose value over time in the SC. By
analysing MVT variation across AFSCs it is possible to identify hybrid strategies as the best-performing.
In particular, adopting a responsive model from post-harvest to cooling, followed by an efficient model
for the rest of the chain has been highlighted (Blackburn and Scudder 2009). It should be noted that
responsiveness and efficiency follow the terms defined by Fisher in 1997, who argued that SCs for
functional products (with stable, predictable demand) should be designed for cost efficiency, whereas
chains for innovative products (volatile demand and short life-cycle) should be fast and responsive
(Fisher 1997).

Commonly, fresh produce is subject to cooling or other forms of preservation to decelerate the
rate at which quality is lost. However, there is a period between harvesting and conservation in which
quality is lost at the highest rate, following which quality decline slows down considerably due to
preservation (the moment at which goods are cooled, for example). Bearing this scenario in mind, it is
comprehensible that the critical time between harvest and conservation should be kept to a minimum
to avoid quality decrease (which results in decreased pricing). As such, AFSCs need to be as fast and
responsive as possible at this early stage. Contrarily, and as mentioned, after conservation product
guality can be maintained for longer periods of time, which means quickness is no longer as impactful
and necessary. This means that, after cooling, AFSCs should no longer be designed as fast and
responsive, but rather as cost-efficient (Blackburn and Scudder 2009), stressing the need for hybrid

strategies.

Despite major advances in managing SCs for perishable produce, several challenges are yet
to be successfully addressed. One such example is that of seafood SCs. Seafood is highly perishable,
with up to 20 per cent of all seafood spoiling even before the final consumer is reached (Future of Fish
2015), which means proper icing on fishing boats is essential. However, conservation techniques such
as icing are known to reduce the perceived quality of a product, which consumers don’t consider as
premium as fresh alternatives. This reality implicates considerable price reduction and is yet to be

properly avoided.
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2.3.4. Lead times and the retail sector

Due to the nature of the productive activities, lead times between placing an order and receiving the
product can be considerable in agribusiness SCs, e.g. waiting for crops or animals to grow to the
appropriate size before further processing. Although this has always been the case, changes in
consumer behaviour, supermarkets, and e-commerce further aggravate the problem.

Demand uncertainty has been covered in section 2.3.2. and is known to affect AFSCs
considerably. The inability to accurately predict future demand for food-stuff prevents retail agents or
even processors from having full confidence in the amounts to order from their respective suppliers,
which can lead to fear of possible stockouts if demand suddenly increases. In sectors with very low lead
times between order placement and product receival, this problem is mitigated, as retailers can prevent
stockouts by placing orders which are processed fast enough and stock back up. In sectors with high
lead times, however, such strategy is not possible, as orders may require considerable time to be
delivered (Van Der Vorst et al. 2007). Consequently, when demand for a high-lead time product
suddenly rises, retailers feel forced to order more than demand, hoping to fix the problem by placing
large orders, which is a valid strategy for most low-lead time SCs. Nonetheless, as high-lead times
prevent suppliers from immediately responding to orders placed, retailers grow stressed at impending
stockouts, often placing yet larger orders despite having ordered more than enough. This mindset
originates serious overstocking which exponentially increases along the SC and has been coined the

Forrester or bullwhip effect, which will be better addressed in section 2.4.2.1.

Alongside uncertainty, the rise of supermarkets also poses further concerns towards SCs with
higher lead times between order placement and product delivery. Most supermarkets remain
competitive by hosting constant promotional events, which frequently revolve around weekly special
sales of predetermined products. Due to their small bargaining power, most suppliers are forced to cope
with deadlines and decisions imposed by large retailers, which often place short-notice orders that
suppliers struggle to fulfil. Whenever promotional events are programmed, supermarkets often order
larger-than-usual quantities from their suppliers, further increasing the problem. In some cases, big
orders for promotional purposes have been reported to be received only 72 hours before the expected
delivery time, which hatcheries and broiler houses, for instance, may not be capable to cope with (van
Dijk et al. 2000). Suppliers who do not possess the ability to handle such short-notice order volumes,
but cannot afford to deny business opportunities with large retailers, are often forced to buy surplus
volume from other suppliers, at greater expense, and fail to make the most efficient use out of their own
resources (Van Der Vorst et al. 2007).

2.3.5. New players in the sector — growth and impact

Although major agribusiness companies are expected to continue to consolidate their position in the
market, small-niche players, specialised in technical details, are perceived as growing in importance
(Goedde et al. 2015). Such importance stems greatly from the ability for market newcomers to bring
about change, whether as small-niche players or as large companies. Naturally, change challenges

existing firms to adapt their operations to meet new efficiencies, set by the emerging players.
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Nonetheless, large organisations can sometimes struggle to find the flexibility to adapt quickly, and may

find themselves lagging behind (Page et al. 2016) their smaller and more flexible counterparts.

In a world of rapid change, all things digital are growing to great prominence, and digital
marketplaces are no exception to this trend. In this context, Amazon, and more specifically,
AmazonFresh, must be highlighted, as it greatly illustrates how sector newcomers can upset and pose
challenges to current agribusinesses and corresponding AFSCs. AmazonFresh is Amazon’s grocery
delivery service subsidiary, currently operating in the United States and some cities in Europe and
Japan. The service delivers all products on the same day or the day after and is, consequently, greatly

impacting AFSCs.

Despite being an online platform, Amazon still makes use of the same players of more
traditional SCs, that is, producers, distributors, transporters, among others, the point of change being
how the products are displayed and sold to the public (via the internet and through shipping rather than
at physical stores). Naturally, the remaining actors within Amazon’s SCs need to deliver according to

Amazon’s unique necessities.

Traditionally, orders are processed in large batches at the end of the day, but that is no longer
the case, as AmazonFresh’s fast deliveries require continuous operation from distribution centres, that
is, smaller, more frequent shipping. The same holds true for how work is organised inside distribution
centres, as orders must be processed almost immediately, and transporters need to ensure constant
service. This may not be ideal for transporters, which prefer the more economical approach of operating

a single large vehicle rather than multiple, less efficient assets.

Adding to this, producers are also affected and need to adjust to producing smaller batches
and the frequent need to change small details in the final product very quickly to meet customised client
specifications successfully. Naturally, this necessary flexibility influences how producers and
processors acquire the raw materials needed to create their products, which means suppliers also need

to adapt to smaller, more frequent orders’.

Finally, as Amazon’s success only seems to accelerate, close attention should be paid to the
company’s bargaining power within SCs to avoid unfair business-to-business trading practices, which

have been briefly mentioned in section 2.3.4. and will be further discussed in section 2.5.1.

2.4. Sector tendencies/What is being done

2.4.1. Agricultural transformations

One of the most efficient ways to improve the lives of people in developing countries is to invest in
agriculture (Boettiger et al. 2017b). Agriculture originates jobs, raises incomes, prevents malnutrition,
and boosts the economy. Most currently industrialised countries began their development with such
kinds of investment, frequently known as agricultural transformations (Boettiger et al. 2017b). These

transformations carry so many benefits that many developing countries have performed, are

7 http://www.scmr.com/article/the_amazon_effect_and_the_global_supply chain, accessed on February 2018;
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performing, or hope to perform them in the near future. Like all long-term, nation-wide policies,
agricultural transformations require time and the joint action of several players to be truly effective, and

greatly benefit from appropriate planning and correct execution.

In 2017, the McKinsey Centre for Agricultural Transformation issued two reports, which analyse
the three drivers of agricultural transformation: transformation readiness, quality of the strategy, and
delivery mechanisms (Boettiger et al. 2017a, 2017b).

Transformation readiness comprises 25 factors important or necessary for a country to be
considered ready to undertake an effective agricultural transformation. As such, these factors need to
be measured before any action is triggered, as attempting any transformational policy without proper
readiness often results in wasted resources (Boettiger et al. 2017a). If a country is indeed ready to

undergo an agricultural transformation, what to do and how to do it are important questions.

Six core elements are reported to be fundamental for agricultural transformation. Firstly,
governments should prioritise strategies based on which objectives will further improve the ability to
achieve other future goals. Frequently, transformations fail while trying to tackle every problem at the
same time, which prevents proper resolution of each issue and leads to great overload. Secondly,
private and public investment must understand that investing in farmers and, more specifically, giving
farmers better working conditions and methodologies, is a sure path to long-term profitability.
Additionally, appropriate change agents must be identified and mobilised. Change agents are
individuals who support farmers with knowledge and insight and help accelerate transformation.
Alongside prioritising, governments must understand that priority should be given to issues where know-
how is already considerable, which greatly improves the likelihood of success and permits learning,
which might be crucial when dealing with other problems. Furthermore, public institutions must stimulate
private investors to complement public spending with complementary private investment, as only then
can funding be truly impactful. Finally, policy-making should be data-driven to better assess what needs
further attention and to conclude on the best possible strategies to achieve desired goals (Boettiger et
al. 2017b).

Regarding how transformations should be performed, four elements have been highlighted.
First, there must be willingness to change, which goes hand in hand with readiness. If willingness is
non-existent, resources are better spent changing that mentality rather than forcing transformation.
Adding to this, there must be leadership alignment, that is, heads of government, Chief Executive
Officers (CEOSs), regional representatives, and regulators must agree on key objectives and contribute
effectively to its pursuit. Thirdly, leadership alignment should be complemented with leadership skill-
building to ensure leaders are as impactful as possible when fighting for change to occur. At last,

managing the transformation continuously is mandatory (Boettiger et al. 2017b).

2.4.2. Supply chain management
Deepening SC understanding has been reported as one of the core elements towards pursuing global

opportunities in food and agribusiness (Goedde et al. 2015). The necessity to better understand SCs
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and, specifically, to study how decisions should be made regarding SCs led to the development of what
is now known as SCM, a wide-scope field of study which can be defined as “the process of planning,
implementing, and controlling the operations of the supply chain with the purpose to satisfy customer
requirements as efficiently as possible. Supply chain management spans all movement and storage of
raw materials, work-in-process inventory, and finished goods from point-of-origin to point-of-
consumption” (Oliver and Webber 1982). SCM has evolved considerably over the years and has given
managers and other SC players powerful tools to assist in decision making. This section will briefly
cover important concept and trends within SCM, which will be further analysed in Chapter 3, and their

application to AFSCs.

2.4.2.1. The Forrester effect

In traditional SCs, each step of the chain is viewed as an independent process which can be performed
without affecting or being affected by the rest of the chain. Consequently, this leads to inventory
accumulation after, and before, each step. As processes are independent, information sharing between
different chain participants is often lacking and considered unnecessary, an outdated approach which
gives rise to considerable problems. One such problem arises when lead times between order
placement and product reception are high and is referred to as Forrester or bullwhip effect (Forrester
1961). When suppliers face sudden increases in demand, larger orders are submitted to avoid
stockouts. However, due to the large lead time, managers grow concerned of possible stockouts and
often place even larger, more numerous orders, disregarding that more than enough has been
previously ordered, but is simply not yet at the retailer level in the SC. Naturally, this leads to
considerable overstocking. Nonetheless, this is but the root of the problem. As distributors receive large
orders from suppliers, and fearing stockouts of their own, even larger orders are placed to ensure a
surplus margin exists. This trend continues along the chain, all the way to the early suppliers.
Consequently, the earlier the stage within the SC, the greater the overshooting in supply orders

(farmers, factories, and growers are the most affected, as depicted by Figure 2.3.).
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Figure 2.3. — Graphic representation of the Forrester effect. Source: (Van Der Vorst et al. 2007);

To avoid situations such as this, SCM defends SCs must be seen as a series of processes

which must be accounted for as a whole, and that appropriate information flows are necessary, in which
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information and communication technology (ICT) plays an important role. Despite considerable efforts,
the bullwhip effect is still seen in most AFSCs, stressing the need for better management of AFSC
processes (Van Der Vorst et al. 2007).

The Forrester effect is particularly relevant in AFSCs, as the high-lead times between order
placement and product reception increase the effect’'s likelihood to happen. Despite possible
improvements, activities such as crop growth or animal fattening are time-consuming by nature,

meaning other strategies need to be employed to deal with this problem.

2.4.2.2. Customer order decoupling point

Traditional SCs operate as a series of independent — decoupled — activities, which do not rely on the
remainder of the SC to develop their processes. While this added independence may be attractive to
individual operators, which are given the freedom to fully control their processes, there are downsides
to the SC as a whole. Independent processes within the SC mean that inventory is kept at the interface
of each activity, which increases throughput times, costs, and complicates the ability to analyse the SC.
This goes against the Just-In-Time (JIT) philosophy, which argues inventories should be kept to a

minimum to improve visibility and optimisation.

Inventory reduction is a less risky strategy than hoarding inventory, as the chance to stock the
wrong product is also decreased. Additionally, fewer inventory across the SC allows for much faster
throughput times, largely necessary for perishable goods. Finally, inventory reduction also implicates

capital can be spent more efficiently.

Nowadays, the concept of fully efficient or fully responsive SCs no longer applies, as customers
demand flexible, very responsive chains at very low costs (Van Der Vorst et al. 2007). This trend has
led to a revisit of the classic ‘push/pull’ approach. One central concept of this approach is the Customer
Order Decoupling Point (CODP), also referred to as the Demand Penetration Point (DPP) (Van Der
Vorst et al. 2007). The CODP separates the SC into two parts: one which operates following customer
orders (pull), and other which operates following forecasts (push). Naturally, inventory is kept between
the two, but only at that point of the SC (thus respecting the JIT philosophy)2. The processes between
consumers and the CODP are dependent on client orders and focus on flexibility and responsiveness.
On the other hand, upstream towards suppliers, forecasts are followed, and the focus is on cost

efficiency (large lots are frequent) (Van Der Vorst et al. 2007).

The CODP is regarded as important for five main reasons: it separates order-driven activities
from forecast-driven ones, it is the point where independent demand is converted to dependent
demand, it frequently marks the last big stock in the SC, permits upstream activities to be optimised
disregarding downstream irregularities, and identifies the point where managerial decisions should

move from cost efficiency to responsiveness and flexibility (Olhager 2012).

8 http://www.toyota-global.com/company/vision_philosophy/toyota_production system/just-in-time.html, accessed
on March 2018;
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The definition of the CODP is an important activity in AFSCs, especially those dealing with
perishable goods. Due to the nature of products, the CODP can help establish where to keep
inventories. If a product has a short-requested delivery lead time, responsiveness is essential, and
inventory should be kept closer to the retailer level, that is, the CODP should be closer to the client.
Contrarily, if lead time is long, inventory can be kept upstream, making use of centralised inventory
management, for which the CODP should be closer to processors. Currently there is a trend to shift the

CODP upstream in SCs, but the challenge remains to deliver fast while keeping costs at a low.

2.4.2.3. Centralised vs decentralised supply chains

One of the major aspects of SCM revolves around supply chain planning (SCP) (Pibernik and Sucky
2006), that is, the determination of production or inventory quantities at each stage within the SC as
well as transportation quantities between them. Contrarily to the operations of a single firm, in which all
decisions regarding inventory, production, and distribution are taken by the same agent, SCP involves

several independent actors across the entire chain.

Very frequently, a centralised approach to SCP is proposed in literature (Pibernik and Sucky
2006) and commercial SC systems, which requires a single decision maker to optimise the network,
making use of information from the several actors within the value chain. However, and as previously
mentioned, SCs revolve around multiple actors who focus on acting in their own best interests,
expecting others to do the same. This mentality will often lead to sub-optimisation in the whole SC, as
most high-optimisation strategies can revolve around sacrificed optimisation of individual processes to
the benefit of the entire chain (Van Der Vorst et al. 2007). As such, centralised approaches to SCP will
often be rejected by the individual players, who are focused on their own individual performances. This
further supports the fact that centralised approaches are better for multiple processes within the same
firm, whereas entire SCs can often benefit from decentralised strategies, from which stems the
popularity of collaborative supply chain management (CSCM) (Pibernik and Sucky 2006).

Appropriate information sharing among actors within the same SC is one of the pillars of CSCM.
When information regarding demand forecast is shared among the several players, for example, much
can be done to minimise the bullwhip effect, which would most likely be impossible in centralised
approaches. Despite its benefits, CSCM is restricted to the SC design currently in use, as it boosts
coordination between players but does not question design and, consequently, does not contribute to
the implementation of appropriate decentralised strategies. In fact, there is much to be done in correct

decentralised approach selection (Pibernik and Sucky 2006).

Decentralised SCs are raising to prominence, especially in the retail sector for locally-grown
food-stuff, as customers are increasingly looking for this type of product, as described is section 2.3.2.
Retailers currently partner with local farmers and suppliers to ensure a fresh and steady supply of local

products, as is the case of Tesco, sector leader in the United Kingdom?.

9 https://www.thequardian.com/environment/2006/sep/15/food.supermarkets, accessed on March 2018;
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2.4.2.4. Triple bottom line optimisation

There is growing concern towards sustainability across all sectors of human activity, and agribusinesses
are no exception. Sustainability has been reported as one of the trends agribusinesses must adapt to
in order to benefit from future opportunities within the sector (Goedde et al. 2015). Although
sustainability can be characterised in many ways, there is increasing approval towards the triple bottom
line (TBL) concept of People, Planet, and Profit. According to Project SCALE, “The concept of a TBL
suggests that at the interception of social, environmental and economic performance, there are activities
that organisations can engage in which not only positively affect the natural environment and society,
but which also result in long-term economic benefits and competitive advantage for the firm” (Platform
2014).

Sustainability is a key issue in agribusiness, namely because the sector is one of the biggest
users of road freight, with consequences to road congestion, safety, and emissions. As food demand
will increase considerably in future years, according to forecasts (Goedde et al. 2015), so will the
reliance on transportation, which carries further usage of fuel and other important resources.
Furthermore, excessive emissions resulting from higher transportation requirements will, in turn, have
a greater impact on weather and other factors which deeply affect the agricultural sector. Finally, the
needs of a growing world population need to be accounted for, as agricultural activities make use of
important resources such as water and energy. The dimension of this challenge has led many firms to
realise the importance of weighing not just the economic, but also the environmental and social impacts